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Referees’ Appendix (not to be published) 

Appendix R.1: The PEG Model 

In order to verify whether the assumption of RPAs is crucial for the tariff-neutrality result of propo-

sition 2, we replace this route of removing scale effects by the more conventional “permanent-

effects-on-growth” (PEG) specification of rising R&D difficulty, which can be found, e.g., in Dino-

poulos and Segerstrom (1999a), Dinopoulos and Thompson (1996, 2000), or Şener (2001). In this 

formulation, R&D difficulty is tied to the exogenous (Northern) population size and is therefore 

independent of the Northern firm value. Formally, relative to our RPA formulation, the following 

changes: instead of (7), we have P
N Nπ π≡ , instead of (10), we have 

 , (R.1) ND kN=

(17) is skipped, in (18) sN = 0 (there is no specialized labor since there are no RPAs), (19) is 

skipped, and (23) is skipped. The rest of the model does not change. 

In the PEG model, (25) becomes 
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(30) becomes 
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(31) becomes 
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and (22) is unchanged. Using (22) and the definition for QN in (R.2) gives 
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using (22) and the definition for QS in (R.3) gives 
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Solving (R.6) and (R.7) yields 
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and 
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where ( ) ( ), 1 1A a aι μ ι ι μ μσ σ⎡≡ − −⎣ ⎤⎦ . Using (22) and (R.9) in (R.4) gives 
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Using (22), (R.8) and (R.9) in (R.5) gives 
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Again, tariff rates do not show up in these two steady-state equilibrium equations. Therefore, the 

fact that in the model with RPAs, changes in firm profits trigger proportional changes in RPAs is 

not responsible for the neutrality of tariff changes with respect to the steady-state industry-wide 

rates of innovation and imitation. 

Comparing (R.6) and (R.7) with (25) and (26), respectively, reveals that the predictions on the 

effects of unilateral tariff rate changes in the PEG model on wLN and cN are the same as in the base-

line RPA model. Furthermore, it is straightforward to see that increased Southern trade integration 

has also the same effects in the PEG model as in the baseline RPA model. 

Appendix R.2: Asset Ownership Conditions Instead Of The BOT Condition 

As an alternative to imposing the BOT condition (22), we can impose an asset market equilibrium 

condition to solve the system (25) – (31) in order to derive an additional equation for cN or cS, re-

spectively. By this we can verify that it is not the chosen particular way to derive this additionally 

required equation which is driving our results from propositions 1 and 2. 
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Since N NNπ  is constant during the incumbency period of any Northern monopolist in the 

steady state ( NX N  is constant due to (19) in a steady-state equilibrium), the stock-market value 

per Northern capita is constant over time and equals 
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thus the total market value of all Northern firms at time t, N N NV v n= , is 

 , (R.12) N N LNV n w a Dι=

where D is a linearly increasing function of ( )NN t

SV v

 according to (10) and (19). Similarly, the total 

market value of all Southern firms at time t, S Sn= , is found as 

 . (R.13) S SV n a Dμ=

The intertemporal budget constraint of a Northern consumer supplying specialized labor is 

HN HN HN HN HNB w B c nBρ= + − −� . Since HN HNB B�  must be constant in a steady-state equilibrium, it 

follows 
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which applies to a fraction sN of the Northern population. Similarly, we get 

 , ( )LN LN LNc w n Bρ= + −

which applies to a fraction 1−sN of the Northern population. Therefore, defining average financial 

assets of a Northern consumer as BN ≡ sNBHN + (1−sN)BLN, it follows: 

 ( ) ( )1N N HN N LNc s w s w n Bρ= + − + − N

Sn B

, (R.14) 

and, analogously, 

 . (R.15) ( )1Sc ρ= + −

Similar to Dinopoulos and Segerstrom (2007, p. 21), we can assume “balanced asset owner-

ship”, i.e. we impose the assumption that Northern (Southern) consumers only own Northern 

(Southern) firms, hence 

 andN N N S S SB V N B V N= = . (R.16) 
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Plugging (R.12) and (R.16) into (R.14) gives the Northern per-capita consumption expenditures 

(including payments for the Southern import tariff) 

 ( ) ( )1N N HN N LN N LN Nc s w s w n n w a D Nιρ= + − + ⎡ − ⎤⎣ ⎦  

which, after using (23), (10), (19) and (21), can be rewritten as 
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Similarly, we derive the Southern per-capita consumption expenditures (including payments 

for the Northern import tariff) 

 ( )1S Sc n n a Dμρ⎡ ⎤= + −⎣ ⎦SN  

which, after using (10), (19) and (21), can be rewritten as 

 
( )
( )

1 N
S

S

n A s
c μρ μ

ι μ η
−

= +
+

 . (R.18) 

We now have six equations [(25) – (31), and (R.17) – (R.18)] in five unknowns cN, cS, ι, μ and 

wLN. By Walras Law, we can use either (R.17) or (R.18) to derive the steady-state equilibrium of 

our model. Solving the model yields again (32) and (33) as steady-state solution of our model. Ac-

cordingly, performing the same comparative static exercises as in the version of the model with the 

BOT condition (22) yields exactly the same results in terms of ι, μ and nN as those stated for the 

BOT version in Propositions 1 and 2 before.34 

Alternatively, we can follow Lundberg and Segerstrom (2002, p. 185) by assuming an “unba-

lanced asset ownership”. This would mean to set BS = φBW/NS and BN = (1−φ)BW/NN

                                                

, where BW = 

nNVN + nSVS measures the valuation of worldwide assets, and φ is the share of assets owned by 

Southern consumers (i.e., opposite to the “balanced asset ownership” case, we allow for interna-

tional cross ownership of firms). Again, solving the model under these assumptions and performing 

the same comparative static exercises as before yields exactly the same results in terms of ι, μ and 

nN as those stated in Proposition 1 and 2 before.35 

Hence, the bottom line is that allowing for unbalanced asset ownership does not change the 

steady-state results relative to balanced asset ownership, and more generally, whether we use a BOT 

 
34 Contrary to the balanced-trade specification, the sign of dwLN/dηS and dwLN/dτN becomes ambiguous. How-

ever, for sufficiently low tariff rates and sufficiently low consumer discount rate ρ − n, dwLN/dηS < 0 as be-
fore. dwLN/dτS remains qualitatively the same as with balanced trade. 

35 As for the effects on wLN, the same reservations as with balanced asset ownership apply. 
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condition or an asset market equilibrium condition to solve our set of steady-state equilibrium equa-

tions does not matter for results in terms of ι, μ and nN at all. 

Appendix R.3: Derivation of the Steady-State Utility Growth Rate 

From equation (2) we can derive the common steady-state utility growth rate of both countries 

as follows: taking into account that only goods with the lowest quality-adjusted price are consumed, 

and considering the different goods pricing of Northern and Southern firms for both markets, re-

spectively, we get 
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as the instantaneous utility of Northern consumers. Similarly, we get 
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as the instantaneous utility of Southern consumers. Since wLN, nN, cN and cS are constant in the 

steady-state equilibrium, differentiation with respect to time gives logN N S Su u u u ι λ= =� � . Note in 

particular that the fraction nN of Northern industries does not affect this growth rate since R&D is 

undertaken in all industries ω ∈ [0, 1]. 

Appendix R.4: Consumer Optimization With A Southern Low-Tech Sector (Details) 

In order to transform the household’s optimization problem of maximizing (1) subject to (37) 

and (38) into a standard optimal control problem that allows to apply Pontryagin’s maximum prin-

ciple, we define a new state variable Θ with 
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Since the households take the evolution of the innovation index j(ω,t) and the high-tech goods price 

p(ω,t) as given, the term ( ) ( )
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0 0
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t d dt  from (1) and (37) can be neglected, 

and with pZ = 1/b the present-value Hamilton function is simply 
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with χ(s) as the new costate variable corresponding to Θ(s). From the costate equation 
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it follows immediately that χ(s) = χ ∀s, i.e. the costate variable is constant over time. Applying 

Pontryagin’s maximum principle yields the other foc: 
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Differentiating (R.21) with respect to time s gives 
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and using the definition ( ) ( )R s r s≡�  and (R.21) in the third term of the LHS of this equation yields 

the Keynes-Ramsey rule (4) again. Similarly, differentiating (R.22) with respect to time s, and ap-

plying ( ) ( )R s r s≡�  and (R.22), leads to the optimal low-tech consumption path 
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Finally, dividing (R.21) by (R.22) yields 
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which is (39) in the main text. Finally, the new common steady-state utility growth rate for both 

countries is logN N S Su u u u αι λ= =� � . 

Appendix R.5: The Baseline Model With Only One Type of Northern Labor 

This Appendix first shows that the central findings of our baseline model (Propositions 1 and 2 

from section 3) are robust to the following change in the labor assignment. Instead of distinguishing 

between general-purpose and specialized workers in the North, we now assume only one type of 

(general-purpose) Northern labor that is perfectly mobile between all three activities, which are 

R&D, manufacturing and (global) RPAs. As before, there is only one type of Southern labor that 
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can be employed in manufacturing of final goods or imitation, which are the only types of activities 

in the South. We then check for the robustness of our two Main Results as well. 

We denote wLN as the Northern wage rate, while the Southern wage rate is still normalized to 

unity. Equation (7) for the total Northern firm’s profits changes to 

 P
N N LNw Xπ π γ= − . (R.25) 

Equation (17) for the optimal RPA decision changes to 
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The Northern general-purpose labor market clearing (LABN) condition (18) becomes 

 ( ),N N N S N N Nn Q c c N a D n X Nιι γ+ + = . (R.27) 

Defining R&D difficulty per Northern capita as d ≡ D/NN, the free-entry in innovation (FEIN) con-

dition (25) changes to 
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and the free-entry in imitation (FEIM) condition (26) changes to 
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Dividing both sides of (R.27) by NN, using (21) and (22), we derive the LABN condition as: 
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where x ≡ XN/NN denotes the per-Northern-worker RPA. Dividing both sides of (20) by NS, using 

(21) and (22), we derive the LABS condition as: 
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Taking the ratio of (R.26) to (13) with D substituted from (10) and using (21) gives the relative 

profitability condition 
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which captures the profitability of innovation with respect to RPA. Aι captures the relative resource 

requirement in R&D with respect to RPAs. Obviously, as Aι declines, the rate of innovation in-

creases. This is also highlighted in Dinopoulos and Syropoulos (2007). Note that since the relative 

profitability is no longer tied to a relative wage, the link between innovation rate and the other pa-

rameters of the model vanishes. In particular, the rate of innovation is pinned down by the resource 

parameters in R&D and RPA.36 The parameters λ and ρ do not play a role in the determination of ι. 

The link between ι and the model’s entire parameter set (with the exception of the tariff rates, as has 

been shown in the main text) is reestablished under two conditions that must be fulfilled jointly: 

first, more than one factor of production is incorporated in either R&D or RPA, and second, there is 

some labor mobility between either manufacturing and R&D or between manufacturing and 

RPAs.37 

Using the definitions for  and , and NQ� SQ� (10) with d ≡ D/NN, (R.28) and (R.29) can jointly be 

solved for cN and wLN as functions in x, ι and μ only, with ι being pinned down by (R.32): 
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Using the definitions for  and , NQ� SQ� (10) with d ≡ D/NN

                                                

, (R.32) to substitute for ι, (R.33) and 

(R.34) to substitute for cN and wLN, respectively, the LABN and LABS conditions (R.30) and (R.31) 

can be written as functions in x and μ only: 

 
36 In Dinopoulos and Syropoulos (2007) when one type of labor conducts all activities, the rate of population 

growth exerts no influence on the innovation rate. The reason is that they model R&D difficulty as a flow 
variable whereas we model it as a stock variable. In our model, higher population growth dilutes R&D dif-
ficulty per-capita and boosts steady-state innovation. 

37  In the growth literature, is has become common practice to denote a growth model “(fully) endogenous” 
under two conditions: first, the growth rate is derived from the optimizing behavior of the economic agents 
of the model, and second, the growth rate can be affected by public policies. By contrast, a growth model is 
denoted “semi-endogenous” if its growth rate fulfills the first but not the second condition. In this sense, the 
growth rate that results from (R.32) is still fully endogenous since e.g. an R&D subsidy rate would reduce 
the relative resource requirement Aι in R&D with respect to RPAs. 
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Analyzing the Jacobi matrix of the system (R.35) and (R.36) reveals that LABN is unambiguously 

upward sloping, while LABS is downward sloping for a sufficiently small households’ net discount 

rate ρ − n and 2aι > aμ (a sufficient but hardly necessary condition). 

We immediately see that tariffs again do not enter (R.35) and (R.36), hence the tariff-neutrality 

result of Proposition 2 is still valid for this specification of the labor assignment. Appendix R.6 in 

addition shows that dx/dηS > 0, dμ/dηS > 0, dwLN/dηS < 0, dm/dηS > 0, and dnN/dηS < 0. Hence, all 

results of Proposition 1 still hold, with the only twist that now, an increase in ηS affects the steady-

state level of x instead of ι. Moreover, Appendix R.6 also shows that Southern (Northern) unilateral 

trade liberalization results in an unambiguous increase (decrease) in the Northern general-purpose 

wage rate wLN, and hence in the North-South wage gap, as in Proposition 2. 

Finally, we check for the robustness of our two Main Results. As is immediately obvious, the 

innovation effects stated in Proposition 3 and Main Result 2 are effectively muted with only one 

type of Northern labor. Even when a Southern low-tech sector is added, equations (13) and (R.26) 

remain valid; hence, the steady-state innovation rate is still pinned down by a subset of exogenous 

parameters, excluding the tariff rates andηS, as shown in (R.32). Thus, the ηS effects stated in part ii. 

of Main Result 1 are muted as well. However, the following shows that part i. of Main Result 1 still 

remains valid. 

When Southern labor is used for imitation-deterring activities like in section 4.1 and Appendix 

B, and there is only one type of Northern labor that is fully mobile across all three activities, North-

ern and Southern R&D difficulties are still given by Dμ = sSNSδμ/(γμn) and Dι = nNδιXι/n, respective-

ly. Equation (13) becomes 

 N LNv w a Dι ι= , (R.37) 

equation (R.25) turns into 

 P
N N LNw Xι ιπ π γ= −  , (R.38) 

equation (R.26) becomes 
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and equation (R.27) now changes into 

  ,  (R.40) ( ),N N N S N N Nn Q c c N a D n X Nι ι ιι γ+ + =

for which we define dι ≡ Dι/NN. Setting (24) equal to (R.37), using (22), the definitions of Dι and 

( )N NQ c� , and simplifying terms gives 

 ( ) ( )
( ) (11

, , ,
2

NN N N LN

LN N LN

c Q c w
a w d c w

n

μ
ι τ

ι ι )ι μ
ρ ι μ

+
⎡ ⎤+ −⎣ ⎦ =

− + +
FEIN

�
, (R.41) 

which is almost unchanged relative to (R.28). Equation (14) slightly changes to 

 Sv a Dμ μ=  , (R.42) 

and setting this equal to (16), substituting for Dμ, using (6), r = ρ, S Sv v n=� , the definitions of 

 and ( )N NQ c� ( ),S N LNQ c w� , and simplifying yields 

 ( ) ( ) (, ˆ , , ,N N S N LN
S S N LN

Q c Q c w
A s c w

n μ

λ )η ι μ
ρ ι
−

=
− +

FEIM
� �

, (R.43) 

where Âμ  ≡ (aμδμ)/(nγμ) as in section 4.1. Using (21), the definition xι ≡ Xι/NN and collecting terms, 

(R.40) can be rewritten as 

 ( ) ( ) (ˆ 1 1 , , ,NQ c x A c x )Nι ι ι ι
ι γ ι ι μ

ι μ
⎡ ⎤+ + =⎣ ⎦+

LABN� , (R.44) 

where Âι  ≡ (aιδι)/(nγι) as in section 4.1. Next, we note that the Southern general-purpose labor 

market clearing condition (36) remains unchanged, and is here repeated for convenience: 

 ( )
( ) ( ) (

ˆ, ,
1

, ,
S SN S

S S
LN S

A sc
s

w
μμ ιηι μ η μ ),η ι μ

ι μ η ι ι μ
+ = −

+
LABS . (R.45) 

Note that we have used again the simplifying assumption τN = τS = 0 to derive (R.45). From (R.37) 

and (R.39), we again derive the relative-profitability condition 

 ˆn A
a

ι
ι

ι

γ
ι

δ
= ≡ . (R.46) 
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We now solve (R.41) and (R.43) for cN and wLN, using the definitions of ( )N NQ c�  and ( ),S N LNQ c w� , 

and our simplifying assumption τN = τS = 0: 

 
( ) ( ){ }
( )( )

ˆ2

1
S S

N

a n A s
c

ι ι μλι δ ρ ι μ η ρ ι

λ ι μ

⎡ + + − ⎤ + + −⎣ ⎦
=

− +

n
, (R.47) 

 
( ) ( )

( ) ( )ˆ

ˆ2

2 S S

S S
LN A s n

a n A s
w

a n μ

ι ι μ

η ρ ι
ι ι λ

δ ρ ι μ η ρ ι

δ ρ ι μ + −

⎡ + + − ⎤ + + −⎣ ⎦=
⎡ + + − ⎤ +⎣ ⎦

n
 . (R.48) 

Using (R.47) and (R.48) in (R.45) gives LABS that determines the Southern industry-wide imitation 

rate as an increasing function of ηS, given that the Northern innovation rate is pinned down by 

(R.46): 

 
( ) ( ) ( )( ) (

ˆ2 1ˆ ,
1

S

a
S S

S S

n A s n s
A s

ι ιλ δ
μη

μ

ρ ι μ ρ ι ι μ )ι μ η
λ μ

⎡ + + − ⎤ + + − − +⎣ ⎦ + =
−

LABS . (R.49) 

The RHS of (R.49) is decreasing in μ, and the LHS of (R.49) is increasing in μ and decreasing in 

ηS, hence an increase in ηS requires an increase in μ to restore LABS(μ, ηS) again. Differentiating 

(R.48) with respect to ηS shows: 

 
( ) ( )ˆ

?

2

ˆ2 2
0

S

S S

A s n
S

LN

S

a A s n den num aw
den

μ ρ ιμ μ
ι ι μ ι ιη ηδ ρ ι δ

η

+ −∂ ∂
∂ ∂

⎡ ⎤⎡ ⎤+ + − − +∂ ⎣ ⎦ ⎣ ⎦= >
∂

  
λ

 

 
( )( )

( )
? ˆ 1

2 1

LNw
S

S LN

A s n

a w
μ λ

ι ι

ρ ιμ
η δ

+ − −∂
⇔ <

∂ −
   , (R.50) 

where den and num refer to denominator and numerator of the RHS of (R.48), respectively. In order 

to check whether condition (R.50) is fulfilled, we apply the implicit function theorem to (R.49): 

 

( )
( ) ( ) ( )( )

( )
( ) ( )

( )( )
( ) ( )

( )
2

2

?

1 1 R.48

ˆ2 1ˆ, 0
1

ˆ 12 2
        .

2 1 22

S

LN

S S

a
S S

S S

w
SS

s
S LN SS a

n A s n s
f A s

A s nn nf
f a w

ι ι

ι ι

λ δ
μη

μ

μ λ

ιη λ
ι ιλ δ μ

ρ ι μ ρ ι ι μ
μ η ι

λ μ

ρ ιρ ι μ ρ ι μημ
η μ δ ηη − −

⎡ + + − ⎤ + + − − +⎣ ⎦≡ + −
−

+ − −+ + − + + −∂ ∂∂
⇔ = − = < =

∂ ∂ ∂ −+

=

 

Hence condition (R.50) is fulfilled, and part i. of Main Result 1 ( 0LN Sw η∂ ∂ > ) is still valid. 

Q.e.d. 
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In[87]:= "APPENDIX R.6: The Baseline Model With Only One Type of Northern Labor HMathematica ProgramL ";

In[88]:= "− This program requires Mathematica Version 5.0. Before evaluating the cells, 'Math Econ' package written
by Cliff Huang and Philip Crooke needs to be run. This package accompanies the book 'Mathematics
and Mathematica for Economists', 1997, Blackwell Publishers: Oxford, written by the above authors.

− Objective: To conduct comparative steady−state analysis
− Notes: In this program, for convenience we enter the subscripts and superscripts of the main model in regular

format. Define dr = ρ−n. The elimination of minus terms help Mathematica to obtain more tidy expressions.";

In[89]:= 1. THE MODEL;

In[90]:= "GENERAL FEATURES:
−− Tariffs are imposed by both the North and the South.
−− Bertrand pricing scheme applies.
−− Trade is balanced.
−− One type of labor in the North that can be employed for either R&D, RPA and manufacturing.
−− wLN represents the relative wage of Northern labor with respect to Southern labor.
−− We use small letters for ai and aμ instead

of capital letters, because we will have the D's substituted by Mathematica";

In[91]:= "To simplify, we did the following transformation: dr=ρ−n,";

In[92]:= "We first clear all the variables and functions";
Clear@FEIN, FEIM, LABN, LABS, FLABN, FLABSD;
Clear@μ, x, ηS, λ, dr, d, ρ, n, δ, γ, ai, aμ, τN, τSD; Clear@cN, i, μ, wLND;

In[95]:= "This is the proportion of Northern industries and aggregate rate of imitation";
nN = iêHi + μL; m = μ ∗ nN;

In[97]:= "This is the BOT equation simplified";

cS = cN ∗
1

ηS
∗

μ

i
∗
H1 + τSL
H1 + τNL

Out[98]=
cN μ H1 + τSL
i ηS H1 + τNL

In[99]:= "This is the free entry in innovation condition with both sides divided by NN";
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In[100]:= FEIN =
IcN ∗I1 − wLN

λ H1+τNL MM + IcS ∗ ηS ∗I 1
1+τS

− wLN
λ
MM

dr + 2 i + 2 μ
m ai ∗ wLN ∗ d êê FullSimplify

Out[100]=
cN Hi H−wLN + λ + λ τNL − μ HwLN − λ + wLN τSLL

i λ Hdr + 2 Hi + μLL H1 + τNL
m ai d wLN

In[101]:= "This is the free entry in imitation condition with both sides divided by NN";

In[102]:= FEIM =
IcN I 1

1+τN
− 1

wLN
MM + IcS ∗ ηS ∗I1 − 1

wLN∗H1+τSL MM

dr + i
m aμ ∗ d êê FullSimplify

Out[102]=
cN Hi H−1 + wLN − τNL + μ H−1 + wLN + wLN τSLL

i Hdr + iL wLN H1 + τNL
m aμ d

In[103]:= Solve@8FEIN, FEIM<, 8cN, wLN<D

Out[103]= ::cN →
d i Hai dr λ + aμ dr λ + 2 ai i λ + aμ i λ + 2 ai λ μL H1 + τNL

H−1 + λL Hi + μ + μ τSL
,

wLN → Iai dr i λ + aμ dr i λ + 2 ai i2 λ + aμ i2 λ + ai dr λ μ + aμ dr λ μ + 4 ai i λ μ + aμ i λ μ + 2 ai λ μ2 + ai dr i λ τN +

aμ dr i λ τN + 2 ai i2 λ τN + aμ i2 λ τN + 2 ai i λ μ τNMë HHaμ dr + aμ i + ai dr λ + 2 ai i λ + 2 ai λ μL Hi + μ + μ τSLL>>

In[104]:= "This is the R&D and imitation difficulty per unit of NN, where x = XêNN and d = DêNN";

In[105]:= d =
nN ∗ δ ∗ x

n
;

In[106]:= "We tell Mathematica what cN and wLN are, with the expression for d already entered";

In[107]:= cN =
d i Hai dr λ + aμ dr λ + 2 ai i λ + aμ i λ + 2 ai λ μL H1 + τNL

H−1 + λL Hi + μ + μ τSL
;

wLN = Iai dr i λ + aμ dr i λ + 2 ai i2 λ + aμ i2 λ + ai dr λ μ + aμ dr λ μ + 4 ai i λ μ + aμ i λ μ + 2 ai λ μ2 + ai dr i λ τN +

aμ dr i λ τN + 2 ai i2 λ τN + aμ i2 λ τN + 2 ai i λ μ τNM ë HHaμ dr + aμ i + ai dr λ + 2 ai i λ + 2 ai λ μL Hi + μ + μ τSLL;

In[108]:= 8cN, wLN< êê FullSimplify

Out[108]= :
i2 x δ λ Haμ Hdr + iL + ai Hdr + 2 Hi + μLLL H1 + τNL

n H−1 + λL Hi + μL Hi + μ + μ τSL
,
λ Haμ Hdr + iL + ai Hdr + 2 Hi + μLLL Hi + μ + i τNL
Haμ Hdr + iL + ai λ Hdr + 2 Hi + μLLL Hi + μ + μ τSL

>
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In[109]:= "Taking the ratio of the free−entry in R&D condition
to optimal RPA condition gives the Relative R&D to RPA Profitability Condition";

RELP =
vN

vN Hi + μL
==

wLN ∗ ai ∗ d ∗ NN

wLN ∗ γ ∗ x ∗ NN
; Solve@RELP, iD

Out[110]= ::i →
n γ

ai δ
>>

In[111]:= "We enter the expression for i"; i =
n γ

ai δ
;

In[112]:= "This is the Northern labor market equilibrium condition with both sides divided by NN";

In[113]:= LABN =
HcNêH1 + τNLL + HcS ∗ ηSL

λ
 

i

i + μ
+ Hai ∗ i ∗ dL + Hγ ∗ nN ∗ xL == 1 êê FullSimplify

Out[113]=
n x γ2 Haμ Hn γ + ai dr δL + ai H2 n γ λ + ai δ Hdr + 2 λ μLLL

ai H−1 + λL Hn γ + ai δ μL2
m 1

In[114]:= "This is the Southern labor market equilibrium condition with both sides divided by NS";
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In[115]:= LABS =

cN
ηS

+ cS
H1+τSL

wLN
 

μ

i + μ
+ aμ ∗ μ ∗

d

ηS
∗ nN == 1 êê FullSimplify

Out[115]=
x γ δ μ Iaμ n γ λ + ai Haμ dr δ + 2 n γ λL + ai2 δ λ Hdr + 2 μLM

ηS H−1 + λL Hn γ + ai δ μL2
m 1

In[116]:= "LABN and LABS are now expressed in terms of x and μ only. So, we can
enter these as functions and construct a system of equations for comparative statics.

Observe that LABN and LABS do not contain tariffs, so the tariff neutrality result holds.";

In[117]:= Clear@μ, x, ηS, λ, dr, d, ρ, n, δ, γ, ai, aμ, τN, τSD

In[118]:= FLABN@x_, μ_, dr_, ηS_, λ_, ρ_, n_, δ_, γ_, ai_, aμ_, τN_, τS_D :=
n x γ2 Haμ Hn γ + ai dr δL + ai H2 n γ λ + ai δ Hdr + 2 λ μLLL

ai H−1 + λL Hn γ + ai δ μL2
− 1

In[119]:= FLABS@x_, μ_, dr_, ηS_, λ_, ρ_, n_, δ_, γ_, ai_, aμ_, τN_, τS_D :=
x γ δ μ Iaμ n γ λ + ai Haμ dr δ + 2 n γ λL + ai2 δ λ Hdr + 2 μLM

ηS H−1 + λL Hn γ + ai δ μL2
− 1

In[120]:= "This gives the Jacobian Matrix";

In[121]:= J = 8gradf@FLABN@x, μ, dr, ηS, λ, ρ, n, δ, γ, ai, aμ, τN, τSD , 8x, μ<D,
gradf@FLABS@x, μ, dr, ηS, λ, ρ, n, δ, γ, ai, aμ, τN, τSD, 8x, μ<D<;

In[122]:= FullSimplify@JD êê MatrixForm

Out[122]//MatrixForm=
n γ2 Haμ Hn γ+ai dr δL+ai H2 n γ λ+ai δ Hdr+2 λ μLLL

ai H−1+λL Hn γ+ai δ μL2
−

2 n x γ2 δ Haμ Hn γ+ai dr δL+ai Hn γ λ+ai δ Hdr+λ μLLL
H−1+λL Hn γ+ai δ μL3

γ δ μ Iaμ n γ λ+ai Haμ dr δ+2 n γ λL+ai2 δ λ Hdr+2 μLM
ηS H−1+λL Hn γ+ai δ μL2

x γ δ In γ Iai aμ dr δ+2 ai n γ λ+aμ n γ λ+ai2 dr δ λM−ai δ Iai aμ dr δ−2 ai n γ λ+aμ n γ λ+ai2 dr δ λM μM
ηS H−1+λL Hn γ+ai δ μL3

In[123]:= "−− LABN is upward sloping,
−− LABS is upward or downward sloping. However, one can easily show that if dr goes to

zero and 2ai>aμ holds Ha sufficient but hardly a necessary conditionL, LABS is downward sloping.";

In[124]:= 2. COMPARATIVE STATICS FOR ηS;

In[125]:= "This gives the gradient of the functions FLABN and FLANS with respect to ηS";
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In[126]:= B = 8gradf@FLABN@x, μ, dr, ηS, λ, ρ, n, δ, γ, ai, aμ, τN, τSD , 8ηS<D,
gradf@FLABS@x, μ, dr, ηS, λ, ρ, n, δ, γ, ai, aμ, τN, τSD , 8ηS<D<

Out[126]= :80<, :−
x γ δ μ Iaμ n γ λ + ai Haμ dr δ + 2 n γ λL + ai2 δ λ Hdr + 2 μLM

ηS2 H−1 + λL Hn γ + ai δ μL2
>>

In[127]:= "This follows from Cramer's rule";

In[128]:= impactηS = −Inverse@JD.B.8∆ηS<;

In[129]:= MatrixForm@impactηSD êê FullSimplify

Out[129]//MatrixForm=
2 ai x δ ∆ηS μ Iaμ n γ λ+ai Haμ dr δ+2 n γ λL+ai2 δ λ Hdr+2 μLM Haμ Hn γ+ai dr δL+ai Hn γ λ+ai δ Hdr+λ μLLL

ηS Hn γ+ai δ μL Iaμ2 n2 γ2 λ+ai aμ n γ H1+λL Haμ dr δ+2 n γ λL+ai3 δ Haμ dr δ+2 n γ λL Hdr+dr λ+4 λ μL+ai4 δ2 λ Idr2+4 dr μ+4 λ μ2M+ai2 Iaμ2 dr2 δ2+4 n2 γ2 λ2+2 aμ n γ δ λ H3 dr+2 μLMM

∆ηS μ Iaμ n γ λ+ai Haμ dr δ+2 n γ λL+ai2 δ λ Hdr+2 μLM Haμ Hn γ+ai dr δL+ai H2 n γ λ+ai δ Hdr+2 λ μLLL
ηS Iaμ2 n2 γ2 λ+ai aμ n γ H1+λL Haμ dr δ+2 n γ λL+ai3 δ Haμ dr δ+2 n γ λL Hdr+dr λ+4 λ μL+ai4 δ2 λ Idr2+4 dr μ+4 λ μ2M+ai2 Iaμ2 dr2 δ2+4 n2 γ2 λ2+2 aμ n γ δ λ H3 dr+2 μLMM

In[130]:= 8dx, dμ< = %;

In[131]:= "Clearly
dx

dηS
>0 and also

dμ

dηS
>0, without requiring further restrictions.";

In[132]:= wLN êê FullSimplify

Out[132]=
λ Iaμ n γ + ai H2 n γ + aμ dr δL + ai2 δ Hdr + 2 μLM Hai δ μ + n γ H1 + τNLL
Haμ Hn γ + ai dr δL + ai λ H2 n γ + ai δ Hdr + 2 μLLL Hn γ + ai δ μ H1 + τSLL
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In[133]:= dwLN = D@wLN, xD dx + D@wLN, μD dμ + D@wLN, ηSD ∆ηS êê FullSimplify

Out[133]= −Iai δ ∆ηS λ μ Iaμ n γ λ + ai Haμ dr δ + 2 n γ λL + ai2 δ λ Hdr + 2 μLM Haμ Hn γ + ai dr δL + ai H2 n γ λ + ai δ Hdr + 2 λ μLLL
Iaμ2 n3 γ3 HτN + τS + τN τSL + ai4 δ2 I2 aμ dr δ H−1 + λL μ2 H1 + τSL + n γ λ Hdr + 2 μL2 HτN + τS + τN τSLM +

2 ai aμ n2 γ2 Haμ dr δ HτN + τS + τN τSL + n γ H−1 + λ + 2 λ τN + H1 + λL H1 + τNL τSLL + ai2 n γ Iaμ2 dr2 δ2 HτN + τS + τN τSL +
4 n2 γ2 λ HτN + τS + τN τSL + aμ n γ δ Hdr H−2 + 2 λ + τN + 5 λ τN + 3 H1 + λL H1 + τNL τSL + 4 μ H−1 + λ H1 + τNL H1 + τSLLLM + ai3 n γ δ

I4 n γ λ Hdr + 2 μL HτN + τS + τN τSL + aμ δ I2 H−1 + λL μ2 H1 + τSL + dr2 H1 + λL HτN + τS + τN τSL + 4 dr μ H−1 + λ H1 + τNL H1 + τSLLMMMMë
IηS Haμ Hn γ + ai dr δL + ai λ H2 n γ + ai δ Hdr + 2 μLLL2 Iaμ2 n2 γ2 λ + ai aμ n γ H1 + λL Haμ dr δ + 2 n γ λL + ai3 δ Haμ dr δ + 2 n γ λL

Hdr + dr λ + 4 λ μL + ai4 δ2 λ Idr2 + 4 dr μ + 4 λ μ2M + ai2 Iaμ2 dr2 δ2 + 4 n2 γ2 λ2 + 2 aμ n γ δ λ H3 dr + 2 μLMM Hn γ + ai δ μ H1 + τSLL2M

In[134]:= " Clearly
dwLN

dηS
<0 without requiring further restrictions.";

In[135]:= dm = D@m, μD dμ + D@m, ηSD ∆ηS;

In[136]:= dnN = D@nN, μD dμ + D@nN, ηSD ∆ηS;

In[137]:= FullSimplify@8dm, dnN<D êê MatrixForm

Out[137]//MatrixForm=
n2 γ2 ∆ηS μ Iaμ n γ λ+ai Haμ dr δ+2 n γ λL+ai2 δ λ Hdr+2 μLM Haμ Hn γ+ai dr δL+ai H2 n γ λ+ai δ Hdr+2 λ μLLL

ηS Hn γ+ai δ μL2 Iaμ2 n2 γ2 λ+ai aμ n γ H1+λL Haμ dr δ+2 n γ λL+ai3 δ Haμ dr δ+2 n γ λL Hdr+dr λ+4 λ μL+ai4 δ2 λ Idr2+4 dr μ+4 λ μ2M+ai2 Iaμ2 dr2 δ2+4 n2 γ2 λ2+2 aμ n γ δ λ H3 dr+2 μLMM

−
ai n γ δ ∆ηS μ Iaμ n γ λ+ai Haμ dr δ+2 n γ λL+ai2 δ λ Hdr+2 μLM Haμ Hn γ+ai dr δL+ai H2 n γ λ+ai δ Hdr+2 λ μLLL

ηS Hn γ+ai δ μL2 Iaμ2 n2 γ2 λ+ai aμ n γ H1+λL Haμ dr δ+2 n γ λL+ai3 δ Haμ dr δ+2 n γ λL Hdr+dr λ+4 λ μL+ai4 δ2 λ Idr2+4 dr μ+4 λ μ2M+ai2 Iaμ2 dr2 δ2+4 n2 γ2 λ2+2 aμ n γ δ λ H3 dr+2 μLMM

In[138]:= "Clearly
dm

dηS
>0 , and also

dnN

dηS
<0 ";

In[139]:= 3. COMPARATIVE STATICS FOR τS;

In[140]:= BτS = 8gradf@FLABN@x, μ, dr, ηS, λ, ρ, n, δ, γ, ai, aμ, τN, τSD , 8τS<D,
gradf@FLABS@x, μ, dr, ηS, λ, ρ, n, δ, γ, ai, aμ, τN, τSD , 8τS<D<

Out[140]= 880<, 80<<

In[141]:= impactτS = −Inverse@JD.BτS.8∆τS<;
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In[142]:= MatrixForm@impactτSD êê FullSimplify

Out[142]//MatrixForm=
0

0

In[143]:= 8dx, dμ< = %;

In[144]:= "Clearly
dx

dτS
=0 and also

dμ

dτS
=0

This is because there is no tariff expression in the FLABN and FLABS equations.";

In[145]:= dwLN = D@wLN, μD dμ + D@wLN, τSD ∆τS êê FullSimplify

Out[145]= −Iai δ ∆τS λ μ Iaμ n γ + ai H2 n γ + aμ dr δL + ai2 δ Hdr + 2 μLM Hai δ μ + n γ H1 + τNLLMë
IHaμ Hn γ + ai dr δL + ai λ H2 n γ + ai δ Hdr + 2 μLLL Hn γ + ai δ μ H1 + τSLL2M

In[146]:= "Clearly
dwLN

dτS
<0.

Tariff reduction by the South increases the North−South wage gap ";

In[147]:= dm = D@m, μD dμ + D@m, τSD ∆τS;

In[148]:= dnN = D@nN, μD dμ + D@nN, τSD ∆τS;

In[149]:= FullSimplify@8dm, dnN<D êê MatrixForm

Out[149]//MatrixForm=
0

0

In[150]:= "Clearly
dm

dτS
=0 and also

dnN

dτS
=0

Again, this is because tariffs do not affect i and μ.";

In[151]:= 4. COMPARATIVE STATICS FOR τN;
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In[152]:= BτN = 8gradf@FLABN@x, μ, dr, ηS, λ, ρ, n, δ, γ, ai, aμ, τN, τSD , 8τN<D,
gradf@FLABS@x, μ, dr, ηS, λ, ρ, n, δ, γ, ai, aμ, τN, τSD , 8τN<D<

Out[152]= 880<, 80<<

In[153]:= impactτN = −Inverse@JD.BτN.8∆τN<;

In[154]:= MatrixForm@impactτSD êê FullSimplify

Out[154]//MatrixForm=
0

0

In[155]:= 8dx, dμ< = %;

In[156]:= "Clearly
dx

dτN
=0 and also

dμ

dτN
=0

This is because there is no tariff expression in the FLABN and FLABS equations.";

In[157]:= dwLN = D@wLN, μD dμ + D@wLN, τND ∆τN êê FullSimplify

Out[157]=
n γ ∆τN λ Iaμ n γ + ai H2 n γ + aμ dr δL + ai2 δ Hdr + 2 μLM

Haμ Hn γ + ai dr δL + ai λ H2 n γ + ai δ Hdr + 2 μLLL Hn γ + ai δ μ H1 + τSLL

In[158]:= "Clearly
dwLN

dτN
>0.

Tariff reduction by the North reduces the North−South wage gap ";

In[159]:= dm = D@m, μD dμ + D@m, τND ∆τN;

In[160]:= dnN = D@nN, μD dμ + D@nN, τND ∆τN;

In[161]:= FullSimplify@8dm, dnN<D êê MatrixForm

Out[161]//MatrixForm=
0

0

In[162]:= "Clearly
dm

dτN
=0 and also

dnN

dτN
=0

Again, this is because tariffs do not affect i and μ.";

R19



Appendix R.7: The Baseline Model With Two Types of Northern Labor and a Cobb-

Douglas Production Function For RPAs 

This Appendix first shows that the central findings of our baseline model (Propositions 1 and 2 

from section 3) are robust to the following change in the labor assignment: instead of using general-

purpose workers in the North only for manufacturing and R&D, there is now perfectly mobile be-

tween all three activities (R&D, manufacturing and global RPAs), while Northern specialized 

workers still exclusively conduct RPAs. For the unit-cost function of RPAs, a Cobb-Douglas tech-

nology is used. As before, there is only one type of Southern labor that can be employed in manu-

facturing of final goods or imitation, which are the only types of activities in the South. We then 

check for the robustness of our Main Result 1 as well.38 

To conduct RPAs, each Northern incumbent hires Northern specialized labor at a wage rate of 

wHN and also Northern general-purpose workers at a wage rate of wLN. The unit cost function of 

RPAs is derived from a Cobb-Douglas technology: 

 ( ) 1,HN LN HN LNB w w w wβ βγ −= , (R.51) 

where 0 ≤ β ≤ 1 and γ > 0. Equation (7) for the total Northern firm’s profits changes to 

 ( ,P
N N HN LN )B w w Xπ π= − . (R.52) 

Equation (17) for the optimal RPA decision changes to 

 ( )
( ),

N

HN LN

v
X

B w w
ι μ+

=  . (R.53) 

The Northern general-purpose labor market clearing (LABN) condition (18) becomes 

 ( ) ( ),N N N S N N L N Nn Q c c N a D n b X s Nιι+ + = −1

                                                

, (R.54) 

where by Shephard’s lemma, bL ≡ ∂B(.)/∂wLN is the RPA unit labor requirement for general-purpose 

workers. The Northern specialized labor market clearing condition (19) becomes 

 , (R.55) N H N Nn b X s N=

where by Shephard’s lemma, bH ≡ ∂B(.)/∂wHN is the RPA unit labor requirement for specialized 

workers. Taking the ratio of (R.53) to (13) with D substituted from (10) and using (21) gives the 

 

38 A version of our model with two types of Northern labor and a Cobb-Douglas technology for RPAs in the 
North, and an additional Southern low-tech sector is no longer analytically tractable. This is why our Prop-
osition 3 and Main Result 2 cannot be checked analytically for this labor assignment. 
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relative profitability condition 

 1 HN

LN

w
A w

β

ι

ι
⎛ ⎞

= ⎜ ⎟
⎝ ⎠

, (R.56) 

where Aι ≡ (aιδ)/(nγ) again captures the relative resource requirement in R&D with respect to RPAs. 

Obviously, the rate of innovation increases in the relative cost of RPAs with respect to R&D, i.e., 

the RHS of (R.56). Observe that we consider in the main text the special case β = 1, i.e. RPAs use 

only specialized labor. 

The FEIN and FEIM conditions are identical to (R.28) and (R.29), thus cN and wLN as functions 

of ι and μ only are still given by (R.33) and (R.34). Plugging (R.34) into (R.56) allows to solve for 

wHN as a function solely in ι and μ: 

 
( ) ( ){ } ( )
( ) ( ){ } ( )

1
2 1

2 1
N

HN
S

a n a naw
n a n a n

β ι μι

ι μ

λ ρ ι μ ρ ι ι τιδ
γ λ ρ ι μ ρ ι ι μ τ

⎡ − + + ⎤ + − + ⎡ + + ⎤⎛ ⎞ ⎣ ⎦ ⎣= ⎜ ⎟
⎡ − + + ⎤ + − + ⎡ + + ⎤⎝ ⎠ ⎣ ⎦ ⎣

μ⎦

⎦
. (R.57) 

Using (R.56) to substitute for wLN/wHN in equation (R.55), and using (21) to substitute for nN, allows 

to derive the per-Northern-worker RPA as 

 ( ) ( )
1

Ns A
x

β
β

ιι ι μ
βγι

−

+
=  . (R.58) 

By using nN from (21), the definition for QN from (18), the solution for cN from (R.33), the BOT 

condition (22) to substitute for cS, (10) to substitute for D, (R.58) to substitute for x ≡ X/NN, and 

using bL ≡ ∂B(.)/∂wLN from Shephard’s lemma, LABN (R.54) can be written as a function solely in ι 

and μ: 

 

( )( ) ( ) ( ) ( )( ){ }
( ) ( )( )

( )

1

1 1

1

1 , .

N

N

s a n a n n A

A n

s

ι μ ι

β
β

ι

1ιδ ρ λ ι μ ιδ ρ ι β γ ι λ ι μ

ι βγ λ ι μ

ι μ

−

⎡ − + + + ⎤ + − + + − − +⎣ ⎦

− +

= − LABN

 (R.59) 

The Southern labor market clearing condition (20) still applies. By using nS from (21), the definition 

for QS from (20), the solution for cN from (R.33), the BOT condition (22) to substitute for cS, (10) to 

substitute for D, (R.58) to substitute for x ≡ X/NN, LABS can also be written as a function solely in ι 

and μ: 
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( ) ( ) ( ){ }

( )( ) (
1

2
1

1
N

S

s A a n a n

n

β
β

ι ι μδ ι μ λ ρ ι μ ρ ιλ
),ι μ

βγη λ ι μ

−

⎡ − + + ⎤ + − +⎣ ⎦ =
− +

LABS . (R.60) 

Analyzing the Jacobi matrix of the system (R.59) and (R.60) reveals that LABN is unambiguously 

upward sloping, while LABS is downward sloping for a sufficiently small households’ net discount 

rate ρ − n, which corresponds to the condition (34) in our baseline model in the main text. 

We immediately see that tariffs again do not enter (R.59) and (R.60), hence the tariff-neutrality 

result of Proposition 2 is still valid for this specification of the labor assignment. Appendix R.8 in 

addition shows that for sufficiently low ρ − n, dι/dηS > 0, dμ/dηS > 0, dwLN/dηS < 0, dm/dηS > 0, and 

dnN/dηS < 0. Hence, all results of Proposition 1 still hold for sufficiently low ρ − n. Finally, Appen-

dix R.8 also shows that Southern (Northern) unilateral trade liberalization results in an unambi-

guous increase (decrease) in the Northern general-purpose wage rate wLN, and hence in the North-

South wage gap, as in Proposition 2. 

Finally, we check for the robustness of our Main Result 1. When Southern labor is used for im-

itation-deterring activities like in section 4.1 and Appendix B, and there are two types of Northern 

workers with Cobb-Douglas technology in RPAs as defined in (R.51), the following equations 

changes: equation (R.51) becomes 

 ( ) 1,HN LN HN LNB w w w wβ β
ιγ

−= , (R.61) 

equation (R.52) becomes 

 ( ),P
N N HN LNB w w Xιπ π= − , (R.62) 

equation (R.53) becomes 

 ( )
( ),

N

HN LN

v
X

B w wι

ι μ+
= , (R.63) 

equation (R.54) becomes 

 ( ) ( ),N N N S N N L N Nn Q c c N a D n b X s Nι ι ιι+ + = −1  (R.64) 

with Dι = nNδιXι/n, and equation (R.55) becomes 

 . (R.65) N H N Nn b X s Nι =

Equation (R.37) applies again as the Northern free-entry in R&D condition. Solving (R.63) for vN 

and dividing by (R.37) yields the relative profitability condition 
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 1
ˆ

HN

LN

w
w A

β

ι

ι
⎛ ⎞

= ⎜ ⎟
⎝ ⎠

 . (R.66) 

The FEIN condition (R.41) and the FEIM condition (R.43) still apply, and for τN = τS = 0 these are 

still solved for cN given in (R.47) and wLN given in (R.48). Using (R.48) in (R.66) allows to solve 

for wHN(ι, μ). Equations (R.65) and (R.66) can be solved for 

 
( )( )

1
ˆ

N

N

s AXx
N

β
β

ιι
ι

ι

ι μ ι

ιβγ

−

+
≡ =  . (R.67) 

Using (21), the definition for QN(cN, cS) from (18), the BOT condition (22), (R.47) to substitute for 

cN, Dι = nNδιXι/n, bL ≡ ∂B(.)/∂wLN and (R.67) to substitute for xι, we can rewrite (R.64) as 

 
( ) ( ){ }

( )( )
( ) ( )

(

1
ˆ ˆ2 2

1 ,
1

S S N

N

a n A s n A s
s

β
ι ι μ ιι δ ρ ι μ η ρ ι ι β

)ι μ
λ ι μ β

⎡ + + − ⎤ + + − −⎣ ⎦
+ = −

− +
LABN . (R.68) 

The LHS of (R.68) is rising in ι and declining in μ, hence LABN(ι, μ) is positively sloped in (ι, μ)-

space. Since an increase in ηS raises the LHS, a reduction of ι is required for any given μ to restore 

the Northern labor market equilibrium, hence the LABN curve shifts downward. Finally, the South-

ern labor market equilibrium condition is still given by (R.49), which we rewrite here for conveni-

ence: 

 
( ) ( )

(
ˆ2 ˆ 1

1
S

a
S

S S

n A s n
A s s

ι ιλ δ
μη

μ

ρ ι μ ρ ιμ ), Sι μ η
ι μ λ

⎧ ⎫⎡ + + − ⎤ + + −⎪ ⎪⎣ ⎦ + = −⎨ ⎬
+ −⎪ ⎪⎩ ⎭

LABS . (R.69) 

The LHS of (R.69) is unambiguously increasing in μ, and the LHS is also increasing in ι provided 

that condition 

 
ˆ

ˆ
S

S
a

S

A s
n

A s ι ι

μ
λ δ

μ η

λμ
ρ − <

+
   (R.70) 

is fulfilled. Under this condition, the LABS(ι, μ) is negatively sloped in (ι, μ)-space. Since an in-

crease in ηS reduces the LHS of (R.69), an increase in ι is required for any given μ to restore the 

Southern labor market equilibrium, hence the LABS curve shifts upward. The Figure R.1 below 

illustrates the steady-state labor market effects of increased Southern trade integration in this model. 

It follows that Southern imitation is unambiguously rising, and Northern innovation can go ei-

ther up or down. Totally differentiating (R.68) and (R.69) for dι = 0 gives the sizes of the horizontal 
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shifts: 

 

Figure R1: Steady-state effects of increased Southern trade integration 

 
( )

( )
( )
( )ˆR.68

 
S

a n
S SA s n

d
d ι ι

μ

δ ρ

ρ ι

ι ι μμ
η η−

+ −

+
=

+
 , (R.71) 

 
( )

( ) ( )[ ]
( ) ( )[ ] ( ){ }R.69

2
 ˆ2 2S S S S

a nd
d a n A

ι ι

ι ι μ

μ ι μ λ δ ρ ι μμ
η η λ δ μ ι μ ι ρ ι μ η ρ ι

+ + + −
=

+ + + + − + + −⎡ ⎤⎣ ⎦ s n
 . (R.72) 

Comparing these two shifts show that depending on parameter values, the net effect on ι can indeed 

be positive or negative. Hence, part ii. of Main Result 1 is still valid. Given that contrary to Appen-

dix R.5 an increase in ηS not only increases μ but also changes ι (in ambiguous direction), the net 

effect on wLN (where this wage rate is still given in (R.48)) cannot be signed analytically, hence part 

i. of Main Result 1 cannot be checked analytically for this version of the model. 
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In[163]:= "APPENDIX R.8: The Baseline Model With Two Types of
Northern Labor and a Cobb−Douglas Production Function For RPAs HMathematica ProgramL";

In[164]:= 1. THE MODEL;

In[165]:= "GENERAL FEATURES:
−− Tariffs are imposed by both the North and the South.
−− Bertrand pricing scheme applies.
−− Trade is balanced.
−− Northern general purpose workers: Mobile across all activities
−− Northern Specialized workers : Performing only RPA
−− Northern RPA uses a Cobb Douglass production function
−− β is the share of specialized workers in RPA production.
−− There is no RPA in the South.";

In[166]:= "To simplify, we did the following transformations dr=ρ−n";

In[167]:= "We first clear all the variables and functions";
Clear@FEIN, FEIM, LABN, LABS, FLABN, FLABSD;
Clear@ηS, λ, dr, ρ, n, δ, ai, aμ, sN, τN, τSD; Clear@cN, i, μ, wLN, wHN, x, dD;

In[170]:= τS =.; τN =.; dr =.;

In[171]:= "This is the proportion of Northern industries and the aggregate rate of imitation";
nN = iê Hi + μL; m = μ ∗ nN;

In[173]:= "This is the BOT equation simplified";

cS = cN ∗
1

ηS
∗

μ

i
∗
H1 + τSL
H1 + τNL

Out[174]=
cN μ H1 + τSL
i ηS H1 + τNL

In[175]:= "This is the free entry in innovation condition with both sides divided by NN. Note that d = DêNN";
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In[176]:= FEIN =
IcN I1 − wLN

λ H1+τNL MM + IcS ∗ ηS ∗I 1
1+τS

− wLN
λ
MM

dr + 2 i + 2 μ
m ai ∗ wLN ∗ d êê FullSimplify

Out[176]=
cN Hi H−wLN + λ + λ τNL − μ HwLN − λ + wLN τSLL

i λ Hdr + 2 Hi + μLL H1 + τNL
m ai d wLN

In[177]:= "This is the free entry in imitation condition with both sides divided by NN";

In[178]:= FEIM =
IcN I 1

1+τN
− 1

wLN
MM + IcS ∗ ηS ∗I1 − 1

wLN∗H1+τSL MM

dr + i
m aμ ∗ d êê FullSimplify

Out[178]=
cN Hi H−1 + wLN − τNL + μ H−1 + wLN + wLN τSLL

i Hdr + iL wLN H1 + τNL
m aμ d

In[179]:= Solve@8FEIN, FEIM<, 8cN, wLN<D êê FullSimplify

Out[179]= ::cN →
d i λ Haμ Hdr + iL + ai Hdr + 2 Hi + μLLL H1 + τNL

H−1 + λL Hi + μ + μ τSL
, wLN →

λ Haμ Hdr + iL + ai Hdr + 2 Hi + μLLL Hi + μ + i τNL
Haμ Hdr + iL + ai λ Hdr + 2 Hi + μLLL Hi + μ + μ τSL

>>

In[180]:= "−− By solving the FEIN and FEIM equations simultaneously for
cN and wLN, we obtain the above expressions. We enter these solutions in the program.";

In[181]:= cN =
d i λ Haμ Hdr + iL + ai Hdr + 2 Hi + μLLL H1 + τNL

H−1 + λL Hi + μ + μ τSL
; wLN =

λ Haμ Hdr + iL + ai Hdr + 2 Hi + μLLL Hi + μ + i τNL
Haμ Hdr + iL + ai λ Hdr + 2 Hi + μLLL Hi + μ + μ τSL

;

In[182]:= "The unit cost of production is"; B = γ ∗ wHNβ ∗ wLNH1−βL;
"Using Shephard's Lemma, the unit labor requirement in RPA for specialized and general purpose workers can be found as";

In[184]:= bH = γ ∗ β ∗
wLN

wHN

1−β

; bL = γ ∗H1 − βL∗
wHN

wLN

β

;

In[185]:= "This is the R&D and imitation difficulty per unit of NN, where x = XêNN and d = DêNN";

In[186]:= d =
nN ∗ δ ∗ x

n
;
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In[187]:= "Taking the ratio of the foc for RPA to free−entry in R&D gives the Relative Profitability Condition";

RELP =
vN Hi + μL

vN
==

B ∗ x ∗ NN

wLN ∗ ai ∗ d ∗ NN
êê FullSimplify

Out[187]= i + μ m
n wHNβ γ Hi + μL I λ Haμ Hdr+iL+ai Hdr+2 Hi+μLLL Hi+μ+i τNL

Haμ Hdr+iL+ai λ Hdr+2 Hi+μLLL Hi+μ+μ τSL M
−β

ai i δ

In[188]:= "Solve@RELP,wHNDêêFullSimplify"; "This gives";

In[189]:= wHN =
ai i δ

n γ

1

β

 
λ Haμ Hdr + iL + ai Hdr + 2 Hi + μLLL Hi + μ + i τNL
Haμ Hdr + iL + ai λ Hdr + 2 Hi + μLLL Hi + μ + μ τSL

;

In[190]:= "This is the Northern general purpose labor market equilibrium condition with both sides divided by NN.";

In[191]:= LABN =
HcNêH1 + τNLL + HcS ∗ ηSL

λ
 

i

i + μ
+ Hai ∗ i ∗ dL + HbL ∗ nN ∗ xL == 1 − sN êê FullSimplify

Out[191]= sN + i x aμ i Hdr + iL δ − n H−1 + βL γ
ai i δ

n γ

1

β

β

H−1 + λL Hi + μL + ai i δ Hdr + H1 + λL Hi + μLL ì In H−1 + λL Hi + μL2M m 1

In[192]:= "This is the Northern specialized labor market equilibrium condition with both sides divided by NN";
LABNSP = sN == bH ∗ x ∗ nN êê FullSimplify

Out[193]= sN m
i x β γ JI ai i δ

n γ
M−1êβN

1−β

i + μ

In[194]:= Solve@LABNSP, xD êê FullSimplify

Out[194]= ::x →
sN JI ai i δ

n γ
M−1êβN

−1+β
Hi + μL

i β γ
>>

In[195]:= "We enter the expression for x ";

In[196]:= x =

sN I ai i δ

n γ
M

1

β

1−β

Hi + μL

i β γ
;
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In[197]:= "Now, we write LABN with x substituted from above"; LABN êê FullSimplify

Out[197]= sN + sN
ai i δ

n γ

1

β

1−β

aμ i Hdr + iL δ − n H−1 + βL γ
ai i δ

n γ

1

β

β

H−1 + λL Hi + μL + ai i δ Hdr + H1 + λL Hi + μLL ì Hn β γ H−1 + λL Hi + μLL m 1

In[198]:= "This is the Southern general purpose labor market equilibrium condition with both sides divided by NS.";

In[199]:= LABS =

cN
ηS

+ cS
H1+τSL

wLN
 

μ

i + μ
+ aμ ∗ μ ∗

d

ηS
∗ nN == 1 êê FullSimplify

Out[199]=

sN δ I ai i δ

n γ
M

1

β

1−β

μ Haμ Hdr + i λL + ai λ Hdr + 2 Hi + μLLL

n β γ ηS H−1 + λL Hi + μL
m 1

In[200]:= "LABN and LABS are now expressed in terms of i and μ only. Note that they are independent of tariffs and hence
the tariff neutrality result holds. So, we can enter these as functions and construct a system that is
ready for comparative statics. Note that for LABN we did a simplificationH1êβL^β=1 to help Mathematica ";

In[201]:= FLABN@i_, μ_, dr_, ηS_, λ_, ai_, aμ_, δ_, n_, β_, sN_, τN_, τS_D :=

sN +
1

n β γ H−1 + λL Hi + μL
 sN

ai i δ

n γ

1

β

1−β

aμ i Hdr + iL δ − n H−1 + βL γ
ai i δ

n γ
H−1 + λL Hi + μL + ai i δ Hdr + H1 + λL Hi + μLL − 1

In[202]:= FLABS@i_, μ_, dr_, ηS_, λ_, ai_, aμ_, δ_, n_, β_, sN_, τN_, τS_D :=

sN δ I ai i δ

n γ
M

1

β

1−β

μ Haμ Hdr + i λL + ai λ Hdr + 2 Hi + μLLL

n β γ ηS H−1 + λL Hi + μL
− 1

In[203]:= "This gives the Jacobian Matrix";

In[204]:= J = 8gradf@FLABN@i, μ, dr, ηS, λ, ai, aμ, δ, n, β, sN, τN, τSD, 8i, μ<D,
gradf@FLABS@i, μ, dr, ηS, λ, ai, aμ, δ, n, β, sN, τN, τSD, 8i, μ<D<;

In[205]:= FullSimplify@JD êê MatrixForm;

In[206]:= "The resulting expressions, which are supressed due to their excessive length, suggest that
the slopes of LABN and LABS are ambiguous. We check whether setting dr=0 can resolve the ambiguity";
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In[207]:= dr = 0; FullSimplify@JD êê MatrixForm

Out[207]//MatrixForm=

sN δ J ai i δ

n γ
N

1

β

1−β

I−ai Hβ H−1+λL−2 λL Hi+μL2+aμ i Hi+μ+β μLM

n β2 γ H−1+λL Hi+μL2
−

aμ i2 sN δ J ai i δ

n γ
N

1

β

1−β

n β γ H−1+λL Hi+μL2

−

sN δ J ai i δ

n γ
N

1

β

1−β

λ μ Iaμ i Hi H−1+βL−μL+2 ai H−1+βL Hi+μL2M

i n β2 γ ηS H−1+λL Hi+μL2

sN δ J ai i δ

n γ
N

1

β

1−β

λ Iaμ i2+2 ai Hi+μL2M

n β γ ηS H−1+λL Hi+μL2

In[208]:= "−− LABN is upward sloping. Note that in the above expressions βH−1+λL−2 λ < 0,
−− LABS is downward sloping. ";

In[209]:= 2. COMPARATIVE STATICS FOR ηS;

In[210]:= "This gives the gradient of the functions FLABN and FLABS with respect to ηS"; "We first set dr free"; dr =.;

In[211]:= B = 8gradf@FLABN@i, μ, dr, ηS, λ, ai, aμ, δ, n, β, sN, τN, τSD , 8ηS<D,
gradf@FLABS@i, μ, dr, ηS, λ, ai, aμ, δ, n, β, sN, τN, τSD , 8ηS<D<

Out[211]= :80<, :−
sN δ I ai i δ

n γ
M

1

β

1−β

μ Haμ Hdr + i λL + ai λ Hdr + 2 Hi + μLLL

n β γ ηS2 H−1 + λL Hi + μL
>>

In[212]:= "This follows from the Cramer's rule";

In[213]:= impactηS = −Inverse@JD.B.8∆ηS<;

In[214]:= MatrixForm@impactηSD êê FullSimplify;

In[215]:= "The resulting expressions, which are suppressed due to their length,
suggest that the terms have ambiguous signs. We therefore simplify by setting dr=0"; dr = 0;
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In[216]:= MatrixForm@impactηSD êê FullSimplify

Out[216]//MatrixForm=

−
aμ i2 β ∆ηS μ Haμ i+2 ai Hi+μLL

ηS Hi+μL I−aμ2 i2+ai aμ i Hi Hβ H−1+λL−2 H1+λLL−4 μL+2 ai2 Hβ H−1+λL−2 λL Hi+μL2M

∆ηS μ Haμ i+2 ai Hi+μLL Iai Hβ H−1+λL−2 λL Hi+μL2−aμ i Hi+μ+β μLM
ηS Hi+μL I−aμ2 i2+ai aμ i Hi Hβ H−1+λL−2 H1+λLL−4 μL+2 ai2 Hβ H−1+λL−2 λL Hi+μL2M

In[217]:= 8di, dμ< = %;

In[218]:= "Clearly
di

dηS
>0 and also

dμ

dηS
>0 . Note that β H−1+λL−2 λ < 0";

In[219]:= dwLN = D@wLN, iD di + D@wLN, μD dμ + D@wLN, ηSD ∆ηS êê FullSimplify

Out[219]= Ii ∆ηS λ μ Haμ i + 2 ai Hi + μLL H−aμ i + ai Hβ H−1 + λL − 2 λL Hi + μLL Iaμ2 i2 HτN + τS + τN τSL + 4 ai2 λ Hi + μL2 HτN + τS + τN τSL +
2 ai aμ IH−1 + λL μ2 H1 + τSL + i2 H−1 + λ + 2 λ τN + H1 + λL H1 + τNL τSL + 2 i μ H−1 + λ H1 + τNL H1 + τSLLMMMë

IηS Haμ i + 2 ai λ Hi + μLL2 Iaμ2 i2 − 2 ai2 Hβ H−1 + λL − 2 λL Hi + μL2 + ai aμ i Hi H2 + β + 2 λ − β λL + 4 μLM Hi + μ + μ τSL2M

In[220]:= "Thus, with dr→0, it follows that
dwLN

dηS
<0. ";

In[221]:= dm = D@m, iD di + D@m, μD dμ + D@m, ηSD ∆ηS;

In[222]:= dnN = D@nN, iD di + D@nN, μD dμ + D@nN, ηSD ∆ηS;
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In[223]:= FullSimplify@8dm, dnN<D êê MatrixForm

Out[223]//MatrixForm=
i2 ∆ηS μ Haμ i+2 ai Hi+μLL Hai Hβ H−1+λL−2 λL Hi+μL−aμ Hi+β μLL

ηS Hi+μL2 I−aμ2 i2+ai aμ i Hi Hβ H−1+λL−2 H1+λLL−4 μL+2 ai2 Hβ H−1+λL−2 λL Hi+μL2M
i ∆ηS μ Haμ i+2 ai Hi+μLL Haμ i−ai Hβ H−1+λL−2 λL Hi+μLL

ηS Hi+μL2 I−aμ2 i2+ai aμ i Hi Hβ H−1+λL−2 H1+λLL−4 μL+2 ai2 Hβ H−1+λL−2 λL Hi+μL2M

In[224]:= "Clearly
dm

dηS
>0 , and also

dnN

dηS
<0 ";

In[225]:= "We again set dr free"; dr =.;

In[226]:= 3. COMPARATIVE STATICS FOR τS;

In[227]:= BτS = 8gradf@FLABN@i, μ, dr, ηS, λ, ai, aμ, δ, n, β, sN, τN, τSD, 8τS<D,
gradf@FLABS@i, μ, dr, ηS, λ, ai, aμ, δ, n, β, sN, τN, τSD , 8τS<D<

Out[227]= 880<, 80<<

In[228]:= impactτS = −Inverse@JD.BτS.8∆τS<;

In[229]:= MatrixForm@impactτSD êê FullSimplify

Out[229]//MatrixForm=
0

0

In[230]:= 8di, dμ< = %;

In[231]:= "Clearly
di

dτS
=0 and also

dμ

dτS
=0

This is because there is no tariff expression in the FLABN and FLABS equations.";
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In[232]:= dwLN = D@wLN, iD di + D@wLN, μD dμ + D@wLN, τSD ∆τS êê FullSimplify

Out[232]= −
∆τS λ μ Haμ Hdr + iL + ai Hdr + 2 Hi + μLLL Hi + μ + i τNL

Haμ Hdr + iL + ai λ Hdr + 2 Hi + μLLL Hi + μ + μ τSL2

In[233]:= "Clearly
dwLN

dτS
<0.

Tariff reduction by the South increases the North−South wage gap ";

In[234]:= dm = D@m, iD di + D@m, μD dμ + D@m, τSD ∆τS;

In[235]:= dnN = D@nN, iD di + D@nN, μD dμ + D@nN, τSD ∆τS;

In[236]:= FullSimplify@8dm, dnN<D êê MatrixForm

Out[236]//MatrixForm=
0

0

In[237]:= "Clearly
dm

dτS
=0 and also

dnN

dτS
=0

Again, this is because tariffs do not affect i and μ.";

In[238]:= 4. COMPARATIVE STATICS FOR τN;

In[239]:= BτN = 8gradf@FLABN@i, μ, dr, ηS, λ, ai, aμ, δ, n, β, sN, τN, τSD , 8τN<D,
gradf@FLABS@i, μ, dr, ηS, λ, ai, aμ, δ, n, β, sN, τN, τSD, 8τN<D<

Out[239]= 880<, 80<<

In[240]:= impactτN = −Inverse@JD.BτN.8∆τN<;
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In[241]:= MatrixForm@impactτSD êê FullSimplify

Out[241]//MatrixForm=
0

0

In[242]:= 8di, dμ< = %;

In[243]:= "Clearly
di

dτN
=0 and also

dμ

dτN
=0

This is because there is no tariff expression in the FLABN and FLABS equations.";

In[244]:= dwLN = D@wLN, iD di + D@wLN, μD dμ + D@wLN, τND ∆τN êê FullSimplify

Out[244]=
i ∆τN λ Haμ Hdr + iL + ai Hdr + 2 Hi + μLLL

Haμ Hdr + iL + ai λ Hdr + 2 Hi + μLLL Hi + μ + μ τSL

In[245]:= "Clearly
dwLN

dτN
>0.

Tariff reduction by the North reduces the North−South wage gap ";

In[246]:= dm = D@m, iD di + D@m, μD dμ + D@m, τND ∆τN;

In[247]:= dnN = D@nN, iD di + D@nN, μD dμ + D@nN, τND ∆τN;

In[248]:= FullSimplify@8dm, dnN<D êê MatrixForm

Out[248]//MatrixForm=
0

0

In[249]:= "Clearly
dm

dτN
=0 and also

dnN

dτN
=0

Again, this is because tariffs do not affect i and μ.";
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