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Appendix A: Existence, Uniqueness and Other Technical Details of Model

(Not to be considered for publication, to be made available upon request and also on my web site)
1. Existence and Uniqueness of the Steady-State Equilibrium

Step 1: Substituting for ¢(7,4) and wyy(1, 1) from (31) and (32) into the Southern general purpose labor

market condition (34) using (24) gives:

ﬁ[AﬂsSns(D'(pﬂ—n)+z)+E'sN(p+2z+2u—n)]=(1—ss)ns (A1)

where D’=(1 - 0,)/(A—1) and E’=A4,(1 — 6)A/(A— 1). In brackets, the term A,s57st captures the labor
demand from imitative activity, whereas the rest of the terms capture the labor demand from Southern
manufacturing. Substituting for ¢(z, ) from (31) into the Northern general purpose labor market condition
(33) using (24) gives:

A D’ - -
l ﬂssns( (p)+z n)+AISN(E(p+(21+2),U n)HHZJ_SN, (A.2)
1+ u I+ U

where E =(1 — 0,)/(A1— 1). In brackets, the term A,syt captures the labor demand from innovative activity,
and the rest of the terms capture the demand from Northern manufacturing.

Step 2: I now illustrate the steady-state equilibrium on (4, ) space, focusing on the strictly positive range
for both variables. First, I solve (A.1) for . This yields:

= (1—s5)15 _ZE/SNIU_(p_n)(A;sznSD/—i_E,sN)

; ; (SL")
Aussiis(1+ D)+ 2E sy —((1=s5 )15/ 1)

I consider the case in which both the numerator and the denominator in (SL’) are strictly positive.' This
requires ' = (1 — sg)Ns/[A,ssns(1 + D) + 2E%p] < < (1 —s9)ns— (p— n)(A,ssmsD”+ E53)/2E 5y =11,
Within this interval for g, it follows that (dv/du) /SL/< 0. The (SL’) equation implies that as 1 — ¢, 1 —
oo; and as i — 1, 1 — 0. Observe that for ¢ > 1, we need (1 — ss)Ns Aussnis(1 + D)> (p—n)(AussnsD”
+ ESy[Assns(1 + D) + 2E%5,]; for 4 > 0, we need (1 — s9)1s >(p— n)(A,ss1sD”+ E 5y). Note that both
inequalities hold if p— n is sufficiently small.

Similarly, I solve (A.2) for s This gives:

. [ A,ssnsD"+ Asy(1+2E)] +(A,snsD'+ AsyE)(p—n)—(1-sy)

(NL")
[(1=5sy)/1] —Asy(1+2E)

! Focusing on the case in which both the numerator and denominator are negative is not compatible with an
equilibrium that allows for a positive level employment in imitative activity. To see this, first note that the model
must have a solution for a negligible discount rate, i.e., when (p—n) — 0. In this case, a strictly positive level of
employment in imitative activity requires (1 — sg) 75— 2E Sypt —[ AyssmsD yt/(1 + )] > 0 (See A.1). Thus (1 —s5) 775
— 2E Sy > 0 must hold. This in turn implies that in (SL") the numerator and hence the denominator must be
positive.
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I again consider the case in which both the numerator and the denominator in (NL’) are strictly positive.”
This requires * =[(1 —sy) — AyssnsD — ASNE]/[AyssnisD "+ Ay (1 + 2E)] < 1< (1 —sy)/Asn(l + 2E) =
1V. Within this interval for , it follows that (dv/du) / a-> 0. The (NL') equation implies that as 1 — 7, u
— 0; and as 1 — 1Y, 4 — 0. Observe that 1 > * always holds. For & > 0, we need (1 —sy) — A 1SsTsD "~
AsyE >0.

The above analysis implies that to establish a unique equilibrium in the strictly positive orthant,
we need two assumptions: (p— n) being sufficiently small and (1 — sy) — Ass7sD "— AsyE > 0. Figure Al
illustrates the unique steady-state equilibrium. Using the other steady-state relationships, it is
straightforward to obtain strictly positive equilibrium values for the rest of the endogenous variables.
With > 0 and u > 0, (31) implies that ¢ > 0 and (32) implies that 4 > wyy > 1. These along with (27)
and (28) imply that wyg > 0 and wyy > 0.

Figure Al: The steady-state equilibrium

o /— NL’

l*
lL
>
0 1

? Focusing on the case in which both the numerator and denominator are negative is not compatible with an
equilibrium that allows for a positive level of employment in innovative activity. To see this, we again consider the
case when (p—n) — 0. In this case, a strictly positive level for A,ss17sD /(1 + p) requires [(1 — sy)/1] — Asn(1 +
2E)> 0 (See A.2). This in turn implies that in (NL") the denominator and hence the numerator must be positive.



2. Second Order Conditions for Optimal Rent Protection Activities

Consider the discussion in the derivation of optimal rent protection activities. Note that the
incremental gain in the rate of return from undertaking one more unit of innovation-deterring activity is
/X, which is monotonically decreasing in X,. Moreover as X, = 0, /X, — e and as X; — o /X;— 0. On
the other hand, the marginal cost of one more unit of innovation-deterring activity per firm value is
wun¥/ Uy, which is independent of )X,. Thus, marginal profitability of innovation-deterring activity is
globally decreasing in X, ; consequently, the second order condition for optimality is satisfied. The same
argument can be used to show that second order condition holds for the optimal level of imitation-

deterring activity.
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Appendix B: Choice of Benchmark Parameters
(Not to be considered for publication, to be made available upon request and also on my web site)

For simulating the Model with FDI (Extension A), I chose the following benchmark parameters:

A=125p=0.07,n=0.014,Ly=1,Ls=2, = 1.05, 55 =0.02, sy = 0.04,

a,=09,a,5=16,a,,=8,a,=0.6,%=1,yn=8,%r=8,0=1, Ow=1,0,=2.

The size of innovations, 4, measures the gross mark up (the ratio of the price to the marginal cost) enjoyed
by innovators and is estimated as ranging between 1.05 and 1.4 [see Basu, 1996, and Norrbin, 1993]. The
world population growth rate, n, is calculated as the annual rate of world population growth between 1991
and 2000 according to the World Development Indicators (World Bank, 2003). The subjective discount
rate, p, is set at 0.07 to reflect a real interest rate of 7 percent, consistent with the average real return on
the US stock market over the past century as calculated by Mehra and Prescott (1985). The ratio of
Southern population to Northern population 775 = Lg/Ly is set at 2, calculated as the ratio of the working
age population in middle income countries to that in high income countries—as defined by the World
Bank (World Development Indicators, 2003).

The marginal cost of multinationals relative to Southern firms «is set at 1.05, which is at one
fifth of the distance between the numeraire and A. The percentage of specialized labor sy and s are set at
0.04 and 0.02 respectively. It is reasonable to think that this type of labor constitutes a small fraction of
the aggregate labor force, and that rent protection is more institutionalized in the North. I'set a,y > a,r =
8 to capture the fact that targeting a multinational for imitation should require fewer resources than
targeting a Northern firm. I set d,7 > J,y to capture the fact that Multinationals can deter imitation
compared to Northern firms.

The rest of the benchmark parameters are chosen with three objectives in mind: i) To generate a
growth rate g =tlogA in the neighborhood of 0.5 percent and a wage rate wyy greater than one [the
motivation to target ¢ = 0.5 comes from Denison (1985) and Jones (2002), who suggest that the rate of
growth driven by knowledge advancements is in the neighborhood of 0.5 percent] ii) To obtain positive
levels for endogenous variables that are consistent with common sense and with the empirical
literature/available data iii) To get a ranking for stock market valuations such that the multinationals
realize the highest stock market valuations and the highest profit flows in relation to other firm types
(more specifically, vr > vgy > vy > vgr and 7 > 7> 7y > 7gr). In general, the benchmark outcomes are
in line with the recent relevant papers [see Lundborg and Segerstrom 1999; Sayek and Sener 2006].

In the FDI model with endogenous £, I assume the following functional form a, = 4,/f/(1- p)]",
where 45> 0 and y > 1. These restriction on the parameters together with the functional form choice

guarantee that a,”> 0 and a, ”> 0 and there exists an interior solution for £in the interval (0,1).
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Appendix C: The Imitation Model with Homogenous Labor
(not to be considered for publication, to be made available from the author upon request and also
on my web site)

I modify the imitation model by assuming one type of labor in both the North and South—instead
of differentiating labor as specialized and non-specialized. In the North, labor is mobile between
innovation, manufacturing and innovation-deterring activities. In the South, labor is mobile between
imitation, manufacturing and imitation-deterring activities. The resulting model was sufficiently
complicated to obtain analytical result. Therefore, I ran numerical simulations of the model using
Mathematica Version 5. It is straightforward to derive the steady-state equations for this model, which are
presented in the attached Mathematica program.

Choice of Benchmark Parameters
For the simulations, I chose the following benchmark parameters.

A=125,n=0.014, p=10.07, s = 2.0, 4, = 1000, 4, = 130.

The choice of 4, n, p, and 775 follow from Appendix B. 4, and 4, are chosen with two objectives in mind:
i) to generate a growth rate g = tlogA in the neighborhood of 0.5 percent and a North-South relative wage
rate wy greater than one; ii) to generate positive levels for endogenous variables that are consistent with
common sense and with the empirical literature/available data.

See the attached Mathematica program for steady-state equations and numerical simulation results.
Discussion of Results and Robustness Checks

Note that the benchmark simulations imply that An increase in 4, leads to dwy > 0, d1 <0, du <
0, dm <0, dny> 0. The findings on 4, are identical to those in Proposition 1. These results continue to

hold when simulations are rerun for high and low values for parameters as indicated in the table below.'

An increase in 4,

Parameters Benchmark Low High
A, 130 61 163
A, 1000 200 5000
s 2.0 1.7 10

A 1.25 1.05 1.4

p 0.07 0.014 0.084

" For an increase in 4 1w it is worth to note the following. Beginning from the benchmark parameter values, if one sets
A, 2164 or n1s <'1.6 or p >0.085, then the benchmark results change as dwy > 0, dt > 0, du > 0, dm > 0, dny < 0.
Observe that in all of these cases, the results that differ from those in Prop 1. are di > 0, du > 0 and dm > 0. Also,
for an increase in 7, it is worth to note the following. If 75 >4.3, then the benchmark results change as dwy < 0, dt
>0,du>0,dm>0,dny<0. The only result that differs from the benchmark is dwy < 0.
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"APPEDNDI X C. MATHEVATI CA PROGRAM FOR THE MODEL W TH | M TATI ON AND HOMOGENQUS LABCR';

"- This program requires Mathematica Version 5.0.

- | drop the disctinction between specialized and general purpose | abor
and assume that there is only one type of labor in both the North and the
South.\n- Notes: For convenience, the subscripts and superscripts of the
main nodel are entered in regular format. The parameter 'ng' stands for
the rate of population growth, 'WwN stands for the Northern wage rate
relative to Southern wage rate, 'i'stands for the rate of innovation ";

"THE BENCHVARK PARAMETERS';

"First, | clear the paraneters and variables"; Qear[p, Ng, oy, oi, i, u, Au, A, A nSIl;

" Benchmark paraneters are as foll ows";

p=0.07; ng=0.014; ou=0; of =0; Au=1000; Al =130; A=1.25 nS=2.0;
"THE MAIN EQUATI ONS OF THE MODEL";

"-The followi ng describe the steady-state equilibrium
as a sytem of five equation in five unknowns: WN,i, g, mand nN';

EQL - (WN-1) L (A-WN) wp (i /(14 p)) * A (1-ou)
WN* ((p-ng) +i) A((p-ng) +2i +2p) '
u urx (A=WN) * ((Auxpux (i /i +u)) +1) (1 % (A=-WN) % ((i *A) +1) ]
EQ = + -nS* | — + ;
(i *wN) A% ((p-nQg) +2i +2p) LA WN#Xx ((p-ng) +2i +2p) )

E@B=pu-i*(({ *A *x(1-0d))-1);

EQ4 =m- (u*i / (i +u));

EQ =nN- (i /(i +u));

Fi ndRoot [{EQ == 0, EQL=0, E®==0, EQ4==0, EQ == 0}, {WN, 1.22},
{i, 0.02}, {u, 0.03}, {m 0.011}, {nN, 0.3}, Maxlterati ons -» 500]

{WN- 1.21314, i - 0.0206916, - 0.0349671, m- 0.0129993, nN- 0. 371759}
Ckti[l] =%
X={WN, i, g4, m nN} /. % Positive[x]

{True, True, True, True, True}
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g =0.0206 % Log[A]

0. 00459676

" EFFECTS OF STRENGTHEN NG | PRS PROTECTI ON:
A 20% i ncrease in Au";

Clear [p, NG, ou, o, i, u, Au, Ail, A nS]; dear [EQL, EQR, EQB, E4, EQBI;

p=0.07; ng=0.014; ou=0; oi =0; Au=1000; Al =130; A=1.25 nS=2.0; Au=1000=* (1. 20);

EQL - (WN-1) (A= WN) e (i /(1)) x Ak (1 -op)
WN* ((o-ng) +i) A((p-ng) +2i +2p) ’
u urx (A=-WN) * ((Auxpux (i /i +u)) +1) (l % (A-WN) % ((i *A) +1) ]
EQ = + -nS* | — + :
(i % wWN) Ax ((0-NnQg) +2i +2p) UX WN#2x ((p-ng) +2i +2u) )

E@B=pu-i*x((i Al x(1-0i))-1); EA=m- (uxi /(i +u)); EQ=nN- (i /(i +n));
Fi ndRoot [{EQR == 0, EQL==0, E@B=0, E4==0, EQ6 == 0}, {wN, 1.22},
{i, 0.02}, {u, 0.03}, {m 0.011}, {nN, 0.3}, Maxlterations - 500]

{WN - 1.21863, i —»0.0206853, n - 0.0349395, m- 0.012993, nN- 0. 371873}

dWN= (WN/. %9 - (WN/. Gkti[l]); di =( /. % -( /. Gkti[1]); du=(u/. % - (u/. Gkti[1]);
dm=(m/. %9 - (m/. Gkti[1]); dnN= (nN/. %9 - (nN/. G kti [1]);
{{"dWN" > dwN}, {"di" > di}, {"dy" - du}, {"dn’'" - dm}, {"dnN' - dnN}}

{{dwN = 0. 005488931}, {di —» -6.3078x10°%},
(du > -0. 0000276219}, {dm- -6.3078x10°°}, (dnN- 0. 000113365} }

"Cbserve that all qualitative changes conform with Proposition 1. Hence,
one can add the followi ng |ine and check the robustness of the results by
re-running the sinulations with high and | ow val ues for the paraneters.";

If [dAWN>0 && di <0 && du< 0 && dm <0 && dnN> 0, CK, NOJ

X
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" APPEDNDI X D: NMATHEVATI CA PROGRAM FOR THE MODEL W TH | M TATI ON';
"- This program requires Mathematica Version 5.0. Before evaluating the cells, '
Mat h Econ' package witten by diff Huang and Philip Crooke needs to be
run. This package acconpani es the book ' Mat hematics and Mat hematica for
Econoni sts', 1997, Bl ackwell Publishers: O«ford, witten by the above authors.
- (bj ective: To conduct conparative steady-state anal ysis
- Notes: In this program for convenience | enter the subscripts and superscripts of

the main nodel in regular format,\n- Slight change in notation: The paraneter 'ng
o' stands for (1 - the subsidy rate for

stands for the rate of population grow h.
i nnovation) and 'ou' stands for (1 - the subsidy rate for imtation). Define dr = p-
n. The elimnation of mnus terns help Mathematica to obtain nore tidy expressions."”;

"THE MAI N EQUATI ONS CF THE MODEL";

"First, | clear the variabl es";

Clear [FEIN, FEIM GPNO, GPSO F1, F2, F3, F47;

dear [c, i, u, WLN];

Clear[nS, A dr, p, n, o, ou, Ai, Au, sS, sNj;

"I enter the Free-Entry in Innovation and Inmitation Conditions";

c (1+nS) (1-%LN)

FEI N = : 2 ==A % (0 ) *SN* wLN
dr +2i +2u
c (1+nS) (1- -+
FEI M= (- ) == Aux (ou) *SS*nS;

ar +i

"] solve FEIN and FEIMfor ¢ and wWLN';
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Sol ve[{FEIN, FEIM;, {c, WLN}] // Ful | Sinplify

{{C» A (A sNdr +2 (i +u)) o +Au(dr +i) sSnSou)
(1+nS) (-1 + )

A (A SN@dr +2 (i +u)) o +Au (dr +i) sSnSou)

A sNA (dr +2 (i +u)) o +Au (dr +i) sSnSou }}

WLN -

"l define closed formsolutions for ¢ and weN in terns of i and u using the above";

A (A sSN@r +2 (i +u)) ol +Au (dr +i) sSnSou)
(1+nS) (-1+ x) '

A (A SN(@r +2 (i +u)) of +Au (dr +i) sSnSou) 4.

A SNA(Dr +2 (i +u)) oi +Au (dr +i) sSnSou °

{c, WLN} = {

"l define nN,nS and mas follows"; nN= _I ; nS= .“
(I +u) (I +u)

; m=pu*xnN,

"The general purpose |abor market equilibrium conditions for the North and South are";

(S (1+”S)}+ (Ai *xsNxi) == (1-sN):

so= [H_) (S fL+nS)
li+pu/ U  wN

+Ay*SS*r]S*i) == (1 -SS) *nS;

" COVPARATI VE STATI CS*;

"l express these as functions to conduct conparative statics";

F1[i , u,dr , nS, A, oi , ou, A, Au,sS, sN]:=

A sN+| (Al sN(dr +2 (i +u)) oi +Au (dr +i ) sSnSou) _(1-sNy:

(-1+2) (i +p)

F2(i _, p,dr_, nS, 2, ol , ou_, Al _, Au, sS, sN ] :=

. Al SN (dr +2 (i +u)) of +Au (dr+i ) sSSnSou
u (Aui sSnS+ = )

- -(1-s9) 1S
I +u

"Let J define the gradient matrix with respect to i and u";
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J ={gradf [F1[i, u, dr, nS, A, oi, ou, A, Ay, SS, sN], {i, u}l,
gradf [F2[i, u, dr, nS, A, oi, ou, A, Au, sS, sN], {i, u}1}; FullSinplify[J] // MatrixForm

( A SN ((=1+2) (i +0) 2+ (dr 12 (i +14)2) of ) +AuSSnS (i 2+dr p+2i ) op _ i (A drsNoi +Ay (dr+i) sSnSou) \
| (-1+2) (i +0)? (-1+2) i +u)2 |
I w(-Ai dr sNxoi +AusSnS (-dr oru (-1+a+ou))) A SN (dr i +2 (i +u)¢) of +Aui SSUS (dr ou+i (~1+a+ou)) 1‘
\ (L) (i 42 < 1) (i w? )

"The above inplies that GPNOis upward
sl oping and GPSO is downward sloping if and only if

-Ai *dr *SNx Axoi  + AuxSS*xnS(-dr xou + pux(-1+2A+ou))<0. This requires
Al dr sNoi +Audr sSnSou

u> . A sufficient conditionis p-n-0";
AusSnS (-1 + A+ ou)

"Let B define the gradient matrix with respect to Au";

B={gradf [F1[i, u, dr, nS, A, oi, ou, A, Ay, sS, sN], {Au}l,
gradf [F2[i, u, dr, nS, A, o, ou, A, Ay, sS, sN1, {Au}l}; Full Sinplify[B] // Matri xForm

( (dr +i ) sSnSou \
| l+A) (i +u) |
| N |
| ssmsull )
\ - )

"Using CGranmer's rule, it follows that the inpact of Au on i and u can be
found by the following matrix equation. To keep the expressions tidy, |
set the subsidy rates to zero. This is an inconsequential sinplification";

ol =1; ou=1;

i mpact Au = -l nverse[J]. B. {AAu}; MatrixForm[i npact Au] // Ful |l Sinplify

( B i SSAAUNS (Au (dr+i ) SSnS (dr+i A) (i +x) +A SN (20 A (i +1)2+dr2 (i au) +dr X (i +p) @i+2)))

I A AUSNSSTS (i +u) (i (dr+2dr X+i 2 (3+2))+2 (dr+2i ) Ap) +A 2N X (i +u) (2 (1) (1 +0)2+dr (i +1 242 ) ) +A2T 8P nS (i A (i +u)+dr (i +
i
\

B SSAAUNS L (AUSSNS (dr2+2dr i +i 22) (i +p) +A SN (i A (1) (i +0)2+dr2 (i xep) +dr (i +u) (i 20 Aspsnp) )
A AUSNSSNS (i +u) (i (dr+2dr A+i A (3+2) ) +2 (dr +21i ) Au) +A 2 SNE X (i +u) (2 (L) (i +02+dr (i +i A+2 ) ) +A2T sSSP nS (i A (i +u)+dr (i +

{di, du} =%
"Coviously, di /dAu < 0, and du/dAu < 0";
"I can now totally differentiate ¢, wLN and nN, and substitute for di and du."

dc =D[c, i ]di +D[c, u] du+ D[C, Au] AAw; dWLN = D[WLN, i ] di + D[WLN, u] du+ DIWLN, Au] AAu:
dnN=D[nN, i ]di + D[NN u] du+ D[NN, Au] AAy;
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Ful | Sinmplify[{dc, dwLN, dnN}] // Matri xForm

SSAAL NS (AP dr i (dr+i) sS? nS? usA 2SN (i +p) (i (dr+i) (dr+2i) as2 (dr (dr+i)+i (2dr+i) Q) pe2dr (1) 12) +A AusNsSnS (3 (i +p)
(1+nS) (A AuSNSSHS (i +4) (i (dr+2dr xsi A (3+2))+2 (@dr +2i ) Ap) +AI 2 SN (i +00) (2 (L) (i +p0)2+dr (i +i A+2 1)) <AL i sS

|
I
i A SNSSAAUNS (-1+2) A (A2 (dr +i ) SNEA (i +) (dr+2 (i +u)) (2 @+A) (i +0)2+dr (i 0 A42p0) ) +AL2 @r+0 ) S nS2 (212 (i +p)2+2dr i (1+) (
|
\

(A (dr +i ) sSnS+Al SN (dr +2 (i +u)))2 (Al AusN
i SSAAUNS (-1+2) 1 (-Audr i SSnS-Al sN (dr -i X) (i +u))
(i +1) (A AuUSNSSHS (i +p) (i (dr+2dr d+i A B+A) ) +2 (dr +2i ) Ap) +A 2SNE A (i +1) (2 (L) (i +p0)2+dr (i +i A+2 ) ) +A2 T sSSP nS? (i A (i +u)+dr

"Coviously, dc/dAu > 0, and dwLN/dAu > O, whereas dnN/dAu > O
i ff —Auxdr i *sS*¥nS - Al *SNx
(dr-i *A) % (i +u) > 0. A sufficient condition is p-n - 0.";



Appendix_E_FDI_EXO_B_Comp_Stat OK_3_30.nb

"APPENDI X E: NMATHEVATI CA PROGRAM FOR
THE MODEL WTH FDI: THE CASE OF NO FRAGVENTATION B =1";

"- This program requires Mathematica Version 5.0.";

" MODEL: EXTENSI ON A
- Northern entrepreneurs can engage in FDI to shift production to the South.
- There is no fragnentation, B is set to 1 bel ow.
- For innovation deterring, both
Northern firms and MNFs use Northern specialized |abor.

- For imtation-deterring, both Northern firms and MNFs use Southern specialized | abor.
- Notes: For conveni ence, the subscripts and superscripts of the main nodel are entered
in regular format. The paraneter 'ng' stands for the rate of population growh. oi,
ou, op stand for the rate of innovation, initation and FD subsidy, as in the paper.

- The expressions highlighted in red show the nodifications
and additions with the FD nodel.

- (bj ective: To conduct conparative steady-state analysis for an increase in Au";

"THE BENCHVARK PARAMETERS";

"First, | clear the paraneters and vari abl es";

aN=.; nF=.; nSF=.; nSN=.

i =; uF=.; uN=.; ¢=.; m=.; f =.; c=.;
VN=.; VF=.; vSF=.; vSN=.;

XiN=.; XuN=.; XiF=.; XuF=.; X =.;
nF=.; nN=.; nSF=.; nSN=. ;

WLN=.; wHS=.; wHN=.;

p=.; A=.; Ng=.; a=.; B=.; x=.;

sS=.; sN=.;

ai =.; ap=.;, auF=.; auN=.; vi =.; yuN=.; yuF=.; 6i =.; 6uN=.; SuF=.;
NN=.; NS =; oi =.; ou=.; op=.;

"Benchmark paraneters are as fol |l ows";

p=0.07; Ax=1.25 ng=0.014; a=1.05; B=1.0;
sS=0.02; sN=0. 04;

ai =0.9; auN=16; auF=8; a¢ =0. 6;

¥i =1, yuN=8; yuF =8;

6i =1; 6uN=1; éuF =2;

NN=1;, NS=2; oi =0; ou=0; op=0;

"THE MAI N EQUATI ONS CF THE MODEL";
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"The industry fractions are "

nN=I—' nF = ¢ ; NSF = HE* o ; NSN = kN

(i +¢+uN), (i +uF) % (i +¢+uN) (i +¢ + uN) (i+uF)’ (i+¢+uN)’

"The aggregate imtation and FDI intensities are";
m= (uN*nN) + (uF*nF); F =¢=xnN;

"Equilibriumin the Northern

speci al i zed market requires sNxNN=(yi #Xi ), which inplies";
Xi = (SN+NN) /

¥

"By construction, innovation-deterring in
the North inmplies Xi = (nNN«Xi N)+ (nF%Xi F), which gives";
XiF=(Xi - (XiN¥nN)) /nF;

"Equilibriumin the Southern specialized market
requires sSxNS = nNxXuNeyuN + nFxXuFxyuF, which inplies";
(sS* NS) - (NN# XuN#*yuN)

XuF = :
nF % yuF

"I'n the above systemall difficulty levels (Xs) are expressed in terns of XiN and XuN';

"The profit flow of a Northern producer is ";

{ (A-WLN) *C = (NN + NS)
{ A

N = )—(V\HN*xi*XiN)—(V\HS*xuN* XuN) ;

"The margi nal cost of production for a Miltinational is"; MCF=(1-B8) WLN+ (ax*pB);

"The profit flow of a Miltinational producer is";

{ (A-MCF) xCc » (NN + NS)
\ 2

7k =

) - (WHN* yi * X F) = (WHS % yuF # XuF);

"The profit flow of a Southern imtator succeeding a Northern producer is";

7SN = ( (WLN-1) *c * (NN + NS) \;
\ WLN )

"The profit flow of a Southern imtator succeeding a Miultinational producer is";

{ (MCE-1) *xc * (NN + NS) \

SF = NOF )

"Wth D = &i xXi /ng, the zero-profit condition in innovation inplies";

= WLN=* ai » (1-o0i);
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"Fromthis | obtain an expression for vN'; Sol ve[{i nn}, VNI;

ai NNSNWLNSi (-1+0i)

VN = - )
ng vyl

"Wth DuN = 6uNxXuNxnN/ng, the zero-profit
condition in imtation targeting a Northern firminplies";

o VSN=* ng
IiMmtN = —————— == auNs* (1 -ou);
SuN * XuN=#*nN

"Fromthis | obtain an expression for vSN'; Sol ve[{i mi tN}, vSN];

_ auNi XuN&uN (-1 + o) .
ng (i +uN+¢) ’

VSN =

"DuF = éuF*XuFxnF/ng, the zero-profit
condition in initation targeting Miultinational firminplies";
VSF % ng

imtF = ——— == auF+ (1-o0ou);
SuF » XuF »nF ( )

"Fromthis | obtain an expression for vSF'; Solve[{i m tF}, vSF];

VSF auF6uF (-1 +ou) (i NSsS-i XuNyuN+ NSSSuN+ NSsS¢)

ng yuF (i +uN+¢)

c * (NN + NS) ]

"Optimal level of FD requires"; vF=vN+(a¢*(1—o¢) 3 Ik

"Stock market valuations for each firmtype (Northern, Miltinational,
Sout hern succeedi ng Northern, and Sout hern succeeding Miltinational)
conbined with the rel evant zero-profit conditions inply respectively";

7N+ (¢ % (VF - vN- (ag# (1 - op) SMNID )))

vaN = VN == - A )
((p-ng) +i +puN)
vaF =VF == s - ;
((p-ng) +i +uF)
7tSN
vaSN=vSN == —mmm——;
((p-nQg) +1)
nSF
vaSF =vSF == —44m8m8 ——;
((p-ng) +1)
"From the vaSF equation, | obtain an expression for c"; Sol ve[vaSF, c];

_ auFa (-WLN-B + WLNRB) 6uF (i -ng+p) (-1 +ou) (i NSsS-i XuNyuN+ NSSSuN+ NSsS¢)
ng (NN+ NS) (1 - WeNa - aB +WNaB) yuF (i +uN+ ¢) ’

C =

"Foc for optimal innovation-deterring by the Northern incunbent is";
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VN WHN % i
rpal NN = — = —————;
Xi i *nN

"Fromthis | obtain an expression for wHN'; Sol ve[rpal NN, wHN];

ai i2WLN6i (-1+o0i)
ngyi (i +uN+¢)

WHN = -

"Foc for optimal imtati on-deterring by Northern incunbent is";

vN WHS N
rpal MN = == il ;
XuN uN

"Fromthis | obtain an expression for wHS'; Sol ve[rpal M\, wHS];
ai NNsNWLN&i uN (-1+0i)

WHS = - - ;
ng XuNyi wyuN

"Foc for optimal innovation-deterring by Miltinationals is";

F WHN * i
rpal NF=1_- == _—*ﬁ_;
Xi i *nF

"Foc for optimal imtation-deterring by Miltinationals is";

VvF wWHS F
rpal Mk = = il ;
XuF uF

"The | abor narket equilibriumfor general purpose labor in the North is";

genNL = (NNxC» (NN+NS) | ((1-B) *xnF«c« (NN+NS) | |

{i*ai*éi *Xi)
\ A ] A Py )] \ ng

} == (1—SN) NN,

"The | abor market equilibriumfor general purpose |abor in the South is";

(nSN*c*(NN+NS)‘ {nSF*c*(I\N+ NS)]
genSL = + +
\ WwLN )\ MCF )
{B*nF*c* (NN + NS) \ . (uN* NN* auN * SuN* XuN*nN\ .
\ A ]\ ng )
(uF*nF*auF * OuUF XuF*nF] . (¢*nN*a¢*M\ - (1-5S) NS:
\ ng )\ A )

"Bel ow are the expressions for aggregate M\F activity, and rent
protection expenditures for Northern and Multinational firmrespectively”;

XEQ=x == B*nF; RPAN= (WHN »yi = Xi N) + (WHS » yuN=* XuN);
RPAF = (WHN % yi * Xi F) + (WHS »yuF * XuF);

"The nurerical solution to the nodel can be generated by ";
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Fi ndRoot [{vaN, vaF, vaSN, rpal NF, rpal M-, genNL, genSL, xEQ},
{i, 0.06}, {uF, 0.03}, {uN 0.03}, {¢, 0.1}, {XuN 0.007},
{Xi N, 0.007}, {WLN, 1.15}, {x, 0.34}, Maxlterations - 100000]

{i - 0.0244895, uF - 0.0123348, uN- 0.0238302, ¢ - 0. 0236301,
XuN - 0. 00967962, Xi N- 0.0490178, wLN- 1.10132, x - 0.218414)

akti[1] =%

{"nN'" > nN, "nF" > nF, "nSN' > nSN, "nSF' - nSF, "F' > F, "m' - m
"WLN' »> wWLN, "c" »c, "RPAN' » RPAN, " RPAF" » RPAF, x"-x,VvN - VN "vF' -»VF,
"VSF" » vSF, "VSN' » VSN, "naN' » aN, "aF" » xF, " #xSF" » #aSF, " aSN' » nSN,

"WHS' > wHS, "WHN' > WHN, "XiN' » Xi N, " XuN" > XuN, "Xi F" »> Xi F, " XuF" »> XuF} /. %

{nN - 0. 340369, nF - 0.218414, nSN- 0. 331206, nSF- 0. 110011, F- 0. 00804297,

m- 0. 0108052, wLN - 1. 10132, c —» 1. 0981, RPAN- 0. 0964139, RPAF - 0. 117435,

0. 218414 -»x, vN- 2. 83196, VF - 4. 41323, vSF - 1. 94898, vSN- 3. 76531, nN- 0. 29543,
7F - 0. 409656, nSF - 0. 156872, nSN- 0. 303068, wHS - 0. 871499, wHN- 0. 590144,

Xi N- 0.0490178, XuN- 0.00967962, Xi F- 0.106751, XuF - 0.00780789}

"The line bel ow quickly checks for all endogenous variabl es being positive";
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y ={i, uF, uN, ¢, vN, vF, vSF, vSN, nN, nF, nSF, nSN,
m F, x, WHS, wHN wWLN Xi F, XuF, XuN, Xi N} /. G kti [1]; Positivel[y]

{True, True, True, True, True, True, True, True, True, True,
True, True, True, True, True, True, True, True, True, True, True, True}

" EFFECTS OF STRENGTHENI NG | PRS PROTECTI ON:
A 10%increase in both auN and auF ";

sN=.; nwF=.; naSF=.; nSN=.; i =.; uF=.; uN=.; ¢=.; m=.; f =.; c=.; VN=.;
VF=.; VSF=.; VSN=.; XiN=.; XuN=.; XiF=.; XuF=.; Xi =.; nF=.; nN=.;
nSF=.; nSN=.; WeN=.; wHS=.; wHN=.; p=.; A=.; ng=.; a=.; sS=.; sSN=.;
ai =.; ap=.; auF=.; auN=.; o =.; ou=.; vy =;

yuN=.; yuF=.; 6i =.; 6uN=.; 6uF=.; NN=.; NS =.; x=.;

p=0.07;, A=1.25 ng=0.014; a=1.05; B=1.0;
sS=0.02; sN=0.04;

ai =0.9; auN=16%1.1; auF=8%1.1; a¢ = 0. 6;
¥i =1; yuN=8; yuF =8;

&i =1; 6uN=1; suF =2;

NN=1;, NS=2; oi =0; ou=0; op=0;
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i o i uF ¢
AN = —————— nF= — - ; NSF = — . ;
(i +¢ +uN) (i +uF) =« (I +¢+uN) (i +¢+uN) (i +uF)
N
NSN= —5 " m= (uN«nN) + (UF*nF); F=¢*nN Xi = (SNxNN) /i ;
(i +¢ +uN)

XiF=(Xi - (XiN¥xnN)) /nF; XuF =

(sS* NS) - (NN* XuN*yuN)

nF % yuF
N = ( (A-WLN) xC+ (NN + NS) ) ~ (WHN %90 Xi N) = (WHS % yuN# XuN); MOF =& ((L=B8) WeN+ B):
A
7F = ( (A- MOF) «c» (N + NS) ) = (WHN» i * Xi F) = (WHS % yuF * XuF):
A

7SN = ((V\LN—l)*C*(NN+ NS)]; #SF - ((M:F—l)*C*(NN+ NS) \;
\ WN J \ MCF J

ai NNsNWLN&i (-1+ai) auNi XuNéuN (-1 + ou)

N= : : VSN = :
ng yi ng (i + uN+ ¢)
VSF = _ auFéuF (-1 +ou) (i NSsS-i XuNyuN+ NSSSuN+ NSsS¢) |
ng yuF (i + N+ ¢) ’
NN 7N+ (¢ (VF-VN- (ag* (1- op) SON+NS)
VF =vN+ (a¢*(1-o¢) M\;VaN:VN:: ( ( ( : 2 )))
\ A ) ((p=-ng) +i +uN)
7k 7SN
vaF =VF == - ; vaSN=vSN == —m8m8H ———;
((p-ng) +i +uF) ((p-ng) +1)
coo auFa (-WLN-B+ WLNB) 6uF (i -ng +p) (-1 +ou) (i NSsSS-i XuNyuN+ NSsSuN+NSsS¢) |
ng (NN+ NS) (1 - WeNa - a B+ WLNa B) yuF (i +uN+ ¢) ’
ai i2WLNSi (-1+ai) ai NNSNWLNGSi uN(-1+ai)
WHN = - - ; WHS = - - ;
ngyi (i +uN+¢) ng XuNyi yuN
r pal NF=1_F- == m; rpal MF = vk == V\HS*Y“F;
Xi i *nF XuF uF
genNL = {nN*c*(NN+NS) \ +( (1 -B) *xnFxc* (NN+ NS) \ . {I *al » 8 *X ] - (1-sN) NN
\ A J A\ A ] \ ng )
(nSN*c*(NN+NS)\ {nSF*c*(I\N+NS)] {ﬁ*nF*c*(N\HNS)]
genSL = + + +
\ WLN )\ MCF ] A A )
{uN*nN*auN * SuN* XuN*nN] . (uF*nF*auF * OuUF XuF*nF] . (¢*nN*a¢* cx (NN + NS) \ .
\ ng )\ ng ) A\ 2 )

(1-sS) NS xEQ= x == pB*nF; RPAN= (WHN *vyi * Xi N) + (WHS *yuNx* XuN);
RPAF = (WHN *yi * Xi F) + (WHS % yuF » XuF);

"Bel ow NTOT= nN+nF, captures the industries commanded by North.
MANS= 1-nN- (1-B) *nF= nSF+nSN+nFB, captures manufacturing |ocated in the South";
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Fi ndRoot [{vaN, vaF, vaSN, rpal NF, rpal M-, genNL, genSL, xEQ},
{i, 0.06}, {uF, 0.03}, {uN 0.03}, {¢, 0.1}, {XuN 0.007},
{Xi N, 0.007}, {WLN, 1.15}, {x, 0.34}, Maxlterations - 100000]

{i -0.0226078, uF - 0.0105638, uN- 0.0225177, ¢ - 0.0213223,
XuN - 0. 010003, Xi N- 0.0170191, wLN- 1. 11297, x - 0.218699}

dx = (x /. W - (x/. Gkti[1l]); di =@ /. W-(i /. Gkti[l]); duF = (uF /. %9 - (uF /. G kti [1]);
duN= (uN/. % - (uN/. G Kkti[l]); dop= (/. 9 - (¢ /. Okti[1l]);

dm=(m/. % - (m/. Gkti[1l]); dF= (F/. % - (F /. Gkti [1]); dnN=(nN/. % - (nN/. G kti [1]);
dnN= (nN/. %9 - (nN/. G kti[1]); ANTOT = (((nN+nF) /. %9 - (nN+nF) /. G kti [1]);

dMANS = ((1-nN- ((1-B8) *nF)) /. %9 - ((1 -nN- ((L-B8) *nF)) /. A kti[1]);

dnSN = (NSN /. % - (nSN/. G kti [1]); dnSF= (nSF/. % - (nSF/. G kti [11);

dnF=(nF /. % - (nF/. Gkti[l]); dwLN= (WLN/. %9 - (WLN/. G kti [1]);

y ={i, uF, uN, ¢, vN, vF, vSF, vSN, nN, nF, nSF,
nSN, m F, wHS, wHN, wLN Xi F, XuF, XuN, Xi N} /. %% Positivel[y]

{True, True, True, True, True, True, True, True, True, True,
True, True, True, True, True, True, True, True, True, True, True}

{"nN'" - nN, "nF" » nF, "nSN' - nSN, "nSF" - nSF, "F' > F, "m' > m "wWLN' » wLN,
"c" »c, "RPAN' » RPAN, "RPAF" » RPAF, "x" » x, "VN' > vN, "vF" » vF, "vSF" - vSF,
"VSN' » VSN, "nN' » nN, " #nF" » nF, " nSF" » #nSF, " 7nSN' » #nSN, " wHS" » wHS,
"WHN' > wHN, " XiN' = Xi N, " XuN' - XuN, "Xi F' > Xi F, " XuF" > XuF} /. %986

{nN - 0. 340234, nF - 0. 218699, nSN- 0. 338878, nSF - 0. 10219, F - 0. 00725458,

m- 0. 00997157, wLN - 1. 11297, ¢ —» 1. 10447, RPAN- 0. 0738104, RPAF - 0. 13312,

x - 0.218699, VN- 2. 86193, vF - 4. 45236, vSF- 2. 00719, vSN- 4. 27852,

7N - 0. 289414, nF - 0. 397024, nSF - 0. 157781, nSN- 0. 336325, wHS - 0. 805306,

WHN - 0. 550345, Xi N- 0. 0170191, XuN- 0.010003, Xi F- 0. 156423, XuF - 0. 0073006}

({"dx" »dx}, {"di" »di}, {"duF" - duF}, {"duN' - duN}, {"d¢" - de},
¢dmi' > dmy, {"dF" »dF}, {"dnN' - dnN}, {{"dNTOT" » dNTOT}}, {{"dMANS' - dMANS}},
{"dnSN' - dnSN}, {"dnSF" - dnSF}, {"dnF" - dnF}, {"dwLN' - dwLN}}

{{dx - 0. 000284369}, {di - -0.00188173}, {duF > -0.00177107},
(duN > -0.00131254}, {d¢ > -0.0023078}, (dm- -0.000833619}, {dF > -0.00078839},
(dnN - -0. 00013531}, {{dNTOT - 0. 0001490591}, {{dMANS - 0. 00013531} },
(dnSN - 0. 00767183}, {dnSF > -0. 00782089}, (dnF - 0.000284369}, {dwLN- 0.0116533}}

"Cbhserve that all qualitative changes conform with Proposition 1. Hence,
one can add the follow ng |ine and check the robustness of the results by
re-running the simulations with high and | ow values for the paranmeters.";
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I f [AWLN>0 && di <0 &% duF <0 & & duN<0 & & dm <0 && dF < 0 & dNTOT > 0, OK, NOJ

(0.4

"It should be noted that the uni queness of the results in the FindRoot
i ne above is checked by changing the initial |evels. Extensive nunerical
simulations inplied that the solution generated by the Fi ndRoot comand
with all of the endogenous variables strictly positive is unique. ";
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" MATHEVATI CA PROGRAM FOR THE MODEL W TH
FDI: THE CASE CF ENDOGENOUS FRAGVENTATI ON B ENDOGENQUS';

" MODEL: EXTENSI ON B:
- Northern entrepreneurs can engage in FDI to shift production to the South
- There is fragmentation of production. The scal e of
within Miultinational fragnmentation g is endogenously determ ned.
- a¢ i s now endogenously determined as a function of B, with a¢ > 0 and a¢' ' >0.
- Both Northern firms and Multinationals can be targeted by the Southern imtators.
- For innovation deterring, both
Northern firms and MNFs use Northern specialized | abor.
- For imtation-deterring, both Northern firns and M\Fs use Sout hern specialized | abor.
- The expressions highlighted in red show the
nodi fi cations and additions due to including FDI and endogenous 3.
- (bj ective: To conduct conparative steady-state analysis for an increase in Au";

"THE BENCHVARK PARAMETERS®;

"First, | clear the variabl es";

sN=.; nwF=.; nSF=.; nSN=.; i =.; uF=.; uN=.; ¢=.; m=.; f =.; c=.; VN=.;
VF=.; VSF=.; VSN=.; XiN=.; XuN=.; XiF=.; XuF=.; Xi =.; nF=.; nN=.;
NnSF=.; NnSN=.; WLN=.; wHS=.; wHN=.; p=.; A=.; ng=.; a=.; SS=.; sSN=.;
ai =.; agp=.; auF=.; auN=.; o =.; ou=.; yi =.; yuN=.; yuF=.;

&i =.; 6uN=.; 6uF=.; NN=.; NS =.; a=.; B=.; ap=.; ¥y=.; Ap=.;

"Note: The benchmark paraneters are the same as the exogenous fragnentation
nodel . The only exceptionis that | now assune a functional formfor a¢.";

p=0.07; x=1.25 ng=0.014; a=1.05; B=.;
sS=0.02; sN=0. 04,

ai =0.9; ag=.; ¥y=3.0; Ap =0.02;

¥i =1; yuN= 8; yuF = 8;

8 =1; 6uN=1; uF =2;

NN=1;, NS=2; oi =0; o¢ =0; ou=0;

auN=16%1.00; auF=8=%*1.00;

"l assume the follow ng functional formfor a¢";

¥
\ ; a¢l = D[a¢, B]; "where A¢p>0 and ¢ >1";

- (
a6 =M* T8

"This functional formsatisfies a¢' > 0 and a¢'' >0 as seen bel ow';
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N

{a¢l = D[a¢, B], D[a¢l, B]} // Full Sinplify
0.06 (£)%  -0.125-0.12 (-1, +§)? (4%

13 5)
{ (-1. +8)? (-1. +8)° }

2.

"The first order condition that gives the optinmal |evel of B is";
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i o i uF ¢
AN = —————— nF= — - ; NSF = — . ;
(i +¢ +uN) (i +uF) =« (I +¢+uN) (i +¢+uN) (i +uF)
N
NSN= —5 " m= (uN«nN) + (UF*nF); F=¢*nN Xi = (SNxNN) /i ;
(i +¢ +uN)

XiF=(Xi - (XiN¥«nN)) /nF; XuF = (SS* NS) - (NN XuN* yuN) ;

nF % yuF
N = ( (A-WLN) xC+ (NN + NS) ) = (WHN %90 # Xi N) = (WHS % yuN# XuN); MOF = ((L=B) WN+ (& #B)):
A
7F = ( (A- MOF) «c» (N + NS) ) = (WHN» i * Xi F) = (WHS % yuF * XuF):
A

7SN = ((V\LN—l)*C*(NN+ NS)]; #SF - ((M:F—l)*C*(NN+ NS) \;
\ WN J \ MCF J

ai NNsNWLN&i (-1+ai) auNi XuNéuN (-1 + ou)

N= , ; VSN = :
ng i ng (i +uN+¢)

VSF = _ auFéuF (-1 +ou) (i NSsS-i XuNyuN+ NSSSuN+ NSsS¢) |

ng yuF (i +uN+¢) ’

NN 7N+ (6% (VF-VN- (ap % (1- op) SN+ NS)
VF =vN+ (a¢*(1-o¢) M\;VaN:VN:: ( ( ( : 2 )))

\ A ) ((p=-ng) +i +uN)
ik 7SN
vaF =VF == - ; vaSN = vSN == —___’
((p-ng) +i +uF) ((p-ng) +1)

Cc=-(auFa (-WLN-B+WLNRB) 6uF (i -ng+p) (-1+ou) (i NSsS-i XuNyuN+NSSSuN+ NSsS¢)) /
ai i 2WLNSi (-1+ai)
ngyi (i +uN+¢)

(ng (NN+NS) (1 -wNa-ap+WNapB) yuF (i +uN+¢)); WHN= -

ai NNsNWLNSi uN (-1 +0i) vF WHN % yi vF WHS » yuF
= - - ;rpalNF= — 2= ———; rpal MF = - :
ng XuNvyi yuN Xi i *»nF XuF uF
geniL = (nN*C*(NN+NS) \ +( (1 -B) *xnFxC* (NN+ NS) ) . {i *al * 8 %X ] - (1-sN) NN
\ Y ) A 2 )\ ng ) '
ensL (nSN*C*(NN+NS)‘ {nSF*C*(l\N+ NS)\
= + +
9 \ WLN J NCF J
(ﬁ*nF*c* (NN + NS) \ . (uN* NNxauN *x SuN* XuN*nN] .
\ A ]\ ng )
(uF*nF*auF * SUF » XuF*nF] . (d)*nN*aqS*M) - (1-5S) NS
ng

RPAN = (WHN *yi * Xi N) + (WHS *yuNx* XuN); RPAF = (WHN *vyi * Xi F) + (WHS % yuF « XuF);
{vaN, vaF, vaSN, rpal NF, rpal M/, genNL, genSL, FB};

Fi ndRoot [{vaN, vaF, vaSN, rpal NF, rpal M-, genNL, genSL, Fg},
{i, 0.02}, {uF, 0.03}, {uN 0.02}, {¢, 0.07}, {XuN, 0.007},
{XiN, 0.043}, {WLN, 1.10}, {B, 0.4}, Maxlterations -» 100000]

{i -»0.0286495, uF - 0.0376048, uN- 0.0311775, ¢ - 0. 0652849,
XuN - 0. 00989728, Xi N- 0.102287, wLN- 1. 07351, 3- 0.48142)

akti[1] =%
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{" x" = x, "VN' - vN, "VvF" - VvF, "VvSF" - VvSF, "VSN' » vSN,
"nN' -» nN, "nF" - nF, "nSF' - nSF, "nSN' > nSN, "m' > m "F' > F,
"WHS" 5> wHS, "WHN' > WHN, "Xi F" - Xi F, " XuF" » XuF, " MANS' - MANS} /. %%

{x - 0.108628, vN- 2. 76045, vF - 2. 80144, vSF - 3.12413, vSN- 2. 59016, nN- 0. 228991,
nF - 0. 22564, nSF - 0. 296172, nSN- 0. 249197, m- 0. 0156245, F - 0. 0149496,
WwHS - 1. 08696, WHN - 0. 452745, Xi F— 0. 0734674, XuF - 0.0121149, NMANS - MVANS}

{i, uN, uF, ¢, nN, nF, nSN, nSF, F, m wLN, ¢, RPAN, RPAF, B} /. %86

{0. 0286495, 0.0311775, 0.0376048, 0.0652849, 0.228991, 0. 22564, 0.249197,
0.296172, 0.0149496, 0. 0156245, 1.07351, 1.06734, 0.132374, 0.13861, 0.48142}



(&)
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y ={i, uF, uN, ¢, vN, vF, vSF, vSN, nN, nF, nSF, nSN,
m F, wHS, wHN, wLN, Xi F, XuF, XuN, Xi N} /. G kti [1]; Positive[y]

{True, True, True, True, True, True, True, True, True, True,
True, True, True, True, True, True, True, True, True, True, True}

Cl ear {vaN, vaF, vaSN, rpal NF, rpal M5, genNL, genSL, FB}; nN=.; =nF=.;
aSF=.; nSN=.; i =.; uF=.; uN=.; ¢=.; m=.; f =.; c=.; vN=.; VF=.;
VSF=.; VSN=.; XiN=.; XuN=.; XiF=.; XuF=.; Xi =.; nF=.; nN=.; nSF=.;
NSN=.; WLN=.; wHS=.; wHN=.; p=.; A=.; ng=.; a=.; sS=.; sSN=.;

ai =.; ap=.; auF=.; auN=.; o =.; ou=.; yi =.; yuN=.; yuF=.;

Si ; OuN=.; 6uF=.; NN=.; NS =.; a=.; B=.; ap=.; ¥=.; Ap=;

p=0.07; x=1.25 ng=0.014; a=1.05; B=.;
sS=0.02; sN=0.04;

ai =0.9; ag=.; ¥=3.0; A =0.02;

¥i =1; yuN=8; yuF =8;

Si =1; 6uN=1; suF =2;

NN=1; NS=2; gi =0; o9 =0; ou=0;
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nN = | : nF = ¢ i - nSFE = uF % ¢ .
_m, h (i+uF)*(i+¢+uN)’ (i +¢+uN) (i+uF)’
N
nSN:_—u__N_; m= (uN*nNN) + (uF*nF); F=z¢*nN, Xi = (SN*NN) /vi;
(I +¢ +uN)
XiF=(Xi - (XiN¥«nN)) /nF; XuF = (sS* NS) - (NN=* XuN*wuN);
nF % yuF

7N = ( (A-WLN) xc* (NN + NS) ) - (WHN % yi % XiN) - (WHS »yuN#* XuN); MCF = ((1L=B) WLN+ (a*B));
A

nF = ( (A-MCE) xC % (NN + NS) ) -~ (WHN#* ¥i * Xi F) = (WHS * yuF » XuF);
A

SN = ((V\LN—l)*C*(NN+ NS)]; nSF < ((M:F—l)*C*(NN+NS) \;
\ WLN ) \ MCF ]
ai NNsNWLN&i (-1+o0i) auNi XuN6&uN (-1 + ou)

N=- - ; VSN = - - ;

ng yi ng (i +uN+¢)

VSF = auFéuF (-1 +ou) (i NSsS-i XuNyuN+ NSSSuN+ NSsS¢) |

ng yuF (i + N+ ¢) ’

7N+ (¢x (VF-VvN- (ap* (1 - op) Cx (\N+ NS)
VF =vN+ (a¢*(1—o‘¢) M\' vaN = VN == ( ( ( : A ))) .
\ A ) ((p=-ng) +i +uN)
ik 7SN
vaF =VF == - ;VaSN:VSN == —___’
((p-ng) +1 +puF) ((p-ng) +1)

Cc=-(auFa (-WLN-B+WLNRB) 6uF (i -ng+p) (-1+ou) (i NSsS-i XuNyuN+NSSSuN+ NSsS¢)) /
ai i 2WLNSi (-1+ai)
ngyi (i +uN+¢)

(ng (NN+NS) (1 -wNa-ap+WNapB) yuF (i +uN+¢)); WHN= -

ai NNsNWLNSi uN (-1 +0i) vF WHN % yi vF WHS » yuF
= - - ;rpalNF= — 2= ———; rpal MF = - :
ng XuNvyi yuN Xi i *»nF XuF uF
geniL = (nN*C*(NN+NS) \ +( (1 -B) *xnFxC* (NN+ NS) ) . {i *al * 8 %X ] - (1-sN) NN
\ Y ) A 2 )\ ng ) '
ensL (nSN*C*(NN+NS)‘ {nSF*C*(l\N+ NS)\
= + +
9 \ WLN J NCF J
(ﬁ*nF*c* (NN + NS) \ . (uN* NNxauN *x SuN* XuN*nN] .
\ A ]\ ng )
(uF*nF*auF * SUF » XuF*nF] . (d)*nN*aqS*M) - (1-5S) NS
ng

RPAN = (WHN *yi * Xi N) + (WHS *yuNx* XuN); RPAF = (WHN *vyi * Xi F) + (WHS % yuF « XuF);

"Bel ow NTOT= nN+nF, captures the industries commanded by North.
MANS= 1-nN- (1-B) *nF= nSF+nSN+nFB, captures manufacturing |ocated in the South";
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Fi ndRoot [{vaN, vaF, vaSN, rpal NF, rpal M-, genNL, genSL, Fg},
{i, 0.02}, {wF, 0.03}, {uN 0.02}, {4, 0.07}, {XuN, 0.007},
{XiN, 0.043}, {WLN, 1.10}, {B, 0.4}, Maxlterations -» 100000]

{i -0.0272019, uF - 0.0328959, uN- 0.0300667, ¢ — 0.0587723,
XuN - 0. 0101856, Xi N- 0. 0638506, WLN— 1. 08401, 3- 0.516517}

dB=(B/. W -(B/. Gkti[l]); dx=(x/- B -(x/. Gkti[l]);di =( /.9 - (i /. Gkti[1]);
duF = (uF /. 99 - (uF /. G kti[1]); duN= (uN/. %9 - (uN/. G kti [1]);

do=(¢/. W - (¢/. Gkti[l]); dm= (m/. %9 - (m/. Gkti [1]); dF=(F /. %9 - (F/. Gkti [1]);
dnN=(nN/. %9 - (nN/. G kti [1]); dnN= (nN/. %9 - (nN /. G kti [1]);

dNTOT = ((nNN+nF) /. %9 - ((nN+nF) /. G kti [1]); dnSN= (nNSN /. %9 - (nSN/. C kti [1]);
dnSF = (nSF /. %9 - (nSF /. G kti [1]); dnF= (nF/. 99 - (nF/. G kti [1]);

dWLN = (WLN /. % - (WLN /. G kti [1]); ANTOT = (((nNN+nF) /. % - (nNN+nF) /. G kti [1]);
dMANS = ((1-nN- ((1-8) *nF)) /. %9 - ((L-nN- ((1L-B) *nF)) /. G kti[1]);

{"x" »x, "nN'" > nN, "nF" » nF, "nSN' > nSN, "nSF" » nSF, "F' > F, "m' > m
"WLN' »> wLN, "c" »c, "RPAN' » RPAN, " RPAF" » RPAF, "VvN' » vN, "VF" » vF, "vSF" » VvSF,
"VSN' » VSN, " aN' » nN, " nF" » nF, " nSF" » #nSF, " 7nSN' » #nSN, " wHS" » wHS,
"WHN' > wHN, " XiN' = Xi N, "XuN' - XuN, "Xi F' > Xi F, " XuF" > XuF, " MANS" - MANS} /. %%

{x - 0.11841, nN- 0. 234417, nF - 0. 229246, nSN- 0. 259104, nSF - 0. 277233, F- 0.0137772,
m- 0. 0145894, wLN - 1. 08401, c » 1. 07415, RPAN- 0.112182, RPAF - 0. 142286,

VN - 2. 78746, vF -» 2. 85032, vSF - 3. 28408, vSN- 3. 00163, nN- 0. 315732,

nF - 0. 330916, nSF - 0.200773, nSN- 0. 249742, wHS -» 1. 02854, wHN- 0. 444362,

Xi N- 0.0638506, XuN- 0.0101856, Xi F— 0.109194, XuF - 0.0113953, MANS- MANS}

y ={i, uF, uN, ¢, vN, vF, vSF, vSN, nN, nF, nSF,
nSN, m F, wHS, wHN, wLN Xi F, XuF, XuN, Xi N} /. %884 Positively]

{True, True, True, True, True, True, True, True, True, True,
True, True, True, True, True, True, True, True, True, True, True}

{({"dp" »>dp}, {"dx" »>dx}, {"di" >di}, {"duF" - duF}, {"duN' - duN}, {"d¢" - d¢},
{"dmt' ->dm}, {"dF" - dF}, {"dnN' - dnN}, {"dnSN' - dnSN}, {"dnSF" - dnSF},
("dnF" > dnF}, {"dwLN' » dwLN}, {{"dNTOT" - dNTOT}}, {{"dMANS' - dMVANS}}}

{{dpB > 0.0350973}, {dx - 0.00978193}, {di » -0.00144753}, {duF - -0. 00470894},
(duN = -0.00111075}, {d¢ > -0. 00651258}, {dm- -0.00103512}, {dF > -0.00117244},
{dnN > 0. 00542579}, {dnSN- 0. 00990753}, {dnSF > -0.0189393}, {dnF - 0. 003606},
{dwLN - 0. 010504}, {{dNTOT - 0.00903179}}, {{dMANS - 0.000750134}}}
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I f [AWLN>0 && di <0 &% duF <0 & & duN<0 & & dm <0 && dF < 0 & dNTOT > 0, OK, NOJ

(0.4

"It should be noted that the uni queness of the results in the FindRoot
i ne above is checked by changing the initial |evels. Extensive nunerical
simulations inplied that the solution generated by the Fi ndRoot comand
with all of the endogenous variables strictly positive is unique. ";
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