North-South Trade, Unemployment and Growth: What's the Role of

Labor Unions?
Mathematica Appendix A: The Main Model with Labor Unions

1. The Model’s Building Blocks and Steady-State Equilibrium Equations

Main features
-Unions in both the North and the South.
-Endogenous imitation in South.
-Reference wages can be positive in the South
-Decreasing returns to both imitative and innnovative R&D following Dinopoulos (1994)

To simplify the set up for Mathematics, we did the following transformations

1. Discount rate is transformed such that dr = p — n,

aisN No
2. We use Ai = 22 ang Ay = #2
ny ny

We first clear the parameters, variables, and functions.

n= Clear[i, u, wL, wS, wH, cN, ¢S, nNJ;
Clear[LABS, VN, FEIN, FEIM];
Clear[s, nS, a, B, u, ai, au, 6, ¥y, n, dr, =N, S, A, €, wSM, wNM, WELN, WELS] ;

We note first the normalization
In[4]:= cS = l;
This is the share of industries and the BOT condition. Note that 7S = NS/NN

nS*i (1+N) )

5= NN = - ;cN=cS«

1+Uu ux (1+1tS)

These are the bargained wage rates, where we define K as below to simplify the entries:
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i+u (1+1S)
In[6]:= K:_—;
1 (1+zN) +u

. BxKx (1-a) WNM+ (1 -B) »wSM . (1-a) WNM+ (1-B) %o+ *wSM ()

WS = > wL = :

(l-B*xaxA) (L-B*xax*xA)
We can now see, the wage levels and the relative North-South wage:

In[8]:= {WL, wsS, (WL / WS)}

_ WSM o (1-5) A (u+i (1+TN)) ~ WNM (1-00) B (i+u (1+1S)) _ wSMa (1-B) A (uri (1+zN))
WNM (1 - o) + i+u (147S) WSM (1 - ) + p+i (1+TN) WNM (1 - a) + i+ (1+18S)
Out[8]= { > ’ i }
1—O(B)k 1—O(BA WSM (17/3)+WNM(1—01)/3(I+M (1+tS))
u+i (1+tN)

We have the value of a Northern produced divided by NN and then followed by the FEIN condition:

(CN (l - A*WS:\/(LlH:N) ) ) * (CS * T]S * (1+1t5 - AVIVI;S ) )
In[9]:= VN = :

dr+ (1 +u) (1+e€)

1-e

inf1o}:= FEIN = VN == WL % Al 1 - 5

We have the value of a Southern firms divided by NN followed by the FEIM condition:

e VS = (CN ((1+11:N) —ﬁ)) + (CS*r]S* (l—ﬁ‘its))) -

1-e
nf121= FEIM = VS == Au * WS * [JT ;

We have the Southern and Northern labor market conditions:

1 cN cS u 1 1
in[13]:= LABS = | — — + - + |[NN* A% pe «— | ==1-US;
wL nS (1+tS) 1+u nS

nN CcN cS % nS
inf14}:= LABN = [

(1+2N) T )+ ((Ai*ié)) == (1-sN-uN);

*
A * WS

We can solve the labor market conditions to obtain expressions for uS and uN
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nisi= {Solve[LABS, uS], Solve[LABN, uNj}

1 1 i (1l+zN)
Ap e <17QBA)“(1+18+M)
e {{{US ot nS (1 +u) . (0 + 1) (WNM (1-oa) + wSMa (l;€L?1(51+;>(1+IN>> ) }}’

- insS
i (1-aB) (n8+7u ('1’ZIS>)

WNM (1-a) B (i+u (1+TS)) ) }}}
u+i (1+TN)

[{un 1A it _SN-

(T + ) (WSM (1-B) +

We can now see the long forms of the main steady-state equations FEIN, FEIM and RP explicitly:

inf161= FEIN
WSMa (1-B) A (u+¥ (1+TN))
WNM (1fa)+$
. inS (1+xN) |1- . -
SMo (1-8) A (u+d (L+TN ( o i (Lot
S N WNM (1ia>+w o ( iﬁ: (l(usl)( )) A (Leeh) ‘WSM a B)}wNM(l .[“ ,N\1 S))] )
(Lot \ u - =
— - = + e WSM o (1-8) X (p+1 (1+zN
n 1+tS 5 (wsM (1,B)+W) u (1+1S) Alr e (WNM (1-a) + (1-8) A (u+1 ( 1)
p+i (L+oN) iI+u (1+tS)
Out[16]= ==
dr+ (1+¢e) (i +u) l1-aBA
inf171:= FEIM
wsM (1-5) +WNM zlfu\,r,ﬁ[zlii,";\(1+:S))
inS (LetN) |— - T e NM (1- i (1028
1+TN WM (1 +WSMu (1trl; A (u+i (1+2N)) WSM (1-B) +w ( a)_ﬁ (F+p (1+2S))
"““"S\’ +nS |1- L Le WNM (1-0) B (i+u (1+1S))
u (1+tS) B WSM o (1-8) & (u+i (1+TN)) ) A c WSM 1 _ + .
(1+TS) (WNM (1o +m e e HH (1-5) e (L)
Out[17]= - ==
dr + 1 1-aBx
ini1el= RP = FEIN / FEIM
wSMa (1-8) A (u+i (1+1N)) \
WA (L-01) 4
_ §0S (Leehy |1 T (100S)
WSMa (1-B) A (u+i (1+eN)) ( WNM (1-a) B (i+u (14cS)) |
wNM (1-a) 4—— A (1+tN) [wSM (1-p)+ . ‘
WS [ 1 B i+u (1+1S) ] u+i (1+TN) ) 1e
1+tS WNM (1-a) B (F+u (1+TS)) | u (1+tS) i _ WSM o (1-8) A (u+i (1+N))
2 (WSM (1-p)+ e \ B Al i WNM (1) + = e
dr+ (1+e) (i+y) - 1-aB 2
Out[18]=
(18] WM (1-a) B (i+p (1+TS)) |
wSM (1-8) + .
i S (1ooN) - L+ (1+oN)
1S 1+IN wSMa (1-B) A (u+i (1+TN)) WNM (1-a) i+ (1418))
WM (a4 WSM (1-5) +
iy (1028 s |1- e (LeeN) ] .
u (1+18) WSMa (1-8) A (u+i (1+zN)) | - _ WNM (1-a) B (F+u (1+TS))
(1+18) [WNM (L) | B A (WSM (1) +——— e
dr+i - 1-aB A
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1 ixLog[A] u cN i cN
inf19):= WELN = + = Log [—] + = * Log[ ]
dr+0.01 | dr+0.01 i+pu wL i+u A*WS % (1+zN)
u Log[ ins {17{){,@5;) fi[:ﬂ\{), — } i Log[ insS (17(?\(4;5’)1\) — — }
i Log[] i (145S) [y (1-0) — — A (1+2S) [wSM (lan%]
0.0l.dr ' i * i
Out[19]=
0.01 +dr
1 ixLog[A] u cS i cS
nzop= WELS = +—— Log [ ] +—— xLog [ ]
dr+0.01 { dr+0.01 i+u wL (1 + tS) i+u A *WS
ulog[—— =] iteg[— T
i Log[A] (1+2S) |WNM (100 + i’u s - ] P [;WSM (1-B) +—— w'i‘ [‘MN; =
0.01+dr i+ + T+u
Out[20]=
0.01 +dr

2. Graphical Representation of the Model in (u,t) Space: Figure 1

Let’s now plot the FEIN and RP curves in (u,i) space. We need to explicitly enter the above expressions when using ContourPlot.
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nre1= Manipulate [

WNM (1-at) 1_wSMa (1j/3> A (uri (1+zN))
WSM a (1-B) A (u+i (1+TN inS (1+N) |[1- Lo (1029)
1 WNM (1 -a) + a ( |i)1 (l(+l-lr+s)( +TN)) nS ( ) A (Leeh) (WSM (1_ﬁ)+WNM (1-:;/3((;;;)(1«5)))
ContourPIot[{ nS - + /
1+1tS ( _ WNM (1-a) B (i+u (1+tS)) ) u (1+1S)
A (wSM (l B) + u+i (L+TN)
WNM (1-a) B (i+u (1+2S))
= 1 WSM (1-8) + +i (1+TN)
inS (1+zN) [1+rN - W (1ct) wSMa(lfls)A(pui (1+N))
- - i+u (1418
(dr+ (i+p) (l+e))/l/(dr+l) Rl +
u (1+1S)
e WSM a (1-8) A (u+i (1+zN))
WSM (1 - B) + WNM (1-a) B (i+u (1+tS)) Aiie (wNM (1-a) + e )
s |1 p+i (1+TN) l1-aB2a 1
n - == -
_ WSM o (1-B) A (u+i (1+zN)) = WNM (L-a) & (i+s (1435)) dr+ (1+€) (i+p)
(1+1S) (WNM (1-a) + )2l ) Auiie (WS (1-p) oD o 029)
l-aB A
o \ L WM (l_a)+wSMa(lgjf‘)‘)(\l(:x+si)(l+tN))
WSM a (1-B) A (u+i (1+TN 1 +T - —
1 WNM (1 -a) + a( iﬂi (1(:1:5)( +TN)) nS ( ) A (L) (WSM (1-p) u:iﬁ((lir;;)(l S)))
ns - ~ + ==
1+tS (WSM (1-p) + MW (A-a) b (i+p (1+28)) ) u (1+tS)
u+l (1+TN)
Ai i% (WNM (1-aq) + WSM a (1-B) A (u+i (1+TN)) )
i+u (l+tS) M L1} L1} LRl
1 i },{u,0,0.3},{l,0,0.l},FrameLabeI—>{ ut, i }],
-a

{{zN, 0.1}, 0, 1}, {{zS, 0.2}, O, 1}, {{dr, 0.06}, 0.02, 0.14}, {{a, 0.76}, 0.1, 1}, {{B, 0.51}, 0.1, 1},
{{A, 2}, 1, 3}, {{Al, 75}, 1, 200}, {{Au, 335}, 50, 1000}, {{wNM, 0.55}, 0.0, 2},

{{wSM, 0.2}, 0.0, 2}, {{nS, 3.93}, 1, 5}, {{e, 0.5}, 0, 1}, {{sN, 0.01}, 0, 1}]
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M
™ ) lof" T T T T T T T T T T T T
7S G
dr B
0.08 |- .
@ i
B 0
A O 0.06 |- -
Ai M
out21]= ﬂu -
g i 0.04 - .
wNM D
wSM r—D
1S D 002 .
: )
sN I 1
:G 0'007\”H\HH\““\““\H“\HHF
0.00 0.05 0.10 0.15 0.20 0.25 0.30
u

The above is Figure 1 of the paper. RP is upward sloping and FEIN is downward sloping. All shifts can be seen above by changing the parameters.
Note that when wSM > 0, we also have shifts in the RP curve due to tariff changes. More specifically:

-A lower 7N shifts RP to the left

-A lower 7S shift RP to the right.

3. Numerical Representation of the Model

nzz;= Clear [FEIN, FEIM, wLF, wSF, cNF, WELNF, WELSF, R1F, R2F, R3F, R4F, R5F, R6F, R7F, uNF, uSF, i, u, tN, S,
dr, a, B, A, Ai, Au, WNM, wSM, nS, €, sN, wL, wS, wH, cN, WELN, WELS, R1, R2, R3, R4, R5, R6, R7]; cS =1;
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We enter the main steady-state equations of the model as functions. We also enter the restrictions that should hold at the steady-state for an interior equilibrium. All
restrictions as entered below must be positive in equilibrium.

3= FEIN[E_, u_, tN_, S _,dr_,a ,B_, X , Ai_,Au ,wWNM_,wWSM_,nS_, e ] :=

WNM (1 —a) + WSM a (1-B) X (u+i (1+zN))

1 1 i+u (1+tS)
N nsS - - +
dr+ (1+€) (1 +u) 1+tS (WSM (1-B) + WM (1-o) B (i+u (l+rS)))
u+l (1+TN)
WM (1-a1) LIsMa (1-8) A (uri (LeeN))
inS (1+zN) [1 - e B ) ] . WSM & (1-B) A (u+i (1+zN))

A (Leh) (WSM (1-p) +- B O ) Alt. (WNM (1-0)« i+u (1+25) ) )
u (1+tS) l1-aBAa ’

FEIM[i_,pu ,tN_, S _,dr_,a ,B _, X ,Al_,Au ,WNM_,wWSM_,nS_,e_] :=

WNM (1-a) B (i+u (1+TS))
inS (l+zN) | - Ml uet (Lee) NM (1 i+ (1415
n TetN M (1oa) WSV & (1-B) A (u+i (1r2N)) WSM (1 - B) + WNM (1-a) B (W+u (1+TS))
v i+u (1+1S) u+i (1+TN)
N +nS |1- - -
dr + i u (1+tS) (1 + S) (WNM (1-a) + wSMa (1-) A (u+i (1+eN)) )
i+u (1+tS)

1-e -
Au uT (WSM (l -B) + WNM (1-a) B (i+u (1+tS)) )

p+i (1+zN) _

l-aB A

nsi= UNF[I_, p_, tN_, zS_,dr_,a ,B , A, Ai_, Au_,WNM_, wSM_, nS_, e_, SN_, uN_]J :

- insS
i (L-aB2) (”S"u(llla)

WNM (1-a) B (i+u (1+tS)) )
u+i (1+zN)

A (i +p) (WSM (1-B) +

USF[i_,pu ,tN_,zS_,dr_,a ,B , A ,Al_,Au_,WNM_,wSM_,nS_,e_,sN_,uS ]:

.2 1 i (1+tN)
US == 1 Au i pe (l_aBA)“(lns‘Lu(th)) )
nS (i +u) (1 +pu) (WNM (1-a) + wSM a (1;13‘)1?1(5:;) (1+zN)) )

7= WLF[E_, u_, tN_, S _,dr_,a ,B , A _, Ai_,Au_,WNM_,wSM_,nS ,e_,sN_, wL_,wS_ ,wH ,cN_] :=

WNM (1 —a) + WSM a (1-B) X (u+i (1+TN))
Wl i1+u (1+tS)
1-aB2 ’
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WSF[i_,u ,TtN_,zS_,dr_,a ,B , A _,Al_,Au ,WNM_,wSM ,nS ,e ,sN_, wL_,wS_,wH ,cN_]:

WNM (1-a) B (i+u (1+TS))
WSM (1 -8) + w+i (1eN)

WS == .
l-afBfA

WHF[i_,pu ,TN_,tS_,dr_,a ,B , A _,Al_,Au ,WNM_,wSM ,nS ,e_,sN_, wL_,wS_,wH ,cN_]:

€% (1-a) «WNM « Ai % (i‘i)
WH == y
(- (axB*A)) SN

cNF[i_,u ,TtN_, S _,dr_,a ,B_,A_,Ai_,Au ,wWNM_,wSM_,nS_, €
i*nS* (1+zN)

,SN_, wbL_,wS_,wH ,cN_]:

CcN ==
u* (1+1S)

RIF[i_,u ,TN_,tS_,dr_,a_,B_, A_, Al

» Au_,

A% WS
WNM_, wSM_, nS_,e_,sN_, wL_,wS ,wH_ ,cN_,R1 ]:=R1

— —wL

(1+1tS)

R2F[i_,u _,tN_, S ,dr_,a ,B_, X ,Ai_,Au ,WNM_,wSM_,nS_,e_,sN_, wL ,wS ,wH ,cN_,R2 ] :
R2 == wL - (1 + TN) *WwS;

R3F[I_, u_,N_, tS_,dr_,a_,B_, A_, Ai_, Au_, WwNM_, wSM_, nS_, e_, sN_, wL_, wS_, wH_, cN_, R3_] :

AxWS (% (1+TN) +p)
3 == - - WNM;
1+u (1+1S)

RAF[i_, u ,TtN_, S _,dr_,a ,B_,A_,Ai_,Au ,WwNM_,wSM_,nS_, e

R4 -= wL (1 +u (1+tS)) _

- WSM;
u+1 (1+N)

RSF[I_,u ,TtN_, S ,dr_,a ,B_, 2, Ai_, Au_,

WNM_, wSM_, nS_,e_,sSN_, wL ,wS ,wH ,cN_,R5 ]1:=R5=1-(axB*A) ;

R6F[i_,u ,tN_, S ,dr_,a ,B_, 2, Ai_,
Au_,wWwNM_,wSM_,nS_,e_,sSN_, wL_,wS ,wH_ ,cN_, R6_] :=R6 ==wL-wNM;

R7F[i_,u ,TN_,tS_,dr_,a ,B , A _,Ai_,

Au_,wWwNM_,wSM_,nS_,e_,sSN_, wL_,wS ,wH_, cN_, R7_] :=R7 =wS -wSM;

oSN , wL_,wS ,wH ,cN_,R4 ]:
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insl= WELNF[i_, u_,TN_, S _,dr_,a ,B _, A _,Ai_,Au ,wWNM_,wSM_,nS _,e_,sN ] :=

inS (1-ap ) (1+tN) ] i LOg[ inS (1-aBAr) ]

- u Log[ SM a (1-B) A (u+i (1+TN NM (1-a) B (i+ 1+tS
1 i Log[A] 4 (1+1S) (WNM (l-q) 4 222 CB) A Gard (1rel)) hl (1(:‘[5')( ) Au (1+1S) (wSM (1-p) $ DL Qo) B (Brk (1+28)) m)i ((1::;:)( )

+

+
0.01" +dr |0.01" +dr i+u i+u

WELSF[i_,pu _,tN_, S _,dr_,a ,B_, A _,Ai_,Au_,wWNM_,wSM_,nS_,e_,sSN_] :=

l-aB A -
1 i Log[A] H Log[ (1+tS) (WNM (1-q) 4 2Me QB A (uef (rel)) ‘1”N”) ] ' LOg[A(

i+u (1+S)

l-aBA )]

WNM (1-a) B (i+u (1+TS))
WSM (1-8) + pri (1+TN)

+

+
0.01" +dr [0.01" +dr i+u i+u

We also note the following restrictions that must hold.
-R8: wL > wLCOMP,
-R9: wS > wSCOMP.

We verify that these restrictions also hold by comparing the values calculated in this file with the values calculated in the Competitive Equilibrium file.

3.1 Numerical Steady-State Equilibrium with wsM>0

We first consider the benchmark case with wSM >0. This corresponds to Table 1 in the paper.
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0= Manipulate [NSolve[

{FEIN[®, u, =N, S, dr, a, B, A, Ai, Au, wNM, wSM, nS, €],

FEIM[i, i, TN, S, dr, a, B, A, Al, Au, WNM, wSM, nS, €],

uNF[i, u, =N, S, dr, a, B, A, Ai, Au, wNM, wSM, nS, €, sN, uN],

usSF[i, u, TN, S, dr, a, B, A, Al, Au, WNM, wSM, S, €, sN, uS],

wLF[E, i, TN, S, dr, a, B, A, A, Au, WNM, wSM, nS, €, sN, wL, wS, wH, cN],

wSF [T, i, TN, S, dr, a, B, A, Al, Au, WNM, wSM, nS, €, sN, wL, wS, wH, cN]J,

WHF [T, i, TN, S, dr, a, B, A, A, Au, WNM, wSM, nS, €, sN, wL, wS, wH, cN],

cNF[i, u, TN, S, dr, a, B, A, Ai, Au, wWNM, wSM, nS, €, sN, wL, wS, wH, cNJ,

R1F[i, u, TN, S, dr, a, B, A, Al, Au, WNM, wSM, nS, €, sN, wL, wS, wH, cN, R1],
R2F[i, u, tN, S, dr, a, B, A, Al, Au, wWNM, wSM, nS, €, sN, wL, wS, wH, cN, R2],
R3F[i, u, TN, S, dr, a, B, A, Al, Au, WNM, wSM, nS, €, sN, wL, wS, wH, cN, R3],
R4F[i, u, TN, S, dr, a, B, A, Al, Au, WNM, wSM, nS, €, sN, wL, wS, wH, cN, R4],
R5F[i, u, TN, S, dr, a, B, A, Al, Au, WNM, wSM, nS, €, sN, wL, wS, wH, cN, R5],
R6F[i, u, tN, S, dr, a, B, A, Al, Au, WNM, wSM, nS, €, sN, wL, wS, wH, cN, R6],
R7F[i, u, TN, S, dr, a, B, A, Al, Au, WNM, wSM, nS, €, sN, wL, wS, wH, cN, R7] },

{i, u, uN, uS, wL, wS, wH, cN, R1, R2, R3, R4, R5, R6, R7}1,
{{zN, 0.1}, O, 1}, {{zS, 0.2}, O, 1}, {{dr, 0.06}, 0.02, 0.14}, {{a, 0.76}, 0.1, 1},
{{B, 0.51}, 0.1, 1}, {{A, 2}, 1, 3}, {{A&, 75}, 1, 100}, {{Au, 335}, 50, 1000},
{{wNM, 0.55}, 0.0, 2}, {{wSM, 0.2}, 0.0, 2}, {{nS, 3.93}, 1, 5}, {{e, 0.5}, 0, 1}, {{sN, 0.01}, O, 1}
1

ol i ({i >0.0308832, u - -0.0315771, uN - - 35.7946,
S 0 uS - 12.7533, wL - 0.360823, wS - -0.440675, wH - 2.10017,
cN - -3.52334, R1 - -1.09528, R2 » 0.845565, R3 —» -0.248917,
dr i R4 - -1.25623, R5 » 0.2248, R6 - -0.189177, R7 - -0.640675},
N = (i > -0.0835094, 1 - 0.0593653, uN - 2.59932,
< uS - -0.517971, wL > 2.34191, wS - 0.54903, wH - 15.356,
B @ cN > -5.06765, R1 - -1.42686, R2 > 1.73798, R3 > 2.35778,
N " R4 - 0.684373, R5 - 0.2248, R6 > 1.79191, R7 - 0.34903},
- (i > -0.0589913 - 0.0389155 i, 11 > 0.0596519 + 0.0345617 i,
Al 1 uN > 12.9528 + 8.46133 i, uS > -9.57849 - 0.582711 i,
N - wL > 0.237749 - 0.362918 i, wS - 0.162749 + 0.283732 i,
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Wn - 4.094£0VU0 + 1U.1UYY 1, CN -5 —-5.00000 -UVU.£14100 1,

R1 - 0.0334992 + 0.835804 i, R2 - 0.0587251 - 0.675023 1,

R3 - -0.410857-0.477524 i, R4 - -0.0730416 + 0.556337 1,

R5 - 0.2248, R6 - -0.312251 -0.362918 1,
R7 - -0.0372512 +0.283732 1}, {i > -0.0589913 + 0.0389155 i,
© - 0.0596519 - 0.0345617 i, uN -» 12.9528 - 8.46133 i,
uS » -9.57849 +0.582711 1, wL - 0.237749 + 0.362918 i,

wS - 0.162749 - 0.283732 i, wH - 4.32808 - 10.1099 i,

) :G cN - -3.68668 + 0.214155 i, R1 - 0.0334992 - 0.835804 i,

R2 - 0.0587251 + 0.675023 1, R3 - -0.410857 + 0.477524 i,
R4 - -0.0730416 - 0.556337 i, R5 - 0.2248,

R6 - -0.312251+0.362918 i, R7 - -0.0372512 -0.283732 1},
{1 > -0.0398201 + 0.068831 1, u » -0.0482097 - 0.0714261 1,

uN - 2.11204 + 2.48616 1, uS - -0.0932766 - 0.46572 i,

wL - 1.18844 - 0.133003 1, wS - 0.750587 + 0.0696027 1,

WH -» -6.94071-12.07051, cN - -1.45374 -2.98961 i,

R1 - 0.0625409 + 0.249007 i, R2 - 0.362792 - 0.209566 i,

R3 - 0.840049 - 0.175004 i, R4 - 1.07958 +0.136476 1, RS - 0.2248,
R6 - 0.638437 - 0.133003 i, R7 - 0.550587 + 0.0696027 i},
{1 - -0.0398201-0.068831 1, 1 > -0.0482097 + 0.0714261 1,

uN - 2.11204 - 2.48616 1, uS - -0.0932766 + 0.46572 i,

wL - 1.18844 + 0.133003 1, wS - 0.750587 - 0.0696027 1,

wH > -6.94071 +12.07051, cN - -1.45374 +2.98961 i,

R1 - 0.0625409 - 0.249007 i, R2 - 0.362792 + 0.209566 i,

R3 - 0.840049 + 0.175004 i, R4 - 1.07958 - 0.136476 1, RS - 0.2248,
R6 - 0.638437 + 0.133003 i, R7 - 0.550587 - 0.0696027 i},
{1 - 0.0305584, 1 - 0.089645, uN - 0.0885762, uS - 0.100746,
wkL »1.17847, wS - 0.771545, wH - 2.05622, cN - 1.22803,

R1 - 0.107433, R2 - 0.329775, R3 - 0.82694,

R4 - 1.12068, R5 - 0.2248, R6 - 0.628474, R7 - 0.571545} }

wNM

I ¢

wSM

()

=
(%]
)

(.

out[40]=

We also conduct a welfare analyis for North and South. We use the benchmark outcomes for i and u from above. Note that whenever a parameter is changed below,
the benchmark values for i and u also have to be changed using the above manipulate function.
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n41:= Manipulate[
{ "WELNF" -> WELNF[i, p, TN, S, dr, a, B, A, Ai, Au, wWNM, wSM, S, €, sN],
"WELSF'" -> WELSF[i, u, tN, ¢S, dr, a, B, A, Ai, Au, wWNM, wSM, nS, €, sN13},
{{zN, 0.1}, 0, 1}, {{zS, 0.2}, O, 1}, {{dr, 0.06}, 0.02, 0.14}, {{a, 0.76}, 0.1, 1},
{{B, 0.51}, 0.1, 1}, {{x, 2}, 1, 3}, {{Al, 75}, 1, 100}, {{Au, 335}, 50, 1000},
{{wNM, 0.55}, 0.0, 2}, {{wSM, 0.2}, 0.0, 2}, {{nS, 3.93}, 1, 5}, {{e, 0.5}, 0, 1},
{{sN, 0.013}, O, 1}, {{i, 0.03055839531381263"}, 0, 0.2}, {{u, 0.08964500229311638"}, 0, 0.2}

7N

()

7S

)

dr

(.

a

()

B
A

(. e

Ai

)

Out[41]=

Au {WELNF - 3.58603, WELSF - -0.944702}

OO

wNM

wSM

()

=
V)
(|

3

()

In[42]:=
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3.2. Numerical Steady-State Equilibrium with wsM=0

We now consider the benchmark case with wSM =0. This corresponds to Table 1A in Appendix R2 of the paper.

3= Manipulate [NSolve[

{FEIN[&, p, tN, ¢S, dr, a, B, A, Ai, Au, WNM, wSM, nS, €1,

FEIM[i, i, TN, S, dr, a, B, A, Al, Au, WNM, wSM, nS, €],

uNF[i, i, =N, S, dr, a, B, A, Ai, Au, wNM, wSM, nS, €, sN, uN],

uSF[i, u, tN, S, dr, a, B, A, Al, Au, wWNM, wSM, nS, €, sN, uS],

WLF[i, u, TN, S, dr, a, B, A, Al, Au, WNM, wSM, nS, €, sN, wL, wS, wH, cNJ],

wSF [T, i, TN, S, dr, a, B, A, Al, Au, WNM, wSM, nS, €, sN, wL, wS, wH, cN],

WHF [T, i, TN, S, dr, a, B, A, A, Au, WNM, wSM, nS, €, sN, wL, wS, wH, cN],

cNF[i, u, TN, S, dr, a, B, A, Ai, Au, wWNM, wSM, nS, €, sN, wL, wS, wH, cNJ,

R1F[i, u, TN, S, dr, a, B, A, Al, Au, WNM, wSM, nS, €, sN, wL, wS, wH, cN, R1],
R2F[i, u, tN, S, dr, a, B, A, Al, Au, wWNM, wSM, nS, €, sN, wL, wS, wH, cN, R2],
R3F[i, u, TN, S, dr, a, B, A, Al, Au, WNM, wSM, nS, €, sN, wL, wS, wH, cN, R3],
R4F[i, u, tN, S, dr, a, B, A, Al, Au, WNM, wSM, nS, €, sN, wL, wS, wH, cN, R4],
R5F[i, u, TN, S, dr, a, B, A, Al, Au, WNM, wSM, nS, €, sN, wL, wS, wH, cN, R5],
R6F[i, u, tN, S, dr, a, B, A, Al, Au, WNM, wSM, nS, €, sN, wL, wS, wH, cN, R6],
R7F[i, u, TN, S, dr, a, B, A, Al, Au, WNM, wSM, nS, €, sN, wL, wS, wH, cN, R7] },

{i, u, uN, uS, wL, wS, wH, cN, R1, R2, R3, R4, R5, R6, R7}1,
{{zN, 0.1}, O, 1}, {{zS, 0.2}, O, 1}, {{dr, 0.06}, 0.02, 0.14}, {{a, 0.75}, 0.1, 1},
{{B, 0.55}, 0.1, 1}, {{A, 2}, 1, 3}, {{Ai, 50}, 1, 100}, {{Au, 400}, 50, 1000},
{{wNM, 0.85}, 0.0, 2}, {{wSM, 0.0}, 0.0, 2}, {{nS, 3.93}, 1, 5}, {{e, 0.5}, 0, 1}, {{sN, 0.01}, O, 1}
1
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o i ({i >-0.0959242, 1 »0.0718756, uN - 5.10738,
s B uS > -2.05735, wL > 1.21429, wS - 0.192043, wH - 27.933,
- cN > -4.80785, R1 > -0.894213, R2 > 1.00304, R3 - 0.485714,
dr i R4 5 0.34917, R5 - 0.175, R6 - 0.364286, R7 - 0.192043},
" A (i > -0.0366174 + 0.0648614 i, 11 > -0.049796 - 0.0687786 i,
J UN - 2.21533 +2.1994 i, uS > -0.159456 - 0.394424 i ,
B i wL - 1.21429, wS > 0.710234 + 0.151291 i, wH » -8.70087 - 14.42 i,
N - cN - -1.3179-2.87212 i, R1 » -0.0305616 + 0.252151 i,
o R2 > 0.433028 - 0.16642 i, R3 - 0.485714, R4 - 1.29134 + 0.275074 1,
outp43)= Al 0 R5 > 0.175, R6 - 0.364286, R7 - 0.710234 + 0.151291 i},

- {1 > -0.0366174 -0.0648614 i, .t - -0.049796 + 0.0687786 1,
s UJ UN - 2.21533 -2.1994 1, uS » -0.159456 + 0.394424 1,
WwNM wL - 1.21429, wS - 0.710234 - 0.151291 i, wH - -8.70087 +14.42 i,
cN - -1.3179+2.872121, R1 - -0.0305616 - 0.252151 i,
wSM EU R2 - 0.433028 + 0.16642 i, R3 - 0.485714, R4 - 1.29134 -0.275074 1,

()

nS M R5 - 0.175, R6 - 0.364286, R7 - 0.710234 - 0.151291 i},
< {1 - 0.029159, 1 - 0.0851755, uN - 0.0867054, uS - 0.107905,
€ B wL - 1.21429, wS - 0.74828, wH - 2.58111, cN - 1.23328,
R1 - 0.0328475, R2 - 0.391178, R3 - 0.485714,
SX :G R4 - 1.36051, R5 > 0.175, R6 - 0.364286, R7 - 0.74828} }

We also conduct a welfare analyis for North and South. We use the benchmark outcomes for i and u from above. Note that whenever a parameter is changed below,
the benchmark values for i and i also have to be changed using the above manipulate function.
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4= Manipulate [
{ "WELNF" -> WELNF[i, p, TN, S, dr, a, B, A, Ai, Au, wWNM, wSM, S, €, sN],
"WELSF'" -> WELSF[i, u, tN, ¢S, dr, a, B, A, Ai, Au, wWNM, wSM, nS, €, sN13},

{{zN, 0.1}, 0, 1}, {{zS, 0.2}, 0, 1}, {{dr, 0.06}, 0.02, 0.14}, {{a, 0.75}, 0.1, 1},
{{B, 0.55}, 0.1, 1}, {{x, 2}, 1, 3}, {{Ai, 50}, 1, 100}, {{Au, 400}, 50, 1000}, {{wNM, 0.85}, 0.0, 2},
{{wSM, 0.0}, 0.0, 2}, {{nS, 3.93}, 1, 5}, {{e, 0.5}, 0, 1}, {{sN, 0.01}, O, 1},

{{i, 0.029159034928924136"}, 0, 0.2}, {{u, 0.08517549762900549"}, 0, 0.2}

7N

)

7S

()

dr

(.

(.

>
CJd CJ I

out[44]=

Ap

)

{WELNF -» 3.23781, WELSF - -1.3507}

wNM

wSM GD

(.

=
V)
(I

(.

()




North-South Trade, Unemployment and Growth:
What's the Role of Labor Unions?

Mathematica Appendix B: The Competitive Labor
Market Model

1. The Steady-Steady Equations

We first clear the parameters, variables, and functions.

1= Clear [wLCF, wSCF, LABS, LABN, cNF, WELN, WELS,
wLC, wSC, i, u, tN, S, dr, A, Al, Au, nS, €, sN, cN, R1, R2]

We enter the wage and labor market equations from the Appendix and cNF

n2i= WLCF[i_, u_,TtN_, S _,dr_,x ,Ai_,Au ,nS _,e_,wSC_,wLC ] :=

(X-1) nS (i (1+tN) +p)

WLC == 1-e 1 ?
(1+1tS) ()L*u (dr+ (L+e) (P +p)) Al xi e +pe (dr+1) Au)

A-1)nS (i +u (L +1S))

WSCF[i_,u ,tN_, S _,dr_,x ,Ai_,Au ,nS_,e_,wSC_,wLC ] :=

wSC == :
A (1 +1S) (u (dr+ (Lee) (i+u)) «Ai*ie +ue (dr+i)Au)

LABN[i_, u ,tN_,zS_,dr_,x ,Ai_,Au ,nS_,e_,sSN ] :=

1-e 1-e
i(dr+(1+e)*(i+u)*Ai*iT+(dr+i)*Au*uT )
+AT*ie - (1-sN);

(A-1) (T +p)

LABS[i_,u_,TN_, S _,dr_,A_,Ai_,Au ,nS _,e_,sN ] :=

(]L*u* dr+ (L+€) » (i +pu)) *Ai*i%e) + ((dr+i) *Au*u_i) i*Au*u_i

+ -nS;
(A-1) (F+p) i+u

CcNF[i_,u , TN _, S _,dr_,x ,Ai_,Au ,nS ,e ,sN_, wtC ,wSC ,cN_] :=
i*nS* (1+N) )

u*x (1+1tS)
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We enter the expressions that enter the welfare functions with an added “W” to differentiate them from above. Hence, cN
becomes cNW, wL becomes wLW, and wS becomes wSW.

i*nS* (1+tN) i

n7= ¢S =1; cNW =
ux (1+1tS)
WLW=(()L—1)nS(i(1+tN)+u))/

1-e

((l+1:S) ()L*u dr+ (L+€) (i +u)) Al i < +u_i (dr + 1) Au));

WSW = ((A-1) nS(i+u(1+rS)))/

(.7L (1+zS) (u (dr+ (L+€) (i +u)) Al i < +u_i dr+1i) Au));

ixLog[A] u CNW i CcNW
infz0l:= WELN = + Log [ * Log [ ]
dr+0.01 | dr+0.01 i+pu wLW I+u A*WS % (1+zN)
1 1-e
i |Au (dred) pesAi T e (dre (Lee) (i+p)) | (1+N)
| - insS
ilog[2] N ulog| (<10 4 (u+i (LecN)) ] N lLoQ[WS/\u(l-zS)]
0.01+dr i+u i+
Out[10]=
0.01 +dr
ixLog[A] u cSW i cSW
1= WELS = + Log[ ] + * Log[ ]
dr+0.01 { dr+0.01 i+u wLW (1 + ©S) i+u A % WSW
( 1 1-e ( 1 1-e \
CSW | Au (drvi) e +AT T & Ap (dre (Lee) (ivu)) CSW |Au (dirvi) e +AT T € u (dre (Lve) (i) | (1+2S)
ilog[a] H Log[ 7S (-1+2) (u+i (LetN)) } ! Log[ 1S (-1+2) (i+u (1478)) ' }
0.01-dr in * i
out[11]=
0.01 +dr

naz2p= WELNF[I_, p_, TtN_, zS_,dr_, 2_, Ai_,Au_,nS_, e_,sN_] :=

1 1-e
i [Au (dr+i) pe+Ai i e p (dr+(l+e) (i+u))]

1 1-e
i lAu (dr+i) e +Ai i e Au (drs(lse) (i+u))] (L+2N)

ilog[A] uLog (-1+2) p (u+i (1+TN)) ] . ! LOg[ (-1+2) p (i+u (1+TS)) ]

0.017 +dr i+u i+u _
0.01" +dr
WELSF[i_,pu ,tN_,zS_,dr_,x ,Ai_,Au_,nS_, e

5 SN_] I=

1 1-e
1 1-e Au (dr+i) ue+Ai i e u (drs(Lee) (im))] (1+1S)
Au (dr+i) pe+Ai i e Ap (dr+(l+e) (i+u)) _
ilog[a] + K LOQ[ NS (-1+1) (u+i (1+zN)) ] ! LOQ[ NS (-1+1) (ii+u (1+tS)) ]
0.017 +dr i+u i+u B
0.01" +dr ’
We also note the restrictons that should apply in the competitive case
4= RICF[i_, u_, TN _, tS_,dr_, x_, Ai_, Au_,
A * WSC
nS_,e_,sSN_, wtC_,wSC_, cN_,R1_] :=R1 == — -WwLC;
(1+1tS)

R2CF[i_, u ,tN_,tS_,dr_,x ,Ai_,Au ,nS ,e ,sN_, wC_,wSC_, cN_, R2_] :=
R2 == wLC - (1 + tN) % wSC;
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2. Graphical Representation of the Model in (u,t) Space

2.1. We borrow the parameters from the case with wSM>0.

6= Manipulate[ContourPlot[{LABN[i, u, =N, S, dr, A, Ai, Au, nS, €, sN] =0,
LABS[i, u, tN, =S, dr, A, Ai, Au, nS, €, sN] =0},
{u,0.0,0.3}, {i, 0.00, 0.1}, FrameLabel » {"u", "i"}],
{{zN, 0.1}, 0, 1}, {{zS, 0.2}, 0, 1}, {{dr, 0.06}, 0.02, 0.14}, {{a, 0.76}, 0.1, 1},
{{8,0.51}, 0.1, 1}, {{A, 2}, 1, 3}, {{Ai, 75}, 0, 100}, {{Au, 335}, 0, 1000},
{{wNM, 0.55}, 0.0, 2}, {{nS, 3.93}, 1, 5}, {{e, 0.5}, 0, 1}, {{sN, 0.01}, 0, 0.1}]

N D
7S G
o O 0.10 i i
o 0 , ,
0.08 - i
B i , ,
A M f ]
- 0.06 - 4
Ai G . ]
out[16]= = -
gl J 0.04 - 4
WNM ]
nS U 0.02 - 4
¢ J
sN m 000\ v
U 0.00 0.05 0.10 0.15 0.20 0.25 0.30
U
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2.2. We borrow the parameters from the case with wSM=0.

ni17= Manipulate [ContourPlot[{LABN[&, u, TN, S, dr, A, Ai, Au, nS, €, sN] =0,
LABS[i, u, tN, =S, dr, A, Ai, Au, nS, €, sN] =0},

{n,0.0,0.3}, {i,0.00, 0.1}, FrameLabel -» {"'u", "i'"}],

{{zN, 0.1}, 0, 1}, {{zS, 0.2}, 0, 1}, {{dr, 0.06}, 0.02, 0.14},

{{a, 0.75}, 0.1, 1}, {{B, 0.55}, 0.1, 1}, {{x, 2}, 1, 3}, {{A1, 50}, 1, 100},

{{Au, 400}, 50, 1000}, {{wNM, 0.85}, 0.0, 2}, {{wSM, 0.0}, 0.0, 2},
{{nS, 3.93}, 1, 5}, {{e, 0.5}, 0, 1}, {{sN, 0.01}, O, 1}

N

()]

7S

dr

)

(.

a

(.

B

A

Ai

I I I

Out[17]=
Au

()

wNM

()

wSM ‘:D

()

3
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0.02 -

0.00

0.00
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u
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3. Numerical Representation of the Model

3.1. We borrow the parameters from the case with wSM>0.

ngr= Manipulate [NSolve[
{LABN[&, u, =N, S, dr, A, Ail, Au, nS, €, sN],
LABS[i, i, tN, =S, dr, A, Ai, Au, nS, €, sNJ,
wLCF[i, u, tN, =S, dr, A, Al, Au, nS, €, wSC, wLC],
WSCF[i, i, TN, S, dr, A, Ai, Au, nS, €, wSC, wLC],
cNF[i, u, TN, S, dr, A, Al, Au, nS, €, sN, wLC, wSC, cN],
R1CF[i, u, TN, S, dr, A, Ai, Au, nS, €, sN, wLC, wSC, cN, R1],
R2CF[i, u, TN, S, dr, A, Ai, Au, nS, €, sN, wLC, wSC, cN, R2]},
{i, u, wSC, wLC, cN, R1, R2}1],
{{zN, 0.1}, O, 1}, {{cS, 0.2}, 0, 1}, {{dr, 0.06}, 0.02, 0.14},
{{x, 2}, 1, 3}, {{A&, 75}, 1, 100}, {{Au, 335}, 50, 1000},
{{nS, 3.93}, 1, 5}, {{e, 0.5}, 0, 1}, {{sN, 0.01}, 0, 0.1}]

N —] ({i>0.391312, u - -0.125122,
s 0 WSC - 0.580405, wLC - -0.993809,
cN > -11.2666, R1 > 1.96115,
dr ] R2 > -1.63225}, {i - -0.192266,
N A 11> 0.0797922, wSC - 1.00649,
< wLC - 13.503, cN - -8.68052,
Ai i R1 - -11.8255, R2 - 12.3958},
A " (i - 0.00250849, u - -0.00248847,
4 J wSC - -7.70118, wLC - 12.0751,
nS D cN » -3.63148, R1 » -24.9104,
- R2 - 20.5464}, {i - -0.067561,
€ B 1 > -0.135515, wSC - 1.75733,

<N :D wLC - 1.79683, cN -» 1.79603,

R1 - 1.13205, R2 - -0.136231},
{1 - 0.0331701, - 0.0954102,
wSC - 0.702599, wLC -» 1.06877,
cN - 1.25244, R1 - 0.102224,

R2 - 0.295916}, {i » -0.0585817,
1 - 0.0448373, wSC -» 1.14976,
wLC - 4.40869, cN - -4_7068,

R1 > -2.49242, R2 - 3.14395} }
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3.2. We borrow the parameters from the case with wSM=0.

o= Manipulate [NSolve[
{LABN[§, u, =N, TS, dr, A, Ai, Au, 1S, €, sN],
LABS[i, u, tN, =S, dr, A, Ai, Au, nS, €, sNJ,
wWLCF[i, u, =N, S, dr, A, Ai, Au, nS, €, wSC, wLC],
wSCF[i, u, TN, =S, dr, A, Al, Au, nS, €, wSC, wLC],
cNF[T, u, TN, S, dr, A, Ai, Au, nnS, €, sN, wLC, wSC, cN],
R1CF[i, u, TN, S, dr, A, Ai, Au, nS, €, sN, wLC, wSC, cN, R1],
R2CF[i, u, N, S, dr, A, Ai, Au, nS, €, sN, wLC, wSC, cN, R2]},
{i, u, wSC, wLC, cN, R1, R2}1,
{{tN, 0.1}, O, 1}, {{zS, 0.2}, O, 1}, {{dr, 0.06}, 0.02, 0.14},
{{a, 0.75}, 0.1, 1}, {{B, 0.55}, 0.1, 1}, {{x, 2}, 1, 3}, {{Al, 50}, 1, 100},
{{Au, 400}, 50, 1000}, {{wNM, 0.85}, 0.0, 2}, {{wSM, 0.0}, 0.0, 2},
{{nS, 3.93}, 1, 5}, {{e, 0.5}, 0, 1}, {{sN, 0.01}, O, 1}

ol D {{i > -0.334692, . > 0.0878781,
S O wSC - 0.956819, wLC - -14.3664,
cN - -13.7205, R1 - 15.9611,
dr O R2 - -15.4189}, {i - 0.525422,
o M u—--0.112694, wSC - 0.663202,
- wLC - -1.45521, cN - -16.7962,
B G R1 - 2.56054, R2 - -2.18473},
N ~ {i - -0.0557465, 1 - 0.0433509,
o wSC » 3.37816, wLC - 8.64321,
U9 Ai O cN - -4.63259, R1 - -3.01294,
2 R2 - 4.92723}, {i - -0.0745685,
s uJ u - -0.1255, wSC - 1.80626,
WNM D wLC » 2.14752, cN - 2.1405,

R1 - 0.86291, R2 - 0.160635},
wsM GG (i - 0.00204092, 1 - -0.00202059,

. ~ wSC > - 7.06589, wLC - 9.59959,
7 J cN > -3.63875, R1 » - 21.3761,
€ i R2 5 17.3721}, {i - 0.0312937,

© - 0.0918398, wSC - 0.675197,
sN :G wLC - 1.09297, cN - 1.22752,
R1 - 0.032354, R2 - 0.350258} }
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4. Welfare Analysis

4.1. We borrow the parameters from the case with wSM>0.

In[20]:= Manipulate[
{ "WELNF" -> WELNF[i, u, TN, S, dr, A, Al, Au, nS, €, sN],
"WELSF" -> WELSF[&, i, N, S, dr, A, Ai, Au, nS, €, sN1},

{{zN, 0.1}, 0, 1}, {{cS, 0.2}, 0, 1}, {{dr, 0.06}, 0.02, 0.14},

{{2, 2}, 1, 3}, {{AF, 75}, 1, 100}, {{Au, 335}, 50, 1000},

{{nS, 3.93}, 1, 5}, {{e, 0.5}, 0, 1}, {{sN, 0.01}, O, 1},

{{i, 0.03317006510588066"}, 0, 0.2}, {{u, 0.09541017891849637"}, 0, 0.2}

N —of |

7S

()

dr

()

>
(.

Out[20]=

()

{WELNF - 5.59779, WELSF - 0.80078}

()

()

()
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4.1. We borrow the parameters from the case with wSM=0.

nei= Manipulate[
{ "WELNF" -> WELNF[i, u, =N, S, dr, A, Ai, Au, nnS, €, sN],
"WELSF" -> WELSF[&, i, N, S, dr, A, Ai, Au, nS, €, sN1},

{{zN, 0.1}, 0, 1}, {{zS, 0.2}, 0, 1}, {{dr, 0.06}, 0.02, 0.14},

{{a, 0.75}, 0.1, 1}, {{B, 0.55}, 0.1, 1}, {{A, 2}, 1, 3}, {{Ai, 50}, 1, 100},
{{Au, 400}, 50, 1000}, {{wNM, 0.85}, 0.0, 2}, {{wSM, 0.0}, 0.0, 2},

{{nS, 3.93}, 1, 5}, {{e, 0.5}, 0, 1}, {{sN, 0.01}, O, 1},

{{i, 0.031293708531937636"}, 0, 0.2}, {{u, 0.09183977053502725"}, 0, 0.2}

N —]

7S

dr

()

()

(.

out[21]=

CJ CICI

Ap

)

wNM

(.

wSM GD

()

(.

()

{WELNF - 4.9714, WELSF - 0.446217}




