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This documents contains a discussion about empirical evidence supporting some implications of the
model, additional calculations, and proofs that for the sake of brevity have been omitted from the paper
“Endogenous Comparative Advantage”. To make the derivations self-contained some equations have been

duplicated from the main paper.

B Empirical evidence on wage differences

B.1 The relationship between wage differentials and GDP

We have investigated the relationship between the skill premium and wage differences in the data. Given the
large differences in standard of living, it is hardly surprising that the wage differential tends to be larger in
richer countries. However, we find it striking that the relationship is almost one to one. In Figure 1 we plot
GDP against the education wage differential and, for comparison, also the wage ratio (the labels are Alpha-3
ISO country codes). The underlying data, from Hendricks [1], is a collection of Mincerian regressions by
several authors (see references in Hendricks [1]) using micro data from a number of different countries.! We
have used the coefficients of these regressions to compute the predicted wage of an average male worker
with 8 and 12 years of education. All observations are converted to 1989 PPP-adjusted dollars, and we have
only included the 26 studies using wage data between 1987 and 1991. The correlation between the wage
differential and GDP is 0.98, while the correlation between GDP and the wage ratio is -0.4.

Obviously, there may be other reasons for the wage differential to rise with GDP. Differences in total
factor productivity (henceforth TFP) would generate a scatterplot like the one in Figure 1, but such TFP
differences is part of what a theory of development should explain, and there seems to be little consensus
about what could account for differences in measured TFP.2 This paper provides one simple theory for how
measures of TFP can differ, in spite of all countries having access to the same technology.

Note also that because workers look at differences in expected utility, incentives are improved if all wages
are multiplied by the same constant. This is a robust feature of the model, which is true irrespective of the
number of signals and degree of risk aversion. The effects explored in this paper would therefore tend to
strengthen the effect if TFP would rise for some other reason.

To sum up, the existing empirical literature measures the skill premium as a ratio for a good reason:
the neoclassical growth model has implications about ratios and is silent about differences. Our model, on
the other hand, has implications about differences and is silent on ratios. This is not a technical detail, but
comes directly from the economics of the model. An individual compares her expected utility from investing

with the expected utility if not investing, which means that the difference rather than the ratio of expected

1We are grateful to Lutz Hendricks who generously shared his dataset.
2In fact, Prescott [2] argues that the crucial difference between rich and poor countries is total factor productivity.
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Figure 1: Education wage differential and wage ratio against GDP (1989 PPP-Adjusted dollars)

utilities is what is relevant.?4

B.2 The relationship between Export/Domestic sector wage ratios and GDP

Another robust implication of our theory is that, in a rich country, the wage of workers in the export sector
should exceed the wage of workers in the sector where the country is a net importer. The opposite relation
should hold in a poor country.

This implication is also consistent with data. Table 1 summarizes information about how wages in
exporting industries compare to the overall average wages in different countries. We computed the average
wage in the “export sector” as a weighted average of the (average) wage in each industry, weighted by the
industry’s value of exports. The table reports the ratio of the average export sector wage to the average wage.
A comparison of column (2) and (3) reveals that in rich countries exporting industries pay higher wages than
average, while in poor countries, exporting industries pay less than average. This fact is consistent over

time. The ratio of the average in the export sector to the average wage in each country is also a significantly

3This feature is true regardless of the number of available signals.
41t may appear that is critical that the preferences in (15) induce risk-neutrality over money lotteries. However, little change

a l-a
if we instead assume that u (r1,22) = ;' 2,7 , in which case 7771 is the (constant) relative risk aversion of the induced
1 1

preferences over income lotteries. The only difference in terms of the model is that incentives now are proprtional to w; — wl;’
rather than wg — wy. For v = 2, the exact same allocation as in the example in Table 4 is an equilibrium if ¢ is uniform over

[0.0417,0.0481].



Average wage in exporting industries
Average wage in manifacturing

Average of 10 Average of 10

. . Average of Correlation

Year least productive most productive . .

. . all countries with output

countries countries

1) (2 (3) 4 (5)
1980 0.796 1.008 0.940 0.643
1985 0.838 1.076 0.953 0.446
1990 0.895 1.022 0.942 0.257
1995 0.928 1.019 0.954 0.294

Table 1: The wage in exporting industries divided by the average wage: a comparison between rich and poor

countries

correlated with output per employee.

B.2.1 Construction of Table 1

Construction of an “export sector” average wage requires firm-level data which is difficult or impossible to
obtain for many developing countries. We used instead aggregate data from the World Bank Trade and
Production database which reports manufacturing industry data disaggregated at the 3-digit ISIC rev. 2
level (a total of 28 industries) from several countries. For each country and industry ¢ we have the following
variables: Wag;, Lab;, Out;, Exp;, i.e. total Wages paid, Employment, Total Output and Total Exports in
each industry. The computation of the average export sector wage requires a variable we don’t have : Lbx;
(labor employed to produce export goods in industry ). If we had Lbx, the average export sector wage could

be computed as follows (recall that Wag; report total wages paid, not averages)

i Labi
ZiLb.’Ei

by Wag; Lbl‘l
% Lab — 77 (Bla)

To approximate Lbx; we used the value of exports Exzp;, that is we have computed the average wage in each

industry, weighted by the value of the industry’s export.

Wag; .
— X Tahy ETpi

Weyy, = ——"— B2

exp EZE:EPZ ( )
if Lbx;/Exp; is constant across ¢ then there is no distortion in the approximation. The average wage in
manufacturing is similarly computed by weighting the average wage in each industry by the value of the

industry’s total output:

Wag; )
—1 21 Lab; OUtl

B

which is how one would have computed the average wage had we not had employment data but only average

wage in each industry. We computed the ratio @éxp /w* and reported in the table averages of such ratio in



columns (2), (3), and (4), and its correlation with output per employee in column (5). To construct columns
(2) and (3) countries were ranked by the size of manufacturing output per employee. When countries are
ranked using other indicators (Manufacturing Value Added per employee, GDP per capita) similar results
are obtained. Industries with missing values of wages or output were ignored, whereas industries with a
missing value of exports (but reporting output and wages) were treated as having zero exports. Finally, we
ignored countries that have more than 5 industries with value of export greater than the value of output.
These are rare cases of “entrepot” countries that mostly export goods that have not been manufactured
locally such as Hong Kong, Macao and Singapore. The exclusion of such countries does not significantly
affect the reported results. After such exclusion the number of countries for which we could compute an

average export sector wage ranges from 35 (1980) to 52 (1990).

C Derivation of Autarky Equilibria in Section 4.2

Here we provide the details of the equilibrium characterization under autarky in the parametrized version

of the model discussed in Section 4.2.

C.1 Equilibria of Type A

This type of equilibrium has all b workers are allocated to the simple-sector and g workers are allocated to

the high tech sector. The associated outputs are thus

1 = c=mn (C4)

e = s=n(l-n+1—-mn,

and for the goods market clearing conditions to hold with individual demands given in Page 12 in the main
paper it follows that

T o 1

i s b (C5)

so by combining (C4) and (C5) we get that the equilibrium price in this type of equilibrium must satisfy the

expression for the price in the main paper:

a ml-n)+dA-mn

b1 1—o ™ (C6)
and for firms to earn zero profit the wages must be:
wy = 1 (C7)
w D il
= 1 .
! m+ (1 —m)(1—1n)
P(g,m)



Hence all prices and quantities are determined under the assumption that the hypothesized allocation of
workers constitutes an equilibrium. What remains to be checked is that there are no incentives to reallocate
any workers given these prices and wages. For there to be no incentives to reallocate workers with signal g
to sector 2 it must be that
™ a 7l-n+1-mn ™

1 = (C8)
™+ (L=7)(1—mn) /o)y 1 —a ™ m+ (1—m)(1—n)

a m(l-n)+0-m)n
= >lea(rml—m+(1—m >(1—a)(m+(1—m)(1—
e Ty 2 L e+ (L= m)n) = (1) (o (1= m)(1 =)
& a@l-n+A-mn+mm+A-m)(1-n)=az(m+1-7)1-n)
a+n—1

2n—1

p

s 7@2n—-1)<a+n—-len< (which can only hold if & > 1 —17)

Finally, for there to be no incentives to reallocate workers with signal b to sector 1 it must be that

m(1—mn)
R R (el o
P(b,m)
_ o m(l=n)+0-mn m(1—n) _
11—« ™ 7(1—n)+(1—-m)n
— @ :l_in@agz,%
l—-a n

which completes the derivation summarized on page 4.2 in the main text.

C.2 Equilibria of Type B

In this type of equilibrium, a fraction v € (0,1) of g workers are in sector 1 and all b workers and the
remaining g workers are allocated sector 2. In this case firms in sector 2 must be indifferent between which

type of worker to hire, so wy = w, = 1. Firms in sector 1 must make zero profits, that is

i L= 777T+(1_77) (1_77) (ClO)

=1= ~
N (RN o

so the equilibrium price of good 1 is determined from this indifference condition. The associated outputs are
r] = nmw (C11)
g = (=79 r+0-nA-m)+1A-—nr+n{-m),

and by substituting (C11) into (C5) we find that goods market clearing requires that there is some v € (0,1)

such that
b = 7)7r+(1:77:))(1—77) (C12)
_ oo A=y)mr+d-nA-m)+d-mr+nl-m)
-« ynm
I-a)yr+(1=-n)(1-7) = a(@-y)Or+(A-nd-7)+A-n)r+n(l-7)) <
Yor+(A-m(1-m) = aey= “

(nm+ (1 =n) (1 —m))



Since workers with signal g are equally valuable in sector 1 and sector 2 the condition that there are no
incentives to reallocate workers with signal b to sector 1 is automatically satisfied. Hence it only remains to

check that v derived in (C12) is a number on (0,1). Obviously v > 0, so we need to check that

T (nw+(1—n)(1—7r))<1©0‘<(777T+(1_’7)(1_7T)) (C13)

& at+n—l<r(@2n-1) o>

a+n—1
2n—1

For aw < m — 1 this is satisfied for all = € [0, 1], for o > 0 this is never satisfied, while for 1 —n < « < 7 this

at+n—1
2n—1

is a condition that says that for m above a threshold (given by ) the equilibrium is of this type.

C.3 Equilibria of Type C

Now, a fraction 3 of b workers and all g workers are allocated to the high tech sector, and the remaining b

workers are allocated to the simple sector. This implies that the equilibrium wages must be

_ ™
Yo = P i) (C14)

7(1—mn)
M=+ —mm

wy = =1

)

and the second equation nails down the candidate equilibrium price as

m(d—n) +A-mn

b1 = 1 —17) (C15)
The corresponding outputs are
z1 = m+7r(l-n)p (C16)
3 = (r(l=-n)+QA-mn)1-7)

It follows directly from (C14) that w, > 1, so there are no incentives to reallocate workers. The one condition
that remains to be checked is that there exists 8 € (0,1) such that the goods market clears.. Substituting
from (C16) into (C5) and using (C15) we get that this requires that

m(1—n)+ 1 —mn a (rl-n+@A-m)n) d-7p)

e m(1—mn) T 1-a m+m(l—n)p = (C17)
Lo a0=P) ()t —m)B) =a(l—p)(—
Tn ~ T-anrd-np o)+ {1 =n)ph)=a e
B(l—m) = a(l—n)—(l—a)nﬁﬁz(f:g

Hence, this type of equilibrium exists if and only if a > 7.



D Derivation of Benefits from Investment Under Autarky for the

Model in Section 4.3

Here we provide the derivations of the expression (20) in the main document.

In terms of p1,w, and wy the gross incentives to invest are (expression (18) in main text)

E (v (w, p) inv) — E (v (w,p) | don’t inv) = (2n — 1(])9(113’5 —w) a®(1— )= (D1)

and since we can solve for p;,w, and w; in terms of = and the parameters of the model we can derive a

closed form expression for the gross benefits of investment as a function of .

D.1 When a <19

If o < i we showed that equilibria must be of type A or type B. When 7 > “;7 ’7_711 we then showed that the

equilibrium must be of type B, implying that w, = w, = 1, so the benefits to invest are zero in this case.

Hence
a+n—1

B(m) =0 for all m > -1

(D2)

[0

Hence, it remains to derive B (7) for 7 < ;%:11 in which case the equilibrium is of type A and w, and wy

are given by the expressions in (C7) and p; by (C6). From (C7) we have that

) _a m(l-n)+@0-mn ™™ B
p17r77+(1—7r)(1—7])_1_1—a ™ mm+ (1—7)(1—n) 1 (D3)
a 7(l—-n)+1-mn
l—am+(1-m)(1-mn)

I a@l-n)+0-mn)—1A-a)(m+1-7)1-n)

Wg — Wp

l1-a ™+ (1 —m)(1—n)
_ 1 a@d=m+0-—mnt+m+1-m)1=n)) = (mn+1-m)(1—=n)
1-« m+(1—m)(1—n)

1 a—(m+0-m1-n))
l—a m+(1-m)(1-n)

i - (1;a>a<w<1—n>T<1—w>n)a’ (D4)

so substituting into (D1) we get
o (1=a) o (a0 .
= -0 (30) (srminm) (e ity e - fos
) 0 * (o= (mp+(1—m(1—n)
2 1)(7T(1—77)+(1—7T)77>< ™+ (1 —m)(1—n) )

so combing (D5) with (D2) (and observing that the right hand side of (D5) is negative if = > “2';77__11) we get

and from (C6) we have that

(20) in the main text.



D.2 When a >

In this case the equilibrium is of type C and from (C14) we get that

o = A=+ (A —my ™™ B
Yo ) s e R (09
_ ml=nm+00-mn U .
1—n m+ (1 =m)(1 —n)

m+n—2mn n
l—(m+n—2mm)1—n

b

and (C15) implies that

1 m(1—n) )a

— = . D7

7~ (i 7
Substituting (D6) and (D7) into (D1) we obtain

- - 7 (1—1n) & T+ n— 21 T 1) a1 —a)l-@
B(m) =(2n 1)(W(1_n)+(1_ﬁ)n) (1—(7T+?7—27TTI)1—77 1) (1=e)

E Derivation of Trade Equilibria in Section 4.5

In this section we derive the equilibrium characterization and the ranges for different forms of equilibria for

the model with international trade.

E.1 Conditions that must hold in any equilibrium.

For the same reason as under autarky, market clearing and optimality on the behalf of consumers imply that
(recall that o = 1/2)
T2

_ 2 E1l
b1 o ( )

In addition, there will always be some workers producing the low tech good, so we know immediately that

gL = 1 in any equilibrium since we have labeled the countries so that the workers that have the lowest

probability of being productive in the high tech sector are the workers with bad signals in country h.

E.2 Equilibria of type A!

In both countries g workers are employed in sector 1 and b workers in sector 2 (“according to signals” in

both countries). For this to be an equilibrium we have that

w,{ = wg‘zl (E2)

wf = mrf - ot
g p777Tf—|- 1—n T

2

3
o 2/ oxh
Yo = 777T / _3/_p11+7rh



and outputs are given by

T = %(ﬂf +7") (E3)
Ty = %ﬂf+§(1f7rf)+éﬁh+§(lf7rh)
_ 2—nl +2—nh (B4)
3
so to satisfy (E1) p; must solve
O k. (E5)

2(mwl + 7h)
Since 7 < 7/ by labeling of the countries the two relevant conditions to check are that there are no incentives
to use workers with signal b in the high tech sector in country f and that there are no incentives to use

workers with signal ¢ in the low tech sector in country h. The first of these restrictions implies that

f
T
2y 1 (E6)
and the second implies that
27l (4 —af - 7rh) orh
Py = A o (E7)
(4—7Tf—7Th) 7t > (7Tf+7Th) (1+7Th) =
7Th(4—7T (1—|—7T )) = Wh(3—27rh)27rf(1+27rh)<:>
h h
f s (3 — 27 )
TS iz

Finally, to see that (E6) is redundant we note that 7f > 7 implies that

_ 4—7rf—71'h<4—27rf_2—7rf:> (ES)
o= 2(nf +rmh) = 4xf 2nf
nf 2 —nf nf 1

< = —
2—nf = onf 2 —nf 2

2 <1,

o (E6) is implies by the other equilibrium conditions.

E.3 Equilibria of type B!

Now, a fraction 7 of g workers in country h and all g workers in country f are employed in sector 1 and a
fraction 1 — 7 of g workers and all b workers in country h and all b workers in country f are employed in

sector 2 (“mixing the good” in h and “according to signals” in f). Such an equilibrium must satisfy

wl{ = wr=1 (E9)

wf = nrt _ 2t
g p777'l'f—|- 1— TP

27l
1 = h = — —
Yo T Py + / / Pt

10



and the associated outputs are

2 2 2 (nf + ymh
HATIES gwf +’Y§7rh = 7( 3 ) (E10)
1 2 1 2 2 1
Ty = gﬁf—&—g(l—ﬂf)+§7rh+§(1—77h)+(1—7) (37rh+3(1—7rh))
bad signals in f bad signals in h good signals in h
2—ml+2—mh+ (1 7)1+ 7"

3
Hence, to also satisfy market clearing (E1) v € [0, 1] must satisfy

1+nh 27l 2 -mh 4+ (1—-y) (1 +7h
27h x1 2(nd 4 rh)

L+ Al ") = d"2-rl+2-a"+(1-y)(1+7") &

(1 +7") + v (7" (1 + 7)) ™ (5 —7f) — 47" (1 + ")

v+ = G -xl) - (1+7") 7l =51 — 1+ 27" 7 &
B srh — mf (1 + 27rh)
7T 2(1 + nh)rch

In order for v < 1 it must be that

5 — xf (1 + 27rh)

h f h hy,_h
5+ 7yt < lebm—a/(1+2r") <21+ 7")1" & (E12)
(127" > 5t — 201 +7M)rh = 73 - 277)
hia _o_h
S (3 —27")
(1+ 27h)

In order for v > 0 it must be that xf < 1_‘7’_’5:,1, but this condition turns out to be redundant. The final

condition for equilibrium is that there are no incentives to use workers with bad signals in f in the high tech

sector, which implies that

f 1+ah xf 2—nf 2orh
7r ™ 7 T m
= <les — —————>1 E13
Py T 27h 2 —qmf — o (1+xh) (E13)
——
P(bmf)
but this is just reversing the inequality in (E19), so this holds whenever 7f < % and since
5l 4t
U >0 (E14)

1+27h 1437k
we conclude that the condition for v > 0 is automatically satisfied whenever there are no incentives to use bad

7rh(3—27rh) Sﬂ_f < 47l

signals in the high tech sector in f, so the relevant range for this equilibrium is when AT < Thgam

E.4 Equilibria of type C!

In this case, all workers in country h are employed in sector 2, all g workers and a fraction (8 of b workers in

country f are employed in sector 1.

11



Let wg and wf] denote the wages for high and low signal workers in country j = h, f. Given that all workers

are in sector 1 in country A and that all workers are in sector 2 in country f it must be that

= wh=1 (E15)

!
n7rf+ 1—n 77— pll—l-wf

l=wf = p (L= 7) =p
b 1= )7Tf+771—7rf Yo nf

These are simply zero profit conditions conditional on the hypothetical allocation of workers. Since all

g
L, Q>
|

workers in h and a fraction (1 — ) of the 17/ + 2(1 — 7/) workers in f with bad signals are in the low tech

sector, so the output in that sector is

1 2 1-p8)2—-n'
w14 (-0 (Lnf 4 2a ) 214 U202 (E16)
3 3 3
The output in the high tech sector is
2 2+ B)rf
= mf +ﬁ % (E17)

The price is now already determined by the last condition in (E15) and given this price, the consumers
must rationally be willing to consume the quantities in (E16) and (E17), which by use of (E1) implies that

B €10, 1] must satisfy

_ ot
2—nf 14 U0BCT) 3 (1 g)(2—xf)

po= o m = PENGES < (E18)
2-7)@2+8) = B+a-pE-7)) e
- (2+8-1-8) = 3e2-7)(1+28) =3¢«
262-nf) = 3-(2-7)=14+7" &
1+7f
S Te )

Since 2(1;’:;) is always positive, strictly increasing and equal to 1 when 7/ = 1 we conclude that there is
always some 3 € [0, 1] such that the conditions in (E15) and (E1) are satisfied. The only condition that
remains to be checked is that there are no incentives to employ workers with good signals in h to the complex

task, that is that

orh 2—gf  2nh ;
- - = - - =T <w=1s E19
p127rh—|—(1—7rh) wf (1+7rh)_wg (E19)
N——
P(g,7h)
4rh
2o < (147" &
( 7r)7r _7r(+7r) T30k = ,

which is satisfied in the region marked A! in Figure 6).

12



F Stability Analysis in section 4.5

We show here that 0G(B7(r))/0n? > 1 is a sufficient condition for instability. Consider the Jacobian of the

difference equation system evaluated at the autarky equilibrium = = (74, 74):

&' (B (x)) X5 ¢ (B (m) 252

onf

= O n=amn) | (F20)
2} 71' 0 71'
@(Bm) M| e B A

At the autarky equilibrium both the “cross derivatives” and the “own derivatives” are identical, so (dropping

the common factor G’ (B (w)) the characteristic polynomial can be written as:

2 an 2
L) (e -
n=(mA,mA) o m=(7A,m4)

. 2 . 2
n d(BY(m)) _ [ a(B/(m)
=(rA,m4) m=(nA,mA) omh m=(nA,mA)

onf
=+ M (F22)

m=(mA,7A) om

( (B (m))

onf

with roots:
NRLUE)
L2 = onf

r=(mA,wA)

The system is unstable if at least one of the roots is greater than one, therefore a sufficient condition is that

the own derivative is greater than one.
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