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A Appendix: Theoretical Results

A1 Preliminary

To establish Lemma 1, we make use of the two following results.

Theorem 1 (Nonsubstitution Theorem). Suppose that f, satisfies the reqularity conditions im-
posed in Section 2.1 for all n € N'. Then there exists a unique strictly positive solution p(p*,wr) =
{Pn(p*,wr)} to the fixed point problem,

pn=cn(p,p*,wr) forallneN. (A.1)

Proof. We follow the same general strategy asin Acemoglu and Azar (2020) and use Tarski’s
tixed point theorem to establish existence and uniqueness of a strictly positive solution to
(A.1).

Existence: Our economy is productive in the sense that there exists {1,,,m,,m;; } such that
fu(ly,my,m) > Y cxrmpy foralln e N. Let 1 =1,/ fu(Iy,my,m), mit = my, / frn(Ly,my,ms),
and miy* =m;, / fu(l,,mu,m};) denote the associated vectors of input demand. Consider the
hypothetical Leontief economy with unit requirements given by [}, m};, and m};* foralln €
N Since that economy is productive, Corollary 1 p. 297 in Gale (1960) implies the existence
of B = (I — M*)~! with M* = {m!,}. We can therefore construct p = B*{wr-I*+p* - m;*}
that satisfies

pn=wr-li+p*-mt+p-my, forallneN.

Since f,(0,m,,0) = 0, note that p, > 0. By definition of ¢, (p, p*, wr), note also that
cn(p,p*,wr) < Pn. So for any B > 1, we must have ¢, (Bp,p*, wr) < cu(BP,Bp*,Bwr) < Bpn,
where the first inequality uses ¢, (+,-,-) increasing and the second ¢, (-,-,-) homogeneous
of degree one. Since f, is continuous and satisfies f,(0,m,,0) = 0, there must also exist
& < 1such that foralla <& and n € N, ¢, (ap,p*,wr) > ap. Now consider the non-empty
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complete lattice O =[1,,c r[&Pn,BPn], witha <& and p > 1. Since c(-,p*,wr) is an increasing
function that maps O onto itself, Tarski’s fixed point theorem implies the existence of a
strictly positive solution to (A.1).

Uniqueness: Suppose, by contradiction, that there are two strictly positive solutions
p # p' to (A.1). Take a < & small enough and B > 1 large enough such that p,p’ € O. From
Tarski’s fixed point theorem, we know that the set of solutions to (A.1) that belong to O
forms a complete lattice. Thus it admits a smallest element, p < min{p,p’} and a largest
element p > max{p,p'} > p. Take v € (0,1) such that vp <p with at least one good 7 such
thatvp, = P, Then, we ha\_fe B

en(pop” wr)—p, Zen (VPP W0T) —VPn

=lea(vp,p*wr) —cn(vpvp* vwr)]+ven (p,p*wr) —vpn >0,

where the first inequality uses ¢, (-,p*,wr) increasing, the next equality uses ¢, (-,-,-) homo-
geneous of degree one, and the final inequality uses ¢, (vp,p*,wr) — cu(vp,vp*,vwr) >0,
since f,,(0,m,,0) =0 for all n € N. This contradicts p being a solution to (A.1). O

Lemma 2. Suppose that the allocation ({41 }iez, {Yn,T, In,T, Mn, T, M}, 7 }nenr) and the prices
(pr,wr) form a competitive equilibrium at Home. Then under the assumptions of Section 2.1,
the same allocation and the prices (p(p*,wr),wT) also form a competitive equilibrium, with p(p*,wr) =

{Pn(p*,wr)} the unique strictly positive solution to the fixed-point problem, p, = c,,(p,p* ,wr) forall n €
N.

Proof. Start from the competitive equilibrium ({qi,T}ieI,{yn,T,ln,T,mn,T,m,’;,T}ne NPT, WT).
The profit-maximization condition (4) requires

Pu1 <Cn(pr,p”*,wr) with equality for all n such thaty, r >0. (A.2)

Let AV denote the set of inactive firms n € A such that y,,  =0. We proceed in 4 steps.
Step 1: p, 7 < pn(p*,wr) for all n € N, with equality for all n ¢ Nj.
Consider the sequence (p*)ien, defined by p° = pr and p&+! = h,(p*), with hy, (p¥) =

cn( pk, p*,wr) for all n € N. Since cost functions are increasing, h, is increasing, so that
pk > pk=Timplies p*1 > p*. By A.2, p! > pP. It follows that (p¥) e is increasing.

Now take B large enough so that pg < fp, with p defined as in the proof of Theorem 1. If
p* < Bp, then p*1 =, (p*) < hy(Bp) < Ben(p,p*,wr) < Bp. It follows that there exists f so
that (p*)ren is bounded from above by Bp.
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Since (p*)ren is increasing and bounded, it must converge to p*; and since h,, is contin-
uous, py = h,(p™) for all n € N. By Theorem 1, we therefore have p$® = p,(p*,wr). Since
(PF)ren is increasing, we conclude that p,, 7 = p) < p¥ = fin (p* ,wr) foralln € NV,

To show that p,, = pn(p*,wr) for all n ¢ Ny, we proceed again by iteration. By defini-
tion, we have p? = pr. We want to show that if pk = p,,  for some n ¢ A, then p5t1 =p, 7.
Note that p&™t = h, ({ps,1 }reni AP Freny) = ha(pr), since (pF)ien is increasing. Note also
that p&™ = h, ({pr1}reni, {PE}ren;,) < hu(pr), since using unit input demands from the

original trade equilibrium is still feasible. It follows that p,, 7 = p, (p*,wr) for all n ¢ Nj.
Step 2: g; 7 solves (1) for all i € T under the new price p(p*,wr).

By the good market clearing condition (3), g,,; 7 = 0 for all n € Ny. By Step 1, p,7 =
pn(p*,wr) for all n ¢ Np. So g; 7 satisfies the budget constraint for all i € Z under the new
price p(p*,wr). Now suppose, by contradiction, that there exists i € Z such that g; T does not
solve (1) under the new price p(p*,wr). Take g; that solves (1). It therefore satisfies u;(q;) >
ui(qi7). By Step 1, pp,r < pn(p*,wr) for alln € N. So g; also satisfies individual i’s budget

constraint under the original price pr. This contradicts g; r solving (1) under this price.
Step 3: (Y, T.ln,1.,Mu,T,m;, 1) Solves (2) for all n € N under the new price p(p* wr).

First consider firms n € Njy. Under the new price p(p*,wr), prices are equal to unit
costs, so Y, =1, T =m, 1= mj;,T = 0 is still trivially an equilibrium. Next consider firms
ngNo. Letl,r=1,1/ynr, My1=my1/YsT,and ﬁzj;’T = m:;’T /yn T denote their unit input
demand. Since prices are equal to unit costs, (qn,T,ln,T,mn,T,m:;/T) solves (2) under the new
price p(p*,wr) if and only if (I, 7,77, 1,17}, 1) solves the cost minimization problem of firm
n under p(p*,wr). Suppose, by contradiction, that it does not. Let (I}, 17,,7};) denote a

solution to that problem. It satisfies

wr-ly+p* 1w+ pr-my <wr-Li+p*-my+pp* wr) -m;,

<wr-lyr+p* iy, p+p(p* wr)-my o <wp-Lyr+p* 1wy, p+pr-my 1,

where the first inequality derives from Step 1 and the final inequality derives from Step 1
and the fact that My, =0 for all r € Ny by the good market clearing condition (3). This con-

tradicts (I, 7,7, 1,17, 1) solving the cost minimization problem of firm n under the original

price pr.
Step 4: ({4: 1 }Yiez AYn,1/ln,1.m0,7M), 1 Ynen, P(P” wr),WwT) is a competitive equilibrium.

Since ({qi 1 }iez, {Yn,T/1n,1,Mn, 1,1, 7 tnen) is an equilibrium allocation under the origi-

nal price pr, it satisfies the market clearing conditions (3) and (4). Using Steps 2 and 3, we
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therefore conclude that ({q; 1 }icz,{Yn, 1.0, 1.Mn,1,m), 1 }nen , P(p*,wr),wr) is a competitive
equilibrium. O

A.2 Proofof Lemmal

Proof. Suppose that wr > 0 is an equilibrium vector of factor prices. By Lemma 2, there
must exist {g; 1 }iez and {yn,1,1n,T,Mn,1,m;, 7 tnen such that (i) g; 7 solves (1) for all i € T if

p=p(p*,wr); (ii) (Yn,1.ln, 7m0,/ m5 1) S0lves (2) foralln € N if p=p(p*wr); (iii) the good
market clearing condition (3) holds; and (iv) the factor market clearing condition (4) holds.

Condition (i) implies

quT—de P ;0T wT) forallneN.
i€l i€l

Using D(p,w) ={Yiczpndin(p,w)}, this can be rearranged in nominal terms as

Y Pn(p*wr)qui T =Dn(p(p*wr) wr). (A.3)
i€l

Condition (ii) implies

Y lrwr= Y L(P(p*wr),p" 07 Yn,1,

neN neN

*
Y =Y mm(p(p*wr),p* wr)Yn,T-
reN reN

Using xs,(p,p™,w) =wlpn(p,p*,w) / en(p,p”,w0), X (p,p* ) = primen(p,p*,w) / cn(p,p*,w),
and p(p*,wr)=c(p(p*,wr),p*,wr), we also have, in nominal terms,

Y wirliyr= fon p(p*wr),p*wr)pn(p*,0r)Yn,T, (A.4)
neN
Z pr P wT Myn, T = Zxrn P T) P /wT)ﬁn(p*/wT)yn,T- (A.5)
reN reN

Combining condition (iii) with (A.3) and (A.5), and using E = {f,(p*,wr)e, }, further im-
plies

pu(p"wr)yn =Y Xur (B(p*207),p" 0T) pr(P* 1) Yr, 7+ Du(P(p*wr),wr) + En, foralln € N.
reN
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In matrix notation, the value of the vector of gross output that solves the previous system is

{Pn(p*wr)yn1}=B(p(p*,wr)wr)(D(F(p* wr)wr)+E), (A.6)

where B(p,p*,wr) = Y52 oM (p,p*,wr) is the Leontief inverse associated with the input-
output matrix M(p, p*,wr) = {xm(p(p*, wr),p*,wr)}, whose existence follows from the
economy being productive (Corollary 1 p. 297 in Gale, 1960). Using (A.6) to substitute for

the value of gross output in (A.4), we obtain

Y. lnr=L(p*wr)+L}, (A7)
neN

where domestic factor demand and the factor content of exports are given by

*

{weLe(p*w)}=A(p(p*w),p"w)B(p(p*,w),p*w)D(F(p*w)w),

{wrrLit=A(p(p*,wr),p*wr)B(p(p* wr)p*wr)E,

with A(p, p*,w) = {xs,(p, p*,w)} the matrix of unit factor requirements. Equation (7)
follows from (A.7) and the factor market clearing condition (4). O

A.3 Proof of Proposition 1

Proof. For any value of p* ={p;;} >0and REE={(1—-L}/Lo)/(1— L}‘;/if)}, consider the
vector of domestic factor prices w = {wy} > 0 that solves

Under the assumption InRD is continuously differentiable with respect to (p*,w) and that
the matrix dInRD/dlnw = {dInRDy/dInw, } is invertible for all (p*,w), the Implicit Func-
tion Theorem implies the existence of a unique function @(REE,p*) such that

RD¢(w(REE,p*),p")=RSs/REE( forall f #0.

Moreover, dIn®@/JInREE = {dln@f/dInREE, } and dln@ /dlnp* = {dInw/dlnp;; } satisfy

olnw olnRD,_,4
dInREE = dlnw I (A.8)
dn@w  dInRD. ,dInRD (A.9)

dlnp* = dlnw ] dlnp* ’
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where dInRD/dInp* = {dInRD¢/dInp; }. Let u = {InREEs} and v = {Inp};}. Integrating
equations (A.8) and (A.9) between autarky (1 =0,0 =00) and trade (u =InREE,v =Inp*),
we obtain

I — Inw __/(u—lnREE,v—lnp*) alnRD]_1 [alnRD] 1E)lnRD o)
! A (u=0,0=00) dlnw Jdlnw dlnp* )

This can be rearranged as (AInw) 44, = (AINW ) exports + (AINW ) jyypores With

(u=InREE,o=Inp*) 3lnRD 1

(Aan)expOrtS - _/(MZO,UZIHP*) alnw ] dvl
(u=00=Inp") 9InRD,_;.dInRD

(Alnw)imports - _/(u—O,ZJ—OO) dlnw ] [ alnp* ]du

A4 Proof of Proposition 2

Proof. By definition, p(p*,w) is the unique solution to the zero-profit conditions
pn=cu(p,p*w)forallneN.
Using equation (20), this can be rearranged as

reN reN

with @, (w) = (Lre r0nw f 7 = denoting the CES price index associated with domestic
factor prices. In matrix notation, the previous system can be expressed as

{Inp, } = M'{Inp, } +{Ing, + BuInw, (w) + Y (1—PB4)(1—Oy)6;,Inp;},
reN*
where M’ is the transpose of the input-output matrix M = {(1 — B,,)®,6,, }. The unique

solution is such that

{Inp,} = (I- M) {Ing,, + BIn, (w) + Zj\:[*(l —Bn)(1—0n)6;,Inp; }

= B/{1n¢’n+,3nlnwn(w) + 2 (1=Bu)(1-0,)0;,Inp; },
reN*
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where B= {by, } is the Leontief inverse associated with M. We therefore have

Pu(p”,w) =exp{ ZNbrn Ingy + BrInar (w) + ;f (1=p+)(1-0,)6},Inp[]}. (A.10)
re leN*

Starting from the definition of domestic factor demand in equation (5) and combining
(A.10) with the vector of domestic expenditure associated with (13), the matrix of factor
shares, A(p,p*,w), associated with (17), and the Leontief inverse associated with (18), we
obtain the desired result. O

A.5 Proof of Proposition 3

Proof. In Proposition 2, we have established that

« N [ Wf T meNOmZm(p*w)
RDf(p )= (wo) YmeNOomZm(p*w)

with Z,,, (p*,w) a function of {@, (w),B(p*,w),pn(p*,w)},

Zm(p*w)= Z D‘k@rCﬁmbmerfl (w)p;:_l (p*w)py 7 (p* w).
keK,reN;

Differentiating the two previous expressions with respect to p;, we get

dlnRD dlnZ
f . . m
S —mg,v(rfm o) s (A11)
dlnZ olnp, dlnD
ooy zmr(1—0)<alnpi -5 ﬁ) (A.12)
Pn kekren Pn npy

with the shares 7, and zy, given by

- _ Hfmzm . Xfm (Zke/C,rENkmeDi’)
fm YneNOmZn ZneNxfn(EkeK,reNkbnrDr)’
bmrpg_lp,l’_‘f&kgrc bmrDr

Zmr

Zkelc,re/\/’kbmnpka_lP111_U“k9nc Zkelc,rej\/’kbmnDn.

60



We know that

Be(p ) =( Y Oucph “ (p*0)) e,

nENk

Pn(p*w) =exp{ Z byn [Ingy + BInt, (w

reN

leN™

Differentiating the two previous expressions with respect to p;, we get

alnPk
olnp;,

olnp,
olnw;;

olnpy,
"k npr

:Zd

mGNk

=Y xpubur

meN

Proposition 3 directly follows from equations (A.11), (A.12), (A.13), and (A.14).

A.6 Proof of Proposition 4

Proof. The same algebra as in the proof of Proposition 3 now implies

JInRD dlnZ,,
olnw, =gyt Z Tfm= rom)alnw
onZ, 1) xgm
8lnwg Zfe]:Xfm

olnp olnP,
> Zmr(1_0)<alnpr _aln k),
kek,reN; Nwe Nwe
aswell as

olnb, olnp,

dnwg Evkd”‘ dlnw,’

onp,

dlnw, _neszg”b"r'

Proposition 4 directly follows from equations (A.15), (A.16), , and (A.18).
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A.7 Derivation of Equation (28)

We omit time subscripts for notational convenience. As established in the proof of Propo-

sition 2, domestic good prices satisfy

pn=exp{ )_ brp[Ing,+ B, Inw,(w)+ Y (1—B,)(1—06;)6}Inp[]}, (A.19)
reN leN*

where @, (w) = (Lse 705w f )1 1 is the CES price index associated with domestic factor

prices. For an arbitrary factor f, equation (17) implies
. 1
In@, (w) =Inw s+ —— = lnx At - ——Inby,,

with le?r =X,/ Y ge rXgr- Averaging the previous expression across factors and using firm

1’s factor cost shares as weights, we get
In®@, (w) =Inw? +&,, (A.20)

with Inw? = Efefxfr (Inw ¢+ —lnxfr) and §,=1—; Zfe]_‘x Inf .. Substituting for the log
of the CES factor price index in equation (A.19) and using x}. = (1— ;) (1—0,)0; implies

Inp, = Z by ‘BrlnquL Z xpInp; | +pn,
reN leN*

with 0, =Y, c Al (& + 10y ).
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B Appendix: Data Construction

In this appendix we provide further details about the data construction described in Section

4.1, as well as additional descriptive statistics not reported in the main text.

B.1 Firm-level Data

This section describes our methodology for constructing firm-level variables (available
from 2009 to 2015). Our sample of firms AV includes the full sample of firm IDs constructed
from groups of tax IDs in the data that share the same ownership structure (in a particular
sense described below). This set also considers a residual firm that we construct to create
the accounting identities in our model. We consider the tax IDs that either file income tax
forms or are named as the seller in the itemized VAT purchase annexes filed by entities
filing income tax forms. All incorporated firms, state-owned firms and certain branches of
government file a detailed tax form (F101) and are required to submit monthly purchase
annexes independent of their revenues and/or costs. Unincorporated firms (largely self-
employed individuals) instead file a simplified tax form (F102) if their annual revenue ex-
ceeds a standardized deduction amount (which was approximately $10,000 in our sample
period). They are obligated to keep accounting records and file monthly purchase annexes
if they have yearly revenues greater than $100,000, or yearly costs and expenses greater
than $80,000, or begin economic activities with a capital of at least $60,000.%°  All other
self-employed individuals (the vast majority) do not file purchase annexes.

B.1.1 Transaction Data

We use the information in the purchase annex to measure transactions between tax IDs. For
each transaction, the data contains information on the tax ID of the buyer, the tax ID of the
seller, the amount of the transaction, the VAT paid, whether the transaction was subject to
a tax rate of 12% or 0%, and the transaction’s date. This amount of detail allows us to, after
dropping negative valued transactions, enforce the transaction value to be consistent with
the VAT paid when this is positive. In each year, we compute the total value of annual trans-
actions between tax ID pairs based on the registered date.®’ We only consider transactions

that are not subject to future amendments, and have different tax IDs for buyer and seller.5?

60Many firms that fall below these thresholds do voluntarily file purchase annexes, but for such smaller
firms (whose aggregate presence in the economy is limited, by nature) the records on intermediate purchases
may be incomplete.

®IWhen this is missing we use the purchase date. When both are missing we drop the transaction.

62We also manually exclude 38 transactions that appear to reflect data entry errors because they are above
1billion dollars and are more than three times larger than the total cost reported in the buyer’s tax form.
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We implement three adjustments to the transaction data in order to minimize reporting
errors. First, we drop monthly transactions whose values are more than 10% higher than
the buyer’s total annual cost as reported in its tax form. Second, we drop all transactions
associated with tax IDs that do not file a tax form but do file a purchase annex. Third, we
assume that sellers who appear in the purchase annex of other firms but who do not have
a tax filing themselves must have an annual revenue below the minimum filing thresh-
old; we therefore exclude all transactions associated with non-tax filing sellers whose total
transaction sales are above a threshold (which we set at $20,000 to be conservative).

Table B.1 reports the number and value of the transactions dropped in each of these
three steps (after excluding the 38 transactions above one billion dollars). These steps re-
tain approximately 85-90% of the (buyer-seller-year aggregated) transactions in each year,

which corresponds to around 75% of the total transaction value in the original sample.

Table B.1: Summary Statistics, Transactions Data

2009 2010 2011 2012 2013 2014 2015

Initial number of transactions 8,677,431 9,364,802 8,613,543 11,522,840 13,079,139 14,054,238 13,637,666

Share deleted:
due to criterion 1 0.032 0.023 0.018 0.038 0.030 0.029 0.034
in addition, due to criterion2  0.100 0.101 0.123 0.084 0.077 0.074 0.106
in addition, due to criterion 3 0.009 0.008 0.030 0.006 0.008 0.008 0.014
Share deleted due to 1,2 or 3 0.140 0.132 0.171 0.129 0.115 0.110 0.154
as share of total value 0.229 0.229 0.302 0.282 0.263 0.251 0.255
Valid transactions 7,458,601 8,130,942 7,138,729 10,037,436 11,577,381 12,505,186 11,531,092

Notes: The reported number of transactions is that obtained after first summing up all transactions that
occurred within each buyer-seller pair (separately by year).

B.1.2 Grouping Tax IDs Into Firms

We start by grouping corporate tax IDs into firms based on their ownership structure. This
draws on a unique ownership annex that every incorporated firm must file, which reports
the personal and corporate tax IDs of each owner of the filing tax ID, as well as their corre-

sponding ownership shares of each owner.®> We merge a tax ID into a parent tax ID when-

63This dataset is available to us from 2011-2015 so we use firms’ 2011 ownership information in 2009 and
2010. In the first four years of our sample, firms were required to report the identity of their owners at the
time of incorporation, with the Ecuadorian tax authority responsible for periodically updating potential
changes in ownership structure; starting in 2015, the final year of our sample, firms were further required
to report any changes in ownership in their annual filings. For unincorporated firms, the firm’s tax ID
corresponds to the personal tax ID of the owner.
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ever the parent tax ID owns more than 50% of the tax ID’s shares. For each firm group, we
compute all financial variables by summing the values of the same variable across all tax
IDs in the firm group. We assume that the firm’s ownership structure, as well as the firm’s
sector and location, is given by that of the highest-level holding firm.

Over the entire period, there are 13,030 corporate tax IDs in firm groups with multiple
tax IDs, which amounts to 0.31% of the total number of corporate tax IDs in our data. Table
B.2 shows that, in each year, more than 50% of the firm groups have only two tax IDs. This
procedure yields a dataset with 4,201,841 unique firm IDs (the vast majority of which re-
flect self-employment, as we discuss below) that are active at least once between 2009 and

2015, which is 7,408 fewer than before the grouping process.

Table B.2: Summary Statistics, Corporate Tax ID Grouping

2009 2010 2011 2012 2013 2014 2015
Grouping sample
Group size distribution
50" percentile 2 2 2 2 2 2 2
75! percentile 3 3 3 3 3 3 3
90" percentile 5 5 5 5 5 5 5
Unique corporate tax IDs 8,115 8,115 8,115 5,214 5,431 5,715 5,894
Unique firm IDs 2,785 2,785 2,785 2,458 2,597 2,739 2,837
Full sample
Unique corporate tax IDs 1,193,068 1,294,694 1,253,722 1,608,082 1,703,797 1,717,356 1,759,809
Unique firm IDs 1,187,738 1,289,364 1,248,392 1,605,326 1,700,963 1,714,380 1,756,752
Difference 5,330 5,330 5,330 2,756 2,834 2,976 3,057

Notes: The “grouping sample” comprises the sample of corporate tax IDs that are part of a firm ID group of
at least size 2. The “full sample” contains all corporate tax IDs and firm IDs in our final dataset.

B.1.3 Construction of Firm-level Variables

We now describe our procedure to create the revenue and cost variables of each firm in a
given year. Our goal is to combine the information in the tax forms and purchase annexes
in order to create revenue and cost variables that are consistent with our theory. Specifi-
cally, we assume that a firm’s revenue R;, is the sum of its exports E,, its final sales D,,, and

its intermediate sales to other domestic firms ;¢ o 20 Mnm:

Rn:En+Dn+ Z Mnm+MnR/ (B-l)
meN ,m#n,R
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where M, r are sales to a consolidated residual firm that we use to account for inconsisten-
cies in the data.

We construct the firm’s cost items in such a way as to equalize revenues and (full factor)
costs. The firm’s total cost is the sum of the firm’s profit I'l,, its labor cost W, its imports
X5, and its input purchases from other domestic suppliers }_,,,c o7y n Minn:

Ry=TL,+Wy+X;+ Y.  Mun. (B.2)
meN ,m#n,R

This treats the firm’s profits as a “cost” that is simply its payments to its owners (i.e. to a
capital factor).

To construct each of these variables, we classify firms into four categories according to
the type of information available: (1) firms reporting positive corporate revenue or cost
in their F101 or F102, (2) firms only reporting positive personal revenue or costs in their
F102, (3) firms that are identified as sellers in the purchase annex of a buying firm and do
not themselves file tax forms or a purchase annex, and (4) two consolidated firms and a
residual firm described further below. We now describe our procedure for constructing the

revenue and cost structure in the economy for each of these four categories.

Firms of Typeland 2. Westartby defining the items in the firm’s revenue stream in (B.1).
For each firm ID, we compute the sum across the firm’s tax IDs of their reported (on forms
F101/2) total revenue R* and exports E4%.5* We use the purchase annex to compute sales
of firm ID 7 to each other firm ID m, M4, We then compute the variables as follows. First,
we specify exports and intermediate sales as reported in the tax form and purchase annex:

n = Ei* and M, = M,Ian1 forall n € N and n # R. Second, we attribute any residual

revenue to final sales:

Dnzmax{O,Rffx—Eff"— Y. Mgﬁ}.
meN ,m#R

We then construct the items in the firm’s cost structure in (B.2). For each firm ID, we
specify the firm’s payroll and imports using the sum across the firm'’s tax IDs of the values
reported in their tax forms of wage bill and imports: W, = W* and X} = X/* %% We then

®4Firms occasionally file amendments about earlier tax statements, in which case we always use the last
amendment on file (as of the end of 2015). In a small subset of these cases (those for which the amendment
was to an F101 form filed in 2015 about an earlier year) the amending firm was required to file using a new
tax form. As a result, in these cases our procedure for measuring revenues omits some minor sub-categories
of revenues.

%For the case of the single state-owned oil producer in Ecuador, we obtain this wage bill, export,
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use the definitions (B.1) and (B.2) to compute revenue, profits and sales to the residual firm
such that the firm at least breaks even. Specifically, we define

M, =E™+D,+ ). Mﬁﬁ—(W,ﬁ“’C+X;ﬂxr*+ Y M%), (B.3)
meN ,m#n,R

meN ,m#n,R
and define 3 .
Hn — Hn al'ld MnR — 0 if Hn > 0

II,=¢ and M,gr=-I1,+e if I1,<0,W,+X: =0

where € denotes a small positive constant.®® Finally, we compute R, using the accounting
relation in (B.1).

To understand these expressions, consider a firm whose revenue from domestic and
foreign sales is strictly above its costs from labor, imports and intermediates. In this case,
profits are defined as the difference between revenue and costs, implying sales to the resid-
ual firm of zero. Whenever the difference between revenue and costs is negative, we cre-
ate additional sales to the residual firm, so that profits are zero if W,, + X;; > 0 or € if
W, + X;; = 0. This adjustment is necessary to guarantee the existence of the Leontief in-
verse, B= (I — M)~!, by imposing the requirement that the share of the firm’s costs from
intermediate inputs is strictly below one, ), c ArXn <1 for all n.

Firms of Type 3. Since firms of type 3 file neither a tax form nor a purchase annex, we do
not have all the cost and revenue items described above for firms of type 1 or 2. Thus, for
every firm n of type 3, we specify E, = D, = X;; =0 and M, =0 for all m € . In addition,
we define the firm’s labor cost W, as the sum across all the firm'’s tax IDs of their wage bill
in the social security database. We set labor payments to zero if none of the firm’s tax IDs
can be found in the social security database. This implies that [T, =Y, N mtn, rRMPA W,
We then compute profits and residual sales using the procedure in (B.4) and revenue using

the accounting relation in (B.1).

Other Firms. We construct two consolidated firms, “financial” and “public”, and a resid-

ual firm. The first consolidated firm consists of all tax IDs reporting their main activity to

and import information from the social security and customs datasets due to this firm’s incomplete cost
information on its own tax filing early in our sample period. Further, in 2010 and 2011, because of the firm’s
restructuring process, we do not observe a reliable value for the firm’s final sales so we set this to zero; such
sales are a small share of the firm’s total sales in other years.

66Tn practice, because of numerical rounding, we set € to $10 if the maximum of revenue and costs is less
than or equal to $5, or € equal to 0.1% of the maximum of revenue and costs otherwise.
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be in the financial sector. The second one consists of all tax IDs that are flagged as either
a state-owned firm or a government agency. However, because Ecuador’s state-owned oil
tirm is a major exporter, we exclude it from the consolidated public firm and treat it as an
ordinary firm (though one owned by the government rather than any individual). For both
of these consolidated firms, we construct the firm’s revenue and cost following the same
procedure as that adopted for the firms of type 1 and 2.

Lastly, we compute outcomes for a residual firm. We compute the intermediates pur-
chases of this residual firm using M, as implied by the procedure above. In order to guar-

antee that this firm breaks even, we specify that its final sales cover intermediate purchases,
Dy =e+Y nenMar.

B.1.4 Summary Statistics

Sample of Firms We now present simple summary statistics about our sample of firms,
N, that includes firms of types 1-3 as well as the two consolidated firms and the residual
tirm. Table B.3 reports the counts of firms of types 1-3 (by year), with shares broken down by
single-person firms (those that correspond to self-employed individuals working in their
own firm).®” In addition, Figure B.1 illustrates how several of our key variables (revenues,
costs, imports, exports, labor payments, and capital payments/profits) are distributed
across: (i) corporate firms; (ii) single-person firms; and (iii) the two consolidated firms and
the residual firm. These findings indicate how corporate firms account for only 5% of firm
tax IDs, but are responsible for more than 75% of the aggregate revenue in our sample. Such
firms also account for essentially all of Ecuador’s exports and imports. On the other hand,
the vast majority of firms in our sample are of types 2 and 3. These firms are predominantly
self-employed individuals. Depending on the year, about half of the incorporated firms fil-
ing tax forms (type 2), and 96-98% of the firms not filing tax forms (type 3), are single-person
firms. Such firms account for a tiny share of exports, imports and a small share of total rev-

enue; however, they are responsible for a slightly higher share of final sales and profits.

Firm Revenues and Costs. Table B.4 reports the distribution of revenue and cost char-
acteristics for firms of different types (in the pooled sample of firm-year combinations).
Evidently, the revenue distribution is very skewed for all firm types. Firms of type 1 are
larger and obtain a higher share of their revenue from final sales. These firms account
for almost all of the country’s exports and imports, but this is concentrated in just a few

7We define define single-person firms as either (a) firms with labor cost of zero and no entries in the social
security database, or (b) those firms with a single employee in the social security database where employee
is also registered as the firm’s owner.
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Table B.3: Summary Statistics, Firm Counts by Firm Type

2009 2010 2011 2012 2013 2014 2015

Panel A: Firms of type 1
Number of firms 84,795 88,200 94,796 115,716 121,734 127,797 118,459
Share of single-person firms 30% 27% 24% 25% 23% 23% 23%

Panel B: Firms of type 2
Number of firms 390,319 422,932 368,193 625,678 640,305 686,208 648,257
Share of single-person firms  62% 58% 50% 46% 46% 44% 42%

Panel C: Firms of type 3
Number of firms 711,639 777,260 784,375 863,379 938,371 899,844 989,417
Share of single-person firms ~ 98% 98% 96% 98% 97% 97% 97%

Notes: Firms of type 1 are those reporting corporate revenues or costs in their tax forms. Firms of type 2
are those only reporting personal revenues or costs in their tax forms. Firms of type 3 are those not filing
tax forms but mentioned as sellers in the purchase annex of other firms. Single-person firms are either (i)
firms with labor cost of zero and no entry in the social security database, or (ii) firms where the sole listed
employee is the firm’s owner itself.

tirms—for instance, more than 95% of the firms of type 1 do not export or import. For firms
of types 2 and 3, most of the revenues come from intermediate sales. These firms tend to
have low cost shares stemming from hired labor or the purchase of intermediates, as most
are self-employed individuals that do not have any reported input purchases. Indeed, by

definition, type 3 firms have no reported costs due to intermediates.

B.2 Payments to Factors and Individuals

In order to connect firm payments to factors of production and individual factor endow-
ments, we use two databases: the social security employer-employee database (IESS) that
allows us to match workers to each firm, and the ownership survey that allows us to match
owners to each firm. Our sample of individuals Z includes all individuals with positive
income in the social security and ownership dataset that are associated with a firm in our
sample (excluding the consolidated financial, residual and public firms). We assign work-
ers to provinces based on the location of their main employer defined as the firm ID from
which the individual earns most of her income.®® We also create a residual agent that re-

%The firm’s location (as reported in its tax filing) will reflect that of its headquarters, which may not
correspond to the location of every establishment in a multi-establishment firm. Section B.4.1 compares
factor payments derived from the administrative data discussed here to that in a nationally representative
earnings survey, which provides reassurance that such measurement error is unlikely to be large.
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Table B.4: Summary Statistics, Firm-Level Data

Percentiles of distribution

10 25t 50 75! 90" 95!" 99!h
Panel A: Firms of type 1
Revenues, USD 5,000 37,948 150,391 437,514 1,298,151 2,699,949 13,687,005
Share of revenues derived from:
Final sales 0.00 0.10 0.62 0.97 1.00 1.00 1.00
Interm. sales 0.00  0.00 0.16 0.73 0.99 1.00 1.00
Exports 0.00  0.00 0.00 0.00 0.00 0.00 0.80
Residual sales 0.00  0.00 0.00 0.00 0.30 0.97 1.00
Share of costs derived from:
Wages 0.00  0.00 0.07 0.23 0.48 0.67 1.00
Interm. purchases ~ 0.00  0.09 0.42 0.75 0.94 1.00 1.00
Imports 0.00  0.00 0.00 0.00 0.00 0.26 0.74
Capital (i.e. profits) 0.00  0.03 0.25 0.66 1.00 1.00 1.00

Panel B: Firms of type 2

Revenues, USD 1451 2926 9,644 26,220 59,340 88,585 214,738
Share of revenues derived from:
Final sales 0.00 0.00 0.32 0.97 1.00 1.00 1.00
Interm. sales 0.00 0.00 0.10 0.81 1.00 1.00 1.00
Exports 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Residual sales 0.00 0.00 0.00 0.00 1.00 1.00 1.00
Share of costs derived from:
Wages 0.00 0.00 0.00 0.49 1.00 1.00 1.00
Interm. purchases ~ 0.00  0.00 0.00 0.00 0.00 0.00 0.00
Imports 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Capital (i.e. profits) 0.00  0.51 1.00 1.00 1.00 1.00 1.00

Panel C: Firms of type 3
Revenues, USD 23 104 510 2,347 5,765 9,014 17,302
Residual sales share ~ 0.00  0.00 0.00 0.00 0.00 0.00 0.98

Notes: Each row reports features of the distribution (pooling across all firm-year observations that appear in
the tax data, for the given firm type) of the indicated variable. Firms of type 1 are those reporting corporate
revenues or costs in their tax forms. Firms of type 2 are those only reporting personal revenues or costs in
their tax forms. Firms of type 3 are those not filing tax forms but mentioned as sellers in the purchase annex
of other firms.
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Figure B.1: Aggregate Outcomes by Firm Category
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ceives all factor payments made by firms in our sample to individuals that are either absent

from our sample or in our sample, but with missing demographic information.*’

%In practice, capital payments to the residual agent include profits received by the foreign owners of
Ecuadorian firms as well as the Ecuadorian government. Such capital payments may also arise in the
presence of minority shareholders for publicly-listed firms (of which there are relatively few in Ecuador).
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B.2.1 Data Construction

Firm Shares of Payments to Individuals. We start by constructing firm payments to la-
bor factors as follows. For every individual i € Z, we define the firm’s labor payment share
toias xiLn = Wl%ES S JWIESS where WiInESS is the value of annual earnings reported by firm
n in the social security database for i, and W/ESS is firm n’s total payroll reported in the
IESS.”Y A fraction of such individuals cannot be matched to the Civil Registry, which con-
tains the demographic indicators that we later require, so we assign such individuals to
a residual labor agent as xk, =1 — Y;c7xl . The payment share x%,, is also set equal to
one for firms that have positive labor payments in their tax firms but no employees in the
social security dataset, as well as for the three consolidated firms in our sample. We con-
sider every single-person firm 7 to be a self-employed individual and reclassify the firm'’s
profits as labor payments to the individual-owner; thatis, W, =11,, I1,, =0, and xiLn =1 for
the individual-owner i. Finally, we construct the matrix of share of firm-individual labor
payment shares as xI' = {xiLn}(i,n)esz.

We then proceed similarly for the case of capital payments to individuals. For every in-
dividual i € Z, we measure 8,,; as the ownership share of individual i in firm n. For a single-
person firm, we set ¢,,; = 1 for the individual-owner. We compute the ownership share of
the residual agent as ¢,g =1 —Y_;c79,;. These capital ownership shares yield the matrix of

shares of capital payments to different individuals in our sample, 8 = {8; } (i )z -

Firm Shares of Payments to Factors. We define labor factors in terms of education-province
pairs, and an additional residual labor type. We compute the firm’s payments to each fac-
tor using the personal information of its employees in the Civil Registry. Specifically, we
define DJEZ- as a dummy variable that equals one if individual i belongs to the group associ-
ated with factor f and the row vector with the dummy variable for different individuals as
D]% = {Djéi}iez. For the residual type, the vector has entries equal to one for all individuals
in our sample with missing personal information in either the Civil Registry or IESS, as
well as the residual agent i = R. We then compute the firm payment shares to each labor
factor as {xf, }uen = D}%deiag({Wn /Ry }nen) foreach f e Fy.

Similarly, we compute the firm payments to different capital types. For each firm n, we

compute DX, =1 if firm  is in sector s, and define the row vector containing this dummy

7OIn practice the employer-employee database we use is built from two underlying sources. We begin with
a database compiled from firms’ filings of tax form F107, which lists firms” annual payments to individual
employees. We then supplement this with a second database compiled from monthly social security filings,
which also report individual-level earnings at each firm, giving priority to the former database in the case
of discrepancies. We refer to the combined database as the “social security database”, in line with the most
commonly available source of employer-employee matched data in other countries.
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for all firms as DX = {DX },,c . We consider two sectors s: Oil and Non-Oil. Finally, we
compute firm payment shares to each capital factor as {xf, } nen = Djlfdia S({IL,/ Ry} nen)
foreach f € Fx.

Individual Factor Earnings. The last step is to construct individuals” earnings and earn-
ings from each factor service that they supply. Let Yy; denote i’s income associated with
factor f, and Y; be i’s total income Y; =" ¢c 7 Y;. For labor factors f € F, Yy = {Yfi}iez is
simply the vector of individual labor payments times the dummy vector indicating which
individuals are associated with each group defining factor f (education-province pair or
residual): Yy = D}diag(xL{Wn}neN). For capital factors f € Fg, Yy = {Y; }icz is the prod-
uct of the matrix of payments individuals get from different firms, ddiag({I1,},c), and
the dummy vector indicating whether firms are associated with the oil or the non-oil sec-
tors, DJIf DY = Djlfdia ¢({I1, }»)(8)". Finally, we compute, for each individual, the income
share associated with each factor, ws; =Yy;/Y;.

B.2.2 Summary Statistics

We now present summary statistics regarding our sample of individuals and factors. In the
tirst part of Table B.5, we report the number of individuals in our sample. Across years, the
number of individuals in our sample grows reflecting mostly the increase in formalization
rates in Ecuador. In 2012, the administrative dataset has approximately 3 million indi-
viduals with positive income, accounting for approximately half of Ecuador’s employed
and/or business-owning population (according to the 2011-12 earnings survey that we de-
scribe in Section B.4). We have information on education and province for roughly 90% of
the individuals with strictly positive income. The second panel displays statistics for our
baseline sample of individuals with strictly positive income and whose labor income can
be mapped to an education-province pair. In 2012, there are 2.7 million such individuals in
our baseline sample, with 30% of them employed in single-person firms. Thelast part of the
table reports the annual income at different parts of the distribution. In 2012, the median in-
come was around $4,900. The earnings distribution in this administrative dataset contains
many individuals with very low apparent earnings (e.g. 10% with $275 or less in 2012), but
thisis largely driven by single-person firms and partially reflects a part-time or seasonal in-
volvement in such activities. The earnings distribution derived from survey data reflecting
all types of earnings, described in Section B.4, does not have this same feature.

Figure B.2 reports the share of payments to different factor types by income percentile.
It shows that the capital income share is especially important at the top of the distribution,

accounting for 38% and 64% of income in the 95 and 99 percentiles, respectively. The plot
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also shows that individuals with higher education levels are more likely to be at higher
income percentiles. Excluding capital income, low-education individuals correspond to
15%-20% of income above the 90th percentile of the distribution, but they account for more
than 40% of the income below the 10th percentile. For high-education individuals this pat-
ternis reversed: this group generates around 15-20% of income in the bottom 10 percentiles
and almost 50% of income in the top 10 percentiles.

Table B.5: Summary Statistics, Sample Characteristics Across Individuals

2009 2010 2011 2012 2013 2014 2015

Panel A: Full sample of individuals in administrative dataset

Total number of individuals 2,415,353 2,659,960 2,892,573 3,321,721 3,519,478 3,643,283 3,615,025

with positive income 2,257,012 2,460,881 2,678434 3,002,236 3,194,633 3,298941 3,287,376
93%)  (93%)  (93%)  (90%)  (91%)  (91%)  (91%)

with complete information 2,010,127 2,211,677 2,362,464 2,676,358 2,718,088 2,720,353 2,580,298
(83%) (83%) (82%) (81%) (77%) (75%) (71%)

Panel B: Baseline sample of individuals

Total number of individuals 1,981,641 2,150,515 2,291,202 2,613,011 2,669,472 2,681,918 2,565,728

in single-person firms 696,199 728362 587,923 789,962 777,026 720,974 713,180
(35%) (34%) (26%) (30%) (29%) (27%) (28%)

Panel C: Percentiles of income in baseline sample (Y;), USD

10t 280 286 306 275 269 305 218
501" 4,024 4,224 4,466 4,874 5,350 5,794 6,003
90" 22,038 22,897 23,250 25,989 26,915 28,217 28,442
99t 166,159 165,152 224921 187,074 180,945 180,698 177,891

Notes: Panel A is based on all individuals in our administrative dataset. Panels B and C are based on our
baseline sample of individuals in the administrative dataset who have strictly positive income and whose
labor income can be mapped to an education-province pair.

B.3 International Trade Data

We rely on two sources of international trade data. The first is Ecuador’s custom records,
which measure firm-level exports and imports in each HS6 product and by the partner
country of destination or origin.”! This dataset covers the universe of Ecuador’s exports
and imports in 2009-2011. We focus on Ecuador’s trade with its 50 largest trade partners,

"1Ecuador’s custom records track products using the 6-digit NANDINA system, which is similar to the
2007 HS 6-digit classification system. We drop trade flows in the case of the 1.6% of NANDINA codes that
we cannot match to HS codes.
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Figure B.2: Share of Aggregate Factor Payments by Factor Category, 2012
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Notes: Based on baseline sample of individuals in the administrative dataset who have strictly positive
income and whose labor income can be mapped to an education-province pair.

and aggregate all other countries into a group representing the rest of the world. Figure C.1
describes the composition of Ecuador’s exports and imports in 2009-2011, based on this
customs database. Our second source of trade data is CEPII's BACI dataset, which reports
bilateral trade flows worldwide (for 2009-15 and beyond) at the HS6 level.

B.4 Earnings Survey Data

This subsection describes the earnings survey data that we use to supplement our baseline
analysis in Section 7.3. Section B.4.1 describes Ecuador’s National Survey of Income and
Expenditures from Urban and Rural Households (ENIGHUR), a detailed survey carried
out in 2011-2012 that we incorporate into our analysis in Section 7.3. Section B.4.2 de-
scribes Ecuador’s National Employment, Unemployment and Underemployment Survey
(ENEMDU), a shorter survey that was carried out quarterly throughout 2009-2015, which
we use in Section D.3. Both surveys were administered by Ecuador’s National Institute of
Statistics and Censuses (INEC).
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B.4.1 ENIGHUR Survey

Ecuador’s ENIGHUR survey collected information from 39,617 households during the pe-
riod between April 2011 and March 2012. Its objective was to measure the distribution,
amount and structure of household income and expenses. This dataset is representative
at the national level and covers Ecuador’s formal and informal economy. It has informa-
tion about 153,444 respondents, who resemble Ecuador’s total population (15.24 and 15.47
million in 2011 and 2012, respectively) when we take into account the frequency sampling
weights available in the survey.”> We limit our sample to the group of respondents that
were 15 years or older at the moment of being surveyed, and keep only those with positive
earnings who are currently working.”® This results in a sample size of 60,465 respondents,
representative of (according to ENIGHUR'’s estimates) approximately 6.01 million work-
ing individuals in Ecuador.

Importantly, the survey reports each respondent i’s demographics, monthly earnings,
and workplace characteristics for each occupation o (including both employment, self-
employment, and operating a business that the respondent owns a share of) in which they
were engaged during the week prior to their survey week.”* We classify each occupation
o for each respondent i as formal in the following cases: when o(i) refers to employment
at a firm (not a domicile), if that firm either has a taxpayer ID (a Registro i;cenico de Con-
tribuyentes, or RUC) or has more than 100 employees, and i reports receiving some social
security contributions from their employer; when o(i) refers to employment in domestic
work, if the respondent reports receiving some social security contributions from their em-
ployer; when o(7) refers to employment in a branch of government; and when o(i) refers to
operating a firm in which the respondent is a partial owner, if that firm has a RUC or has
more than 100 employees. Otherwise, we classify o(i) as informal.

We then classify o(7) according to its factor group f in the same way as in the baseline
administrative data. If o(i) refers to either employment at a firm, or self-employment at re-
spondent i’s own firm but where i hires no paid employees, then we classify the factor type
as labor of the type corresponding to the respondent’s education-province. Otherwise, if

o(i) refers to the operation of a firm that the respondent partially or wholly owns, and that

72In what follows, all aggregate statistics that we employ are weighted by these sampling weights.

73A respondent is defined as currently working if s/he either: (i) worked (as an employee or in the
operation of a business that the respondent wholly or partially owns) at least one hour last week; (ii) did not
work last week but did an activity to help the household (like helping in a family business); or (iii) did not
work last week, but had a job or business to which s/he was surely going to return after a temporary absence
(such as an illness or vacation).

74The survey questionnaire asks all of the details we require about the respondent’s “main” and
“secondary” occupation. For “all other occupations” (of which fewer than 1% report having any) the ques-
tionnaire does not allow us to classify the occupation(s) as formal or informal, so we code these as informal.
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hires employees, we classify the factor type as oil or non-oil capital depending on the sector
in which the firm operates. The survey has 544 original (i.e. unweighted) respondents in
the median factor group, 138 respondents in the smallest, and 4,049 in the largest.

Based on these definitions and the information on annualized earnings by occupation,
we denote Yjs r as individual i’s total annual earnings, summed across all occupations
o(i), from each factor type f and formality status F.”> Then we calculate total earnings as
Yi=YrrYirr and factor earnings shares as wjrr = Yjr p/Y;. Finally, we calculate the to-
tal informal factor earnings within each sector. These ingredients enter the counterfactual
calculations reported in Section 7.3.

While our analysisin Section 7.3 uses data on formality from the administrative database
and data on informality from the ENIGHUR survey, it is useful to compare their measures
of the formal earnings of each factor. Figure B.3 does this for 73 factor groups (72 labor
groups plus Non-oil capital, since Oil capital is in practice never sampled in the survey,
and all individuals have information on both education and province, which avoids the
need for a residual labor group) using the 2011 administrative data. The fit among the la-
bor groups is high (the R? from the line of best-fit for Figure B.3 is 0.78), so it appears that,
despite the possibility of survey misreporting and sampling errors, the administrative and
survey datasets are capturing similar notions of formal earnings across the labor factor dis-
tribution. However, the capital point is a clear outlier, with far more total capital earnings
in the administrative dataset than in the (formal earnings segment of the) ENIGHUR sur-
vey. This should be expected given the active definition of capital earnings that is implicit
in the earnings survey, as well as the likelihood of a survey failing to capture top earnings,
especially among capital owners.

Finally, Figure B.4 reports the share of earnings within each factor group that is earned
from the formal economy. The median factor group derives earnings that are 60.4% formal,
but there is considerable dispersion across factors in their formal income shares (the min-
imal share is 18% and the maximum is 96%). There is no systematic relationship between
a factor’s total (that is, formal plus informal) survey earnings and its formal income share.
However, Figure B.4 shows that there does exist a clear (positive) relationship when the

formal income share is compared to per capita earnings across factor groups.”®

7SEmployment earnings include (annualized rates of) wages, overtime and bonuses in the past month
as well as total amounts of additional payments (paid leave, retroactive payments, etc.) received in the past
year. We calculate (annualized rates of) the earnings of business owners as the firm’s profits (over the past
year for agricultural businesses, and over the past half-year for non-agricultural businesses) adjusted for the
respondent’s ownership share (though in the case of agricultural businesses this share is unreported, so we
assume it to be 100%).

76We calculate per capita factor group earnings on the basis of survey respondents’ main occupations.
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Figure B.3: Comparison of Administrative and Survey Factor Earnings
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Notes: Filled dots correspond to labor factor groups (education-province pairs) while the empty dot
represents the non-oil capital factor, and the black line indicates y = x. The x-axis reports the (log) value of
total earnings in each factor group (i.e. Yy = };c7Yjs) as measured in the administrative data in 2011. The
y-axis reports the analogous measurement from the ENIGHUR survey in regards to formal earnings.

B.4.2 ENEMDU Survey

While the ENEMDU survey was conducted quarterly, its fourth quarter editions were more
explicitly designed to be representative at the province level (and typically larger) than
those in the rest of the year, so we use only the fourth quarter information. This resultsin a
number of respondents (with positive earnings, over the age of 15) ranging from 25,590 to
41,991 depending on the year.

This survey shares many features with the ENIGHUR survey described above, so we
discuss here only any differences that have implications for our analysis. First, all EN-
EMDU respondents report their earnings in the past month. Second, unlike the ENIGHUR
survey, the ENEMDU survey does not disaggregate business costs so we cannot use reports
of positive wage costs to identify businesses that hire employees (and hence are owned by
a capital factor); we use the respondent’s occupation description instead.”” Third, the EN-
EMDU survey does not report the ownership share of business owners, so we assume that
they earn all of their firm’s profi’cs.78 Finally, ENEMDU provides slightly less information

with which to classify employee income as formal or informal.”?

77That is, when the occupation is categorized as “patron” the survey questionnaire intends this to refer
to a business that typically hires others. By contrast, when the occupation is listed as “self-employed” this
refers to a business that has no salaried employees.

78In the ENIGHUR survey, which does report ownership shares, the share of total profits accruing to the
respondent, aggregating across all respondents and occupations, is 96%.

"9For employee occupations our previous formality classification requires that both the employee’s firm
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Figure B.4: Formal Share of Earnings by Factor Group

©
© 100% 100%
— - L] L]
k) 1 ‘a ° . % o 4 b 3 g * ‘
[ . 3 4 3 L Qoo o
I}
S 75% . . o il o 75%
% L] * * L] ° *
L] L]
g L] . : L] ) .. .Q
S . o. * o, . ..... S .
£ 50% . . - , %0 50%
© . .
.y L] ® L] ®
- . . o
g . «® o : R g _ .
£ 25% . e o ee ° o *ans,’t 25%
g . ° . °
S
('R
0% 0%
17 18 19 20 21 22 7.5 8.0 85 9.0 9.5
ENIGHUR annual total factor payments (loq) ENIGHUR annual per capita total factor payments (loa)

Notes: Filled dots correspond to labor factor groups (education-province pairs) while the empty dot
represents the non-oil capital factor. The figure on the left reports on the x-axis the (log) value of total
earnings in each factor group (i.e. Yy =} ;c7Yis) as measured in the survey data, whereas the one on the right
reports the (log) per capita earnings in each factor group (i.e. Yy divided by the frequency-weighted number
of respondents whose main occupation corresponds to factor group f) as measured in the survey data. The
common y-axis reports the share of the factor group’s total earnings that is obtained formally.

While these differing survey characteristics may result in differing measures of factor
earnings in ENEMDU and ENIGHUR, we find that such differences are minimal in prac-
tice. Across factor groups, the correlation between total earnings inferred from the 2011
ENEMDU survey and those from the 2011-12 ENIGHUR survey is 0.96. Similarly, the
correlation between the two surveys’ inferred number of individuals whose primary occu-
pation lies within each factor group is 0.97, and the correlation between their inferred share

of factor earnings that is formal is 0.96.

has formal characteristics and that the employee appears to be enrolled in the social security system. Informa-
tion on the latter is incomplete in ENEMDU. In particular, for main occupations only the total amount of em-
ployer deductions (due to social security payments, income tax payments, etc.) is reported, so we assume that
any positive total amount implies social security enrollment. For secondary occupations no such information
is reported, so we remove the social security requirement from our formality classification in such cases.
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C Appendix: Empirical Results

C.1 Summary Statistics
C.1.1 Trade flows

We begin with the composition of Ecuador’s trade flows in 2009-2011, as reported in the
customs data. Figure C.1 does this for both exports and imports by broad categories.

Figure C.1: Composition of Ecuador’s Exports and Imports, 2009-2011
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Notes: Trade flows by product category computed from firm-level custom records in 2009-2011.

Next, we compare the composition of Ecuador’s trade flows with other countries that
are at a similar level of aggregate per capita earnings. We do so using trade data for
2012 from the Atlas of Economic Complexity (AEC) produced by The Growth Lab at Har-
vard University (2019). While there are many ways to display such comparisons we take
a simple approach of aggregating products (based on AEC definitions) into three cate-
gories—primary, secondary and tertiary—so that a country’s shares of exports and imports
can be plotted on the two-dimensional simplex.®® Figure C.2 displays in such a simplex the
location of every middle- and low-income country in the world (according to World Bank

classifications) with a population above 500,000.

80Primary products comprise the Agricultural, Stone, Minerals, and Metals categories; secondary
products are those from Textiles, Chemicals, Vehicles, Machinery, and Electronics; and tertiary products are
those from Services. We omit the category Other (and rescale all shares after doing so).
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Figure C.2: Composition of Trade Among Low- and Middle-Income Countries, 2012
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Notes: Trade flows in 2012 for each country (red for Ecuador, gray for all others) as reported by the Atlas
of Economic Complexity. Included countries are those that have a population above 500,000 and are not
designated as “high income" by the World Bank in 2012.

C.1.2 Earnings and Trade Exposure

Table C.1 reports summary statistics of the distribution of capital income shares, export

exposure and import exposures across individuals in Ecuador from 2009-2015.
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Table C.1: Summary Statistics, Income and Exposure Across Individuals

Percentiles of distribution
Mean 10 50th 90th 99th 99 gth

Capital income share 0.078  0.000 0.000 0.003 1.000  1.000
2009 Export exposure (EE;) 0.158  0.088 0.138 0.281 0.455  0.455
Import exposure (IE;) 0.041 0.014 0.031 0.097 0.111 0.122

Capital income share 0.082 0.000  0.000 0.020 1.000 1.000
2010 Export exposure (EE;) 0.169 0.088 0.143 0.287 0.479 0.479
Import exposure (IE;) 0.045 0.011 0.032 0.104 0.128 0.148

Capital income share 0.088  0.000 0.000 0.121 1.000  1.000
2011 Export exposure (EE;) 0164  0.095 0.139 0292 0445  0.445
Import exposure (IE;) 0.043  0.003 0.028 0.105 0.127  0.139

Capital income share 0.110  0.000 0.000 0.770  1.000  1.000
2012 Export exposure (EE;) 0155  0.084 0.128 0.257 0474  0.474
Import exposure (IE;) 0.038 0.011 0.027 0.087 0.108 0.123

Capital income share 0.112 0.000  0.000 0.799 1.000 1.000
2013 Export exposure (EE;) 0.150 0.073 0.133 0.274 0.586 0.586
Import exposure (IE;) 0.036 0.013 0.028 0.082 0.101 0.112

Capital income share 0.116  0.000 0.000 0.863 1.000  1.000
2014 Exportexposure (EE;) 0.158 0.076  0.142 0.292 0.577 0.577
Import exposure (IE;) 0.030  0.006 0.018 0.074 0.093  0.099

Capital income share 0.118 0.000  0.000 0.897 1.000 1.000
2015 Export exposure (EE;) 0154  0.070 0.144 0280 0.590  0.590
Import exposure (IE;) 0.023 -0.002 0.012 0.070 0.086  0.095

Notes: Baseline sample of individuals in the administrative dataset who have strictly positive income and

whose labor income can be mapped to an education-province pair. Capital income share refers to the ratio
of capital earnings to total earnings.

C.2 Export and Import Exposure Across Years

Figure C.3illustrates the distribution of individual-level export exposure (EE;), as in Figure
3a, for all years, 2009-2015. Figure C.4 does the same for import exposure (IE;) as in Figure
3b.
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Figure C.3: Distribution of Export Exposure Across Individuals, 2009-2015
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Notes: The blue dots report, for each year indicated, the average value of export exposure EE;, computed
as in equation (21), across all individuals whose total income lies within each percentile of the total income
distribution. The solid blue line indicates a fitted 10?"-order polynomial. The red dots (and dashed red line)
are analogous but report export exposure of labor income only, that is, EE; computed giving no weight to
capital in individuals” income and only including individuals with positive labor income.
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Figure C.4: Distribution of Import Exposure Across Individuals, 2009-2015
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Notes: The blue dots, for each year indicated, report the average value of IE;, computed as in equation (23),
across all individuals whose total income lies within each percentile of the total income distribution. The
solid blue line indicates a fitted 10?-order polynomial. The red dots (and dashed red line) are analogous but
use a measure of IE; that is computed while giving no weight to capital in individuals’ income and among
individuals with positive labor income.
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Figure C.5: Distribution of Export Exposure Across Individuals, Firm-Based Factors,
2012
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Notes: The blue dots report the average value of export exposure EE;, computed as in equation (21), across all
individuals in 2012 whose total income lies within each percentile of the total income distribution. The solid
blue line indicates a fitted 10"-order polynomial. The green dots (and dashed green line) are analogous but
use a measure of EE; that is computed by assuming firm-based factors.

C.3 Alternative Export Exposure Measures

Figure C.5 reports a version of Figure 3a for the case where we define factors as being firm-
specific. Figure C.6 reports instead an alternative version of Figure 3a for the case where

we set the exports of oil-sector firms to zero.

C.4 Estimation of Micro-Level Elasticities: Zeroth-Stage Regression

The logic of the IVs in Section 5 relies on product-level export and import shocks in the
rest of the world, (Export Shock), ; and (Import Shock)
log of Ecuador’s total export value and import unit value, (Export Ecuador)

o+ having a positive effect on the

and (Import Ecuador)

ot ot/

respectively. We now evaluate whether this is the case through the following “zeroth-
stage” regression:
Yoo = BY i+ Cot-drteu,

YTE’X = (Export Shock), ,,(Import Shock)
and where {;, and J; are product and year fixed-effects. In this specification, the coefficient g

with Yf/f”“d"’ = (Export Ecuador),, ,(Import Ecuador)

ot/ ot/ ot/

captures the pass-through of foreign shocks to Ecuadorian variables. We estimate this pass-
through using the sample of product-year pairs for which we observe positive exports and
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Figure C.6: Distribution of Export Exposure Across Individuals, All Exports vs. Non-Oil
Exports, 2012
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Notes: The blue dots report the average value of export exposure EE;, computed as in equation (21), across all
individuals in 2012 whose total income lies within each percentile of the total income distribution. The solid
blue line indicates a fitted 10"-order polynomial. The green dots (and dashed green line) are analogous but
use a measure of EE; that is computed by first setting to zero the exports of oil-sector firms.

imports for Ecuador between 2009 and 2015. Table C.2 reports the results of this exercise for
the total export value in Panel A and the import unit value in Panel B. For both exports and
imports, column (1) shows that a foreign shock of 1% causes an increase of roughly 0.2%
in Ecuador’s export total value and import unit value. Columns (2) and (3) indicate that
the pass-through coefficient is positive for both manufacturing and non-manufacturing
products.
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Table C.2: Impact of World Shocks on Ecuadorian Trade

(1) (2) (3)
Panel A: Log of Ecuador’s export total value
Log of World's export total value 0204 0224 0.131
(0.026) (0.031) (0.048)
Product-year observations 7,691 5,817 1,874
Number of products 1,593 1,265 328
Panel B: Log of Ecuador’s import unit value
World’s avg. log import unit value 0232 0243 0.170
(0.020) (0.022) (0.045)
Product-year observations 26,319 23,238 3,081
Number of products 4,058 3,555 503
Sample of Products
Manufacturing Yes Yes No
Non-manufactuting Yes No Yes

Notes: Sample of HS6 products exported (Panel A) and imported (Panel B) by Ecuador in 2009-2015.
Dependent variable is the log of Ecuador’s total export value in Panel A and the log of Ecuador’s import
unit value in Panel B. In each specification, we report the coefficient of the corresponding variable computed
for all countries in the world economy excluding Ecuador. All specifications include product and year
fixed-effects. Standard errors in parentheses are clustered by product.

C.5 Estimation of Ecuador’s Factor Demand Model Under Alternative

Specifications

This section reports alternative specifications for the estimation of the baseline parameters
of our factor demand model, 77 and ¢, beyond those reported in Table 1.

Elasticity of Substitution Between Factors. Webegin with alternative specification choices
for the elasticity of substitution between factors . Column (1) of Table C.3 re-states the
baseline value as reported in Table 1. As described in Section 5.1, this baseline specifica-
tion uses a balanced panel of all firm-factor-year observations from 2009-2015, uses both
the export-based and import-based IVs in equations (25) and (26), controls for firm-year
and factor fixed effects, includes additional controls for year fixed effects interacted with
the factor’s exposure to exports and imports in the initial year, and clusters the standard
errors at the factor level. The specifications in columns (2)-(9) retain each of these features
of the baseline but alter one feature. Column (2) drops the additional controls for year
fixed effects interacted with the factor’s exposure to exports and imports in the initial year.
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Column (3) uses a sample comprised of firms that hire more than five workers. Column
(4) uses all firm-factor-year observations, not just those comprising a balanced panel. Col-
umn (5) includes only those observations after 2009 and column (6) does the same for the
post-2010 era—these alternatives explore the extent to which our results are sensitive to the
global trade collapse of 2008-2010. Column (7) uses wage observations that are constructed
as the (exponential of the) residuals from a Mincer regression of log wages on gender, age
and age squared. Column (8) reports standard errors that are clustered at the sector level.
And column (9) uses, in addition to the import IV, an export shift-share IV where the sum-
mation in equation (25) only includes oil products (defined as those in chapter 27 of the
HSO07 classification).

Table C.3: Additional Estimates of 7 (Alternative Specifications)

Baseline Alternative Specifications
@ @ ®) ) ®) (6) @) ®) ©)
Estimate of 77 2.10 215 2.07 211 2.11 3.31 211 2.10 1.80
(0.34) (0.65) (0.32) (0.33) (0.58)  (252)  (0.35) (0.38) (0.49)
First-stage F statistic 10.0 5.0 10.3 8.7 18.2 5.2 10.7 29.4 15.6
Factor-firm-year obs. 627,355 627,355 515,228 861,670 538,794 447,843 627,355 627,355 627,355
Number of clusters 75 75 75 75 75 75 75 56 75
Alternative: - Drop Firms Un- Years  Years Mincer Cluster Oilonly
- extra w/ >5 Dbalanced 2010-  2011- resid. atsector export
- controls workers  panel 2015 2015  wages level  shifters

Notes: Sample of incorporated firms with positive payments for more than one factor and more than one
employee. Baseline specification (column 1) uses a balanced panel of factor-firm-year observations from
2009-2015 (for which the factor accounts for more than 1% of the firm’s factor payments), uses both export
and import IVs, includes firm-year and factor fixed effects, includes the extra controls consisting of year
fixed effects interacted with the factor’s exposure at ty to exports and imports, and reports standard errors
(in parentheses) that are clustered by factor. Columns (2)-(9) report specifications that retain these features
of the baseline but with the alternative described. Observations weighted by initial factor-firm payments
(winsorized at the 95th percentile).

Table C.4 continues with the estimation of 1, now using alternative instrumental vari-
ables. Column (1) re-states the baseline estimate, which uses two instruments, one based
on export shocks and the other on import shocks. Columns (2) and (3) then report estimates
obtained when using IVs based only on export or import shocks, respectively. Although
these three point estimates are similar across all types of shock IVs, the first-stage strength
differs, with export shocks being more important. Columns (4) and (5) go on to address con-
cerns about the potential existence of global shocks that may simultaneously drive the vari-
ation in domestic shocks, €, 1, and foreign shocks, (Export Shock), ; and (Import Shock),, ;.
We build on the intuition of the “granular” IV proposed in Gabaix and Koijen (2020) by

isolating the idiosyncratic component of shocks to the trade outcomes of large countries.
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Specifically, in column (4) we compute shifters using only the countries with export val-
ues above those of the median country; and in column (5) we further subtract from these
shifters an estimate of the global common component of trade outcomes computed as the
product-specific average of log exports and log import unit values, respectively, for coun-
tries with export values below those of the median country. In both case, we again obtain

similar point estimates.

Table C.4: Additional Estimates of 77 (Alternative Instruments)

Baseline Alternative Specifications
(1) (2) ) 4) ©)
Estimate of 7 2.10 2.13 2.03 2.06 2.31
(0.34) (0.47) (0.73) (0.33) (0.49)
First-stage F statistic 10.0 19.2 3.0 10.5 12.6
Export (Shock), (Shock), ;
. Export Import measured :
v ion: and import IV (25) IV(26)  usinglarge urihersub-
construction: IVs onl onl couitriegs tracts small-
(25) & (26) y y only country avg.

Notes: Sample of incorporated firms with positive payments for more than one factor and more than one
employee. All specifications use a balanced panel of 627,355 factor-firm-year observations from 2009-2015
for which the factor accounts for more than 1% of the firm’s factor payments, include factor and firm-year
fixed effects, and include controls for year fixed effects interacted with factor exposure at ¢y to exports
and imports. Observations weighted by initial factor-firm payments (winsorized at the 95th percentile).
Standard errors in parentheses are clustered by factor (of which there are 75).

Elasticity of Substitution Between Goods. We turnnow to the estimation of the elasticity
of substitution between goods . Column (1) of Table C.5 reports the baseline specification
(as in Table 1), which uses a balanced panel of all firm-year observations from 2009-2015,
uses the three IVs in equations (30)-(32), controls for firm and sector-year fixed effects, in-
cludes additional controls for year fixed effects interacted with the firm’s cost share spent
on primary factors, and reports standard errors that are clustered at the firm level. Columns
(2)-(9) then report alternative specifications in the same manner as Table C.3 as described
above. In this case, the Mincer residualized wages used in column (7) enter due to the
presence of factor prices in the construction of the regressor, as per equation (28).

Finally, Table C.6 reports the results of using variants of our IV procedure for the estima-
tion of ¢. The baseline estimate in column (1) uses three instruments: one based on export
shocks and twobased on import shocks. Column (2) uses only export shocks, while column

(3) uses only import shocks. This comparison indicates that import shocks are more impor-
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Table C.5: Additional Estimates of o (Alternative Specifications)

Baseline Alternative Specifications
@ @ ®) @) ®) 6) @) ®) ©)
Estimate of o 2.11 2.04 1.97 2.90 1.59 1.58 1.46 2.11 2.57
(0.55) (0.56) (0.60)  (0.66)  (0.48) (0.75) (0.66)  (0.39)  (0.60)
First-stage F statistic 16.4 14.3 11.3 18.5 12.0 4.1 5.8 8.7 18.9
Firm-year obs. 181,671 181,671 120,414 279,790 155,718 129,765 181,671 181,671 181,671
Number of clusters 25,953 25,953 17,202 47480 25953 25953 25,953 53 25,953
Alternative: - Drop Firms Un- Years  Years Mincer Cluster Oilonly
- extra w/>5 balanced 2010-  2011-  resid. atsector export
- controls ~ workers  panel 2015 2015  wages  level  shifters

Notes: Sample of incorporated firms with positive final sales and more than one employee. Baseline
specification (column 1) uses a balanced panel of observations from 2009-2015, uses both export and import
IVs, includes firm and sector-year fixed effects, includes the extra controls comprising of year fixed effects
interacted with the firm’s cost share spent on primary factors, and reports standard errors (in parentheses)
that are clustered by firm. Columns (2)-(9) report specifications that retain these features of the baseline but
with the alternative described. Observations are weighted by initial firm final sales (weights winsorized at
the 95 percentile).

tant for the estimation of ¢ due to their direct impact on the production cost of importing
tirms. Turning to columns (4) and (5), as with Table C.4 above, these specifications explore

how the main source of variation in the shifters are idiosyncratic shocks to large countries.

Table C.6: Additional Estimates of ¢ (Alternative Instruments)

Baseline Alternative Specifications
(1) (2) 3) (4) ®)
Estimate of 2.11 2.81 2.08 2.02 2.40
(0.55) (4.87) (0.55) (0.53) (0.72)
First-stage F statistic 16.4 1.0 244 18.1 8.2
Export (Shock), ¢ (Shock), ;
. Export measured further sub
IV construction: and import IV (30) ImportIVs using large urther sub-
co ) IVs (31&32) only . tracts small-
only countries
(30,31 & 32) only country avg.

Notes: Sample of incorporated firms with positive final sales and more than one employee. All specifications
use a balanced panel of 181,671 firm-year observations from 2009-2015, include firm and sector-year fixed
effects, and include controls for year fixed effects interacted with firm cost shares at ty spent on primary
factors. Observations weighted by initial firm final sales (winsorized at the 95 percentile). Standard errors
in parentheses are clustered by firm (of which there are 25,953).
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C.6 Comparison to the Original Factor Content Approach

In order to compare our results to those of the original factor content approach, we replicate
the strategy of Katz and Murphy (1992) to estimate the (aggregate) elasticity of substitution

between educational groups. That is, we estimate

WH,t 1 <th)
In| —= | =— In{ —= | +yyear, +¢;, C.1
(wL,t> Hagg Lpt Tyeat e (1)

where, in year t, wy ;/wr s is the wage of high-skill workers relative to the wage of low-
skilled workers, Ly ¢/ L} ¢ is the supply of high-skill workers relative to the supply of low-
skilled workers, and year, is a linear time trend. To measure the average wage and total
employment for workers classified as high- and low-skilled, we use the ENEMDU survey
described in Appendix B.4.2.5! We define high-skilled workers to be those with a college
degree.

Column (1) of Table C.7 reports the estimate of 77,4, that we obtain using this procedure.
This implies an estimate of 77,4, equal to 1.42, a value that is very similar to estimates of this
parameter for the U.S. (Acemoglu and Autor, 2011).

We also consider an alternative estimate of 7,4, obtained from the following three-
group extension of the Katz and Murphy’s (1992) specification,

1. .
. In(Ls,;)+7pyear,+s+Gi+er, (C.2)
agg

In(wy) = -

where f is one of the three education groups in our baseline analysis, 7 is a factor-specific
linear time trend, and {r and {; are factor and year fixed-effects, respectively. Asreported in
column (2), in this cases we obtain an estimate of 77,4, equal to 2.53, similar to the firm-level
elasticity of substitution between the labor and capital factors estimated from fluctuations

in export and import shocks in Section 5.

C.7 Goodness of Fit Test Under Alternative Micro-Level Elasticities

Figure C.7 describes how estimates of g, from Section 6 vary when alternative values of ¢

model

and 7 are used to construct Inw r

81Given the availability of the ENEMDU survey, our sample is based on the fourth quarter information
for the years between 2007 and 2019.
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Figure C.7: Goodness of Fit Test Under Alternative Values of Micro-Level Elasticities
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Notes: Each panel reports the fit coefficient Bg; and the 95% confidence interval implied by the estimation
of (34) with lnzbj’?,‘;del computed under alternative values of the elasticity of substitution between factors in
production, #, and the elasticity of substitution between firms in consumption, o. The left-hand panels vary
n at 0 = 2.11, and the right-hand panels vary ¢ at 7 = 2.10, the baseline parameter values used in Table 2.
Red points denote those same baseline values. Based on sample of 75 factors in 2009-2015. All specifications
include year and factor fixed effects. Observations are weighted by initial factor payments (with weights
winsorized at the 95 percentile). Standard errors clustered by factor.
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Table C.7: Estimates of the Katz-Murphy Factor Demand Elasticity

1) ()

Estimate of 77,44 1.42 2.53
(0.37) (0.19)

Number of education groups 2 3

Education groups: college, college,

non-college HS, <HS

Notes: Column (1) reports the estimate of 77,4, obtained using two skill groups and equation (C.1), whereas
column (2) reports that for equation (C.2) and three skill groups. Column (1) includes a linear time trend over
the 13-year period. Column (2) includes skill group and year fixed effects, and a linear time trend interacted
with group dummies. Robust standard errors in parentheses.

C.8 Connecting Exposure Measures to Counterfactual Responses

The goal of this subsection is to assess how the export and import exposure measures from
Section 4, EE; ; and IE; ;, relate to the counterfactual changes in earnings predicted for each
individual, (AY;¢)rage/ Yi t- We do this by means of the linear regression

—(AYQ trade — g+ BEEE; + B IE; +v, (C.3)
using the sample of all individuals i (in 2012). Table C.8 reports our estimates, beginning in
column (1) with the regression coefficients corresponding to total income. Both exposure
measures have signs that are in line with the local predictions of Proposition 1 and Propo-
sition 3 (for ¢ > 1) and the total contribution of the two exposure measures is high (with
an R? = 0.90). The same is true for labor income on its own, reported in column (3). In
order to explore the relative explanatory contributions of EE; ; and IE; ; to this high overall
fit, columns (2) and (4) report the Shapley decomposition of the R? in columns (1) and (3),
respectively. It is clear, in both cases, that significantly more fit can be accounted for in this
sense by the import exposure measure.

C.9 Parameter Estimation for Sensitivity Analysis

This section presents details of the parameter estimation of the more general nested CES
models used in Section 7.3. A unified model that nests all of these extensions is presented
in Section D.2 together with further details about the construction of the counterfactual
autarky equilibria.
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Table C.8: Distribution of the Gains from Trade and Individual Exposure, 2012

Proportional change Proportional change
in total income in labor income
Coefficient Shapley Coefficient Shapley
estimates % R? estimates % R?
1) (2) 3) (4)
Export exposure (EE;) 1.121 7.4% 1.205 7.9%
(0.001) (0.001)
Import exposure (IE;) -7.533 92.6% -7.583 92.1%
(0.002) (0.001)
R 89.5%  100.0% 92.8%  100.0%
Obs. 2,613,011 2,413,801

Notes: Columns (1) and (3) report the results of the estimation of (C.3) for the changes, between the trade and
the counterfactual autarkic equilibrium, in total and labor income, respectively. Columns (2) and (4) report
the Shapley decomposition of the R? for each specification. Robust standard errors in parentheses.

C.9.1 Additional Technology Parameters

Elasticities of Substitution Between Factors. This extension allows the elasticity of sub-
stitution between capital and labor—which we will continue to refer to as 7, as described
in equation (D.13)—to differ from the elasticity of substitution between different labor
groups—which we denote 771, as described in equation (D.14). Beginning with 777, equation
(D.16) implies the following demand for labor types f € F within any domestic firm n at
time ¢

InXy, ;= (1—n)Inwy,;+'Controlss + i+ p+€fp p- (C.4)

This is analogous to the specification in Section 5.1 apart for the fact that only labor fac-
tor types f € F1 enter the estimation sample. We therefore follow the same IV estimation
procedure and controls as in Section 5.1. Table C.9 reports the resulting estimate of 7 in
column (1).

Turning to 7 for this extended model, equation (D.16) implies the following relative
demand for capital by any domestic firm n at time ¢,

X @) Wk, \ '
Knt  YKnt n,t
= (wL ) Jforallne N,

n,t

where Xk, and X1, ;=) feF, Xfn, are the capital and labor payments of firm n, and wﬁ’t is
a revealed measure of the CES price index for the composite bundle of factor F = K,L used
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by firm n at time ¢ such that lnwﬁlt =Y feFXfut (lnw it ﬁlnx fn,t) . In the case of capital,
since all firms in a sector only use one type of capital, wfl ; reduces to the price of capital in
the sector in which firm n operates. In line with the analysis of Section (5.1), we assume that
the relative capital demand shock, Ok, 1 / Or,, 4, is a function of year term (;, a firm-specific
term (;;, and a residual demand shock, €, ;. This leads to the following specification:

K

X w
In 5 = (1— ) In—22 4 244 0y e e (C.5)
Ln,t wn,t

Following again Section 5.2, we define the firm-level IVs for the price index of each of its

composite factor bundles:

By =Expi—Epny such that Bro= Y L0 By, (C.6)
feFr XFn to

fp = Ikt — T such that frui= Y L0 gy (C.7)
feJT.'F Fn tO

The estimate that we obtain for # in this extended model is reported in column (2) of Table
C..

Elasticity of Substitution Between Domestic Intermediate Goods. We now allow for
a non-unitary elasticity of substitution y across domestic intermediates, as described in
equation (D.11), while maintaining a unit elasticity of substitution between domestic and
foreign inputs (e =1) as well as between foreign inputs (#* =1). Under these assumptions,
equation (D.17) implies that the demand of a domestic firm 7 at time ¢ for the intermediates

sourced from any domestic firm r is given by
lann,t = (1 — ‘u)lnpr,t + Cn,t —f-ll’l@rn’t, (CS)

with . r =1In(1— B t)On Ryt (PL)* 1. Since p # 1, we can no longer use the measure of
Inp, derived in Section 5.2. Instead, we build an alternative measure of prices by com-
bining equations (D.17), (D.23) and (D.24) under the assumption that € = y* = 1. These
equations imply that

lnpr’t == ln¢r,t _'_ ﬁr,tlnwr’t + x;itlnp;it + (1 - ‘Br’t)®r’tlnpgl

X 1
nPD— Y Yt <1np 4 —In
r,t mEZ/\/r,t Em’E/\/r,t Xl t m, u— 1 (

Xomr,t 1
4 + In6 ) ,
1-Brt1)Or  1—p it
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with x, = =(1-Brt)(1=0Op) and Ny y = {m Ny xpp i/ (1= Brt) Oy s >0.01} defined as the
set of suppliers accounting for at least 1% of domestic purchases of firm r.8? Substituting
the second expression above into the first, we obtain after some manipulation that

lnpr’t == Z bgr,t <1nq0m’t _’_‘Bm,tlnw"z,t —l—x;’tlnp Z xzm t <1n 1 lm t@ lnelmlt> )
meN; IGM ,Bm t) m,t

where xl?n,t = (1= Bum,t)Om e, Ximt/ (Tren, Xim,t) with xP= {erm,t}T,meNt, and b2 are
the elements of BP = Lo (xP)/. Substituting this expression into (C.8), we then get

X i . R
InX;, 1+ Z it Z xlm t 1‘Bl—m3® =(1—p) Z bgr,t (Bm,nwy e +x55, NPy ) 4G +106r 1,
meN; IeN; m,t )= m,t meN;

where lném t =1Inbp,  + Zmer% (=) In@ui + Y e, x}?n ANy, 1). Finally, by assum-
ing that ln9m ¢ = {'Controls, ; + {» + €1+ and using the definition of InP t, we obtain our
empirical specification:

InXp 1= (1—p) Y. bglt Brilnw, s+ ) x5, Anpf, | +¢'Controls, s +pi+Grt€myt,
reN; leN}

(C.9)

e and Inw, ; and In pl ; are mea-

) m,t
sured in the same way as lnwr and lnpl ,in Sect10n 5 2.

In order to estimate y from (C.9), we again use the firm-level IVs, Er t Irt and P s in
equations (30)—(32), and the same set of controls as in Section 5.2. Column (3) of Table C.9
reports our estimate of y.

Elasticity of Substitution Between Domestic and Foreign Intermediate Goods. Here,
we allow for a non-unitary elasticity of substitution € between each domestic firm’s bundle
of domestic intermediates and its bundle of foreign intermediates, as described in equation
(D.10), while maintaining a unit elasticity of substitution between domestic inputs (y =1)
as well as between foreign inputs (u* =1). Equations (D.17) and (D.18) together imply that
the demand by domestic firm n at time ¢ for its bundle of domestic-sourced intermediates,

82By focusing on this set of suppliers, we avoid measurement error in In P, .+ introduced by outlier values
of In(xrt/(1—Pr,t)O; ) for small suppliers.
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relative to its foreign-sourced intermediates, is given by

XD pb ®
In| 22 | =(1—€)In[ 2 | +1In L2 , C.10
(X) (1=e) (P:,t =6 (€10

where Xﬁft =Yren Xt and X5, =3y Xin ¢ Here again, since € # 1, we can no longer

use the measure of Inp,; derived in Section 5.2 to compute In P,’ft. Instead, we build an
alternative measure of prices by combining (D.17), (D.23) and (D.24) under the assumption

that y =u*=1. These equations imply that

PR = Y Ot (@it B+ (1= B INP ),
meN;
1 XD 1
InPM — InpP 1 nt ] .
n n,t n n,t+€_1 n(l—ﬁn/t)Rn,t+1_€ n®nlt

Substituting the second expression above into the first, we then get

_ 1 xb
InPP, = b 1 1 —(1— S/ S——
nryy rezj\/t rnt ( Ny, + PrAnw;  + €—1( Brt) <1n(1_[3r,t)Rr,t 1n®r,t) ) ’
where by, ; are the elements of By = 6; Z]‘-";O(Xt)f with %t = {6mnt(1 — Bmt) tmnen; and

0t = {0mn,t } mnen;. Substituting this expression into (C.10), in turn, implies

In XDf + Y by (1—ﬁr,t)lnX—P’t =(1—¢)
Xot)  en (1=Br )Ry

with In®y ¢ = Y, n bynst (1—€)Ingr i+ (1— B, 1) InO, ) + In(Op /(1 — ©y,)). Finally, by
imposing that ln@n,t = {'Controls; ¢ + {n + (¢ + €n and using the definition of InP},, we

n,t’

Z ETI’Z ﬁr/tlnw;/,t — lnP;;,t + lnén,t/

reN;

obtain our empirical specification:

*

. _ X
lanD,t:(l—e) Zbrn,tﬁr,tlnwr,t— Z %lnp}k’t +{'Controlsy, ;+,+C;+e€ns, (C.11)

reN; leNy "t
D — X;lqj,t A XE),‘ * :
where InX,’, =In X +Yren;brnt | (1— ,Br,t)lnm and Inw, ; and lnpl’t are given
D

by the same measures Inw,’, and Inp;, used in Section 5.2. We estimate € from (C.11) with

1t
the same import price IV, 15;& in (32), and control set used in Section 5.2. The resulting

estimate of € that we obtain is reported in column (4) of Table C.9
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C.9.2 Additional Preference Parameters

Next, we let the within-sector elasticity of substitution between firms, o, vary across sec-
tors, as described in equation (D.7). Equation (D.8) implies that domestic final demand for

any firm n in sector k at time ¢ is given by
InD,, ) s = (1=01)Inp,, )+ GrControls,, ) s +Cr e+ G i) +Eniio) 1 (C.12)

where the price p,, ) , is measured using equation (28) as before. This is the same expression
as in our baseline, equation (29), but with separate coefficients for each sector (and hence
estimation is separable by sector). We do so while continuing to use the same instruments
as in Section 5.2.

Compared to the single value of ¢ used in our baseline analysis, we now allow for 4
groups of sectors, each with its own value of o3: “Tradables”, which consists of Agriculture,
Fishing, Mining & Quarrying, and Manufacturing; “Construction and Real Estate”, which
consists of Construction and Real Estate, Renting & Business Activities; “Other Services”,
which consists of Hotels & Restaurants, Transport, Storage & Communications, Education,
Health and Social Work, and Other Community, Social and Personal Service Activities; and
Retail and Wholesale, which remains its own group, given its size.83 Given this new group-
ing, our estimation proceeds as in (C.12), but with observations pooled within each broad

sector group. The resulting estimates of o are reported in columns (5)-(8) of Table C.9.

C.9.3 Alternative Factor Definitions

Finally, we consider alternative factor definitions. Our baseline analysis groups workers
into three education levels (high school not completed, high school completed but no col-
lege diploma, and college diploma and higher) interacted with the individual’s province,
and allows for two types of capital (that in the Oil and non-Oil sectors). Here we re-estimate
the elasticity of substitution between factors 77 under three alternative factor group defini-
tions. In each case, this proceeds as in our baseline estimation after first re-calculating factor
expenditures and prices for the alternatively defined groups.

We begin by aggregating labor groups (within each province) such that there are only
two education categories (college and no-college). Column (9) of Table C.9 reports our es-
timate of # in this case. As a second alternative to defining labor factors, we return to the
case of three education groups but remove the province component. This estimate appears

83 A small number of firms belong to other (minor) sectors, not listed here. In such cases we continue to
use our baseline estimate of .
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in column (10). Finally, column (11) reports the value of 7 that we obtain when all factors
(labor types and capital) are specific to either the oil or the non-oil sector.

Table C.9: Parameter Estimates for Sensitivity Analysis

Technology Preferences Factors
0] @ ©)] @ () 6) @) ® © (10) 1)
Parameter Ui 7 u € 0 %) % 0y n n Ui
Domestic Retail & RE Other College . Oil
Elasticity of sub- Labor Lz:/l;or Domestic ~ vs. Tradables v o &Con-  Services vs. non- Nat.lc;)n— sector-
stitution between types 9 inputs  foreign sector - lesec-  struc. sector college 9 specific
capital : firms ) t ) factors
inputs tor firms sector firms labor factors
firms
Estimating equation (C4) (C5) (C.8) (C.10) (C.12) (C12) (C12) (C12) (24) (24) (24)
Parameter estimate 3.15 1.27 1.36 1.02 2.08 1.46 2.21 177 1.96 1.58 2.00
Standard error (0.69) (0.95) (0.52) 0.27) (0.97) (0.54) (217) (0.68) (0.39) (0.66) (0.27)
First-stage F-statistic 4.7 128.8 11.8 103.4 5.7 16.8 1.0 3.3 14.0 12.1 5.1
No. of observations 462,486 44,695 1,527,590 17,878 25,809 83,335 30,786 39,312 484998 617,155 627913
No. of clusters 73 6,385 33,648 2,554 3,687 11,905 4,398 5,616 51 42 88

Notes: Each column reports estimates from a separate 25LS regression. Specification details concerning sam-
ple, weights, fixed effects, additional controls, instruments, and (with the exception of column 10) clustering,
in columns (1) and (9)-(11) are as in columns (1)-(2) of Table 1 and those in columns (5)-(8) are as in columns
(3)-(4) of Table 1. The following notes refer to other columns. Sample used is a balanced panel of incorporated
firms with at least one employee and with: in column (2), total factor spending above 1% of costs, and capital
and labor shares each above 10% of total factor spending; in column (3), transactions worth at least 1% of
the buyer’s purchases; and in column (4), omitting observations with Xz?, 1/ X, ; outside the top and bottom
1% of that variable. Regressions weighted by (winsorized at the 95th percentile in each case): in column (2),
initial total factor payments; in column (3), initial buyer-seller transaction value; and in column (4), initial
final sales. Fixed effects included are: in columns (2) and (4), firm and year; and in column (3), firm-year
and supplier. Additional controls: in columns (3) and (4), year fixed effects interacted with firm cost shares
at tg spent on primary factors. Instruments used are: in column (2), equations (C.6) and (C.7); in column (3),
equations (30), (31) and (32); and in column (4), equation (32). Standard errors are clustered: in columns (2)
and (4), at the firm level; in column (3), at the supplier level; and in column (10), at the factor-year level.
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D Appendix: Counterfactuals

D.1 Baseline Analysis

We begin by describing our procedure for calculating the counterfactual exercises reported
in Section 7.1. This involves demonstrating identification of Ecuador’s relative domestic

factor demand system, and an algorithm that solves for the counterfactual equilibrium.

D.1.1 Identification of Relative Domestic Factor Demand

Since we lack data on good prices, it is convenient to define

énc,t = 9nc,tP}1;a/ Z Qrc,tp};g forallne N,
rENk

Pt =P e[ ( H (py )0t ) Ot 1=But /. forall n e N;,
reN;

Pn,t(P ) Prt(p*w) /s foralln € N,

() Gnctﬁ}”” ))ﬁ forallke K.
nE/\/k

Starting from Proposition 2, we can then rearrange relative domestic factor demand as

_n—1 A Ao A—
RD (P ZU) < f) 1 Zne./\/tefﬂ,th,t (w)ﬁn,t [ZkGIC,rGNk,tbnr,t“k,terc,tplgt ! (P*,w)]?},t U(P*/w)]
fit -1 A Ao 1 ’
wo Zne/\ft 90n,th,t (w);Bn,t [ZkGIC,reNk/t bnr,t“k,terc,tplgt ! (p*,w)p%,t U(p*/w)]
(D.1)
with the normalized domestic prices equal to

Pui(p*w)=exp{ Z ben t[Iny 1+ By (N0, 1 (w) + Z (1—PBrt)(1— @r,t)%,tlnpﬂ} forall n € NV;.
reN leN™
(D.2)

In Section 4.1, we have already discussed how to measure domestic consumer expen-
diture shares across sectors, in order to identify a; = Y e n;, Drt/ Liren; Drt, as well as
how to measure the share of each firm n’s costs attributable to primary factors, in order
to identify B, = YerXfnt We have also discussed how to measure the (exogenous)
domestic input output matrix M; = {x,+}, which identifies the coefficients by, ; of the
Leontief inverse B; = 2}’10 M , as well as the (exogenous) import shares, which identifies
(1—B)(1 -0, t)el*r ;= xfr,t. In Section 5, we have also shown how to identify # and o
using instrumental variables. To show that RDy (-,-) is identified for all f € F, it remains
to show that: (i) 0, is identified for all n € NV;, so that Py () is identified for all k € K; (i)
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0y, is identified for all f € F and n € NV, so that @, +(-) is identified for all n € NVy; and (iii)
$n ¢ is identified for all n € NV}, so that py, 4 (+,-) is identified for all n € NV}
Equation (13) implies

Orc = _ Dur forallke K and ne Ny,.

Zre./\/k,t Dr,t
Equation (17) implies
Xfnt
Ofp 1= d forall f€ F and n€N;.
fut de]-"xgn,t(wg,t/wf,i‘)l_j7 f t

Finally, since p, +(p;,w:) =1, equation (D.2) implies

Pt = [ 1 (wy)] Pt H (pf,t)ej"'f)](ﬁ”'t_l)(l_@)”ff) forall n e N;.
reNy

Thus, conditions (i)-(iii) hold and RDy (-,-) is identified for all f € F.

D.1.2 Construction of the Counterfactual Autarkic Equilibrium

We first characterize the set of domestic firms, V, é, with strictly positive output and finite
prices in sector k € K in the counterfactual autarkic equilibrium at date ¢. Since foreign
good prices p* — co under autarky, equation (D.2) implies N} = {n € Ny, %, = 0}.%
Likewise, we let N = Uy, kflt denote the set of all active firms under autarky.

Starting from equations (D.1) and (D.2) and taking a limit as p* — oo, we can express

relative domestic factor demand under autarky as

-1 A B )
RD4 (w)= (wf) 1 ZWGN,Aan,th,t (w) B, [Zkelc,rej\f’ébnr,t“k,terc,t(P]ét(ZU))‘7 1 (pfl (w))1 7]
/t - - - _1 — ,
f wo ZnGMA 90n,th,t (w),Bn,t [ZkEIC,re/\/’Iﬁ bﬂr,t‘xk,tgrc,t (P]é‘}t (w) )0—1 (p;q (w) )1_0]
(D.3)

84For computational reasons, we approximate the set of active firms in autarky by N4 = {n € A Kt X <

tol}, with tol4 = 0.001. We also assume that N/! includes the consolidated financial and public firms as
well as the residual firm (for which &, ; no longer reflects the import share of an individual firm).
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where the equilibrium domestic prices under autarky are such that

1
Pkt w)=| Z ne,t Pr Tt (D.4)
ne./\/k‘i
p,’f’t(w):exp Z ben t[Iny 1+ By N0y 1 (w)]. (D.5)
reNA

Next, for a given value of the vector of domestic factor prices, w, we define the excess

demand function for each factor f # 0 such that
Hy(w)=1—RD#,(w) /RSy, forall f #0,

where RS, =L¢,/ Lo isrelative factor supply at date t, whichwe measure as Y, o X g ¢/ L A Xon,

forall f #0.8° By construction, the vector w{! is an equilibrium vector of factor prices under

autarky if H¢(w;') =0 forall f #0.
Finally, to solve for w{, we use the following algorithm:

i. Consider an initial guess w(®) =1;
ii. For each step j, compute HU) = { H¢(w f( N} FAO

(a) If |[HU)| < tol, set wft =w);

(b) Otherwise, compute WU — w1 = xHDY) for all # 0 and proceed to ste
p f Wy f p P
j+1.

D.1.3 Individual Earnings

Consider an individual i with factor endowments [; = {I fi} feF- In the initial equilibrium,
individual i’s earnings are givenby Y;; =} ¢ 7l fiwy ¢ In the counterfactual autarkic equi-

librium, they are given by (Y;;) 4 =Y re #lfi(wy ) o- We therefore have

(AYi,t)trade —1_ (Yi,t)A -1 _Z& (wf,t)A
Yi Yi 7 Yir Wy

=1- Zwﬁ,texp(_ (Alnwf,t)tmde)/
f

with W= Yfi,t /Yit

8This is equivalent to setting units of account for each factor so that w £+ = 1in the initial trade equilib-
rium. It should be clear that this particular choice of units of account, imposed both under trade and autarky,
has no impact on the values of (Alnwt )4, = {Inwy  —In(wys ) o } re F-
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Let (AY;t)exports = Yi¢ — (Yit)NE and (AY; t)imports = (Yit)NE — (Vi) 4 Where (Y ;) NE are
the counterfactual earnings associated with the counterfactual equilibrium without differ-

ences in relative export exposure, (w* =w;,REE=1). Similarly, we have

(AYit)exports (Y :)NE Yfit (wft)NE
At st L W VAR S iy [ , , —1_ ' B 1
Yi,t ! Yi,t 1 7 Yi,t Wyt 1 ;sz,texp( (A nwf,t)exports),
(AYj )i Y; Y
1t).zmports _ ( z,t.)NE ( 1,.t)A =0 —Zwﬁltexp(—(Alnwf,t)imports)]exp(—(Alnwf,t)exports),
Yl,f Yl,f Yl,t f

D.2 Sensitivity Analysis

We now provide the details behind the counterfactual simulations reported in Section 7.3.
We first outline a generalized model that nests all cases in Section 7.3, show that the rela-
tive domestic factor demand system remains identified in this more general setting, and
describe a procedure for calculating the equilibrium in this model. We then describe how
we remove retailers from and add informal firms to our analysis. We conclude by reporting

our counterfactuals results for labor income only.

D.2.1 General Model

Preferences. All consumers have the same nested CES utility functions as before,

wi= ] T (uiz)™, (D.6)
kel
1 gt v;:*l
Uik = ( Z Gnléqi,nk ) , (D.7)
YZENk

but where the elasticity of substitution o3 may now vary across sectors. In turn, total do-

mestic expenditure is equal to

1—(7’k T
Di(pw) = “Wnepn (0L

,forallne Nyand ke K. (D.8)
ZFENkGVCpV

L)
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Technology. All domestic firms have nested CES production functions,

ynzq)n(_n)'g” (Tfln)l_ﬁ”, (D.9)
= [(@4) ¢ (m) < +(1-0,)¢ (m}) T )T, (D.10)
D = [ Y () ¥ (1) T 771, (D.11)
reN
= Y (65 my 17T, (D.12)
reN*
L=[(©1)7(IL) T +(Okn) T (Ixa) 7 171, (D.13)
lin=[ X, (8) (Ipy) TE 7T, (D.14)
ferFL
ln=] Y ()% (I5,) 5 7T, (D.15)
feFk

where ¢;,,81,04,01,,Okn,0:m,05,,0 > 0 are exogenous technology parameters, with B, €
0,1], ©n € [0,1], XyenOrn = Lren+05n =1, Lrer, 0 = Lrer Opn =1and Yr_; xOp, = 1;
€ > 0 is the elasticity of substitution between domestic and foreign intermediates; > 0
is the elasticity of substitution among domestic intermediates; u* > 0 is the elasticity of
substitution among foreign intermediates; 77 > 0 is the elasticity of substitution between
capital and labor; 1 > 0 is the elasticity of substitution among labor groups; and nx > 0
is the elasticity of substitution between types of capital.® Thus, shares of costs spent on
domestic factors, domestic intermediates, and foreign intermediates are equal to

1-wg s =F 1=y
Xa(pp*w) = ,Bn®Pn9fn( ~w(fw)) (g’;g;‘jg) for fe Fp,neN, (D.16)
1-p 5D 1—e€
Xrn(P,p*,w> = (1 ﬁn)@n rn< P{p)) <pl\1j1n(r§pp)*>) ,fOI'T’EN, TIGN, (D17)
* * = P;(P*) e *
xrn(p/p /w> - (1_5}’1 1 ®1’l ( ) <I~W> ,fOI‘T’EN ,I’ZEN, (D18)

86In our empirical analysis, all firms only use one type of capital. So the value of elasticity of substitution
Nk is irrelevant for any of our counterfactual results. We only introduce this parameter for notational
convenience when describing factor cost shares and factor price indices below.
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with the CES price indices given by

)=( Y Ouwt "), forall F=L,Kand n e, (D.19)
SEFF
B (W) =[O (@5 (w)) 1+ Oy (@K (w) )17, for all n € N, (D.20)
PD (p) = Zempr )= V,forallnEN, (D.21)
reN
)= Y 05 (p0)! T forall neN, (D.22)
reN*
~ ~ ~ 1
PM(p,p*)=[0,(PP (p))1 ¢4 (1—-@,)(P; (p*)) €] 1< foralln € N. (D.23)

Finally, unit costs are equal to
cn(p,p*,w0) = [y (w) P [PV (p,p*)] Pn, forallne N, (D.24)
with g = gy (Bu) P (1)1 =P,

Domestic relative factor demand. As before, let 7(p*,w) denote the unique solution to

the system of zero-profit conditions,
pn=cu(p,p*w) forallneN.

Combining the definition of domestic factor demand in equation (5) with the vector of do-
mestic expenditure associated with (D.8), the matrix of factor shares, A(p,p*,w), associated
with (D.16), and the Leontief inverse, B(p,p*,w), associated with (D.17), we obtain

—17 ~
v EneNan@F(f) (@) (w))F 0~ Z, (p*w)

RD(p* ) =
f\P -
O ¥ e B0n®p (o) (@h ) () 1FO T Z,, (p* w0

, (D.25)

where F(f) denotes the factor group that f belongs to,i.e. F(f)=Lif f € Fr and F(f) =K
if f € Fx, and Z,(p*,w) is given by

Za(p W)= Y axBreBubnr (p*,w)@) " (w) Y (pFw) i (0 w),
ke, reN;

with by, (p*,w) = by (P(p*,w),p*,w) the coefficient of the Leontief inverse, expressed as a

function of p* and w.
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D.2.2 Identification of Relative Domestic Factor Demand

Like in Appendix D.1.1, given the lack of data on domestic good prices, it is convenient to
define

1—
ant— nctpntgk/ Z rctpr,tgkfOI'allnE./\/‘k,tandkEK,
TENk,t

ém,t = Gm,tpi;” / Z Hln,tp};” forallre N;yand neN;,
leN

O, =0, (PP /(P € foralln e N,
Pt = Pt [P2F) Pt/ pyp forall n €N,
Put(p*,w)=Pnt(p*,w)/ pusforalln e Ny,
Pkt p*,w) Z Bnctpn_tak ))ﬁ forallke IC,

VlENk
p,ft(p*,w)z(Zémpi_V(p ZU))1 i forallne N,
reN

P (p" ) =[O (PR (p,0)) =+ (1= 0,,0) (B (p*) / Py ) =] T forall n €A,

where PP, = PP, (p1), Py, = P (py), and PY, = PM(p, p}) are the values of the firm-level

nt —
price indices at date t’s equilibrium.

Starting from equation (D.25), we can rearrange relative domestic factor demand as

_171: F(f) nE —Nt *
i} P e N0 kO (s (W ()T 2,4 (p )
RDy(p*w) = f B F’(tO) ME(0),t 1t 7 ’ (D.26)
ZneMGOH,t®F(O)n,t(wn,t (w))FO = Zy 4 (p*w)
with
Zn(p*/w)z Z “kérc,Bni?nr(P*rw)wZ_l(w)ngk_l(p*rw)ﬁ} Uk(P SW). (D.27)
kekK,reN;

In this expression, the normalized domestic prices, i, +(p*,w), are given by the solution to

P =Gt [@n,t ()P [P (p.Ap7 / pf 1] P foralln N, (D.28)

and the Leontief inverse B(p*,w) = {b,,(p*,w)} is equal to

B(p*w)= YN0 (p" ), (D.29)
j=0
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with the domestic input-output matrix under autarky, M(p*,w) = {£,,(p*,w)}, such that

A1 —0 (% 1-p AD [ % 1-e
N aa (P (P /w)) by (p*w)
W) =(1=Bn)Onbpm | 5 T ,forallre Nyand neN;.
n(p*w)=(1—Pn)On rn( P,?(p*,w) (P%(p*,w) orallr rand n ¢

(D.30)
The preference parameters «; ; and the technology parameters 3, ; are identified in the
same way as in Appendix D.1.1. The elasticities {#r}, 7, €, y, u*, and {0y} can be iden-
tified using the same general estimation strategy as in Section 5, as further discussed in
Appendix C.9. To show that RDy (-, ) is identified for all f € F, it remains to show that: (i)
By 1 is identified for all n € NV}, so that P ,(+) is identified for all k € K; (ii) 6 fn,p and O (f) ¢
are identified for all F=L K, f € Fr and n € N, so that @/, () and @, +(-) is identified for all
F=L,Kand n€N;; (iii) 6, ; and ©,, ; are identified for all ¥ € NV; and 1 € NV}, so that pft ()
and P (-,-) are identified; (iv) 6}, , is identified for all r € N}* and n € A}, so that P (-) is
identified; (iv) ; and (v) ¢y, is identified for all n € N}, so that py, +(+,-) and, in turn, £,,,(+,-)
and by, (w) are identified for all n € N; and r € \V;.

Equation (D.8) implies
A Dn t
Opet==——+—forallke K and n € Nj;.
nc,t Zre./\fk,t Dr,t kt
Equation (D.16) implies
XfntWe,
Ofnt= et i — forall F=L/K, f € Frand n € N,

-1

1=
(de'FFxg”/t)(Zfej:prn,tw;?ri );71:71

Opp 1= for F=L,Kand neN;.

_1 n—1
EG:L,K (ZgE.FG xgn,t) (ZfE.FG an,tw;i ) =t

Equation (D.17) implies

A X
Orp t = b forallreN;and neN;,
Y1eN Xin,t

A YoreN; Xrn t

Ot 1_—’8“ forall n € N;.

Equation (D.18) implies

R

m,t —
ZZENt* x;kn,t (pzt)ﬂ

— forallr € Ny and n € Ny

107



Finally, since p, +(p;,w:) =1, equation (D.2) implies
P = [ 1 (w;)] Pt forall n € N

Thus, conditions (i)-(v) hold and RDy (+,-) is identified for all f € F.

D.2.3 Construction of the Counterfactual Autarkic Equilibrium

We first describe the set of domestic firms, N, with strictly positive output and finite
prices in sector k € K in the counterfactual autarkic equilibrium at date ¢. There are three
separate cases.

Casel: € >1and y > 1. In this case, we have the same set of active firms in the autarkic
and trade equilibria, N} =Ny ;.

Case2: e <1land u>1. Inthis case, directimporters are no longer active in the autarkic
equilibrium, N, = {n e N ,x} , = 0}.

Case3:e<land u <1. Inthiscase, bothdirectandindirectimportersarenolongeractive
in the autarkic equilibrium, N = {n € Ny ;,%; , = 0}. As before, we let N = U N
denote the set of all active firms in the autarkic equilibrium.%”

Starting from (D.31)-(D.30) and taking a limit as p* — oo, we can then express relative

domestic factor demand under autarky for the three previous cases as

—ME(f) _F(f) ; yoa
RD]‘?(w)—wf Z”EMAGf”®F(f)n(wn (w))T*NO T ZA (w)

Wy " e 00O 0y (@ () 1O ZA ()

,forall f#0, (D.31)

Ziw)= Y wbeBubi (@)@l () (A @) (p (), forall nE N,
kelC,rE/\/’,ﬁ

87We implement the construction of this set in the same way described in footnote 84.
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where the domestic autarky prices, {p;.,(w)}, are equal to the unique solution to

Pn :plignoﬁn,t [wn,t(w)]ﬁn; [ﬁ%(p,{pj /)] 1= By
~ ~ 175n,t . . M
— ¢7’l,t®nllt7€ [wﬂ(w)]ﬁn/t[ Z erﬂ,tpr,t y] 1—p for all n ENA;

reNA

the sector-level price index, P (w), is equal to

. 1
PAw)=[ Y bnc(pfi(w))' %% forall ke K;
ne/\/,ﬁ

and the Leontief inverse under autarky, B4 (w) = {b/.(w)}, is equal to

o0

B (w)=) (M) (w),

j=0

with the domestic input-output matrix under autarky, M (w) = {x4.(w)}, such that

1—Br )0 (Pt (w)) 1 H
XA (w)= lim ﬁrn(p*,w)z( Prt)Gur (piy () _y,for allre N and ne N2

pre LnenOnrt (P (w))!

7

Given the previous characterization of RDJ’?(ZU), we can solve for the vector of domestic
factor prices under autarky w;' using the same algorithm as in Appendix D.1.2.
D.2.4 Counterfactual without Retailers

Toreplicate our counterfactual results without retailers, we construct an alternative dataset
in which we reallocate the revenues and costs of retailers across non-retailing firms.

We start from a consolidated firm in the retail sector such that

Dretait = Z Dy, Eretail = Z En,  Xretailm = Z X,

n eJ\/'retail n e'/V'retail n GA[retail
_ * _ * _
Xfretail = Z an/ retail — Z Xn/ eretail = Z Xomn-
n e/\/‘retaﬂ n 6j\/'retail n e-/\[re’tail

For any firm not in retail, we adjust final sales by the extent of their total sales to the retail
sector,
(Di’l)/ =D+ Xiretail-
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We do not make any adjustment to the factor payments, exports, imports, and intermediate
sales of firms not in retail and instead allocate those to the residual firm,

(En) =E, for all n & Netail,
(X) =X for all n & Nietail,
(Xfn)' =Xy for all n & Niegail,
(Xom) = Xy for all n & Netail,
)
)
)
)

(X /:XR+ retail’
'=E{+E;

/

*
R
*
R retail”
(Xfr
(XRm = XRrm ~+ Xretailm for all m e N.

= XfR +Xfreta11

Finally, we compute capital payments in this alternative dataset by subtracting costs from

revenues,

(Xkn)' = | (Dn)' +(En)'+ ), Xum
mé'/\/'retail

(XZ)/+ Z (an)/+ Z (an)/

ferL m&Nietail

If negative, we perform the same adjustment as in our original dataset by raising final sales.
Given this alternative dataset without retailers, we construct the counterfactual autar-
kic equilibrium using the procedure described in Section D.1.2.

D.2.5 Counterfactual with Informal Sector

We extend the baseline model to include informal activities using the survey data described
in Section B.4. This survey allows us to infer the share of earnings associated with the in-
formal sector for individuals at different percentiles of the earnings distribution, as well as
the industry and factor group associated with the source of the informal income of each
individual. Compared to formal workers, we do not observe the specific firms making
these informal payments. To fill this gap, we introduce, for each sector k, a representative
informal firm that combines domestic factors in the same CES fashion as formal firms in the
model above, does not purchase either domestic or foreign inputs, and sells only to final

consumers,

_ 1/n (=171 \n/(n-1
Hinformal k = qoinformal,k( Z 0 finformal,kl finformal,k)ﬂ tr )/
feF
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with 77 set to 2.10, the baseline value for formal firms, and the shifters @intorma and 6 finformal
identified in the exact same way as we did for formal firms in Appendix D.1.1.
D.2.6 Counterfactual Results for Labor Income

Figure 6 reported the results from the sensitivity analysis of Section 7.3 for the case of im-
pacts on trade on total earnings. Figure D.1 here reports the analogous results for labor

income only.
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Figure D.1: Trade and Earnings Inequality, Sensitivity Analysis (Labor Income)

Export channel (4Y th Yexpors! Yi,Lt Import channel (4Y LLI) imports! Y sz Trade impact (4Y ft),,ade/ Y th
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Notes: Blue dots in all figures display the predicted impact of trade on the labor-only earnings of individuals
at each income percentile (normalized to zero at the median and expressed as percentages) in our baseline
model, as in Figure 4. Other colors report the analog for alternative parameter values (panel a), alternative
specifications of technologies (panel b) and preferences (panel c), and alternative factor group definitions
(panel d). See the text for details of these extensions. Lines indicate a fitted 10""-order polynomial.
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D.3 Trade and Observed Changes in Inequality

The counterfactual simulations reported in Section 7 focus on the difference between trade
and autarky at a given point in time. A distinct, but related, question is whether the trends
in earnings inequality observed in Ecuador over time would have been different if the
Ecuadorian economy had been subject to the same domestic shocks, i.e. fluctuations in
the preference and technological parameters O = {an,t,Ofn,t,9rn,t,®n,t,06n,t,,5n,t,(Pn,t}, but
closed to international trade. That is, what is the contribution of trade to observed changes

in inequality?

D.3.1 Baseline Results

To revisit this question, it is sufficient to note that log-changes in factor prices between
some initial period ¢y and any given date t in the counterfactual autarkic equilibrium,

In(wy ;) a—In(wy ) A, can be expressed as

ln(wf,t)A _ln(wf,to)A = [lnwf,t _lnwf,to] - [(Alnwt)tmde - (Alnwto)tmde]'

We observe the first difference on the right-hand side directly in the data, whereas we can
compute the second difference for each year (as we did for 2012 in Section 7). Once coun-
terfactual changes in factor prices In(w¢ ;) 4 —In(wg 4 ) o have been obtained, changes in in-
dividual earnings can again be computed using information about the share of each factor
f owned by a given individual. We do this using the augmented sample with both formal
and informal workers described in Appendix B.4.2 so that changes in earnings inequality
observed in the trade equilibrium are representative of the overall Ecuadorian economy;,
not just its formal sector.

Table D.1 reports the changes in different ratios of percentiles of the distribution of
earnings between 2009 and 2015, both under the trade equilibrium in column (1), i.e. as
observed in our dataset over that time period, as well as the counterfactual autarkic equi-
librium of our baseline model in column (2) and the difference between the two measures,
i.e. the contribution of trade, in column (4). Except at the very top, we see that the decrease
in inequality experienced by Ecuador would have been smaller in the absence of trade. This
reflects the fact that although trade tends to increase inequality at all dates, it does so less
and less in later years of our sample. Equivalently, this means that over the study period,
Ecuador’s economy generated larger increases in gains from trade at the lower end of the

income distribution.
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Table D.1: Change in Earnings Inequality, 2009-2015

Counterfactual change
Actual in closed economy Contribution of trade
change
in open Baseline = Deardorff’s Baseline = Deardorff’s
economy model  (2000) formula model  (2000) formula
1) (2) 3) 4) )
A Log of 50-10 income ratio -0.134 -0.075 -0.118 -0.059 -0.016
A Log of 90-50 income ratio -0.185 -0.107 -0.176 -0.078 -0.009
A Log of 99-90 income ratio -0.046 -0.070 -0.052 0.024 0.005

Notes: Calculations based on sample with informal earnings included. “50-10 income ratio” (etc.) calculated
from the ratio of the income of the 50th-percentile earner to that of the 10th-percentile earner, separately in
each year and scenario. Autarky factor prices in column (3) computed using equation (10) at #7,4¢ =2.53.

D.3.2 Back to the Original Factor Content Approach

A large empirical literature has studied the role of international trade in exacerbating in-
come inequality in the United States through the lens of the original factor content approach
(Murphy and Welch, 1991; Borjas et al., 1992; Katz and Murphy, 1992; Wood, 1995; Borjas
etal., 1997). Most of this work, with the notable exception of the non-standard calculations
of Wood (1995), has concluded that trade played a small part. Although we lack the gran-
ular data to replicate our empirical exercise for the U.S., we can compare our conclusions
to those that one would have drawn from applying the original factor content approach
in the Ecuadorian context. Column (3) of Table D.1 reports the change in inequality un-
der autarky from 2009-15 calculated using Deardorft’s (2000) original formula—that is, the
change predicted by equation (10) for 77,4, =2.53, as in Section 7.2. The difference between
columns (1) and (3) again measures the contribution of trade and is reported in column
(5). Under the alternative assumptions, one would have (wrongly) concluded that the con-
tribution of international trade to the changes in inequality observed in Ecuador was an
order of magnitude smaller than those implied by the more general factor demand system
that we have estimated. These findings re-open the possibility that the previous consensus
about the U.S. case may be equally sensitive to the assumptions implicitly embedded in the

original factor content approach.
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