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Mathematical derivations

A: Financially constrained firms borrowing in foreign currency
A1: Solving the financially-constrained firms’ profit maximization problem

The firm’s borrowing decision depends on the firm’s expected working capital needs such that in the beginning
of period ¢ the following condition holds:

E, 1 {S} Ly =E_1{p(Qikit + Wihi:)}

where Q. is the nominal price of capital, W; is the nominal wage and S, is the nominal exchange rate. For
further derivations we define the domestic consumer price level as P;.

The firm ¢ born in period ¢ solves the profit maximization problem taking the loan as given. The firm maxi-
mizes the expected sum of future revenue from selling goods and depreciated capital subtracted by the second
fraction of working capital expenditure together with expenses related to the debt payment. Financial flows
received in period ¢ also enter the maximization problem and be summarized as the difference between the
loan plus the lump-sum equity injection from the domestic household (Z; ;) and working capital expenditure:
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Z; . stands for the equity injection from the domestic household.
We introduced real variables: pf, = Pf1,/Pis1, 41 = Qe+1/Pigr, we = Wy/Pi, L}, = L}, /P; and
rery = S¢ P/ Py.
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The corresponding first-order conditions follow:
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If we substitute the expression for the expected value of loan repayment (see the next subsection), first-
order conditions become functions of default probabilities:
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A2: Differentiation of the firm’s payment function

We need to compute the expected value of the firm’s payment function (we abstract from indices i for the sake

of brevity):
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Recall that 741 K (pﬁrlyﬁl + qi+1(1 — 8)k:) so it can be substituted back to get complete expres-
sions.

To solve for the first-order conditions, we differentiate the expected loan payment w.r.t. k;:
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where the proof of the last expression comes from by using and computing the following:
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and the definition of the variable d; ;. Substituting a definition for 7,41 back gives

OE: min{R;‘Rl;, e k& (pfaytin + qea (1 —5)kf)}

Tersy]

(- o(d) OE; (TZf.Lll K (playlin + @ (1= 5)kt))
=(1- 1,t

akt akt
(A2.1)

Similarly it can be showed that
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B: Solving banks’ problem

Domestic households own all banks that operate in the domestic economy and lend to financially constrained
domestic firms. We assume that there is a continuum of these banks and every period there is a probability w
that a bank continues operating. Otherwise, the net worth is transferred to the owners of the bank, domestic
households. We assume that banks give foreign currency loans out of accumulated nominal equity N;, nominal
domestic deposits D, and nominal foreign debt D; that is expressed in units of foreign currency. Consequently,
as long as foreign debt is larger than zero, banks are subject to currency mismatch. Lending in foreign currency
hedges the open currency position: currency mismatch decreases. The balance sheet constraint of a bank j,
expressed in units of domestic goods, is given by

Nj++ Dj++ StDj, = S¢Lj,

Banks pay a nominal domestic interest rate R: on deposits and a nominal foreign interest rate R;{; on
foreign debt. R; follows a stationary AR(1) process. & denotes a premium on bank foreign debt. To ensure
stationarity in the model, we assume that the premium depends on the level of foreign bank debt (as in
Schmitt-Grohé and Uribe, 2003):
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where ¢, is an exogenous shock that follows a stable AR(1) process.

Banks are subject to an agency problem as in Gertler and Karadi (2011). At the end of every period every
bank can divert a fraction A" of divertable assets. Creditors take this possibility into account and lend only
up to the point where the continuation value of the bank is still larger or equal to what can be diverted. This
condition acts as an incentive constraint for the bank and eventually limits expansion of the balance sheet.

The only asset on the banks’ balance sheet is foreign currency loans to domestic financially constrained
firms, thus, the expected nominal return of the bank j is defined as R} and given by:
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Then the optimization problem of the bank j can be written as:
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Lagrangian of the problem can be formulated as:
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This gives the first-order conditions:

* L

¥ R; V(.
lj,t : (1 + Vl’t)ﬂEtAtypq,l {(1 — w) <7T*Jvt T@Tt+1> =+ w al*( ) } — ALVl,trert + voTery
t+1 gt

djt: (L+vie)BEA e {(1 —w) ( f ) V() } =2

—w
Tt+1 adj,t

* R} V(.
div: (L+v16)BEAs 111 {(1 —w) ( igt rertH) - () } = Vg tTert

w2\
Tt1 od; ,
with complementary slackness conditions:

’

L *
Vie: Vig (Vjt —A rertlj’t) =0

Ty t Ty

R*If:—l Rtfl erl t—1
Vot Vag (J’ rerd; 1 — - dji—1 — Riabemy reryd; 1 —rerd, +dj +rerd;, | =0
Further, the first-order conditions can be expressed as

. R:Y rer
e (A+v)BEA 1 {(1—w) +wiperr}) (J’t“—l> = )\Ll/l,t + Vot

*
Tiq Tert



R
dji:  (L+v14)BEA 41 {(1 — w) + wroe4a} (ﬂ tl> = V2
t+

R:ft reri+i1
| =V

*
Ti, Ter:

d;,t (T4 v1,)BE A 41 {(1 — w) +wree41} <

Besides these first-order conditions, the set of equilibrium conditions includes the law of motion for aggregate
net worth of banks and the bank incentive constraint. First, we formulate the law of motion for aggregate net
worth. We assume that aggregate net worth consists of the net worth of non-bankrupted banks and the new
worth of new banks. The new equity is injected by domestic households and is assumed to be of the size in.
Then
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To include the incentive constraint in the equilibrium conditions, we have to redefine it by using the value

of marginal utility from increasing assets by one unit and the value of marginal disutility from increasing debt

by one unit. It follows from the previously derived results that the value of the bank j can also be defined as:
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Then we can modify the incentive constraint as
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C: Retail firms

Retail firms constitute a continuum of mass one. They buy homogenous goods y{* at the market price P/* and
use them in the production of differentiated goods y;” (j). Differentiated goods are sold in a monopolistically
competitive market subject to the demand of the domestic final goods producer.

Domestic retail firms are subject to sticky prices (Calvo, 1983), so every period (1 — w
prices to the optimal reset price P (j). Then the profit of a retail firm j that is allowed to adjust its price in
period t is thus given by (Pt# () — PtR) y#'(j). The fraction w™ of remaining firms adjust past prices by the

"y of them adjust

rate 7fY = 7.

Then the aggregate price level of domestic retail goods is
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As a result, a domestic retail firm j solves the problem how to set the optimal price P/ (j) conditional on
not changing it in the future:
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We take a derivative w.r.t. P/ (j) and rearrange terms:
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D: Importers

We assume that there is a continuum of monopolistically competitive importers. They buy a variety j of foreign
goods y{ (5) at the foreign price P;* and sell it to the final goods producer at a nominal price P (j), expressed
in domestic currency.

Every period there is a fraction (1 —w”") of importers who can adjust their prices. The set of importers who
can adjust the price choose it such that their profits are maximized. The fraction wf" of remaining importing
firms adjust past prices by the rate 7Y = 7. As a result, an importer j solves the problem how to set the

optimal price P/** (;) conditional on not changing it in the future:
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In analogy to the problem of domestic retail firms, we maximize and rearrange terms. Since all importers
who can adjust their price set the same optimal price, P/*¥ (j) = P#"Vj. After introducing a variable pf’
which is defined as

p = PP" /P, (B.2)

we can show that the optimal price-setting equation follows as
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E: Price dispersion

We define the price dispersion of domestic retail goods as
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In analogy, the price dispersion of importers’ goods is given by
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F: Domestic final goods producer

The domestic final goods producer combines domestic composite goods and foreign composite goods into
domestic final goods and sells them to the household, the government and capital goods producers. We define
the supply of domestic final goods as y~. The demanded amount of production inputs, namely, domestic

composite goods and foreign composite goods, is denoted as =7 and « respectively.
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Domestic composite goods. Domestic composite goods y¢ result from assembling retailers’ production
y£ (4) for j € [0,1], each bought at price P/ (j), expressed in domestic currency, and with no additional costs
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domestic currency. Then it follows that the demand for retail goods is given as a solution to the problem
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and to the market clearing constraint that says that domestic composite goods are also used to satisfy foreign
demand exy, all expressed in units of domestic final goods:
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As a result, optimal demand for retail goods is given by
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Foreign composite goods. Foreign composite goods y; result from assembling importers’ production

yf (j) for j € [0,1], each bought at price P (), expressed in domestic currency, and with no additional costs
e 1/(1—ep)
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F Yop -t =
yi = (/ yi (J) °F dj)
0

and to the market clearing constraint that says that all foreign composite goods are used to satisfy the demand
of the final goods producer:
F F
Y =Ty
As a result, optimal demand for importers’ production is given by
_ PE(i)V\ ~F
yi (j) = <%~j)) yi “
t

and demand for foreign composite goods clears =i’ = y/ .
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Domestic final goods. Given inputs z{’ and «{ , domestic final goods are assembled with the aggregation
technology

1 e—1
<

1 e—17 57
v =[1-n @7 +nie) ] 5)
where e stands for elasticity of substitution between domestically produced goods and imported goods.

The domestic final goods producer operates in a perfectly competitive market, so she maximizes profits
PyS — PEx — PPzl subject to the technology (5). This boils down to two demand conditions:

PN
o = (%) of

and
—€
o (F) e
t Pt t
where a parameter 7 proxies for openness of the home economy. Further, we introduce relative prices
pif = PP /P, and pf = P/ /P, and get

zl = (1—n) (ptH)ieth (6)
and -
xf =1 (pf) v 7
G: Capital producers

Capital producers operate the technology that allows them to combine depreciated capital with investment i,
and increase the capital stock. They sell capital at the nominal competitive price @, to risky firms. Capital
producers maximize profits, expressed in units of domestic final goods, subject to the production technology
by choosing an optimal level of investment. The technology is given by

ke = (1— 8k + (1 e (Zil)) i ®)
+—
it Y it 2
FG:)Z&G:*Q

are investment adjustment costs. Profit maximization problem can be written in units of domestic final goods

where

as
max {qtky — qi(1 — d)ke—1 — 4t} ©)
it

kt:(l—d)kt—l‘F(l—F(.it ))Zr (10)
1t—1

Optimizing gives the demand function for investment:

1 . 2 . . . . 2
1_, & <_“ _ 1) ok ( f 1) U RBE Ay T (—“.“ - 1> (—“.“) (11)
qt 2 141 141 Tg—1 qt 2 1

s.t.
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H: Exporters

We assume that all economies are identical: foreign economies also do assemble goods with the very same
technologies and no additional costs incurred (no trade barriers in the model). Hence, the rest of the world
demands ex; units of domestic composite goods at a price P/7* = P//S,, which is the price of domestic
composite goods expressed in units of foreign currency. Demand for exports can be solved from the foreign
household’s problem, where the foreign household chooses between goods produced in the home economy
ex+ and other goods y; :

max {Pt*yf - PtH*eazf,}

ext

max {Pt*y,f - ﬁext}

exy St
The share of goods produced in the home economy in total foreign consumption is described by two new
parameters: n* proxies for preferences of the foreign household for goods produced in the home economy and
€. stands for elasticity of substitution between goods produced in the home economy and other goods. Also
we define the foreign demand for goods other than goods produced in the home economy as an exogenous
variable z*°*"*", Then total demand in the rest of the world is given by

€
1 ex—1 1 6*—1:|€*i1

v = [0 =) E @) ) (e (12)

Maximizing profits P;'y; — P/ *ex;, expressed in units of foreign currency, subject to the aggregation
technology (12) boils down to the foreign demand condition for goods produced in the home economy:

* PtH o *
EXt =1 StP* Yt
t

H —€x
« [ D *

Since rer, = S.P{ /P,

I: Government

The government collects lump-sum taxes 7; from the household and issues domestic bonds B; to finance a
stochastic stream of nominal government expenditure, G:. Therefore, it satisfies the budget constraint:

Gi+ Ri—1Bi—1 =T, + By (13)

which, given g, = G/ P, by = B:/P; and ¢, = T;/ P;, can be expressed in units of domestic final goods as

R
gt + 7tr Ybi 1 =ty + by 14
t

Taxes in units of domestic final goods are assumed to follow this tax rule:

tt = {—F Kb (bt—l — B) +Tt7 Tt NID(0,0'?.) (15)
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J: Current account and its components

First, we derive an expression for aggregate nominal imports M; in units of domestic currency. We aggregate
importers’ demand y{” (5) that is priced at P;" and express the sum in units of domestic currency:

1
M, = / S, Py (7)dj
0

Further we use the derived demand function (4) to get

1 . PF . —€F
Mt:/ S, P; ( L 2‘7)) ur
0 Pt

P (3)
pF

Define the price dispersion of importers’ goods as Df" = fol ( )_ " dj (more details on the price disper-

sion are in Appendix B2). Then

M, = S, Py DIyl (16)

which in units of domestic final goods is given by

M,
me = = = rerthth a7
t

Second, we define nominal exports £ X;, expressed in units of domestic currency. Since exports are pur-
chased at the price P{’*, expressed in foreign currency, nominal exports EX;, expressed in units of domestic
currency, is given by

EX: = 8P/ ex, = PMex, (18)

The trade balance 7'B; in nominal domestic terms evolves as
TBy = EXy — M,

Recall definitions for nominal exports and nominal imports in units of domestic currency (equations (18) and
(16)). Then the trade balance in units of domestic final goods can be expressed as
TB: _ Plexs SiP'D{y

thy = =
¢ Pt Pt Pt

= thy = pfemt — rerthyf

Since m; = rer,Dfyf,

thy = ptHemt — my

The domestic household owns banks that borrow from the foreign household. As a result, a current account
in nominal domestic terms is given by the sum of nominal trade balance and nominal net income from abroad,
both expressed in domestic currency:

CA; =TB; + NI, 19)

In our case nominal net income from abroad is negative and equal to minus payments on bank foreign
debt:
NI, = — (R{_1&-1—1)S:D;_;
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Substituting the last expression in equation (19) gives a more detailed expression for the nominal current
account:
CA; =TB: — (Ri_1&:—1 — 1) SeD{_4

Further, we express the current account in units of domestic final goods as ca: (ca: = C A¢/P:):

« S:D;_
cat = tby — (Ry_1&—1 — 1) tPt 1
t
o * d:—l
=  cay =tby — (R{_1&—1 — 1) rery o (20)

t
In equilibrium the current account has to equal the capital account balance C'P;. In our case the capital
account balance is given by the change in stocks of bank foreign debt:

CP, = —(S:D; — S:D;_,)

We express the capital account balance in units of domestic final goods as cp: (cp: = CP:/P:):

dr
_ d* _ t—1
Cpt = reridy Ter: o

t

Then, next to the current account definition (20), we impose an additional restriction that enters the set

of equilibrium equations:

. di_
cay = — (rertdt — rery ;:) 2D

t

K: Model with domestic currency loans
K1: Financially constrained firms

The first difference from the main model occurs in the firm’s loan demand function. The firm’s borrowing
decision depends on the firm’s expected working capital needs such that in the beginning of period ¢ the
following condition holds:

Lii=Ei—1{p(Qikit + Wih;)}

where Q) is the nominal price of capital and W; is the nominal wage.

Let the matured nominal loan in units of domestic currency be thLi,t, where th is the nominal interest
rate on the loan. The contracted collateral is a share x (0 < k < 1) of firms’ revenue from selling goods and
depreciated capital in the next period, P11y, ;1 + Q4+1(1 — 8)ki . PM; 11 stands for a default decision of
the financially constrained firm 4 born in period ¢:

PM¢7t+1 = min {thLiyt, K (Pt}ilyftH + Qt+1(1 — 5)]%#) }

R R _ R a 1pl—a
where Py = Pt+1At+19i,t+1ki,thi,t .

Therefore, after shocks take place, the generation of firms ¢ will solve the same profit maximization prob-
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lem taking the loan as given:

(Pt]ilyftjq + Qi+1(1 = 8)kiy — PMi 1 — (1 — p) (Qiki + Wthi,t))

max FfAy,
{kitshie} ! tt-H{ Py

Liy — p(Qekie + Wihit) + Zis
Py

+

Z; ¢ stands for the equity injection from the domestic household.
Define pfy = Py /Pis1, ¢41 = Qes1/Pig1, we = Wi/Prand iy = L/ Pr.
This, after substituting for PM; 11, gives

kit + weh;
max EifAs 11 {pg—lyft-&-l +qr+1(1 = 0)kie — (1 — P)w}

{kie.hie} 41
. RY, R R
— Ei8A¢,1+1 min ?li,u K (pt+1yi,t+1 +qer1(1 = 5)kz’,t)
t+1

+ it — p (qekie + wehit) + it

s.t.
lit = Er—1 {p (qtkit +wehis)}

The corresponding first-order conditions:

Ayl
kit : EiBAi i1 {pﬁl gkttl + (1 - 5)qt+l - (1 - P) Wfil }

. RE
OF:BA¢,t+1E¢ min { mlin K (Prayiti + g (1 — 5)’%0}
Ok +

. RE,1;
dcov (BAt,t+17 mln{ LLLL R (p?+1yz'1?t+l +q+1(1— 5)ki,t) })

T4l
B

+ pqe

oyl w
R i,t+1 t
: — (1 -

Pi+1 it ( P) e

hit: EifAiii1 {

. RE
OFEBA+ 141 Er min { Wt:tl lig, K (pf;rlyftﬂ + g1 (1 — 5)]@”)}
B Oh; +

. RE1;
Ocov (BAt,t+l7 mln{ S0 K (playli + @ (1= 0)kig) })

Tt41
Ohi s
+ pwy

If we substitute the expression for the expected value of loan repayment, we get:
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Ay
kit: EifAeess {pﬁl a1 -8) — (1-p) ﬂf; }

dyi:
— EtBAt 141 {(1 = O(d11))r (Pfﬂ gk’tH + g1 (1 — 5)) }
it

RE 1,
41

Ocov (BAMH, min{ , K (pi’{+1y§t+1 +qer1(1 = é)ki’t) })

Dk

+ pqr

Ptt1
Ohi; T41

R ayﬁt-q—l
= B (L= 2(dre))w | Pit1 55
it

. RE1;
Ocov <5At,t+1, mm{ :r;:l’t, K (p?+1yft+1 +qir1(1 - 5)ki,t) })
iy

A1
his EtﬁAt,tJrl{ R Yi,t+1 —(1—p) wy }

+ pwy

where

R
Eiln (/i (Pﬁrlyfwrl + g1 (1 — 5)ki,t)) — Eiln (hli,t)

Tt41
dat = , dii =d2, + 0y

Oy

Jf, is given by var(mi+1k (pﬁ_lyf‘tﬂ +aq+1(1 — 6)19”))
The first-order conditions w.r.t. capital, labour demand and the postulated loan demand enter the set of

equilibrium equations.

K2: Banks

We assume that banks give domestic currency loans out of accumulated equity N;, domestic deposits D; and
foreign debt D;. The balance sheet constraint of a bank j, expressed in units of domestic currency, is given by
Njt + Dj+SeDj, = Ljq
where S; is the nominal exchange rate. Banks are subject to an agency problem as in Gertler and Karadi
(2011). At the end of every period every bank can divert a share A’ of their divertable assets. Creditors
take this possibility into account and lend only up to the point where the continuation value of the bank is
still larger or equal to what can be diverted. This condition acts as an incentive constraint for the bank and

eventually limits expansion of the balance sheet.
The only asset on the banks’ balance sheet is domestic currency loans to domestic financially constrained
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firms, thus, the nominal expected return of the bank j is defined as R}, and given by:
B { R Lo} = B {(1 = @(dio)n (Playfhs + (1= 0)Qurikse ) + O(da) R Ly

Then the optimization problem of the bank j can be written as:

N.
Vit = max L [ﬂ/\t,t-H {(1 —w) =i ij,t.;.lH
{Dj.e:D} Ly} P
S.t. I
Vit 2> /\L%, (Incentive constraint)
t
Nji+ D+ SiDiy L, .
i+ JPt R = i’t, (Balance sheet constraint)
t t
N+ RI, . Ri_1&— .
%: = J;t ! Ljt—1— Rt?tle,tq - %StDj,t_l (LoM of net worth)

Define rery = P;'S; /P, dj , = D} +/ P/, dj,« = Dj/Ps, lj,« = Lj,+/P:, and nj; = Nj ./ P;. It follows that

Vit = max E [BAL 41 {(1 — w)njee1 + wVieq1}]
dj,e>d5 4olje
s.t.
Vie > )\Ll]-,t, (Incentive constraint)
nje +dje + Temd;,z =1, (Balance sheet constraint)
RE,_ Ri_ Rf &
njy = —2—1 1lj,t71 . djs g — == lft 1T67‘td;':t_1 (LoM of net worth)
t t T

Lagrangian of the problem can be formulated as:

R} R R} .
L= (1 —+ Vl,t)EtﬁAt,t—O—l {(1 — w) ( gt lj t — t djﬂg — :gt TeTt+1dj’t + wV'7t+1

Te41 T T4l T4l

L
—v1,eA L

L *
R; R R;_ &
j,t—1 t—1 t—16t—1 * *
+ v ( p lji—1 — - dji—1 — ————rerid; 1 — lj +dj¢ +rerid;,

t U

This gives the first-order conditions:

RE av (.
Lie: (14 vi)BEAN: 41 {(1 —w) (”) +w () } = >\LV1,t + voy

Tt+4+1 8lj,t

die: (14 00)BEihsinr {(1 —w) ( Ry ) _ W20 } —

*

* R ov (.
dii: (+v16)BE:As i {(1 —w) ( igt rertH) — w#} = Vg Tery
Tt1 od; ,
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with complementary slackness conditions:

Vit - Vit (ij,t - )\Llj,t) =0

Tt Tt Ty

L *
R; R Ri_.&
. j.t—1 t—1 t—18§t-1 . *
Vo Va2t ( i1 — dji—1 — ————rerdj 1 — it +dj+rerid;, | =0

Further, the first-order conditions can be expressed as

RE
e (IL4v1)BEAt i1 {(1 —w) +wraiir} (W gt > _ 1/1,t/\L Yoo

t+1

R
dit: (1+114)BEA 11 {(1 —w) +wroiq1} <7r ! ) =Uvay
t+1

Ri& reriqa
— | = v

*
Ti, Ter:

dji: (L+vie)BEAe 1 {(1 — w) +wroeq1} (

Besides these first-order conditions, the set of equilibrium conditions would include the law of motion for
aggregate net worth of banks and the incentive constraint. First, we formulate the law of motion for aggregate
net worth. We assume that aggregate net worth consists of the net worth of non-bankrupted banks and the
new worth of new banks. The new equity is injected by domestic households and is assumed to be of the size

tn. Then
RE,_ _ &
ne=w ( Ly Ry Yde 1 — Rt_lft lrertd:_1> +n

Tt Tt Ty
To include the incentive constraint in the equilibrium conditions, we have to redefine it by using the value

of marginal utility from increasing assets by one unit and the value of marginal disutility from increasing debt

by one unit. It follows from the previously derived results that the value of the bank j can also be defined as:

. — [\l V2.t Lo P2t g V2t *
Vie = ()‘ o, T 1+u1,t) bt =ty die — mh rerdie
— vt (] g * L Vit g
= Trois (l]ﬂg st TeT’td],t) + A 1+V1’tl]’t
V2t L Vit
= Vig=gT7ne + A /1
141 1+,

Then we can modify the incentive constraint as
1% 1%
B Al 2 A (1= AP )

1+ V1t 1 Vit

L
= veange > Al
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L: Model with flexible labour demand

This model differs from the main model in two main ways. First, the only input for financially constrained
firms’ production is capital. Second, there emerges a new layer of production firms that combine financially
constrained firms’ production with labour and sell goods to domestic retail firms. The latter type of firms is
not subject to financial frictions.

Then, in case of domestic currency loans, the financially constrained firm’s problem changes accordingly.
The firm’s borrowing decision depends on the firm’s expected working capital needs such that in the beginning

of period ¢ the following condition holds:

Lit=Ei1 {p(Qikir)}

where @), is the nominal price of capital. Definition of Pﬁrlyftﬂ changes in the following way: Pt’ilyftﬂ =
Pt}ilAt+19i,t+lki,t-

After shocks take place, the generation of firms ¢ will solve the same profit maximization problem taking
the loan as given:

max Et/BAt,t+l
{ki.tahi,t}

{ (PEaylis + Quian(1 = 8)kiy — PMiia — (1— p) (Qikit)) }
P

Li: — p(Qtkit) + Zi+
P,

+

Z; ¢ stands for the equity injection from the domestic household.
Define pfy = P 1/Pis1, @41 = Qes1/Piy1 and iy = Liy /P,
This, after substituting for PM; 11, gives

ki
max  EiSAt i1 {pﬁwﬁﬂ + @1 (1 = 0)kie — (1 — p)u}
{ki,tvhi,t} 41

.| R}
— E¢f8A¢ +41 min {'tli,t» K (pfﬂyftﬂ +q+1(1 — 5)ki,t) }
Ti41
+ Uit — p(qekie) + 2t

S.t.
lit = Ev—1{p(qikit)}

The corresponding first-order condition is:
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0yi
Fi s B {pﬁl T (L= )i — (1 p)ﬂf;}

R
OF:BA¢,t+1E¢ min { 7};? L, &@&Eya + (1 — 5)ki,t)}
Ok +

s RE Ly
Ocov (BAt,t-&-h min { ;tllf , K (pﬁrlyftﬂ + Qt+1(1 — 5)kz,t) })
Ok ¢

+ pqe

If we substitute the expression for the expected value of loan repayment, we get:

oy’
kiv: EiBAii {pﬁl gkttl +qir1(1—=0)—(1—-p) ﬂil }

Ayt
— EiBAt 41 {(1 = O(d11))k (Pf”ﬂ gk’tﬂ + g1 (1 — 5)) }
it

.| rE,,
Ocov (ﬁAt,t+17 mln{ ,T’tt“t, & (Pra i + @1 (1 — 0)kit) })
Ok ¢

+ pqr

where

R
F:1In (Ii (pf+1yft+1 —+ qt+1(1 — 5)]’{)“:)) — FEiIn ( it li,t)

Tt+1

day = , dit =do2 + 0y
Oy

afj is given by var(mi41k (p,ﬁ_lyftﬂ +q+1(1 — 5)k”))

Homogenous goods produced by financially constrained firms are purchased as inputs by a new layer of

competitive producers, called intermediate producers. Intermediate producers hire labour and combine it with

homogenous goods produced by financially constrained firms by using the following technology:

«
yi = (yf) hi~®

Recall that financially constrained firms’ aggregate production function now is given by: 37 = Ak 1.

Produced goods are sold to domestic retail firms at the nominal price P/ immediately after production takes
place. This gives two equilibrium conditions that can be derived from profit maximization with respect to

inputs::

R, R __ I R a-l 11—«
Yt 0 Pt =Pt (Yt hy

he wt:p{(l—a)(th) h;a
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In derivations we defined the following relative prices: p! = P/ /P;, pi* = P*/P, and w, = W,/ P;.

Marginal costs of the domestic retail firms changes from being the price of financially constrained firms’

production to the price of intermediate goods’ production.

M: Equilibrium equations of the main model with foreign currency debt

The model for the case with fixed exchange rate regime is described by 45 endogenous variables:

H H H
{)\t,Chht,tht,dl,tde,th ltzﬂ—tzAf t+1, Pt ,kt,'bt,(]t,pt 7pt 7Dt s Yt 5 Ty 7F1 t7F2 ty

C F _F

*L
Yt s Dt s Yt 7:Et amﬁexhpt 7Dt 7F1 t7F2 t7Rt 7dt7d17nt7l/1 ty V2, t7tt7btare7‘t7Statbt7cat7€i}

They are given by 45 equilibrium equations below.
Households
I+ N\ =7
)\t = (Ct — 7X (ht) )
1+¢

we = x (he)?
At41
At
Ry
Tt4+1

At,t+1 =

1= EtBAt,t+1

Financially constrained firms

EtﬂAt,tJrl {(1 — (1 - (I)(st))K) (Oépf_._lAtJrﬂ(inlh%ia + qt+1(1 — 6)) — (1 — p)i} = pqt

Tt+1

EiBAs 141 {(1 — (1= ®(d1,0))k) (1 — a)pfyAvs 1k hy * — (1= p) we } = pwy

Tt+1

E._i{rer:} I} = Eia {p (gtks + wehe)}

EiIn ( W:fl (P Arpakfhy ™ + g (1 — 5))) — In (R;™IY)

reryyq

Oy

dii=doi+ oy

ke = (1 —6)ki1 + (1 —1“<‘“ )) is
1t—1
. 2 . . ) 9
- =1-2 ( * 1) — kK ( "o 1) + NﬁEtAt,tHLtH (L‘H — 1) <—Zt,+1)
qt 2 Zt 1 ’Lt 1 Zt 1 qt it it

Retail firms

Capital producers
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. . l—epy
H =s __ad,
o) o ()
= — W w
' pi'me

H j=s _adj TC¢H
—en g [Pt (Hj:17rt+j

H Hy (~H H
Dy =(1-w )(pt) + w e D;,
by Tt
ﬁH _ €H FlHt
t (er — 1) Fth
€H
H R, H H pﬁrﬂtﬂ H
Fl,t =p: Y + Ew ﬁAt,t+1 Y FI,H—I
H j=s _adj
Py ( =1 7Tt+j)
eg—1
H H H H pz’iﬂrm H
Foi=piye +EBw BArip1 | — Fyen
H j=s _adj
Dy ( j=1 7Tt+j)
Df{yf{ = AthF(kt,l,nt,l)
Final goods producer
1, pgoe=l 1, poesllesT
= [1-n @) T 0t @) ]
zy =(1-n) (pf{) Y
F F\ ¢
Ty =T (pt ) Yt
Exporters
H o\ —€*
* pt *
ery =
t n (ren) t
Definition of the real exchange rate
rery St l{‘
rers—1  Si_1 T
Importers
F j=s _adj l—er
=1-w P ) w _
' pf
F j=s _adj —eF
—e Pt—1 (H i—1 7rt+')
F F\ (~F F F J J F
Dy =(1-w )(pt) +w — —F D;_,
TPy
ﬁF _ €r FIITt
" (er —1) Ff,
F F
F F F Pt+1Tt+1 F
Fl,t =TEertY: + Fiw BAt,t+1 - .~ Fl,t+1

F j=s _adj
by (Hj:l 7Tt+j>
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ep—1

F
Di41Tt41 FF
2,t4+1

Fft = pfth + EthﬂAt,H—l m
Py (Hj:l 7rt+j)

F F
me = rer: Dy y;

Banks

Tl Tit1

R:L E R R R;(,It{ *
By ——rerialy p = B (1 — @(dipe))k (pirayesr + (1= 0)qeprke ) + @(da,e) ——rerial

L
R{" rerit1

(1+v1,4)BE A i+1 {(1 —w) + wray1} ( ) = ALVl,t + v

"
T Tert

R
(1 +v1,6)BE At 41 {(1 —w) +wroesa} ( : ) = V2

Tt+1

R*
(1 +v1,0)BE At i1 {(1 —w) +wro g} (L&%) = V2

*
Ti, Ter:

Ty Tt t

*L *
RY_ 1 * Ri_1 R &1 "
ne=w | ————rerid;_, — di—1 — . rerid;_1 | +tn
e
L
vo i > N rerdy

ng + dy + reryd; = rerd;

Monetary policy

Ry  (Ri—1 TR yg{ (I=vr)Vy pf/ptH,lmg (=7 m)7n
R\ R y T exp(mpt)
R R yH =

Government

Ri

Tt

1bt—l =t + bt

gt +

ty = [+ Kb (btfl - B) —+ 1

Aggregate domestic demand has to equal aggregate supply of domestic final goods

yf=0t+it+gt

(E.27)

(E.28)

(E.29)

(E.30)

(E.31)

(E.32)

(E.33)

(E.34)

(E.35)

(E.36)

(E.37)

(E.38)

(E.39)

Aggregate demand for domestic composite goods and demand for exports clears with production of domestic
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composite goods

H H
Yy = Tp +ext

Aggregate domestic demand for foreign composite goods clears with imports

F _
Yt = Ty

Trade balance

thy = pflext —my

Current account

*

x di_
car = thy — (R{_1&t—1 — 1) rers 7tr !
t

d*
* t—1
cay = — (rertdt —reri—, )

Ty

rer - b* + ¢

€ = exp <¢(rertd,’{ —rer-d*) (o — ()

There are 10 exogenous variables:

{Atveiaﬂ-:7RZ?Chy:ampiaghTt}
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