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Abstract

This paper builds a dynamic stochastic general equilibrium (DSGE) model for
Latvia that would be suitable for policy analysis and forecasting purposes at Bank
of Latvia. For that purpose, I adapt the DSGE model with financial frictions of
Christiano, Trabandt and Walentin (2011) to Latvia’s data, estimate it, and study
whether adding the financial frictions block to an otherwise identical (‘baseline’)
model is an improvement with respect to several dimensions. The main findings
are: 1) the addition of financial frictions block provides more appealing interpre-
tation for the drivers of economic activity, and allows to reinterpret their role; ii)
financial frictions played an important part in Latvia’s 2008-recession; iii) the fi-
nancial frictions model beats both the baseline model and the random walk model
in forecasting both CPI inflation and GDP, and performs roughly the same as a
Bayesian structural vector autoregression.
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1 Introduction

This work is an attempt to build a dynamic stochastic general equilibrium (DSGE) model
for Latvia that would be suitable for policy analysis and forecasting purposes at Bank
of Latvia, since the current main macroeconomic model lacks microfoundations. Also,
the recent financial crisis has suggested that business cycle modelling should not abstract
from financial factors, thus modeling financial frictions is deemed to be requisite.

Therefore, I take the model of Christiano, Trabandt and Walentin (2011) (henceforth,
CTW) with financial frictions as a starting point. To assess the effect of having financial
frictions mechanism in a DSGE model, I compare the output of the model throughout
the paper with an otherwise identical model, called the ‘baseline’ model, but lacking the
mechanism of financial frictions. The baseline model is a standard open economy model,
and builds on Christiano, Eichenbaum and Evans (2005) and Adolfson, Laseen, Linde and
Villani (2008). The financial frictions model adds the Bernanke, Gertler and Gilchrist
(1999, henceforth BGG) financial accelerator mechanism to the baseline model.

I modify the CTW model with respect to monetary policy: since Latvia’s currency
has been pegged to euro since 2005 and became euro in 2014 when Latvia joined the euro
area, I model the monetary policy as a nominal interest rate peg to the foreign interest
rate. The foreign economy is modeled as an identified structural vector autoregression
(VAR) in foreign output, inflation, nominal interest rate and technology growth.

The main findings are as follows: i) the addition of financial frictions block provides
more appealing interpretation for the drivers of economic activity, and allows to reinter-
pret their role; ii) financial frictions played an important part in Latvia’s 2008-recession;
iii) the financial frictions model beats both the baseline model and the random walk
model in forecasting both CPI inflation and GDP.

The paper is structured as follows. Section 2 overviews the model. Section 3 describes
the estimation procedure, and Section 4 - the results. Section 5 concludes. Appendix
A contains the figures and tables. Appendix B contains further computational results.
Appendices C and D contain a detailed model’s description.

2 The model in brief

Since the model is almost a replica of Christiano, Trabandt and Walentin (2011, hence-
forth CTW), this section is a brief introduction to the model, whereas its formal descrip-
tion is relegated to Appendix C. The only noticeable difference between the CTW model
and this one is in the behavior of monetary authority which is modeled as an interest
rate peg in this paper.

2.1 Baseline model

The baseline model builds on Christiano, Eichenbaum and Evans (2005) and Adolfson,
Laseen, Linde and Villani (2008). The three final goods: consumption, investment and
exports, are produced by combining the domestic homogeneous good with specific im-
ported inputs for each type of final good. Specialized domestic importers purchase a
homogeneous foreign good, which they turn into a specialized input and sell to domestic
import retailers. There are three types of import retailers. One uses the specialized



import goods to create a homogeneous good used as an input into the production of
specialized exports. Another uses the specialized import goods to create an input used in
the production of investment goods. The third type uses specialized imports to produce
a homogeneous input used in the production of consumption goods. Exports involve a
Dixit-Stiglitz (Dixit and Stiglitz, 1977) continuum of exporters, each of which is a mo-
nopolist that produces a specialized export good. Each monopolist produces its export
good using a homogeneous domestically produced good and a homogeneous good derived
from imports. The homogeneous domestic good is produced by a competitive, repre-
sentative firm. The domestic good is allocated among the i) government consumption
(which consists entirely of the domestic good) and the production of ii) consumption, iii)
investment, and iv) export goods. A part of the domestic good is lost due to the real
friction in the model economy due to investment adjustment and capital utilization costs.

Households maximize expected utility from a discounted stream of consumption (sub-
ject to habit) and hours worked. In the baseline model, the households own the economy’s
stock of physical capital. They determine the rate at which the capital stock is accu-
mulated and the rate at which it is utilized. The households also own the stock of net
foreign assets and determine its rate of accumulation.

The monetary policy is conducted as a hard peg of the domestic nominal interest rate
to the foreign nominal interest rate!. The government expenditures grow exogenously.
The taxes in the model economy are: capital tax, payroll tax, consumption tax, labor
income tax, and a bond tax. Any difference between government expenditures and tax
revenue is offset by lump-sum transfers. The foreign economy is modeled as an identified
structural vector autoregression (VAR) in foreign output, inflation, nominal interest rate
and technology growth. The model economy has two sources of exogenous growth: neutral
technology growth and investment-specific technology growth.

2.2 Financial frictions model

The details are relegated to Appendix C, while a brief summary follows. The financial
frictions model adds the Bernanke, Gertler and Gilchrist (1999, henceforth BGG) finan-
cial frictions to the above baseline model. Financial frictions reflect that borrowers and
lenders are different people, and that they have different information. Thus the model
introduces ‘entrepreneurs’ - agents who have a special skill in the operation and man-
agement of capital. Their skill in operating capital is such that it is optimal for them
to operate more capital than their own resources can support, by borrowing additional
funds. There is financial friction because the management of capital is risky, i.e. en-
trepreneurs can go bankrupt, and only the entrepreneurs costlessly observe their own
idiosyncratic productivity.

In this model, the households deposit money in banks. The interest rate that house-
holds receive is nominally non state-contingent.? The banks then lend funds to en-

LA generalized Taylor rule, including foreign interest rate and nominal exchange rate, was also studied
but the results are skipped due to the space constraint. In short, the peg system fits the data better.

2These nominal contracts give rise to wealth effects of unexpected changes in the price level, as
emphasized by Fisher (1933). E.g., in the case of a shock driving the price level down, households receive
a wealth transfer. This transfer is taken from entrepreneurs whose net worth is thereby reduced. With
tightening of their balance sheets, the ability of entrepreneurs to invest is reduced, and this generates an
economic slowdown.



trepreneurs using a standard nominal debt contract, which is optimal given the asym-
metric information.?> The amount that banks are willing to lend to an entrepreneur under
the debt contract is a function of the entrepreneur’s net worth. This is how balance sheet
constraints enter the model. When a shock occurs that reduces the value of entrepreneurs’
assets, this cuts into their ability to borrow. As a result, entrepreneurs acquire less cap-
ital and this translates into a reduction in investment and leads to a slowdown in the
economy. Although individual entrepreneurs are risky, banks are not.

The financial frictions block brings two new endogenous variables, one related to the
interest rate paid by entrepreneurs and the other - to their net worth. There are also two
new shocks, one to idiosyncratic uncertainty and the other - to entrepreneurial wealth.

The explicit description of both the baseline and the financial frictions models is
relegated to Appendix C.

3 Estimation

I estimate both the baseline and financial frictions models with Bayesian techniques. The
equilibrium conditions of the model are reported in Appendix D.

3.1 Calibration

The time unit is a quarter. A subset of model’s parameters is calibrated and the rest
are estimated using the data for Latvia and the euro area. The calibrated values are
displayed in Tables 1 and 2. These are the parameters that are typically calibrated in
the literature and are related to “great ratios” and other observable quantities related
to steady state values. The values of the parameters are selected such that they would
be specific to the data at hand. Sample averages are used when available. The discount
factor, £, and the tax rate on bonds, 7, are set to match roughly the sample average real
interest rate for the euro area. The capital share, «, is set to 0.4.

Table 1 about here

Import shares are set to reasonable values by consulting to the input-output tables
and fellow economists - 45%, 65% and 55% for import share in consumption, investment
and exports, respectively.® The government expenditure share in the gross domestic
product (henceforth GDP) is set to match the sample average, i.e. 20.2%. The steady
state growth rates of neutral technology and inflation are set to two percent annually,
and correspond to the euro area. The steady state growth rate of investment-specific
technology is set to zero. The steady state quarterly bankruptcy rate is calibrated to two
percent, up from one percent in the CTW model for the Swedish data. The values of the
price markups are set to the typical values found in the literature, i.e., to 1.2 for exports

3Namely, the equilibrium debt contract maximizes the expected entrepreneurial welfare, subject to
the zero profit condition on banks and the specified return on household bank liabilities.

4The import share in exports might appear to be too high when consulting to the literature of
international trade. E.g. the results of Stehrer (2013) suggest, from the value-added perspective, that
share closer to 30%. Such a calibration would not change the model’s results much but would suggest a
slight deterioration of the model’s fit to the data, in terms of marginal data density.



and imported exports, and 1.3 for the domestic, imported consumption and imported
investment, which is supported by the model’s fit in terms of the marginal data density®.
Wage markup is set to 1.5 as in CTW.

There is full indexation of wages to the steady state real growth, 9,, = 1. The other
indexation parameters are set to get the full indexation and thereby avoid steady state
price and wage dispersion, following CTW. Tax rates are calibrated such that those would
represent implicit or effective rates. Three of these are calibrated using Eurostat data®:
tax rate on capital income is set to 0.1, the value-added tax on consumption, 7¢, and the
personal income tax rate that applies to labor, 7Y, are set to 7¢ = 0.18 and 7¢¥ = 0.3.
Payroll tax rate is set to 7 = 0.33, down from the official 0.35 (0.24 by employer and
0.11 by employee). The elasticity of country risk to net asset position, gzga is set to a
small positive number and, in that region, its purpose is to induce a unique steady state
for the net foreign asset position. Transfers to entrepreneurs parameter W, /y is kept the
same as in CTW. The country risk adjustment coefficient in the uncovered interest parity
condition is set to zero in order to impose the nominal interest rate peg.

Table 2 about here

Three observable ratios are chosen to be exactly matched throughout the estimation,
and therefore three corresponding parameters are recalibrated for each parameter draw:
the steady state real exchange rate, ¢, to match the export share of GDP in the data,
the scaling parameter for disutility of labor, Ay, to fix the fraction of their time that
individuals spend working”, and the entrepreneurial survival rate, 7, is set to match
the net worth to assets ratio®. In the earlier steps of calibration, the depreciation rate of
capital, , was also set to match the ratio of investment over output, but the realized value
of depreciation rate turned out to be rather high (unless the capital share in production,
«, was substantially increased but that yielded excessively high capital to output ratio)
and sensitive to the initial values, therefore it was decided to fix the quarterly depreciation
rate to a more reasonable value of three percent.

3.2 Priors

There are 21 structural parameters, eight first-order autoregressive (henceforth, AR(1))
coefficients, 16 VAR parameters for the foreign economy, and 16 shock standard deviations
estimated with Bayesian techniques within Matlab/Dynare environment (Adjemian et
al, 2011). The priors are displayed in Tables 3 to 6. The priors are similar to CTW.
Less agnostic priors are assigned for the foreign structural VAR model since otherwise

5In this paper, when I speak of the model’s fit, unless otherwise mentioned, I mean the marginal data
density and the forecasting performance.

6Source: http://epp.eurostat.ec.europa.eu/cache/ITY_PUBLIC/2-29042013-CP/EN/
2-29042013-CP-EN.PDF, accessed in September 6, 2013

"This fraction of time calibrated to 0.27 is somewhat arbitrary but checked against the model fit with
respect to its neighboring values.

8The net worth to assets ratio for Latvia, if the definition of CTW is taken, yields about 0.15.
However, the model fit favors a much larger number, 0.6, which is used in the final calibration. The
latter number might be rationalized if the net worth was measured not only by the share price index but
if it included also the real estate value.



the foreign monetary policy appears to be weakly identified?. The prior means of the
estimated standard deviations are set closer to their posteriors, and parameters and shock
standard deviations are scaled to be of similar order of magnitude in order to facilitate
optimization.

3.3 Data

The model is estimated using data for Latvia (‘domestic’ part) and the euro area (‘foreign’
part). The sample period is 1995Q1 - 2012Q4. I use 18 observable time series to estimate
the financial frictions model and two less to estimate the baseline model. The variables
used in levels are: nominal interest rate, GDP deflator inflation, consumer price index
(henceforth CPI) inflation, investment price index inflation, foreign CPI inflation, foreign
nominal interest rate and the interest rate spread. The rest of the variables are in terms
of the first differences of logs, and these are: GDP, consumption, investment, exports,
imports, government expenditures, real wage, real exchange rate, real stock prices, total
hours worked, and foreign GDP. All the differenced variables are demeaned except for
total hours worked. The domestic inflation rates and the real exchange rate are demeaned
as well. All real quantities are in per capita terms. All foreign variables correspond to
the euro area data.

3.4 Shocks and measurement errors

In total, there are 18 exogenous stochastic variables in the theoretic financial frictions
model: four technology shocks - stationary neutral technology, €, stationary marginal
efficiency of investment, Y, unit-root neutral technology, p., and unit-root investment
specific technology, g, - a shock on consumption preferences, (¢, and for disutility of
labor supply, ¢", a shock to government expenditure, g, and a country risk premium
shock that affects the relative riskiness of foreign assets compared to domestic assets, .
There are five markup shocks, one for each type of intermediate good, 7¢, 7%, 7€, 77
7% (d - domestic, x - exports, m, ¢ - imported consumption, m, i - imported investment,
m,z - imported exports). The financial frictions model has two more shocks - one to
idiosyncratic uncertainty, o, and one to entrepreneurial wealth, ~v. There are also shocks
to each of the foreign observed variables - foreign GDP, y*, foreign inflation, 7*, and
foreign nominal interest rate, R*.

The stochastic structure of the exogenous variables are the following: eight of these
evolve according to AR(1) processes:

h ~
€t Tt7 th7 Ct » gt ¢t7 Ot, Vt

9My unreported results show that this is true regardless of the sample span used in the estimation
and whether or not the foreign block is estimated separately from the domestic block. Also, the use of
foreign CPI inflation instead of the foreign GDP deflator’s inflation (which is used by CTW) improves
the identification of the foreign monetary policy only marginally. Therefore the results involving the
foreign monetary policy should be interpreted with caution. The replacement of the foreign structural
VAR with a full-fledged foreign DSGE block thus might be an improvement but is not considered in this

paper.

m,c




Five shock processes are i.i.d.:
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and five shock processes are assumed to follow a first-order VAR:
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As in CTW, two shocks are suspended in the estimation: the shock to unit-root invest-
ment specific technology, py,, and the idiosyncratic entrepreneur risk shock, o;,. The
first one should correspond to the foreign block but its identification is dubious in the
particular SVAR model; the second has been found to have limited importance in CTW.

There are measurement errors except for domestic interest rate and the foreign vari-
ables. The variance of the measurement errors is calibrated to correspond to 10% of the
variance of each data series.

4 Results

The domestic and foreign blocks are estimated separately since Latvia’s economy has
minuscule effect on the euro area. The estimation results for the foreign SVAR model
are obtained using a single Metropolis-Hastings chain with 100 000 draws after a burn-in
of 900 000 draws. For the domestic block, the estimation results are obtained using a
single Metropolis-Hastings chain with 100 000 draws after a burn-in of 400 000 draws.
Prior-posterior plots are shown in Appendix B.

4.1 Posterior parameter values

The posterior parameter estimates for the foreign block are reported in Tables 3 and 4, and
those specific to the domestic block - in Tables 5 and 6. The priors were deliberately fixed
to be the same across the two models for a more transparent comparison, and favor the
baseline model. The estimated mode of the elasticity of substitution of investment goods
parameter, 7;, is close to unity and thus the parameter is calibrated for the financial
frictions model to 1.1, similar to the posterior mean in the baseline model, in order
to avoid numerical issues. Overall, the estimated posterior means of the parameters
are similar between the two models. The most notable difference is in the investment
adjustment costs parameter which is about 2.4 times lower for the financial frictions
model compared to the baseline specification. They are statistically significantly different
at 10% significance level. The lower parameter indicates that the financial frictions model
induces the gradual response that the investment adjustment mechanism was introduced
to generate. Also, the estimated persistence parameter of the marginal efficiency of
investment (henceforth MEI) shock is reduced (from 0.80 to 0.57) with the introduction
of the financial frictions block. Regarding the estimated standard deviations of shocks, the
financial frictions model assigns a smaller standard deviation to the marginal efficiency
of investment shock, which, apparently, is ‘crowded out’ by the entrepreneurial wealth
shock.

Tables 3 - 6 about here



4.2 Model moments and variance decomposition
4.2.1 Model moments

Table 7 presents the data and the model means and standard deviations for the ob-
served time series. The table shows that there is a substantial variation of growth rates
in the data, especially between the domestic and foreign variables, which is why real
quantities, the domestic inflation rates and the real exchange rate are demeaned before
matching the model to the data. The standard deviations are matched rather well but
their over-estimation is evident for total hours, GDP, imports, as well as for the interest
rate spread!®. The introduction of the financial frictions block appears to slightly lessen
this over-estimation issue.

Table 7 about here

4.2.2 Conditional variance decomposition

The conditional variance decomposition at eight quarters forecast horizon is reported
in Table 8. (Those at one, four and twenty quarters forecast horizons are reported in
Appendix B.).

Table 8 about here

Entrepreneurial wealth shock versus marginal efficiency of investment shock
Table 8 shows that the entrepreneurial wealth shock, which is specific to the financial
frictions model and absent from the baseline model, ‘crowds out’ the marginal efficiency
of investment (MEI) shock by reducing its share of explaining the variance of investment
from 74% (baseline) to 28% (financial frictions model), the variance of net exports to
GDP ratio from 60% to 6%, and the variance of GDP from 15% to 4%. As a reminder,
MEI shock enters in the capital accumulation equation ((C.38) in Appendix) and affects
how (efficiently) investment is transformed into capital. This is the shock whose impor-
tance is emphasized in Justiniano, Primiceri and Tambalotti (2011), where one of their
interpretations of this shock being a proxy for the effectiveness with which the financial
sector channels the flow of the household savings into a new productive capital.

The entrepreneurial wealth shock explains 10% of the variance of GDP, 45% of the
variance of investment, 35% of the net exports to GDP ratio, 51% of entrepreneurial net
worth and 69% of the spread between the nominal interest rate paid by the entrepreneur
and the risk-free one.

CTW do not report the conditional variance decomposition for the baseline model,
but with the financial frictions together with the search and matching frictions in labor
market (without additional shock added) which are absent in my financial frictions model.
Also, their model is estimated for Swedish data with inflation-targeting monetary policy.
Nevertheless, it is instructive to compare the results of CTW with ours. The results of
CTW suggest that, when financial frictions mechanism is present, MEI shock explains
10% of the variance of investment, 7% of the variance of net exports to GDP ratio, and

OCTW note that their use of ‘endogenous prior’ reduces the effect of over-estimated shock standard
deviations. I’'m not using such a prior.



4% of the variance of GDP. Also, the entrepreneurial wealth shock explains 71% of the
variance of investment, 23% of the variance of the net exports to GDP ratio, 25% of
the variance of GDP, 64% of entrepreneurial net worth, and 60% of the variance of the
spread. CTW briefly mention, but do not report in tables, the effect of shutting down the
financial shock in their model. In that case, MEI shock becomes more important in the
variance decomposition: it explains 52% of the variance of investment and 6% of GDP.
These results are broadly in line with mine except for the variance of investment which
appears to be better explained by the entrepreneurial wealth shock than by MEI shock
in Sweden compared to Latvia. The difference is likely due to the milder response of
entrepreneurial net worth to the wealth shock in Latvia compared to Sweden, reflecting
the fact that Swedish financial markets are more developed.

Country risk premium shock Table 8 also reports that the country risk premium
shock is the major driving force of the domestic nominal interest rate and a crucial factor
in Latvia’s business cycles. This is more so in the financial frictions model compared
to the baseline. So, for the given sample of 1995Q1-2012Q4, the country risk premium
shock explains 92% of the variance of the domestic nominal interest rate (versus 87% in
baseline), 11% of the variance of investment (versus 5% in baseline), 3% of the variance
of GDP (versus 1% in baseline), 18% of the variance of net exports to GDP ratio (versus
10% in baseline) and 13% of the variance of the entrepreneurial net worth.

Comparing to the results of CTW, there are big differences. For Sweden, this shock
explains only 5% of the variance of nominal interest rate, 1% of the variance of investment,
and 1% of the variance of net worth, while the variance of GDP is explained by about
the same amount as in Latvia, i.e. 3%. The reason for the difference is that, during the
specific historic sample, the domestic nominal interest rate in Latvia has been higher than
than in the euro area and given that, in the model, Latvia’s currency is hard-pegged to
the euro, the (huge historic) difference between the actual domestic and foreign interest
rates is explained by the country risk premium. It is expected that, since Latvia’s joining
the euro area in 2014, the weight of the country risk premium shock on the domestic
interest rate will diminish, giving more influence to the euro area-wide shocks.

Shocks in the foreign economy block The effect of the foreign interest rate, foreign
output and foreign inflation shocks on the domestic economy is estimated to be rather
limited, with the greatest influence being to the domestic nominal interest rate. The unit-
root technology shock also has been estimated to have little influence on the domestic
economy during the particular historic period.

These results are broadly close to the results of CTW who also find negligible role of
the shock to foreign interest rate, foreign output and foreign inflation to Swedish econ-
omy. Though, their estimated effect of the unit-root technology shock is more influential,
explaining 4.1% of the variance of Swedish GDP compared to 0.1% for Latvia’s GDP. The
latter result might be explained by the fact that, during the particular historic episode,
Latvia’s economy has been on its more or less idiosyncratic catching-up boom-bust cy-
cle, while the more developed Swedish economy has been more reliant on the world-wide
technology growth. Also, CTW estimate this shock based on the trade-weighted foreign
variables, while I use the euro area variables, thus the link (the common technology)
between the domestic and foreign variables is looser in my case.



Stationary neutral technology shock While touching upon technology shocks, an-
other difference between CTW results for Sweden and mine for Latvia is in the effect of
the stationary neutral technology shock affecting the intermediate goods producers’ pro-
duction function. This shock is estimated to have minor influence on Latvia’s economy
except for total hours worked (11% of the variance explained by this shock).

CTW estimation shows that this shock explains about the same portion of the variance
of hours worked (9%) but also 11% of the variance of consumption (0.1% for Latvia), 9%
of the variance of GDP (0.8% for Latvia), 6% of CPI inflation (1% for Latvia) and 8% of
the domestic nominal interest rate (0.0% for Latvia). Apparently, other domestic shocks
have compensated the lack of influence of the stationary technology shock on Latvia’s
economy.

Household preference shocks Noticeable, The consumption preference shock ex-
plains 82% of the variation of consumption in Latvia, whereas ‘only’ 45% in Sweden.
This difference might be explained by the strong consumption-driven boom that Latvia
experienced starting around 2004 (see the historic shock decomposition below).

The labor preference shock is estimated to have about the same effect on both countries
at least with respect to wages; this shock is estimated to explain 39% of the variance of
real wages in both Latvia and Sweden. The effects on other labor market variables differ,
but this is, most probably, due to the different structure of labor market modeling block
in the models.

Domestic markup shock The domestic markup shock, affecting marginal cost of
producing the domestic intermediate good, is estimated to explain 27% of Latvia’s CPI
inflation (45% in Sweden) and 39% of the variance in real wage (31% in Sweden). This
completes the similarities of this shock across the countries, since, given Latvia’s peg
regime, this shock explains 23% of the variance of Latvia’s real exchange rate (0.2% in
Sweden), while in Sweden, it affects, through Taylor rule, the nominal interest rate, and
parts of real economy stronger than in Latvia; e.g. it explains 7% of the variance of
Swedish GDP and 3% of the variance of Swedish investment, while these figures are 2%
and 0.1% for Latvia.

Export goods markup shock Table 8 shows that the markup shock on export goods
is estimated to have little effects on Latvia’s economy; the only noticeable ones are the
2.5% (up from 1% in baseline) of the variance of GDP and 2% (up from 1% in baseline) of
the variance of hours worked, while in Sweden these figures are 8% and 10%, respectively.
Again, given the model differences, it is hard to point exact source of the discrepancy.
A small part of the difference!! is due to the higher calibrated imported goods share
in exports for Latvia (55%) than for Sweden (35%), resulting in a smaller effect of the
exports markup on Latvia’s GDP and hence hours worked, since the markup on imported
exports is subject to a separate, imported exports markup shock.

Imported markup shocks The imported exports markup shock, indeed, has more
weight on Latvia’s economy than on Swedish: it is estimated to explain 35% of the

1T have checked this claim by recalibrating the model.
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variance of Latvia’s GDP (16% for Sweden) and 30% of the variance of total hours
worked in Latvia (14% in Sweden).

Regarding the rest of the imported goods markup shocks, the imported consumption
markup shock explains the majority, 51% of the variance of the the domestic CPI inflation
(up from 39% in baseline and 34% in Sweden), and hence is the major shock affecting the
real exchange rate (it explains 45% (up from 34% in baseline) of the variance of Latvia’s
real exchange rate, while in Sweden, this shock explains, through Taylor rule, 17% of the
variance of the nominal interest rate but less so the real exchange rate. In contrast to the
domestic markup shock, the imported consumption markup shock is estimated to have a
non-negligible effect on Latvia’s GDP - it explains almost 4% (up from 1% in baseline) of
the variance of Latvia’s GDP, while only 0.2% of Swedish GDP. The importance of this
effect, again, can be explained by the strong consumption-driven boom Latvia’s economy
experienced during the considered sample span.

Finally, the imported investment markup shock explains 7% (down from 10% in base-
line) of the variance of investment, 18% (down from 30% in baseline) of the variance
of GDP, and 27% (down from 42.5% in baseline) of the variance of total hours worked.
Quite differently, this shock is estimated to have negligible effect on Swedish economy.
One explanation for the difference might be the higher calibrated imports share in in-
vestment goods for Latvia (65%) than in Sweden (43%) but this must be only a part
of the answer. Another eye-catching result is the large difference between the results of
financial frictions and baseline models. Absent of financial frictions block in the model,
the imported investment markup shock would claim to explain almost a third of the
variance of Latvia’s GDP at two years forecast horizon, whereas it is less than one fifth
with the financial frictions block added to the model. The rest of the shock appears to
be attracted by consumption-related shocks - the consumption preference shock and the
imported consumption markup shock.

Foreign shocks combined Overall, if the foreign shocks are defined as the three for-
eign (interest rate, output, inflation) stationary shocks, the country risk premium shock,
the world-wide unit root neutral technology shock, the markup shocks on imports (im-
ported exports, consumption, investment) and exports - in total, 10 shocks - see the
bottom row of Table 8, then they explain 99% of the variance in the domestic nominal
interest rate (up from 95% in the baseline and 28% in Sweden), the overwhelming part
explained by the country risk premium shock. Also, 53% and 62% of the variations of
CPI inflation and GDP, respectively, (versus 43% and 72% in baseline, and 40% and 32%
in Sweden) at two year forecast horizon are explained by the foreign shocks, the over-
whelming portion coming from markup shocks on imported consumption and domestic
goods (for CPI inflation) and on imported exports and imported investment (for GDP).
Since, in the literature, the sources of business cycles are largely related to fluctuations
in investment, the major source of the variance of investment in Latvia is estimated to be
the entrepreneurial wealth shock. Given the evidence from Sweden, the influence of this
shock is to be expected to grow as Latvia’s firms become more financially integrated.
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4.3 Impulse response functions

Since Table 8 shows that the entrepreneurial wealth shock is the main driver of the
variance of investment in the financial frictions model and that it ‘crowds out” MEI shock
from the baseline model, it is instructive to compare the impulse response functions
(henceforth IRF) of these two shocks.

Entrepreneurial wealth shock The IRF to the entrepreneurial wealth shock are
plotted in Figure 1, which shows that a positive temporary entrepreneurial wealth shock,
V¢, drives up the net worth, reduces the expected bankruptcy rate and thus the interest
rate spread, and increases the investment (by about the same percentage change as in
net worth); GDP goes up accordingly, and so do the real wage and total hours worked.
Both exports and imports increase but the latter increases more due to the demand for
investment goods, thus net exports to GDP ratio decreases slightly. As a consequence,
the net foreign assets to GDP ratio worsens, driving up a slight risk premium on the
domestic nominal interest rate. The shock causes the cost of investment to decrease, and
consumption to pick up only steadily. Therefore, CPI inflation decreases, though by a
small amount, and thus the real exchange rate depreciates.

The response of net worth to this and other shocks is quite muted, i.e. its dynamics
appear to die out in a few periods. This observation together with the autocorrelated
measurement error of net worth suggest that the stock market price index might be a
weak proxy for net worth in Latvia, and thus other potential measures, such as the house
price index, could be investigated. Such an option is left for future research.

Figure 1 about here

MEI shock Comparing the wealth shock to a temporary MEI shock, Figure 2 shows
that the effect of MEI shock in the baseline model is qualitatively similar to the effect
of the wealth shock in the financial frictions model (except for the effect on consumption
which decreases initially), but the introduction of financial frictions dampens the effect of
MEI shock on all plotted variables (and consumption now slightly increases). The effect
of these shocks on net worth and the spread is opposite; this is how the two shocks are
distinguished in the financial frictions model.

MEI shock increases the amount of capital per investment and thus the price of
capital decreases. Consumption barely moves, thus MEI shock has a downward pressure
on prices.

Figure 2 about here

Country risk premium shock Figure 3 shows the IRF to a temporary country risk
premium shock. As Table 8 shows, this shock is the major cause of the variance of the
domestic nominal interest rate. The effects are qualitatively similar across the models
but the financial frictions mechanism somewhat amplifies them. The shock increases the
domestic nominal interest rate which decays towards its steady state with persistence.
This is followed by a decrease in consumption and entrepreneurial net worth, an increase
in the spread and the bankruptcy rate (both reverse the sign after a year), and a decrease
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in investment (initially, about twice as much with financial frictions mechanism com-
pared to the baseline), GDP, real wage, and total hours worked. Imports decreases more
than exports, resulting in a slight increase in net exports to GDP ratio. CPI inflation
decreases for about two years, after which the sign is reversed. The real exchange rate
thus depreciates for the first two years after the shock.

Figure 3 about here

Foreign nominal interest rate shock Table 8 shows that the foreign nominal inter-
est rate shock has little influence on the domestic economy during the particular historic
period; nevertheless, policy-makers are usually interested in what happens after an in-
crease in the policy rate, and it is the European Central Bank’s policy rate that matters
for Latvia after it joined the euro area in 2014. Figure 4 shows that a positive tempo-
rary foreign nominal interest shock increases both the foreign and the domestic nominal
interest rate by the same amount, and both decay towards their steady state slowly. Con-
sumption, investment and entrepreneurial net worth decrease, bankruptcy rate increases
marginally (for the first year) and, as a result, so does the spread. GDP decreases, so do
real wage, and total hours worked. There is a negligible increase in net exports to GDP
ratio due to a decrease in imports. Thus, the net foreign assets to GDP ratio increases
slightly, fostering a decrease of the domestic country risk premium, and therefore, also of
the domestic nominal interest rate. CPI inflation decreases due to the slower domestic
activity. The domestic inflation decreases by a larger amount than the foreign inflation,
resulting in the initial but small depreciation of the real exchange rate. The effect is
similar across the models except for the more persistent dynamics of the nominal interest
rate under the financial frictions mechanism.

The impulse response functions are similar between the country risk premium and the
foreign nominal interest rate shocks, thus signaling the potential identification issues of
these two shocks. The particular procedure of estimating the foreign BVAR separately
from the domestic block mitigates the identification problem somewhat. The replacement
of the foreign BVAR with a full-blown foreign DSGE block could be a cure since it would
identify the foreign monetary policy better but at the cost of model complexity.

The rest of the IRF are plotted in Appendix B.

Figure 4 about here

4.4 Smoothed shock values and historical decomposition

Figures 5 and 6 show the smoothed shock values for the financial frictions model. The
table summarizing their means and standard deviations are relegated to Appendix B.
These figures show that the means of the shocks are about zero. As to the downside, the
measurement errors of the net worth, total hours worked, and real wage appear to be
autocorrelated.

Figures 5 and 6 about here

Figures 7 to 13 show the historic shock decomposition of GDP, CPI inflation and the
interest rate spread.

13



GDP Concentrating on the most sizable shocks, Figures 7 - 8 show that the model
identifies the shock to household consumption preferences as the most important driving
force of the 2004-boom. During the period of 2004-2007, the values of this shock were
persistently above the sample average (see Figure 5), signifying that households were
especially keen on spending on consumption goods during that period. The shock ceased
during the second half of 2007, probably due to the rising costs of living and thus the
decreasing consumer confidence (the latter is backed by the ECFIN consumer survey
data). At that time several other shocks became adverse, including the stationary and
unit-root neutral technology shocks, and the risk premium shock (see Figure 5). Starting
from 2008 and up to 2011, a series of negative entrepreneurial wealth shocks is identified
to have significantly affected GDP growth (Figure 7). In fact, this shock has become the
major source determining the GDP level during the post-recession episode, see Figure 8.
In the model, the dynamics of the entrepreneurial wealth is observable and measured by
the OMX Riga share price index, which plummeted during the recession. In practice, it
is likely that the variable captures also a part of the dynamics in the real estate prices
(otherwise, the real estate sector is not present in the model), which also fell sharply
during the recession as a result of the burst of the housing bubble.

Figures 7 - 8 about here

For comparison, Figures 9 - 10 show the growth decomposition delivered by the base-
line model (smoothed shock figures are skipped due to space constraints). The baseline
model identifies MEI shock as one of the most important shocks driving the 2004-boom
and the subsequent recession. According to the baseline model, MEI shock has con-
tributed negatively over the whole post-recession period, which is not easy to interpret.

Figures 9 - 10 about here

Therefore, having the financial frictions block in the model both clarifies and changes
the story. First, the entrepreneurial wealth shock behaves differently than MEI shock,
since the former has played little role during the boom period. Thus, consumption pref-
erences are left as the single most important factor creating the 2004-boom. Second, the
entrepreneurial wealth shock is more easily understandable force that has deepened the
recession but ceased to be active during the post-recession episode. On the contrary, in
the baseline model, the ever-active MEI shock during the post-recession period is harder
to explicate.

CPI inflation Figure 11 shows that the model identifies the shock to household labor
preferences as the major driving force of Latvia’s CPI inflation up in the 2004-boom,
coupled with the imported consumption markup shocks in 2007, and these same shocks
together with the domestic markup shocks drew CPI inflation down in 2009.

The labor preference shock determines the household willingness to work. The model
identifies that, during the period of 2005-2007 households in Latvia were keen to work
less (and to consume more), relative to the sample average (see Figure 7). The disutility
from work arose probably due to the rapidly growing economy and thus the relatively easy
money available for spending. Shirking drove wages up to compensate for the household
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disutility from work; and that in turn, pushed the price of consumption goods up. Begin-
ning from late 2008 and continuing until the sample ends in 2012Q4, the labor preference
shock is identified to have downward pressure on CPI inflation, which could be explained
by the increased necessity to earn a living due to lower wages and fewer vacancies.

The markup shock to imported consumption goods raises the price of imported con-
sumption goods. The model identifies that the level of this shock was persistently above
its sample average during the year 2008, the time at which the consumption preference
shock had already become flat or even negative, and coinciding with the period of the
above average foreign inflation shock (unaffected by the domestic block, since estimated
separately) and the peak in both the crude oil and natural gas prices. It is likely that the
imported consumption markup shock captures the increase in the cost of energy, since
the price of energy is not present in the model but through foreign inflation. Apparently,
the foreign inflation variable is not able to fully represent the dynamics of imported costs,
thus the rest is absorbed by the markup shock. For example, the price of natural gas
affects the heating bills. It was a matter of fact that heating bills rose during the year
2008, constituting up to three percentage points of the annual inflation at that time.
Overall, the model suggests that the imported consumption markup shock constituted
about a half of the annual CPI inflation during the year 2008.

The domestic markup shock affects the marginal cost of domestic production before it
is affected by the foreign markup shocks. The model identifies a series of negative domestic
markup shock during 2009 (probably due to the easing in labor market, the reforms in
the public sector, postponed investment projects or dividend payments by firms), and
partly rebalancing during late 2010-2011, which pushed CPI inflation upwards.

The presence of the financial frictions block in the model reduces slightly the role of
MEI shock and stationary technology shock on CPI inflation, see Figure 12.

Figures 11 - 12 about here

Interest rate spread Figure 13 shows that the entrepreneurial wealth shock is the
main driving force behind the interest rate spread. The increased spread in the 2008-
recession is explained mainly by a negative temporary wealth shock. MEI shock has also
contributed to affect the spread but its role has been different from the wealth shock:
MEI shock’s contribution has been mild during the recession episode. Rather, it has
contributed to reduce the spread during the boom period (as the wealth shock but to a
greater extent) and during the years 2011-2012 (counteracting the wealth shock). Again,
as MEI shock is ad hoc, it is not easy to interpret it.

Figure 13 about here

4.5 Forecasting performance

Figures 14 to 16 show one-step ahead forecasts of the baseline and the financial frictions
models for all the observables. These are not true out-of-sample forecasts because the
model is calibrated/estimated on the whole sample period 1995Q1-2012Q4. Nevertheless,
these figures indicate approximate forecasting performance of the models. Particularly,
it is informative to see whether the models tend to yield unbiased forecasts. The results
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show that the models forecast relatively well. No crucial biases are evident, except for
the CPI inflation which appears to be slightly upward biased. The total hours worked
forecasts are rather volatile, inducing this volatility in the GDP series. On the positive
side, the pick up of the interest rate spread in 2009 is forecasted in advance thus indicating
that the model, potentially, could be applied in forecasting financial stress.

Figures 14 to 16 about here

Table 9 reports the forecasting performance of the baseline and financial frictions
models relative to a random walk model (in terms of quarterly growth rates) with respect
to predicting CPI inflation and GDP for horizons: one, four, eight and 12 quarters. I also
report the forecasting performance of a BSVAR (with the same structure as the foreign
BSVAR, and with similar priors), since it is often taken as a benchmark in the literature!2.
Table 9 shows that both models forecast both variables at least as precisely as the random
walk model at all horizons considered. Both models outperform the random walk by about
30% in forecasting both variables for horizons two to three years, and deliver about the
same precision at a one quarter horizon. Moreover, the financial frictions model tends to
deliver somewhat more precise forecasts than the baseline model of both CPI inflation
and GDP, and a comparable forecasting precision to that of a BSVAR.

Repeating the exercise for only the last ten years of the sample shows the financial
frictions model still performs roughly as well as the baseline and a BSVAR models (Table
10). Thus, the model can be used not only for policy studies but also for forecasting
purposes. The results from our forecasting exercise are similar to those of CTW who also
find that the financial frictions model tends to outperform slightly the baseline model.

Table 9 about here

5 Summary and conclusions

This paper builds a DSGE model for Latvia that would be suitable to replace the tradi-
tional macro-econometric model currently employed as the main macroeconomic model
at Bank of Latvia. For that purpose, I adapt the Christiano, Trabandt and Walentin
(2011, henceforth CTW) financial frictions model to Latvia’s data. The monetary policy
is altered to become a nominal interest rate peg to the foreign interest rate. I study the
model fit, impulse response functions, conditional forecast variance decomposition, shock
historic decomposition, and forecasting performance, and compare the outcome to that
of the model without the financial accelerator block (the ‘baseline’ model), as well as to
the findings of CTW.

The main findings are as follows. The addition of financial frictions block provides
more appealing interpretation for the drivers of economic activity, and allows to reinter-
pret their role. Financial frictions played an important part in Latvia’s 2008-recession.
The financial frictions model beats both the baseline model and the random walk model
in forecasting both CPI inflation and GDP, and performs roughly the same as a BSVAR.

12The particular BSVAR has some economically implausible estimated parameters, since Latvian GDP,
CPI inflation and nominal interest rate data do not possess a stable and economically plausible relation-
ship over the particular sample span.
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Overall, the results suggest that the financial frictions model is suitable in both policy

analysis and forecasting exercises, and is an improvement over the model without the
financial frictions block.
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Appendix A Tables and Figures

Parameter Value Description

o} 0.400 Capital share in production

15} 0.995 Discount factor

We 0.450 Import share in consumption goods

W 0.650 Import share in investment goods

Wy 0.550 Import share in export goods

gz~5a 0.010  Elasticity of country risk to net asset position

Mg 0.202 Government expenditure share of GDP

T 0.100 Capital tax rate

Tw 0.330 Payroll tax rate

Te 0.180 Consumption tax rate

Ty 0.300 Labor income tax rate

Th 0.000 Bond tax rate

Lbs 1.005 Steady state growth rate of neutral technology

Lo 1 Steady state growth rate of investment technology

T 1.005 Steady state inflation growth target

Aw 1.500  Wage markup

Adsm.emi  1.300  Price markup for the domestic, imp. consump., imp. investm. goods
Aaim.a 1.200 Price markup for exports and imported exports goods
(' 1.000 Wage indexation to real growth trend

P 1 — x/ Indexation to inflation target for j = d; z;m, c;m, i;m, x;w
7 1.005 Third indexing base

QZBS 0 Country risk adjustment coefficient

Financial frictions model

F(w) 0.020 Steady state bankruptcy rate
100W,/y  0.100 Transfers to entrepreneurs

Table 1: Calibrated parameters.

Posterior mean

Parameter description baseline fnfric Moment Moment value
0  Depreciation rate of capital  0.030 0.030 p;i/y 0.255
¢  Real exchange rate 2.16 202 SP*X/(PY) 0.462
Ay Scaling of disutility of work  16.86 24.46 Lg 0.270
~v  Entrepreneurial survival rate 096 n/(pwk) 0.600

Table 2: Matched moments and corresponding parameters.

Note: The quarterly depreciation rate of capital is fixed at three percent.
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Prior Posterior HPD int.

Parameter description Distr. Mean st.d. Mean st.d. 10%  90%

pu, Persistence, unit-root tech. 3 0.50 0.075 0.590 0.063 0.487 0.696
a11 Foreign VAR parameter N 0.90 0.05 0913 0.034 0.852 0.977
ass Foreign VAR parameter N 0.50 0.05 0.521 0.055 0.438 0.605
ass Foreign VAR parameter N 0.90 0.05 0.954 0.023 0.919 0.989
a12 Foreign VAR parameter N -0.10 0.10 -0.165 0.091 -0.314 -0.016
a1z Foreign VAR parameter N -0.10 0.10 -0.045 0.054 -0.124 0.037
ao1 Foreign VAR parameter N 0.10 0.10 0.181 0.043 0.097 0.260
ags Foreign VAR parameter N  -0.10 0.10 -0.090 0.055 -0.183 -0.008
agq4 Foreign VAR parameter N 0.05 0.10 0.078 0.041 0.009 0.146
az; Foreign VAR parameter N 0.05 0.10 0.080 0.029 0.032 0.131
azz Foreign VAR parameter N -0.10 0.10 -0.095 0.058 -0.198 0.002
azq Foreign VAR parameter N 0.10 0.10 0.108 0.026 0.068 0.149
co1 Foreign VAR parameter N 0.05 0.05 0.021 0.040 -0.048 0.088
cs1 Foreign VAR parameter N 0.10 0.05 0.145 0.031 0.094 0.196
cs2  Foreign VAR parameter N 0.40 0.05 0.374 0.0563 0.286 0.459
co4 Foreign VAR parameter N 0.05 0.05 0.065 0.046 -0.003 0.135
cs4 Foreign VAR parameter N 0.05 0.05 0.048 0.034 -0.002 0.101

Table 3: Estimated foreign SVAR parameters.

Note: Based on a single Metropolis-Hastings chain with 100 000 draws after a burn-in period of 900 000
draws.

Prior Posterior HPD int.
Distr. Mean st.d. Mean st.d. 10% 90%

1000,  Unit root technology Inv-I' 0.25 inf 0.328 0.052 0.248 0.406
1000y«  Foreign GDP Inv-I' 0.50 inf 0.317 0.055 0.219 0.415
10000+« Foreign inflation Inv-I' 0.50 inf 0.593 0.118 0.394 0.805
1000r- Foreign interest rate Inv-I' 0.075 inf 0.067 0.008 0.054 0.079

Description

Table 4: Estimated standard deviations of SVAR shocks.

Note: Based on a single Metropolis-Hastings chain with 100 000 draws after a burn-in period of 900 000
draws.
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Prior Posterior HPD int.
Parameter description . Mean st.d. 10%  90%
’ Distr. Mean st.d. base finfric base finfric finfric

&y Calvo, domestic I3 0.75 0.075 0.802 0.803 0.024 0.023 0.755 0.856
& Calvo, exports I} 0.75 0.075 0.845 0.862 0.036 0.031 0.818 0.906
&me  Calvo, imported consumpt. B 0.75 0.075 0.778 0.777 0.042 0.049 0.694 0.865
&mi Calvo, imported investment 0.65 0.075 0.559 0.418 0.066 0.042 0.324 0.508
&ma  Calvo, imported exports B 0.65 0.10 0.510 0.590 0.069 0.091 0.452 0.727
Kq Indexation, domestic I5} 0.40 0.15 0.193 0.168 0.064 0.075 0.056 0.279
Ka Indexation, exports I3 0.40 0.15 0.330 0.305 0.092 0.107 0.138 0.491
Kkme  Indexation, imported cons. I} 0.40 0.15 0.379 0.398 0.130 0.106 0.168 0.639
Kmi  Indexation, imported inv. I} 0.40 0.15 0.271 0.263 0.123 0.100 0.079 0.444
kmz Indexation, imported exp. I} 0.40 0.15 0.328 0.354 0.090 0.115 0.135 0.566
Fow Indexation, wages I} 0.40 0.15 0.247 0.247 0.092 0.079 0.073 0.402
v Working capital share I3 0.50 0.25 0.340 0.442 0.217 0.179 0.031 0.829
0.1c0; Inverse Frisch elasticity r 0.30 0.15 0.214 0.254 0.117 0.106 0.085 0.419
b Habit in consumption I3 0.65 0.15 0.846 0.894 0.033 0.030 0.847 0.945
0.1S” Investment adjustment costs T° 0.50 0.15 0.411 0.171 0.090 0.030 0.105 0.233
Oq Variable capital utilization r 0.20 0.075 0.352 0.595 0.084 0.093 0.371 0.827
Ne Elasticity of subst., exports Ty 1.50 0.25 1.756 1.541 0.186 0.143 1.121 1.971
Ne Elasticity of subst., cons. Ty 1.50 0.25 1.391 1.337 0.140 0.164 1.021 1.606
7; Elasticity of subst., invest. Ty 1.50 0.25 1.111 1.1* 0.074

ur Elasticity of subst., foreign Ly 1.50 0.25 1.548 1.570 0.225 0.159 1.175 1.964
! Monitoring cost B 0.30 0.075 0.271 0.040 0.201 0.340
Pe Persistence, stationary tech. f 0.85 0.075 0.885 0.846 0.034 0.041 0.751 0.939
pY Persistence, MEI B 0.85 0.075 0.804 0.574 0.066 0.106 0.372 0.776
pee Persist., consumption prefs I} 0.85 0.075 0.860 0.861 0.042 0.038 0.788 0.939
Peh Persistence, labor prefs I3 0.85 0.075 0.807 0.815 0.079 0.048 0.728 0.915
g Persist., country risk prem. 153 0.85 0.075 0.904 0.935 0.026 0.025 0.899 0.971
Py Persist., gov. expenditures I} 0.85 0.075 0.753 0.770 0.070 0.083 0.628 0.917
P~ Persistence, entrepren. wealth g 0.85 0.075 0.767 0.059 0.604 0.921

Table 5: Estimated parameters.

Note: Based on a single Metropolis-Hastings chain with 100 000 draws after a burn-in period of 400 000

draws.

*
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Prior Posterior HPD int.
Description . Mean st.d. 10%  90%
! Distr. Mean st.d. base finfric base finfric finfric

100, Stationary technology Inv-I" 0.15 inf 0.139 0.126 0.016 0.014 0.103 0.149
oY Marginal efficiency of invest. Inv-I' 0.15 inf 0.234 0.162 0.056 0.027 0.093 0.230
o¢ce Consumption prefs Inv-I' 0.15 inf 0.143 0.227 0.029 0.056 0.131 0.320
och Labor prefs Inv-I' 0.50 inf 0.739 0.804 0.430 0.283 0.300 1.293
1000(23 Country risk premium Inv-I" 0.50 inf 0.547 0.554 0.044 0.045 0.475 0.632
100, Government expenditures Inv-I' 0.50 inf 0.468 0.470 0.044 0.041 0.396 0.544
O rd Markup, domestic Inv-I' 0.50 inf 0.383 0.374 0.105 0.089 0.179 0.555
O Markup, exports Inv-I" 0.50 inf 0.813 1.004 0.298 0.391 0.439 1.556
ormec  Markup, imports for cons. Inv-I' 0.50 inf 0.887 0.812 0.463 0.329 0.278 1.421
o,m,i Markup, imports for invest. Inv-I' 0.50 inf 0.895 0.458 0.340 0.078 0.282 0.620
ormz  Markup, imports for exports Inv-I' 0.50 inf 1.052 1.447 0.410 0.643 0.523 2.349
100,  Entrepreneurial wealth Inv-I' 0.50 inf 0.307 0.042 0.231 0.384

Note: Based on a single Metropolis-Hastings chain with 100 000 draws after a burn-in period of 400 000

draws.

Table 6: Estimated standard deviations of shocks.

Mean Standard deviation
Variable Explanation Data Model ata Model
baseline finfric baseline finfric
T Domestic inflation 6.08 2.00 2.00 8.39 8.82 8.61
¢ CPI inflation 5.62 2.00 2.00 6.29 8.80 8.51
g Investment inflation ~ 6.78  2.00  2.00 51.45 49.57  46.49
R Nom. interest rate 7.06 6.04 6.04  5.86 5.67 6.40
Ah Total hours growth 0.02 0.00 0.00 2.20 6.76 5.69
Ay GDP growth 1.37 0.50 0.50 2.31 5.37 4.56
Aw Real wage growth 1.06 0.50 0.50 235 297 2.89
Ac Consumption growth  1.47 0.50 0.50 2.84 3.16 3.39
JAV) Investment growth 1.73 0.50 0.50 16.32 21.34 21.65
Aq Real exch. rate growth -0.88  0.00 0.00 2.51 2.29 2.22
Ag Gov. expendit. growth 0.44 0.50 0.50 5.46 5.30 5.30
Ax Export growth 2.19 0.50 0.50 3.41 3.67 3.66
Am Import growth 2.22 0.50 0.50 6.30 12.24  9.76
An Stock market growth — 1.32 0.50 10.38 14.92
spread Interest rate spread 4.29 3.01 2.25 5.48
Ay* Foreign GDP growth  0.26 0.50 0.50 0.61 0.52 0.52
m* Foreign inflation 2.01 2.00 2.00 0.72 0.88 0.88
R* Foreign nom. int. rate 3.16 6.04 6.04 1.61 2.58 2.58

Table 7: Data and (first-order approximated) model moments (in percent).

Note: The inflation and interest rates are annualized.
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Description model R #¢ GDP C I % H w q N Spread
. Stationary B 00 18 09 04 01 01 61 1.0 1.5
Y technology F 00 12 08 01 00 05 109 07 1.0 02 0.1
B 51 12 151 1.7 73.6 602 69 1.5 1.0
T, MEI
F 01 01 38 0.1 285 57 54 05 01 19.0 19.2
. Consumption B 01 01 20 784 05 21 16 01 0.1
G prefs F 03 03 87 816 02 191 69 02 02 02 0.1
(b Labor prefs B 00 120 39 3.0 08 04 4.1 453 104
F 01 87 31 19 06 35 43 391 75 13 04
_a Markup, B 00 320 1.2 02 01 01 0.8 37.7 275
t domestic F 00 266 18 01 01 0.2 15 392 229 06 0.1
. Markup, B 00 00 12 00 00 00 1.0 0.0 0.0
Tt exports F 00 00 25 00 00 01 21 00 00 00 00
o Markup,imp. B 0.0 390 11 01 00 03 09 1.4 343
TE for cons. F 00 508 38 00 00 09 31 25 447 01 0.0
i Markup, imp. B 1.1 3.0 296 0.2 9.6 146 425 0.7 2.5
T for inv. F 01 06 179 00 66 56 266 03 05 7.1 6.0
.. Markup,imp. B 03 0.1 389 0.1 01 68 322 03 0.
T for exp. F 01 01 352 01 01 7.1 299 02 01 02 0.1
Entreprencurial B
7 ealth F 08 1.0 104 0.2 448 351 19 1.1 09 515 69.2
- Country risk B 8.7 03 12 24 51 105 0.7 1.3 0.2
Z premium F 920 0.7 27 39 11.1 178 1.1 3.6 0.6 135 22
Unit-root B 16 01 01 01 02 14 00 04 0.3
Hzt technology F 16 01 02 00 02 14 00 04 03 01 00
Foreign B 16 01 01 02 03 09 00 01 00
CR%E interest rate F 15 01 01 02 03 08 00 02 00 03 0.1
. B 34 02 01 04 07 25 00 02 0.3
€y Forelgnoutput o g 00 00 06 03 21 00 03 05 01 01
.. Foreign B 01 00 00 00 00 00 00 00 01
™ inflation F 01 00 00 00 00 00 00 00 01 00 00
5 forcign® B 933 07 14 31 64 153 08 2.0 1.0
F 986 1.1 3.0 4.7 119 220 1.1 44 15 140 24
All foreign®* B 948 428 723 3.5 16.1 37.0 77.3 4.5 38.0
F 987 52.6 62.5 4.8 187 358 628 7.5 469 214 85

Table 8: Conditional variance decomposition (percent) given model parameter uncer-
tainty at 8 quarters forecast horizon; posterior mean.

Note: * ‘5 foreign’ is the sum of the foreign stationary shocks, Ry, 7, Y}, the country risk premium
shock, ¢, and the world-wide unit root neutral technology shock, . ;.
xx ‘All foreign’ includes the above five shocks as well as the markup shocks on imports and exports, i.e.

mc mi
Ty s Ty

ma
y Tt
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and 7. ‘B’ - baseline model, ‘F’ - financial frictions model.
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Figure 1: Impulse responses to the entrepreneurial wealth shock, ~;.

Note: The units on the y-axis are either in terms of percentage deviation (% dev.) from the steady state,
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Figure 2: Impulse responses to the marginal efficiency of investment shock, 1.

Note: The units on the y-axis are either in terms of percentage deviation (% dev.) from the steady state,
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Figure 3: Impulse responses to the country risk premium shock, ét.

Note: The units on the y-axis are either in terms of percentage deviation (% dev.) from the steady state,
annualized basis points (ABP), or level deviation (Lev. dev.).
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Figure 4: Impulse responses to the foreign nominal interest rate shock, €p« ;.

Note: The units on the y-axis are either in terms of percentage deviation (% dev.) from the steady state,
annualized basis points (ABP), or level deviation (Lev. dev.).
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Figure 5: Smoothed shock processes and measurement errors of the financial frictions

model.

1996 2000 2004 2008 2012

25

1996 2000 2004 2008 2012



meas. investment

meas. real x-rate

meas. hours

0.5
10
off o
-10 -0.5

1996 2000 2004 2008 2012
meas. output

1996 2000 2004 2008 2012
meas. exports

1996 2000 2004 2008 2012
meas. imports

-4

1996 2000 2004 2008 2012
meas. CPI

1996 2000 2004 2008 2012
meas. investment price

1996 2000 2004 2008 2012
meas. gov. expend.

20

-20

1996 2000 2004 2008 2012

entrepreneurial wealth

1996 2000 2004 2008 2012

meas. net worth

1996 2000 2004 2008 2012
meas. spread

1996 2000 2004 2008 2012

1996 2000 2004 2008 2012

1996 2000 2004 2008 2012

Figure 6: Smoothed shock processes and measurement errors of the financial frictions

model (continued).
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Figure 7: Decomposition of GDP (quarterly growth rates), 2004Q1-2012Q4.

Note: Financial frictions model. Only those shocks that are greater than 2pp in at least one period.
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Figure 8: Decomposition of GDP (levels), 2004Q1-2012Q4.

Note: Financial frictions model. Only those shocks that are greater than 4pp in at least one period.
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Figure 9: Decomposition of GDP (quarterly growth rates), 2004Q1-2012Q4. Baseline
model. Only those shocks that are greater than 2.5pp in at least one period.
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Figure 10: Decomposition of GDP (levels), 2004Q1-2012Q4. Baseline model. Only those
shocks that are greater than 4.5pp in at least one period.
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Figure 11: Decomposition of CPI, 2004Q1-2012Q4.

Note: Financial frictions model. Only those shocks that are greater than 1.5pp in at least one period.
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Figure 12: Decomposition of CPI, 2004Q1-2012Q4. Baseline model. Only those shocks
that are greater than 1.5pp in at least one period.
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Figure 13: Decomposition of interest rate spread, 2004Q1-2012Q4.

Note: Financial frictions model. Only those shocks that are greater than 0.8pp in at least one period.
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Distance 1Q 4Q 8Q 12Q
Model measure  7° Ay ‘ ¢ Ay ‘ e Ay ‘ e Ay
) RMSE 1.04 1.03 |0.82 0.75 |0.67 0.65 |0.71 0.64
Baseline

MAE 099 128 0.8 0.79 |0.74 0.64 |0.71 0.67
RMSE 099 096 |0.79 0.70 | 065 0.64 |0.68 0.64
MAE 092 1.15 [0.81 0.69 |0.70 0.58 |0.66 0.60
RMSE 0.86 0.72 |0.71 081 |0.62 0.68 |0.63 0.66
MAE 089 0.71 |0.70 0.77 |0.62 0.62 |0.58 0.61

Financial fric.

BSVAR

Table 9: Relative root mean squared error (RMSE) and mean absolute error (MAE)
compared to the random walk model.

Note: A number greater than unity indicates that the model makes worse forecasts than the random
walk model. Note that this is not a true out-of-sample forecasting performance since the models have
been estimated on the whole sample period 1995Q1-2012Q4.

Distance 1Q 4Q 8Q 12Q
Model measure  7° Ay ‘ e Ay ‘ e Ay ‘ e Ay
: RMSE 1.04 1.03 |0.75 0.74 |0.65 0.61 |0.75 0.59
Baseline

MAE 1.11 141 [0.77 080 [0.72 0.57 |0.70 0.54
RMSE 097 095 |0.70 0.72 | 0.64 0.67 |0.74 0.64
MAE 1.02 125 |0.72 0.75 |0.69 0.78 |0.67 0.73
RMSE 091 0.74 |0.75 084 |0.68 0.67 |0.76 0.64
MAE 096 0.75 | 0.73 0.83 |0.69 0.60 |0.69 0.53

Financial fric.

BSVAR

Table 10: Relative root mean squared error (RMSE) and mean absolute error (MAE)
compared to the random walk model, last ten years of the sample.

Note: A number greater than unity indicates that the model makes worse forecasts than the random

walk model. Note that this is not a true out-of-sample forecasting performance since the models have
been estimated on the whole sample period 1995Q1-2012Q4.

33



Appendix B Computational appendix - not for pub-

lication
Description model R ¢  GDP C I % H w q N Spread
. Stationary B 0.0 0.9 1.2 0.2 0.0 0.3 72 05 0.8
t technology F 0.0 0.7 1.1 0.1 0.0 0.8 13.1 04 0.6 0.1 0.1
Y, MEI B 0.0 0.0 9.0 1.3 700 233 6.4 04 0.0
F 0.0 0.0 3.7 0.0 321 120 57 0.2 0.0 18.2 174
.  Consumption B 0.0 0.0 1.9 728 01 07 14 00 00
G prefs F 0.0 0.1 6.9 751 0.2 4.2 5.1 0.2 0.1 0.2 0.1
¢h Labor prefs B 0.0 3.8 1.8 1.2 0.1 0.2 2.2 401 3.2
t F 0.0 2.8 1.2 0.8 0.5 1.0 2.3 345 23 0.9 0.7
- Markup, B 0.0 36.8 1.6 0.2 0.1 0.4 1.0 44.0 30.5
¢ domestic F 0.0 29.7 2.4 0.1 0.1 0.8 1.8 46.0 24.8 0.6 0.0
. Markup, B 00 00 16 00 00 01 11 00 00
Tt exports F 0.0 0.0 3.2 0.0 0.0 0.3 25 0.0 0.0 0.0 0.0
sme Markup, imp. B 0.0 427 14 0.1 0.0 0.8 1.0 00 36.3
¢ for cons. F 0.0 53.8 4.6 0.0 0.0 2.6 3.4 0.0 46.1 0.1 0.0
Smi Markup, imp. B 0.1 24 290 0.1 106 41.7 418 06 20
t for inv. F 0.0 0.5 16.9 0.0 6.7 29.0 24.3 0.3 0.4 6.9 7.1
—ma Markup, imp. B 0.1 0.1 448 0.1 0.1 29.8 332 03 0.1
¢ for exp. F 0.0 0.1 39.8 00 0.1 309 31.7 0.2 0.1 0.2 0.2
Entrepreneurial B
i wealth F 0.0 0.0 5.4 0.1 377 119 15 0.2 0.0 532 52.3
~ Country risk B 975 0.1 0.9 23 41 1.9 06 09 0.1
Pt premium F 97.6 0.2 2.4 3.0 105 5.1 0.6 2.2 0.2 129 5.8
Unit-root B 0.1 0.0 0.1 0.0 0.2 0.3 0.0 0.1 0.1
Mzt technology F 0.1 0.0 0.2 0.0 0.1 0.4 0.0 0.1 0.1 0.1 0.0
Foreign interest B 1.5 0.0 0.0 0.2 0.2 0.1 0.0 0.1 0.0
R rate F 14 00 01 02 03 02 00 01 00 03 0.1
. Foreien output B 0.7 0.0 0.0 03 0.3 0.4 0.0 0.1 0.0
it & P F 0.7 0.0 0.0 04 0.2 0.5 0.0 0.2 0.0 0.1 0.0
Foreign B 0.2 0.0 0.0 0.0 0.0 0.0 0.0 00 0.1
Rt inflation F 02 00 00 00 00 00 00 00 01 00 0.0
5 foreign* B 99.8 0.1 1.0 2.7 4.8 2.8 0.7 1.1 0.3
F 100.0 0.3 2.7 3.5 11.2 6.3 0.6 2.5 0.4 13.3 6.0
All foreign™* B 100.0 454 779 3.0 155 752 779 2.1 387
F 100.0 546 672 3.6 181 69.1 62.6 3.1 470 20.5 13.3

Table 11: Conditional variance decomposition (percent) given model parameter uncer-
tainty. One quarter forecast horizon. Posterior mean.

* ‘5 foreign’ is the sum of the foreign stationary shocks, R}, m;, Y;*, the country risk
premium shock, ét, and the world-wide unit root neutral technology shock, i, .

xx ‘All foreign’ includes the above five shocks as well as the markup shocks on imports
and exports, i.e. 7 7™ 7 and 7¥. ‘B’ - baseline model, ‘F’ - financial frictions

model.
Description model R m¢  GDP C I % H w q N  Spread
. Stationary B 0.0 1.9 0.9 0.3 0.1 0.2 6.1 09 1.6
©  technology F 00 12 08 01 00 07 110 06 10 02 0.1
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T, MEI B 09 03 144 16 744 533 62 12 02
F 01 01 37 01 262 93 49 04 01 184 188
.  Consumption B 00 0.1 1.9 789 04 1.7 16 0.1 0.1
G prefs F 00 02 88 80 02 129 70 02 02 02 0.1
¢ Labor prefs B 00 112 34 23 04 05 39 446 9.6
t F 00 81 27 14 04 30 39 388 69 1.3 0.4
- Markup, B 00 327 12 02 01 01 08 385 278
t domestic F 00 273 1.8 01 01 03 15 399 233 06 0.0
. Markup, B 00 00 1.2 00 00 00 09 00 00
& exports F 00 00 25 00 00 02 20 00 00 0.0 0.0
_me  Markup, imp. B 00 393 1.1 01 00 05 09 13 342
¢ for cons. F 00 509 37 00 00 15 30 23 444 0.1 0.0
_mi Markup, imp. B 05 31 302 02 88 233 431 07 26
t for inv. F 00 06 186 0.0 63 97 274 02 05 7.0 6.8
_mae  Markup, imp. B 02 01 397 01 01 11.0 326 03 0.1
t for exp. F 01 01 358 01 01 130 303 0.2 01 02 0.1
Entrepreneurial B
Yt ealth F 01 03 94 01 465 31.5 1.7 07 03 520 673
- Country risk B 935 0.2 1.1 24 52 67 07 13 02
Pt premium F 95.0 0.6 2.7 37 114 147 09 35 0.5 135 2.3
Unit-root B 10 01 01 01 02 09 00 03 03
Hzt technology F 1.0 01 02 00 02 11 00 03 03 0.1 0.0
Foreign interest B 16 0.1 0.1 0.2 0.3 0.5 0.0 0.1 0.0
CRYSE rate F 15 01 01 02 04 06 00 01 00 03 0.1
o TForeien outbut B 21 01 01 03 06 12 00 02 02
vt & P F 20 00 00 05 03 13 00 03 03 0.1 0.0
. Foreign B 01 00 00 00 00 00 00 00 0.1
™t inflation F 01 00 00 00 00 00 00 00 01 0.0 0.0
5 forcign® B 983 05 13 30 64 93 07 19 09
F 996 09 31 44 122 177 1.0 42 1.3 140 2.4
All foreign™* B 99.0 43.0 734 34 153 441 782 43 378
F 99.7 525 63.6 4.5 187 421 637 7.1 464 214 9.3

Table 12: Conditional variance decomposition (percent) given model parameter uncer-

tainty. Four quarters forecast horizon. Posterior mean.

* ‘5 foreign’ is the sum of the foreign stationary shocks, Rj, m/, V", the country risk

premium shock, ¢;, and the world-wide unit root neutral technology shock, p. ;.

x% ‘All foreign’ includes the above five shocks as well as the markup shocks on imports

and exports, i.e. 7€ 7/ 1M and 7. ‘B’ - baseline model, ‘F’ - financial frictions
model.
Description model R ¢  GDP C I % H w q N  Spread
. Stationary B 0.0 1.9 0.9 0.3 0.1 0.1 59 1.0 1.6
*  technology F 00 13 08 01 00 04 106 07 1.1 02 0.1
T, MEI B 19.6 2.6 15.5 3.5 752 59.6 8.0 1.6 2.2
F 0.1 0.2 3.8 0.2 264 6.6 5.4 0.4 0.2 19.2 17.7
.  Consumption B 0.6 0.2 26 785 0.5 2.0 1.7 0.2 0.1
G prefs F 2.7 0.7 9.6 82.7 03 231 7.5 0.4 0.6 0.2 0.6
Ch Labor prefs B 0.1 134 4.1 2.8 0.8 0.6 4.7 475 11.6
¢ F 0.3 10.0 3.4 1.8 0.6 3.2 48 413 8.7 1.3 0.8
Markup, B 0.0 30.6 1.2 0.2 0.1 0.1 0.8 359 264
Tt domestic F 0.0 254 1.8 0.0 0.1 0.1 1.5 374 220 0.6 0.1
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. Markup, B 00 00 12 00 00 00 10 00 00

& exports F 00 00 25 00 00 01 20 00 00 0.0 0.0
me  Markup, imp. B 00 377 11 01 00 03 09 13 332

& for cons. F 00 491 37 00 00 07 30 24 435 0.1 0.0
i Markup, imp. B 1.8 29 292 0.2 87 131 415 0.7 25

Tt for inv. F 01 06 176 00 61 47 2.0 03 05 7.1 5.3
ma  Markup, imp. B 03 01 382 01 01 58 314 03 01

Tt for exp. F 001 01 346 01 01 56 293 02 01 0.2 0.1

Entrepreneurial B

Tt ealth F 35 21 105 06 474 330 24 14 1.8 514 680
- Country risk B 705 06 1.2 24 56 114 08 14 0.6

Pt premium F 846 10 27 37 11.6 169 13 36 09 134 45
Unit-root B 15 01 01 02 03 16 00 05 05

Hzt technology F 1.4 01 02 01 02 15 00 04 04 01 0.1
Foreign interest B 1.4 0.1 0.1 0.2 0.3 1.2 0.0 0.1 0.1

CRE Late F 16 01 01 02 03 09 00 02 01 03 0.2
e Foreien outout B 40 04 01 03 07 41 00 02 05

vt gn owtp F 50 02 00 06 03 32 00 03 05 01 04
. Foreign B 00 00 00 00 00 00 00 00 01

™t inflation F 00 00 00 00 00 00 00 00 01 0.0 0.0
5 foreign® B 775 1.2 15 31 69 183 09 22 1.7

F 93.1 15 3.1 45 124 225 14 45 20 140 52
All forcign®* B 79.7 419 712 35 157 375 757 4.6 374

F 93.3 51.3 61.4 47 187 335 61.6 7.4 460 214  10.6

Table 13: Conditional variance decomposition (percent) given model parameter uncer-
tainty. 20 quarters forecast horizon. Posterior mean.
* ‘5 foreign’ is the sum of the foreign stationary shocks, Ry, m, Y;*, the country risk

premium shock, ¢;, and the world-wide unit root neutral technology shock, f. ;.

s+ ‘All foreign’ includes the above five shocks as well as the markup shocks on imports

and exports, i.e. 7" 7™, T/

model.

mx

Description Mean . Std .

base finfric base finfric
1004, Unit root technology -0.00  -0.00 0.27 0.27
10e Stationary technology 0.00 0.00 0.12 0.11
T MEI 0.01  -0.00 0.22 0.15
& Consumption prefs -0.00 0.01 0.12 0.19
¢h Labor prefs -0.04  -0.03 0.66 0.71
1006 Country risk premium -0.02  -0.02 0.50 0.51
10g Government expenditures -0.00 -0.01 0.44 0.44
74 Markup, domestic 0.02 0.02 0.34 0.33
T Markup, exports -0.02  -0.03 0.74 0.91
Tme Markup, imports for cons. 0.09 0.08 0.77 0.71
Tt Markup, imports for invest. 0.01 0.01 0.84 0.41
7T Markup, imports for exports -0.08  -0.12 0.93 1.28
100~ Entrepreneurial wealth -0.02 0.30
100y* Foreign GDP -0.07  -0.07 0.26 0.27
10007*  Foreign inflation 0.01 0.01 0.49 0.49
100R*  Foreign interest rate -0.02  -0.02 0.06 0.06
eny measurement 7% 0.03 -0.02 2.08 2.29
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gme measurement ¢ -0.20 -0.20 2.00 1.98

e’ measurement 7 -0.42  -099 11.01 11.97
ene measurement w 0.09 0.09 0.35 0.38
eme measurement c -0.04 -0.01 0.48 0.57
epe measurement I -0.10 -0.14 6.64 4.56
5;”6 measurement q 0.05 0.05 1.44 1.45
e’ measurement H 0.06 0.06 0.26 0.29
€y measurement y -0.01  -0.02 0.41 0.47
enve measurement x -0.09  -0.08 0.45 0.47
enr measurement M -0.14  -0.08 1.55 1.64
€qc measurement g 0.03 0.04 0.69 0.73
eme measurement n -0.60 5.83
Egpread  Measurement spread 0.00 1.22

Table 14: The mean and standard deviation of smoothed shocks.

Stationary neutral technology shock
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Figure 17: Impulse responses to the stationary neutral technology shock, ¢;.

Note: The units on the y-axis are either in terms of percentage deviation (% dev.) from the steady state,
annualized basis points (ABP), or level deviation (Lev. dev.).
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Consumption preference shock

Nom. interest rate (ABP) CPl inflation (ABP) GDP (% dev.)
0.3 01 = 8% N
02r T _ ] 0 - o QAP
0l == " o1 N oo O30 S |
5 10 15 20 5 10 15 20 5 10 15 20
Consumption (% dev.) Investment (% dev.) Negexports/Y (Lev. dev.)
2 05 0 -
; ; === SN
0 -05L === -15
10 15 20 5 10 15 20 5 10 15 20
Total hours (% dev.) Real wage (% dev.) Real exch. rate (% dev.)
: of 7 68
N R W
S -0.03 S 392k =
5 10 15 20 5 10 15 20 5 10 15 20
Net worth (% dev.) Spread (ABP) Net foreign assets/GDP (Lev.dev.)
0.6 005 0051 NS === === j
0.4 -0.1 -0.1
0-% -0.15
-0.15 -0.2
5 10 15 20 5 10 15 20 5 10 15 20
= = =paseline model financial frictions model == foreign

Figure 18: Impulse responses to the consumption preference shock, ¢f.

Note: The units on the y-axis are either in terms of percentage deviation (% dev.) from the steady state,
annualized basis points (ABP), or level deviation (Lev. dev.).
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Figure 19: Impulse responses to the labor preference shock, (/.

Note: The units on the y-axis are either in terms of percentage deviation (% dev.) from the steady state,
annualized basis points (ABP), or level deviation (Lev. dev.).
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Government consumption shock
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Figure 20: Impulse responses to the government consumption shock, g;.

Note: The units on the y-axis are either in terms of percentage deviation (% dev.) from the steady
state, annualized basis points (ABP), or level deviation (Lev. dev.). In this model, the government
consumption crowds out the private consumption. Total consumption falls due to the worsening of the
net foreign assets position and a subsequent increase in the risk premium to the nominal interest rate
that makes saving activity more appealing.

Domestic markup shock
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Figure 21: Impulse responses to the domestic markup shock, 7.

Note: The units on the y-axis are either in terms of percentage deviation (% dev.) from the steady state,
annualized basis points (ABP), or level deviation (Lev. dev.).
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Import export markup shock
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Figure 22: Impulse responses to the imported export markup shock, 7,**.

Note: The units on the y-axis are either in terms of percentage deviation (% dev.) from the steady state,
annualized basis points (ABP), or level deviation (Lev. dev.).
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Figure 23: Impulse responses to the import consumption markup shock, 7,"¢.

Note: The units on the y-axis are either in terms of percentage deviation (% dev.) from the steady state,
annualized basis points (ABP), or level deviation (Lev. dev.).
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Import investment markup shock
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Figure 24: Impulse responses to the import investment markup shock, 7.

Note: The units on the y-axis are either in terms of percentage deviation (% dev.) from the steady state,
annualized basis points (ABP), or level deviation (Lev. dev.).
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Figure 25: Impulse responses to the export markup shock, 7;*.

Note: The units on the y-axis are either in terms of percentage deviation (% dev.) from the steady state,
annualized basis points (ABP), or level deviation (Lev. dev.).
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Unit-root technology shock
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Figure 26: Impulse responses to the unit-root technology shock, f. ;.

Note: The units on the y-axis are either in terms of percentage deviation (% dev.) from the steady state,
annualized basis points (ABP), or level deviation (Lev. dev.).
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Figure 27: Impulse responses to the foreign inflation shock, €« ;.

Note: The units on the y-axis are either in terms of percentage deviation (% dev.) from the steady state,
annualized basis points (ABP), or level deviation (Lev. dev.). A temporary positive shock to foreign
inflation causes the cost of imported consumption and investment to rise. As a result, consumption and
investment decrease, imports decrease, and GDP goes up. The effects are small in magnitude, though.

42



SE_muz_eps SE_ystar_eps SE_pistar_eps

8 4
6
6 3
4 4 2
2 2 1
0 0 0
02040608 1 1214 0 1 2 0 1 2
SE_Rstar_eps rhomuz all
60
6 10
40 4
5
20 2
0 0 0
01 02 03 04 02 04 06 038 07 08 09 1
az22 a33 al2
° 15 N
6 3
4 10 5
2 5 1
0 0 0
0.4 0.6 0.8 0.7 0.8 0.9 1 -0.6-0.4-0.2 0 0.2 04

Figure 28: SVAR priors and posteriors.

Note: Prior distribution in gray, simulated distribution in black, and the computed posterior mode in
dashed green.
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Figure 29: SVAR priors and posteriors (continued).

Note: Prior distribution in gray, simulated distribution in black, and the computed posterior mode in
dashed green.

43



Note: Prior distribution in gray, simulated distribution in black, and the computed posterior mode in

dashed green.

Note: Financial frictions model. Prior distribution in gray, simulated distribution in black, and the
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Figure 30: SVAR priors and posteriors (continued).
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Figure 31: Priors and posteriors.

computed posterior mode in dashed green.
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Figure 32: Priors and posteriors (continued).

Note: Financial frictions model. Prior distribution in gray, simulated distribution in black, and the
computed posterior mode in dashed green.
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Figure 33: Priors and posteriors (continued).

Note: Financial frictions model. Prior distribution in gray, simulated distribution in black, and the
computed posterior mode in dashed green.
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Figure 34: Priors and posteriors (continued).

Note: Financial frictions model. Prior distribution in gray, simulated distribution in black, and the
computed posterior mode in dashed green.
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Figure 35: Priors and posteriors (continued).

Note: Financial frictions model. Prior distribution in gray, simulated distribution in black, and the
computed posterior mode in dashed green.

Appendix C The model
C.1 The baseline model

As described in Section 2, the three final goods - consumption, investment and exports - are produced
by combining the domestic homogeneous good with specific imported inputs for each type of final good.
Below we start the model description by going through the production of all these goods.

C.1.1 Production of the domestic homogeneous good
A homogeneous domestic good, Y;, is produced using

1 Ad
Y, = [/ Yi}{”dz‘] 1< A < 00, (C.1)
0
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where Y;; denotes intermediate goods and 1/A; their degree of substitutability. The homogeneous
domestic good is produced by a competitive, representative firm which takes the price of output, P;, and
the price of inputs, P; ;, as given.

The i-th intermediate good producer has the following production function:

Yie = (ZtHi,t)liaetKﬁt - Zt+¢7 (C.2)

where K ; denotes the capital services rented by the i-th intermediate good producer. Also, log z; is
a technology shock whose first difference has a positive mean, loge; is a stationary neutral technology
shock and ¢ denotes a fixed production cost. The economy has two sources of growth: the positive drift
in log z; and a positive drift in log ¥;, where ¥, is an investment-specific technology shock. The object
z in (C.2) is defined as'?

[e3
+ _ T—a
Zy = \I]t Zt.

In (C.2), H;; denotes homogeneous labor services hired by the i-th intermediate good producer.
Firms must borrow a fraction v/ of the wage bill, so that one unit of labor costs is denoted by

W,R],

with
Rl =v/R, +1-017, (C.3)

where W; is the aggregate wage rate, and R; is the risk-free interest rate that apply on working capital
loans.
The firm’s marginal cost, divided by the price of the homogeneous good is denoted by mc;:

IS IO B
mct'rtd<1_a> (a> (Tf) (wﬂ%{) e (C.4)

where rF is the nominal rental rate of capital scaled by P; and w; = W; /(2 P;). Also, 7 is a tax-like

shock which affects marginal cost but does not appear in a production function.
Productive efficiency dictates that marginal cost is equal to the cost of producing another unit using
labor, implying:

o — Rf
mcy = Ttd (M\P’t) w; t o
i,t
Et(l — OZ) (#z+,tHi:t)

The ¢-th firm is a monopolist in the production of the i-th good and so it sets its price. Price setting
is subject to Calvo frictions. With probability &; the intermediate good firm cannot reoptimize its price,
in which case,

(C.5)

Py =RaiPit1, Fap = (1) (F5) L ma—a (7))

where kg, 4, ka + 24 € (0,1) are parameters, m;_1 is the lagged inflation rate and 7 is the central
bank’s (implicit) target inflation rate. Also, 7 is a scalar which allowing to capture, among other things,
the case in which non-optimizing firms either do not change price at all (i.e., # = 34 = 1) or that they
index only to the steady state inflation rate (i.e., ¥ = 7, 4 = 1). Note that there is a price dispersion
in steady state if »¢4 > 0 and if 7 is different from the steady state value of .

With probability 1 —&; the firm can change the price. The problem of the i-th domestic intermediate
good producer which has the opportunity to change price is to maximize discounted profits:

Ey Z,@’jvt+j 1P 1Yt —meej P Y}, (C.6)
=0

13The details regarding the scaling of variables are collected in Appendix D.
141n the linearized version of the model in which there are no price and wage distortions in the steady
state, 77 is isomorphic to a disturbance in )y, i.e., a markup shock.
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subject to the requirement that production equals demand. In the above expression, v; is the multiplier
on the household’s nominal budget constraint. It measures the marginal value to the household of one
unit of profits in terms of currency. In states of nature when the firm can reoptimize price, it does so
to maximize its discounted profits subject to the price setting frictions and to the requirement that it

satisfies demand given by
A

d
P\ %aT
Y, =Y, C.7
(Pi,t> ' ! (1)

The equilibrium conditions associated with the price setting problem and their derivation are reported
in Appendix D.
The domestic intermediate output good is allocated among alternative uses as follows:

1
Y; =G+ CE+ IE + / X di, (C.8)
0

where G; denotes government consumption (which consists entirely of the domestic good), C¢ denotes
intermediate goods used (together with foreign consumption goods) to produce final household consump-
tion goods, I¢ is the amount of intermediate domestic goods used in combination with imported foreign
investment goods to produce a homogeneous investment good. Finally, the integral in (C.8) denotes
domestic resources allocated to exports. The determination of consumption, investment and export
demand is discussed below.

C.1.2 Production of final consumption and investment goods

Final consumption goods are purchased by households. These goods are produced by a representative
competitive firm using the following linear homogeneous technology:

ne
Ne—1 1 ne—1 | Me—1

Cr=|(1—we)m (CH ™ 4wl (O . (C.9)

The representative firm takes the price of final consumption goods output, Py, as given. Final
consumption goods output is produced using two inputs. The first, C{, is a one-for-one transformation
of the homogeneous domestic good and therefore has price, P;. The second input, C{", is the homogeneous
composite of specialized consumption import goods discussed in the next subsection. The price of C}" is
P™°. The representative firm takes the input prices, P; and P/ as given. Profit maximization leads
to the following demand for the intermediate inputs in a scaled form:

cf = (1= we) ()" et

pc Ne
c:fn = We < 'rrf,c) Ct, (C].O)
b

where p§ = Pf/P, and p;" = P/ P,. The price of C} is related to the price of the inputs by

i = [(1 = wo) + we(pf) ] (©1

The rate of inflation of the consumption good is

1
Pc 1— m,C\1—n. 7 T=ne
c __ t T |:( wC) +w0(pt ) :| . (C12)

Ty = =
toP, (1 — we) 4 we(pyy)' 7
Investment goods are produced by a representative competitive firm using the following technology:

Ui

1 1

_ a1 uF o i B Il
It + a(uy) Ky = Wy {(1 —w)m (L) " w () } ,

where investment is defined as the sum of investment goods, I;, used in the accumulation of physical
capital plus investment goods used in capital maintenance, a(u;)K;. The maintenance is discussed below.
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See Appendix D for the functional form of a(u;). u; denotes the utilization rate of capital, with capital
services being defined by

Kt = ut[_(t.

In order to accommodate the possibility that the price of investment goods relative to the price of
consumption goods declines over time, it is assumed that the investment specific technology shock ¥, is a
unit root process with a potentially positive drift. As in the consumption good sector, the representative
investment goods producers take all relevant prices as given. Profit maximization leads to the following
demand for the intermediate inputs in a scaled form:

il = ()" (it —I—a(ut)kt> (1 —w;) (C.13)

Hop bzt t

3 i 7
H k
iy = w; ( Z:,fl> (it + a(ut)t> (C.14)
Dt ’ Hoap t o+ ¢

where pi = U, P} /P, and p:n’i = Ptm’i/Pt.
The price of I; is related to the price of the inputs by

ph = (1= w) + ey ] T (C.15)
The rate of inflation of the investment good is

m,t L=m: 7 T=a;
o | (Imwi) (pt )
T = . (C.16)

N\ L=
Pt | (1= wn) i (p1)

C.1.3 Exports and imports

Both exports and imports activities involve Calvo price setting frictions and therefore require the presence
of market power. Dixit-Stiglitz strategy is used to introduce a range of specialized goods. This allows
there to be market power without the counterfactual implication that there is a small number of firms
in the export and import sector. Thus, exports involve a continuum of exporters, each of which is
a monopolist which produces a specialized export good. Each monopolist produces the export good
using a homogeneous domestically produced good and a homogeneous good derived from imports. The
specialized export goods are sold to foreign competitive retailers which create a homogeneous good that
is sold to foreign citizens.

In the case of imports, specialized domestic importers purchase a homogeneous foreign good which
they turn into a specialized input and sell to domestic retailers. There are three types of domestic
retailers. One uses the specialized import goods to create the homogeneous good used as an input into
the production of specialized exports. Another uses the specialized import goods to create an input used
in the production of investment goods. The third type uses specialized imports to produce a homogeneous
input used in the production of consumption goods. Imported goods are combined with domestic inputs
before being passed on to final domestic users. There are pricing frictions in both exports and imports.
In all cases it is assumed that prices are set in the currency of the buyer (‘pricing to market’).!®

Exports. There is a total demand by foreigners for domestic exports, which takes on the following
form:

15Pricing frictions in imports help the model account for the evidence that exchange rate shocks take
time to pass into domestic prices. Pricing frictions in exports help the model to produce a hump-shape
in the response of output to a domestic monetary shock, though, as seen in Section 4, it is not the case
for a currency area-wide monetary policy shock.
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PENTY L
X, = (Pt*) Y/, (C.17)

where Y,* is foreign GDP, P} is the foreign currency price of foreign homogeneous goods and P is an

index of export prices defined below. The goods X; are produced by a representative competitive foreign
retailer firm using specialized inputs as follows:

1, As
X, = [/ Xij;di] , (C.18)
0

where X, ;, ¢ € (0,1) are specialized intermediate goods for export good production. The retailer
that produces X; takes its output price P;* and its input prices P}, as given. Optimization leads to the
following demand for specialized exports:

P’xt No—1
X = L Xi. 1
() o

Combining (C.18) and (C.19),
1-A,

1 1
Pr= | [ en) = ai
0

The i-th specialized export is produced by a monopolist using the following technology:

Xit = {wafjlw (X)) ™= +(1_Wa:)# (de,t) "

N
ne—1 ne—=1| nz—1
)

where X"} and Xfft are the i-th exporter’s use of the imported and domestically produced goods, re-
spectively. The marginal cost associated with the CES production function is derived from the multiplier
associated with the Lagrangian representation of the cost minimization problem:

C = Hlinth [PtmvafXﬁ + Pthxth] + A {Xi,t — {w;’l’g (Xﬁ)n;i;l + (1 _ ww)i (th) "’ﬁm1:| Mz —1 } 7

where P,/ is the price of the homogeneous import good and P, is the price of the homogeneous domestic
good. Using the first order conditions of this problem and the production function, the real marginal
cost in terms of stationary variables, mcy, is derived as

et — A TRY wa (P) T 4 (1 A'Wz)}Ti%;, (C.20)
SePP apipy
where
Ry =v"Ry+1—0", (C.21)
S;ijt = S},];t Zg = qpip}, (C.22)
and ¢; denotes the real exchange rate defined as
= S;? : (C.23)
From the solution to the same problem, the demand for domestic inputs for export production is
xd = <A>m Xi(1—w,). (C.24)
it T RIP, it Py

The quantity of the domestic homogeneous good used by specialized exporters is

20



1
/ X2 di,
L

which, in terms of aggregates, is [by plugging (C.24) into this integral and derived in Appendix D]

1
. m,r\1— 17—]71 o\ AL g\ *
Xi = [ X = a7 + (1= )] P (=) DT 67 Y (€29

where p7 is a measure of the price dispersion and is defined in Appendix D.
Using a similar derivation as for X¢,

1 N

m W, (pmyz)linz + (1 —w ) e o A T\ — *

Xt = Wy [ ‘ ¢ pnz,x 37] (pt)xm_l (pt) Wf}/; . (026)
t

The i-th, i € (0,1), export good firm takes (C.19) as its demand curve. This producer sets prices
subject to a Calvo sticky-price mechanism. With probability &, the i-th export good firm cannot
reoptimize its price, in which case it updates the price as follows:

Pl =7y Py, i = (mf)" (n) e 7 (1), (C.27)

l,

where kg, 7, ke + 3¢, € (0,1).

The equilibrium conditions associated with price setting by exporters that do get to reoptimize their
prices are analogous to the ones derived for the domestic intermediate good producers and are reported
in Appendix D.

Imports. Foreign firms sell a homogeneous good to domestic importers. The importers convert the
homogeneous good into a specialized input (‘brand name it’) and supply that input monopolistically
to domestic retailers. Importers are subject to Calvo price setting frictions. There are three types
of importing firms: (i) one produces goods used to produce an intermediate good for the production
of consumption, (ii) one produces goods used to produce an intermediate good for the production of
investment, and (iii) one produces goods used to produce an intermediate good for the production of
exports.

Consider (i) first. The production function of the domestic retailer of imported consumption goods

1 1 Anfz,c
o = [/( mwm} ,
0

where C’Z’; is the output of the i-th specialized producer and C}" is an intermediate good used in the
production of the consumption goods. Let P, denote the price index of Cj* and let P’y denote the
price of the i-th intermediate input. The domestic retailer is competitive and takes P and P/ as
given. The demand curve for specialized inputs is given by the domestic retailer’s first order necessary
condition for profit maximization:

is

Am,e

Pm,c m,e
m o __ m t
C’L,t - Yt Pm,c .
i,t

We now turn to the producer of C7’; who takes the previous equation as a demand curve. This

producer buys the homogeneous foreign good and converts it one-for-one into the domestic differentiated
good, C7";. The intermediate good producer’s marginal cost is

TICS, PF R (C.28)

where
R/ = V'R +1— 17, (C.29)
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where R} is the foreign nominal rate of interest.'%

As in the homogeneous domestic good sector, 7, is a tax-like shock which affects marginal costs
but does not appear in a production function.'”
The total value of imports accounted for by the consumption sector is

Am,c

SePr RO (py ) A

where
M, C
o1M,C Pt
t - m,C
Pt

is a measure of the price dispersion in the differentiated good, C77}.
Now consider (ii). The production function for the domestic retailer of imported investment goods,

" is
1 N
= [ [l
0

The retailer of imported investment goods is competitive and takes output prices, Ptm’i, and input prices,
P/, as given.

The producer of the i-th intermediate input into the above production function buys the homogeneous
foreign good and converts it one-for-one into the differentiated good, I;";. The marginal cost of I} is the
analogue of (C.28):

>\WL,'L

m,i * DU, *
Ty ’StPt Rt’ 5

which implies the importing firm’s cost is P} (before borrowing costs, exchange rate conversion and
markup shocks), which is the same cost for the specialized inputs used to produce C}™.

The total value of imports associated with the production of investment goods is analogous to what
was obtained for the consumption good sector:

m,i

SUPRY I ) T Y = e (C.30)
t

N m,i
T

Now consider (iii). The production function of the domestic retailer of imported goods used in the
production of an input, X/", for the production of export goods is

1 1 >\’VTL,IE
X = { / (X[m) T dz} .
0

The imported good retailer is competitive and takes output prices, P,"**, and input prices, P/}, as
given. The producer of the specialized input, X[}, has marginal cost

m,x * U,k
Ty StPt Rt, .

The total value of imports associated with the production of X" is

8Py RYX[(B) T T = (C.31)
t

16The notion here is that the intermediate good firm must pay the inputs with foreign currency and
because they have no resources themselves at the beginning of the period, they must borrow those
resources if they are to buy the foreign inputs needed to produce C7;. The financing need is in the
foreign currency, so the loan is taken in that currency. There is no risk to this working capital loan
because all shocks are realized at the beginning of the period and so there is no uncertainty within the
duration of the loan about the realization of prices and exchange rates.

1"In the linearization of a version of the model in which there are no price and wage distortions in the
steady state, 7,""¢ is isomorphic to a markup shock.
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Each of the above three types of intermediate good firm is subject to Calvo price-setting frictions.
With probability 1 — &, j, the j-th type of firm can reoptimize its price and with probability &, ; it
updates its price according to

Pd = wIPIyI T = (] ) e (g )L T g = i . (C.32)

The equilibrium conditions associated with price setting by importers are analogous to the ones
derived for domestic intermediate good producers and are reported in Appendix D.

C.1.4 Households
Household preferences are given by

(hj)'tor

B Y B [th log(Cy — bCy—1) — (' Ar .

t=0

: (C.33)

where (¢ denotes a consumption preference shock, ¢} a disutility of labor shock, b is the consumption
habit parameter, h; denotes the j-th household’s supply of labor services and oy denotes the inverse
Frisch elasticity. The household owns the economy’s stock of physical capital. It determines the rate at
which the capital stock is accumulated and the rate at which it is utilized. The household also owns the
stock of net foreign assets and determines its rate of accumulation.

Wage setting. The specialized labor supplied by households is combined by labor contractors into
a homogeneous labor services:

1 Aw
H, = [/ (hj,t)fmdj} L 1< Ay < 0.
0

Households are subject to Calvo wage setting frictions (as in Erceg, Henderson and Levin, 2000).
With probability 1 — &, the j-th household is able to reoptimize its wage and with probability &, it
updates its wage according to

W1 = Tw 1 Wia (C.34)
~ _ 1—Kw—%w oy
Fus = (7)™ (75.) (£ (o) (€.3)

where Ky, sy, Yy Kw + 300 € (0,1).

Consider the j** household that has an opportunity to reoptimize its wage at time t. Denote this
wage rate by W,. This is not indexed by j because the situation of each household that optimizes its
wage is the same. In choosing W; the household considers the discounted utility (neglecting currently
irrelevant terms in the household objective) of future histories when it cannot reoptimize (note the i vs

Ak

(hj.eri) o 1—7Y

1+og +Ut+in,t+ihj:t+im , (0-36)

o0
EY (B [—cfHAL
i=0

where 7Y is a tax on labor income, 7 is a payroll tax, v; is the multiplier on the household’s period ¢
budget constraint. The demand for the j** household’s labor services, conditional on it having optimized

in period ¢ and not again since, is

Aw
Wtﬁ- R aﬁ- Jt+1 e
hjiri = ( = IZ/V = Hyiy, (C.37)
t+1
where it is understood that Ty ¢4, -, Tw,e+1 = 1 when ¢ = 0. The equilibrium conditions associated

with this problem, i.e. wage setting of households that do get to reoptimize, are reported in Appendix
D.
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Technology for capital accumulation. The law of motion of the stock of physical capital
takes into account investment adjustment costs as introduced by Christiano, Eichenbaum and Evans
(2005):18

Kipn=(1—0)Ki + Ty (1 -5 (Ilt )) I, (C.38)

t—1

where Y, denotes the marginal efficiency of investment shock that affects how investment is trans-
formed into capital.!®

Household consumption and investment decisions. The first order condition for con-
sumption is

& BbE, S — P+ 4pi (14 7% =0, (C.39)

1
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z,

where
_ +
1Z)z‘*',t - UtPtZt

is the marginal value of wealth in real terms, in particular in terms of one unit of the homogeneous
domestic good at time .

To define the intertemporal Euler equation associated with the household’s capital accumulation
decision, define the rate of return on a period t investment in a unit of physical capital, RF Wy

(1= 7%) |uesarfiy — g5 a(uir) | Prgr + (1= 6) Py Por g1 + 7°0P P

n
PPy

Ry, = , (C.40)

where

3

\%Pt —pi

is the date ¢ price of the homogeneous investment good, 7¥ = W,rF is the scaled real rental rate of
capital, 7% is the capital tax rate, Py + denotes the price of a unit of newly installed physical capital
which operates in period ¢t+1. This price is expressed in units of the homogeneous good, so that P, Py ; is
the domestic currency price of physical capital. The numerator in the expression for Rf "1 represents the
period t+ 1 payoff from a unit additional physical capital. The expression in square brackets captures the
idea that maintenance expenses associated with the operation of capital are deductible from taxes. The
last expression in the numerator expresses the idea that physical depreciation is deductible at historical
cost. It is convenient to express RF in scaled terms:

k mpr (L= 7F) [uenaiyy — piggaluen)] + (1= 0)pw e1 + TR0
Rt+1 = s (041)
PV 41 DPi ¢

where pyr ¢ = U4 Py +.2° The first order condition for capital implies

k
Rt+1

wztt = ﬁEth+,t+l S
T+ 1 2+ 41

(C.42)

By differentiating the Lagrangian representation of the household’s problem with respect to I, the
investment first order condition in scaled terms is

18Gee Appendix D for the functional form of the investment adjustment costs, S.

9This is the shock whose importance is emphasized by Justiniano, Primiceri and Tambalotti (2011).

20A rise in inflation raises the tax rate on capital because of the practice of valuing depreciation at
historical cost.
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The first order condition associated with capital utilization is, in scaled terms?!

7 = pia (uy). (C.44)

Financial assets. The household does the domestic economy’s saving. Period ¢ saving occurs by
the acquisition of net foreign assets, A}, and a domestic asset. The domestic asset is used to finance
the working capital requirements of firms. This asset pays a nominally non-state contingent return from
t tot+ 1, R;. The first order condition associated with this domestic asset is

Yot 141 |:Rt — 7Ry — 7Tt+1):|
Mzt t+1 ’

wz+,t = BEt (C45)

Tt41

where 7% is the tax rate on the real interest rate on bond income.?2

The tax treatment of domestic agent’s earnings on foreign bonds is the same as the tax treatment
of agent’s earnings on domestic bonds. The date ¢ first order condition associated with the asset Aj_
that pays R} in terms of foreign currency is

’UtSt = 6Etvt+1 |:St+1RIq)t - Tb (St.t,_lR:q)t - 2Pt+1):| . (046)
Recall that S; is the domestic currency price of a unit foreign currency. The left side of this expression
is the cost of acquiring a unit of foreign assets. The currency cost is S; and this is converted into utility
terms by multiplying by the multiplier on the household’s budget constraint, v;. The term in square
brackets is the after-tax payoff of the foreign asset in domestic currency units. The period ¢t + 1 pre-tax
interest payoff on Ay, is Sy11R;®;. Here, R} is the foreign nominal rate of interest, which is risk
free in foreign currency units. The term ®; represents a relative risk adjustment of the foreign asset
return, so that a unit of the foreign asset acquired in ¢ pays off R} ®; units of foreign currency in ¢ + 1.
The determination of ®; is discussed below. The remaining term in brackets pertains to the impact of
taxation on returns on foreign assets.??
Scaling the first order condition, (C.46), by multiplying both sides by P;z,"/S; yields

’(/)z+,t+1

wztt = BE; [5t+1RI(I)t — Tb(5t+1RI<I)t — 7Tt+1)] , (C.47)
Tt+1 M2+ 141
where
Sy
S¢ = .
" S

The risk adjustment term has the following form:

@ = (0, By = Ri,dy ) = exp (—dalar — @) = 6o(R} — Ry — (R* = R) + 1), (C.48)

21The tax rate on capital income does not enter here because of the deductibility of maintenance costs.

22 consequence of this treatment of the taxation on domestic bonds is that the steady state real
after-tax return on bonds is invariant to .

231f we ignore the term after the minus sign in parentheses, then the taxation is applied to the whole
nominal payoff on the bond, including principal. The term after the minus sign is designed to ensure
that the principal is deducted from taxes. The principal is expressed in nominal terms and is set so that
the real value at ¢ + 1 coincides with the real value of the currency used to purchase the asset in period
t. Recall that S; is the period ¢ domestic currency cost of a unit (in terms of foreign currency) of foreign
assets. So the period ¢ real cost of the asset is S;/P;. The domestic currency value in period ¢+ 1 of this
real quantity is Pi11S:/P;.
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where .
B St Af

ay = )
PtZ?

¢ is a mean zero country risk premium shock, and ¢, and ¢, are positive parameters.?*

C.1.5 Fiscal and monetary authorities

The monetary policy is conducted according to a hard peg of the domestic nominal interest rate to the
foreign nominal interest rate.
Government expenditures are modeled as

— +
Gt - gtzt )

where g; is an exogenous stochastic process, and z;r ensures a constant government expenditures
to GDP ratio. The tax rates in the model are: capital tax rate, 7%, bond tax rate, 7°, labor income
tax rate, 7Y, consumption tax rate, 7¢, and payroll tax rate, 7. Any difference between government
expenditures and tax revenues is offset by lump-sum transfers.

C.1.6 Foreign variables

The representation of foreign variables takes into account the assumption that foreign output, Y;*, is
affected by disturbances to z;", just as domestic variables are. In particular,

log Y;* = logy; + log 2,7
oY

= logy; +log z; + log 94,

l1—«

where log(y;) is assumed to be a stationary process. It is assumed that
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where €;’s are mean zero, unit variance, Gaussian i.i.d. processes uncorrelated with each other.
In matrix form,

Xt* == AX:fl + Cgt

in obvious notation. Note that the matrix C' has 10 elements, so that the order condition for identification
is satisfied, since C’'C represents 15 independent equations. The above restrictions assume that the shock

24The dependence of ®; on a; ensures that there is a unique steady state value of a, that is independent
of the initial net foreign assets and the capital stock of the economy. The dependence of ®; on the relative
level of the interest rate, R; — Ry, is designed to allow the model to reproduce two types of observations.
The first concerns observations related to uncovered interest parity. The second concerns the hump-
shaped response of output to a domestic monetary policy shock. The particular calibration sets gzNSS =0
to ensure the nominal interest rate peg regime.
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ey~ ¢ affects the first three variables in X/, while e« ; only affects the second two, and eg- ¢ only affects
the third.2% Also, the zeros in the last two columns of the first row in A and C imply that the technology
shocks do not affect y;.26 Third, the A and C matrices capture the notion that innovations to technology

affect foreign inflation and the interest rate via their impact on z;. Fourth, the assumptions on A and
C imply that log (%) and log (%) are univariate first order autoregressive processes driven by €, ¢
and €, ¢, respectively.

C.1.7 Resource constraints

The fact that there is potentially steady state price dispersion both in prices and wages complicates the
expression for the domestic homogeneous good, Y;, in terms of aggregate factors of production. The
relationship derived in Appendix D can be expressed as

. N 1 1 a 0—1)\1” -«
Yy = (pt)kd(i1 |ft < kt> (wt —Aw ht) — ¢‘| s (049)

Ww ¢ pzx ¢

where p; denotes the degree of price dispersion in the intermediate domestic good.

Resource constraint for domestic homogeneous output. Above we defined real, scaled
output in terms of aggregate factors of production. It is convenient to also have an expression that
exhibits the uses of domestic homogeneous output. Using (C.25),

N

m,r\1l—"z Nz ox;h T\ — *
= Gut Gl I+ [ ()7 4 (1= )] ™7 (1= wn) (59) % (0F) MY

or, after scaling by 2, and using (C.10)

v =0 + (1 — w) @)™ cr + (1) ( T afu)—F ) (1w
Hoap t o+ ¢

m,r\1— 171” o — Az — Mg, ¥

+ [wa () T A (L= wa) |77 (L= wa) (B7) 7 (pF) "y (C.50)

When GDP is matched to the data, capital utilization costs are subtracted from g, (see Appendix
D):

o k. )
dp: = vys — (p)" | a(us) ———— ) (1 — w;).
o = = )" (alu) = — ) (1= )

Trade balance. Expenses on imports and new purchases of net foreign assets, A} 1, must equal
income from exports and from previously purchased net foreign assets:

St A}, + expenses onimports; = receipts fromexports; + Rf 1 ®; 1S A;.

Expenses on imports correspond to the purchases of specialized importers for the consumption, invest-
ment and export sectors:27

A

Am,c . ™m,i M
expenses onimports; = S P} Ry™ (Cg”(p;”) Tme 4 [ (py"") T mi X{”(p;mw)lkmvr) .

25The assumption about € g« ; corresponds to one strategy for identifying a monetary policy shock, in
which it is assumed that inflation and output are predetermined relative to the monetary policy shock.

26This reflects the assumption that the impact of technology shocks on Y;* is completely taken into
account by z;", while other shocks to Y;* are orthogonal to z;” and they affect Y;* via ;.

2"Note the presence of the price distortion terms here. To understand these terms, recall that, e.g.,
C{" is produced as a linear homogeneous function of specialized imported goods. Because the specialized
importers only buy foreign goods, it is their total expenditures that interests us here. When the imports
are distributed evenly across differentiated goods, then the total quantity of those imports is C}", and
the value of imports associated with domestic production of consumption goods is S; P} R;"*CI™. When
there are price distortion among imported intermediate goods then the sum of the homogeneous import
goods is higher for any given value of C".
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The current account can be written as follows in scaled form, using (C.22):

Ami

Am,c . i Am,z
UV, % oM, C\ TN, . 2 oM, — s oM, T — -
ar+qipp Ry (CT(pt )T A () e a (py)T *>

at—1

)
Ttfhz+ ¢

= @pip; Tt + Ry P15 (C.51)

where a; = S A /(Pez)).
This completes the description of the baseline model. Additional equilibrium conditions and the
complete list of endogenous variables are in the Appendix D.

C.2 Financial frictions in the model

C.2.1 Overview of the financial frictions model

A number of the activities in the baseline model require financing. Producers of specialized inputs must
borrow working capital within the period. The management of capital involves financing because the
construction of capital requires a substantial initial outlay of resources, while the return from capital
comes in over time as a flow. In the baseline model financing requirements affect the allocations, but
not very much. This is because none of the messy realities of actual financial markets are present. There
is no asymmetric information between borrower and lender, there is no risk to lenders. In the case of
capital accumulation, the borrower and lender are actually the same household who puts up finances
and later reaps the rewards. When real-world financial frictions are introduced into the model, then
intermediation becomes distorted by the presence of balance sheet constraints and other factors.

This subsection assumes that the accumulation and management of capital involves frictions following
Bernanke, Gertler and Gilchrist (1999) (henceforth, BGG). It is assumed that working capital loans are
frictionless.

Recall that households deposit money with banks, and that the interest rate that households receive
is nominally non state-contingent. This gives rise to potentially interesting wealth effects of the sort
emphasized by Fisher (1933). The banks then lend funds to entrepreneurs using a standard nominal
debt contract which is optimal given the asymmetric information. The amount that banks are willing to
lend to an entrepreneur under the standard debt contract is a function of the entrepreneurial net worth.
This is how balance sheet constraints enter the model. When a shock occurs that reduces the value of
the entrepreneurial assets, this cuts into their ability to borrow. As a result, they acquire less capital
and this translates into a reduction in investment and ultimately into a slowdown in the economy.

Although individual entrepreneurs are risky, banks themselves are not. It is supposed that banks
lend to a sufficiently diverse group of entrepreneurs that the uncertainty that exists in individual en-
trepreneurial loans washes out across all loans. The net worth of entrepreneurs is empirically measured
by using a stock market index.

Entrepreneurs all have different histories, as they experience different idiosyncratic shocks. Thus, in
general, solving for the aggregate variables would require also solving for the distribution of entrepreneurs
according to their characteristics and for the law of motion for that distribution. However, as emphasized
in BGG, the right functional form assumption have been made in the model to guarantee the result
that the aggregate variables associated with entrepreneurs are not a function of distributions. The
loan contract specifies that all entrepreneurs, regardless of their net worth, receive the same interest
rate. Also, the loan amount received by an entrepreneur is proportional to his level of net worth.
These characteristics are enough to guarantee the aggregation result. The financial frictions bring a net
increase of two equations over the equations in the baseline model. In addition, they introduce two new
endogenous variables, one related to the interest rate paid by entrepreneurs and the other to their net
worth. The financial frictions also allow to introduce two new shocks. A formal discussion of the model
follows.

C.2.2 The individual entrepreneur

At the end of period t each entrepreneur has a level of net worth, Nyy;. The entrepreneur’s net worth,
N1, constitutes his state at this time, and nothing else about his history is relevant. There are many
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entrepreneurs for each level of net worth and for each level of net worth there is a competitive bank with
free entry that offers a loan contract. The contract is defined by a loan amount and by an interest rate,
both of which are derived as the solution to a particular optimization problem.

Consider a type of entrepreneur with particular level of net worth, N;11. The entrepreneur combines
this net worth with a bank loan, By, 1, to purchase new installed physical capital, Ky, from capital
producers. The loan the entrepreneur requires for this is

Byt = Pth’,th+1 — Ny (C.52)

The entrepreneur is required to pay a gross interest rate, Z;; 1, on the bank loan at the end of period
t 4+ 1, if it is feasible to do so. After purchasing capital, the entrepreneur experiences an idiosyncratic
productivity shock which converts the purchased capital, K;yq, into Ky jw, where w is a unit mean,
log-normally and independently distributed random variable across entrepreneurs with V (logw) = o2.
The ¢ subscript indicates that oy is itself the realization of a random variable. This allows to consider the
effects of an increase in the riskiness of individual entrepreneurs and we call o; the shock to idiosyncratic
uncertainty. Denote the cumulative distribution function of w by F(w; o) and its partial derivatives by
F,(w;0) and F,(w;0).

After observing the period ¢ + 1 shocks, the entrepreneur sets the utilization rate, u;11, of capital
and rents out capital in competitive markets at the nominal rental rate, PtHer. In choosing the
capital utilization rate, the entrepreneur takes into account that operating one unit of physical capital
at rate uzyq requires a(uz11) of domestically produced investment goods for maintenance expenditures,
where a is defined in Appendix D. The entrepreneur then sells the undepreciated part of physical capital
to capital producers. Per unit of physical capital purchased, the entrepreneur who draws idiosyncratic
productivity w earns a return (after taxes) of RY, jw, where RF,, is defined in (C.40). Because the mean
of w across entrepreneurs is unity, the average return across all entrepreneurs is Rf 1

After entrepreneurs sell their capital, they settle their bank loans. At this point the resources available
to an entrepreneur who has purchased K, units of physical capital in period ¢ and who experiences an
idiosyncratic productivity shock w are Pth/,tRf +1WKt+1- There is a cutoff value of w, w41, such that
the entrepreneur has just enough resources to pay interest:

(DtJrlRerlPth/’thJrl =Zy+1By41. (053)

Entrepreneurs with w < @1 are bankrupt and turn over all their resources,

& _
Rt+1thPk/,th+1,

which is less than Z;11B;+1, to the bank. In this case, the bank monitors the entrepreneur at the
cost

MRfHWPth',thHa

where p > 0 is a parameter.

Banks obtain the funds loaned in the period ¢ to entrepreneurs by issuing deposits to households at
gross nominal rate of interest, R;. The subscript on R; indicates that the payoff to households in ¢ + 1
is not contingent on the period t 4+ 1 uncertainty. There is no risk in household bank deposits, and the
household Euler equation associated with deposits is exactly the same as in (C.45).

There is competition and free entry among banks and banks participate in no financial arrangements
other than the liabilities issued to households and the loans issued to entrepreneurs. It follows that the
bank’s cash flow in each state of period ¢ + 1 is zero for each loan amount.?® For loans in the amount
By 11, the bank receives gross interest Z; 11 Byy1 from the fraction 1 — F(wyy1;04) of entrepreneurs who are
not bankrupt. The bank takes all the resources possessed by bankrupt entrepreneurs, net of monitoring
costs. Thus, the state-by-state zero profit condition is

W41 _
(1 = F(0t41500)] Ze41 By + (1 — p) / wdF (w;04) Ry, PiPr K11 = Ry By,
0

28 Absence of state contingent securities markets guarantee that cash flow is non-negative. Free entry
guarantees that ex ante profits are zero. Given that each state of nature receives positive probability,
the two assumptions imply the state-by-state zero profit condition.
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or, after making use of (C.53) and rearranging,

Riys
R,

[C(@ig1;0¢) — pG (@415 0¢)] 0t =0t — 1, (C.54)

where

W41
G(@py1;0¢0) = / wdF (w; oy)
0

D(@eg1;0¢) = W1 [1 — F@eg1;04)] + G(@eg1504)
_ PPy Ky

ot
Nit

The expression I'(@¢41; 0¢) — pG(@e41; 0¢) is the share of revenues earned by entrepreneurs that bor-
row B;i; which goes to banks. Note that T'y(@i41;0:) = 1 — F(0pp1;00) > 0 and Gg(@i41;00) =
Wi11Fg(0ry1;00) > 0. Therefore, the share of entrepreneurial revenues accruing to banks is non-
monotone with respect to ®t+1.29

The optimal contract is derived in Appendix D. g; and @1 are the same for all entrepreneurs
regardless of their net worth. This result of the leverage ratio, g;, implies that

By
Nipa

:Qt_lu

i.e., that an entrepreneur’s loan amount is proportional to his net worth. Rewriting (C.52) and (C.53),
the rate of interest paid by the entrepreneur is

— k — k
Z o wt+1Rt+1 o wt+1Rt+1 (C 55)
t+1 — o Nt,+17 - 1 — 1 7 '
Pthzﬁth+1 ot

which also is the same for all entrepreneurs regardless of their net worth.

C.2.3 Aggregation across entrepreneurs and the external financing premium

The law of motion for the net worth on an individual entrepreneur is

Vi = prt—lpk/,t—th - F(a}ﬁUt—l)RfPt—lpk’,t—th-

Each entrepreneur faces an identical and independent probability 1 — 7, of being selected to exit
the economy. With the probability +; each entrepreneur remains. Because the selection is random,
the net worth of the entrepreneurs who survive is +,V;. A fraction 1 — ; of new entrepreneurs ar-
rive. Entrepreneurs who survive or who are new arrivals receive a transfer W. This ensures that all
entrepreneurs, whether new arrivals or survivors that experienced bankruptcy, have sufficient funds to
obtain at least some amount of loans. The average net worth across all entrepreneurs after the W¢
transfers have been made and exits and entry have occurred, is NtJrl = %1_4 + W¢g, or

29BGG argue that the expression on the left of (C.54) has an inverted ‘U’ shape, achieving a maximum
value at w1 = w*. The expression is increasing for w1 < w* and decreasing for w1 > w*. Thus,
for any given value of the leverage ratio, g;, and RF .1/ Ry, there are either no values of w11 or two
that satisfy (C.54). The value of w41 realized in equilibrium must be the one on the left side of
inverted ‘U’ shape. This is because, according to (C.53), the lower value of @; 1 corresponds to a lower
interest rate for entrepreneurs which yields them higher welfare. The equilibrium contract is the one
that maximizes entrepreneurial welfare subject to the zero profit condition on banks. This reasoning
leads to the conclusion that w41 falls with a period ¢ 4+ 1 shock that drives Rf "1 up. The fraction of
entrepreneurs that experience bankruptey is F(@;11;0¢), so it follows that a shock which drives up RF 1
has a negative contemporaneous impact on the bankruptcy rate. According to (C.40), shocks that drive
RF 1 up include anything which raises the value of physical capital and/or the rental rate of capital.
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,ufoa)" wdF (w;04—1)RFPy—1 Py 41 Ky
P_ 1Py 1Ky — Ny

Nija :'Yt{RfPt—lpk’,t—th — | Re—1 +

X (Py—1 Py 41Ky — Nt)} + Wy (C.56)

where upper bar over a letter denotes its aggregate average value. Because of its direct effect on en-
trepreneurial net worth, 7, is referred to as the shock to net worth. For a derivation of the aggregation
across entrepreneurs, see Appendix D.

We now turn to the external financing premium for entrepreneurs. The cost to the entrepreneur of
internal funds (i.e., his own net worth) is the interest rate R; which he loses by applying it to capital
rather than buying a risk-free domestic asset. The average payment by all entrepreneurs to the bank is
the entire object in square brackets in (C.56). So, the term involving u represents the excess of external
funds over the internal cost of funds. As a result, this is one measure of the financing premium in the
model. Another is Z; 1 — Ry, the excess of the interest rate paid by entrepreneurs who are not bankrupt
over the risk-free rate. This paper calls this the interest rate spread.

Appendix D Model details - not for publication
D.1 Scaling of variables

We adopt the following scaling of variables. The neutral shock to technology is z; and its growth rate is

Moz tt
2t

= Mzt
Zt—1

The variable W, is an investment-specific shock to technology and it is convenient to define the
following combination of investment-specific and neutral technology:

z;' = \I/tlf“zt,
fat g = fog g Mzt (D.1)

Capital, K;, and investment, I;, are scaled by z;"¥,. Foreign and domestic inputs into the production
of I (we denote these by I and I/, respectively) are scaled by z;”. Consumption goods (C}™ are imported
intermediate consumption goods, C{ are domestically produced intermediate consumption goods, and C;
are final consumption goods) are scaled by z;". Government expenditure, the real wage and real foreign

assets are scaled by z;". Exports (X/* are imported intermediate goods for use in producing exports

and X are final export goods) are scaled by z. Also, vy is the shadow value in utility terms to the
household of domestic currency and v, FP; is the shadow value of one unit of the homogeneous domestic
good. The latter must be multiplied by z,” to induce stationarity. P; is the within-sector relative price

of a good. Thus,

% d
I K1 - K1 a1, L i
1= T s Rl = oy = T, = T =
2y PAN P2 70 T
d
om i Cd_C’t C_C’t g—Gt & — W, a '_StAt*Jr1
t — +7t_7+7t_j7t_7+; t_+ y Wt -— + )
t 2y Zy 2y 2t Pt 2y Pt
xm X Y, P
_ t _ t _ + N~ t ~ t
zy = — T = =, Yt = 0Pz (ye =)ge = TPt = 5
2 2 2 P
Nipw o W
N1 =

w- = .
Zt+Pt, Zt—‘rPt
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We define the scaled date ¢ price of new installed physical capital for the start of period t 41 as py/

and we define the scaled real rental rate of capital as 77

—k k
Dkt = ‘I’th',n Ty = \I/trm

where Py 4 is in units of the domestic homogeneous good.
The nominal exchange rate is denoted by S; and its growth rate is s;:

S¢ = S
t — .
Si1
We define the following inflation rates:
C *
Ty = Pt 76 = Pt ¥ = Pt
- s e — c ot = *
Py Pt—l Pt—l
i x m,j
i Pt T __ Pt m:j_Pt7
Trt - P,L ) ﬂ-t - Pw bl 7Tt - m,j
t—1 t—1 Py

for j = ¢, x,i. Here, P, is the price of a domestic homogeneous output good, Pf is the price of the domestic
final consumption goods (i.e., the ‘consumer price index’), P;" is the price of a foreign homogeneous good,
P} is the price of the domestic final investment good and P? is the price (in foreign currency units) of a
final export good.

With one exception, we define a lower case price as the corresponding uppercase price divided by the
price of the homogeneous good. When the price is denominated in domestic currency units, we divide
by the price of the domestic homogeneous good, P;. When the price is denominated in foreign currency
units, we divide by P;*, the price of the foreign homogeneous good. The exceptional case has to do with
handling of the price of investment goods, Pf. This grows at a rate potentially slower than P;, and we
therefore scale it by P;/¥;. Thus,

m,r m,c m,
pm,z_Pt pWL,c_]Dt7 m,i_Pt
t P ) 7t Pt ) It Pt ’
T c I
P Pe . WP

(D.2)

e =
pt - Pt*’pt Pt’ t Pt

Here, m,j means the price of an imported good which is subsequently used in the production of
exports in the case j = x, in the production of the final consumption good in the case of j = ¢ and in
the production of final investment good in the case of j = i. When there is just a single superscript the
underlying good is a final good, with j = x, ¢, i corresponding to exports, consumption and investment,
respectively.

D.2 Functional forms

We adopt the following functional form for capital utilization, a:
a(u) = 0.5040,u* + op(1 — 0,)u + op((04/2) — 1), (D.3)

where o, and o, are the parameters of this function.
The functional form for investment adjustment costs as well as its derivatives are

$) = 5 {oxo [V (@ — v )] +exp [-VE (@ e ua)] -2}
=0, T = l+ Uy, (D.4)
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S'(x) = %\@{exp [\/5(9: — Hz+#\1/)} —exp [*\/5(9: — uzww)} }

= 07 T = [+ Uy, (D5)

5"(95) = %SW {CXP {\/E(JU - HZHL\I/)} + exp {—\/E(I - Hﬁu\p)}}

=8, = i+ pry.

D.3 Baseline model

D.3.1 First order conditions for domestic homogeneous goods price setting

Substituting (C.7) into (C.6) and rearranging,

> P 1—% P ;7/\‘11
j i,t+j 4 it | 4T
B FluryiPisYiyy (P > — MCttj < 2 ) ,
— [ t+j
j_
or,
= 1 Nd —Ad
Ey Z Bty jPry Yy § (Xejpe) Xt —mepy(Xe jpe) Xt ¢,
j=0
where

L Td,t4j Td 41 .
L”’H'J = Xy Dty X¢j = ToqjTeg1 j >0 .
e L =0
The i-th firm maximizes profits by choice of the within-sector relative price p;. The fact that this
variable does not have an index i reflects that all firms that have the opportunity to reoptimize in period ¢
solve the same problem, and hence have the same solution. Differentiating its profit function, multiplying

Aid_;,_l
the result by p,*~' | rearranging, and scaling, yields

B> (BE) A5 X1,y — Aamery;] =0,
=0

where A, ; is exogenous from the point of view of the firm:

Avj = Yot gl Xo g
After rearranging the optimizing intermediate good firm’s first order condition for prices, yields

B Z;‘;o(ﬁfd)jfltﬂ‘)\dmctﬂ‘ K¢

by = [SS) ; - 1d?
k Et Zj:o(ﬁgd)JAtJrth,j Ftd

where
Kl :=E, Z(ﬁfd)jAtﬂ')\dmCtﬂ
=0
Ftd = Et Z(ﬁgd)jAt+th,j~
=0
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These objects have the following convenient recursive representations

1
- T 41\ N
Ey |+ 40 + (Wt—&:) ﬁdetC{H —F'| =0
Ad
_ T T—X\g
Ei | Aatho+ cgemes + BEq (;::1) Kl — K| =o.
Turning to the aggregate price index:
1 . 1-Xg
P = [/ P, dz}
0
L REEY
= |:(1 - fp)Pt 4+ (gt Pimq) T (D.6)
After dividing by P; and rearranging
- ()™
Tt SO T
= (). (D.7)

1—¢&a
In sum, the equilibrium conditions associated with price setting for producers of the domestic ho-
mogeneous good are3’

1
Farin\ T
By [Vt 4yi + (‘”“) BEFL, —F2| =0 (D.8)
Tt+1
Ad
7 T-ag
By | Xatha+ syemes + Béa (d“) Ky — K| =0 (D.9)
Tt41
N B
1_§d (%) ¢ Tat 17(>1\d D
e = | (1 — ZDp .10
b= |0-e) | —T rea (i) (D.10)
~ 1 1-XAqg
1= gy ()T Kd
- =L (D.11)
1-& F;
T, = (m—1)"™ (7f) a7 () (D.12)
30After linearizing about the steady state and setting sy = 0,
~ 2 /8 ~ 2 Kd N A
gl =" F __ =C e g€
o= e (i1 — Tpyq) + T Rdﬁ(m 1—7)
H(iﬂ(l - pﬂ') 2c
_ DA T P s
1+ kg
1 1-— —
(1—pB&)(1 gd)ﬁfct,
1+ kaf &d

where a hat indicates log-deviation from steady state.
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D.3.2 Export demand
Scaling (C.17), yields

xe = (Pf) "M yi
D.3.3 FOCs for export goods price setting

jadi

Ty =

C, T

Yo+ 1 QD Dy Ty + o BEeFyp41 — Fo
1

Ey

=0

Az
By )\xwz+,tQtP§Pf$thf + B, (Wiﬂ) K1 — Kx,t‘| =0
t+1
N 1-Ag
1-& (%) x ) g =% -
o t x o
ptx = (1 - fm) 1— 5 + 69: (,/Twptrl)
T t
11—,
=2\ T-xg
1- gx B F:v t

When linearized around steady state and s, ; =0, eq. (D.14)-(D.17) reduce to

K.
~T E AT x AT
U T+ mB tﬂ't+1+71+%5ﬂ't—1

1 (1_651)(1_51)
14+ K &z

where a hat over a variable indicates log-deviation from steady state.

g
mc,

D.3.4 Demand for domestic inputs in export production

Integrating (C.24),

1 d A Nx 1
X¢,di = 1—w, / X, 1di
/0 ! <T§”RfPt> ( ),
1

—Az

A T fo (Pf)>=-Tdi

(=2 ) (Q—w)X, 0t
(TE”RfPt) (1= we)Xe

(PF) xa-1

Define P, a linear homogeneous function of P,:

Az —1

o 1 —Ag —Az
Pz = [/ (Pzr’ft)xz‘idi} .
0

Then

(D.13)

(D.14)

(D.15)

(D.16)

(D.17)

(D.18)



and

1 N
A —Ag
Xd d — 1— - X 9P Xz —1 D19
/O 2,t ? (TfRfPf) ( w ) t(pt) ( )

where

—_ Ii)tm
=5

o

bt :

and the law of motion of py is given in (D.16).
We now simplify (D.19). Rewriting the second equality in (C.20), yields

A S, Py S e
zpr oz (WD ’ (1 - Wa e
PriR;  Piipips s pi") ( )

or
A S P?* 1
_ t m,r\1—n, T—ngz
T pr S: P¥ P P~ [wm(pt ) + (]‘ - wz)} e
PP R PRt Ly
tTPe P, Py
or
A m,T L

PR [wa (") 7 4+ (1 —wa) | 77

Substituting into (D.19),
d ! d j; m,T\1—n, = oI\ o TN 1y
Xy = Xi,tdz = [Wz(pt ) T+ (1 - Wx)] e (1 —we) (7)) *—T (py) ™Y}
0

D.3.5 Demand for imported inputs in export production
Scaling (C.26), yields

N

1
M,T\1—1), _ 1—ng
We (P + (1 w;, ox 2z TN — *
[ 37( t ) ( Z‘)] (pt),\m—l (pt) nfyt (DQO)

m,T
D

mo__
T = Wy

D.3.6 Value of imports of the intermediate consumption goods producers

It is of interest to have a measure of the value of imports of the intermediate consumption good producers:

1
SP;R)" / o di.
0

In order to relate this to C}", substitute the demand curve into the previous expression:

Am,c
1 m,c Am,e—1 1 _
serres [ o (B di = S PERYSC (P et [ (Proey i g
t1y Ly t | prme L=y Ly Oy (L ' it ’ L
0 it 0
Am.c
Pm,c m,c
_ * Uk Ym t
= SiP Ry Cy (Pm,c )
t
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where

Sm,c ! m,c Am,c Xme
¢ T Am.c
Pt = (BT Amee

0

Thus the total value of imports accounted for by the consumption sector is

Am,e
Su PR O ()

where
M, C
o1M,C Pt ’
t - m,c *
Pt

(D.21)

The derivation for the value of imports used by the investment and export production sectors are

analogous.

D.3.7 Marginal costs of importers

Real marginal cost is

* * DC
m,j __ m,jStPt vk m,jStPt PtPt v,k
meg =T = e
P, PeP™ P,
c
_ m,thpt v,
-t m,j -t
Dy’

for j =c,i,x.

D.3.8 FOCs for import goods price setting

,ﬁ.ma{ 1=Am
m,j=g t+ _
Ey | a0y 5 —_ BEm. i i+t = Fmje| =0

T4
A, j ]
ﬁ.m»j I=2Am,j
m,j m,j—=j t+1 —
E >\m,j¢z+,tpt me, oy + ﬁfm,j m.j Km7j,t+1 - Km,j,t =0
T4l
1=
~m,j 1,>\1 - Am,i Am,j Ao
) 1—&my (Lin]) 7 ~m,j \ T2m.;
om,j (1 _5 ) T +£ . 4 o1, )
by 7 = m,j 1— & m,J m,j£t=1
m,j t
mad \ T 1=Am.5
=m,i\ T=x,, -
1— . (L) md
Smai i _ K
1- §7n,j FTnvjvt
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for j = ¢, t,z,3! and where

, ' j=c
=) _— m s
oy =9 % )=,
. .
i j=1

D.3.9 Wage setting conditions in baseline model

Substituting (C.37) into the objective function, (C.36),

_ Aw 14or
WiTtw t4iTw,t+1 | 1~ w
S Hiys

(e
B -ctyian
t - (ng) <t+z 1+UL
Ay
=~ 1—X
7 WiTtw t+i* " Tw,t41 h 1—7Y
+ i Wi T i+ Fu a1 ] : Hy. . }
+1 w,t+1 w,t+ Wt+i +1 147w
Given the rescaled variables,
WiTtw i Twprl  Willw sl Twsl W, X, .
. - — + - - T t,i
Wit Wiy iz Pri Witi2y Py
Wi (Wi/w,) an (Wo/ W) wyiy
= - ¥ 5 Xti=————"Xpi=— Xt,iy
Witizy Py Witg Wi4q

where

T, t4i T, t+1 .
P —— ; 1>0
X = thiTtti— 1 T I oy Hat g
,

1, i=0

It is interesting to investigate the value of X;; in steady state, as i — co. Thus,

(Wtc . 7T§+i71)ﬁw (7—th+1 L. ﬁ§+i)17nw7zw (Tvrl)%w (Ni+)ﬁw

TppiTtdi—1 T 1t i 0 Mzt t41

X =

In steady state,

(7 ()1 () ()
ﬁiﬂfﬁ

N o
(%)

31'When linearized around steady state and s, ; = 0,

~m,j 2e B ~m,j ~c Km,j Am,j 2c
Fmd e :mEt (wt+{ —7rt+1) + Tor 3 +:ﬂijﬁ (Wt_{ —7rt>
K’m,jﬁ(l_pﬂ') 2c
1+’€m7jﬁ
1 1—Bn i) (1 —E&mni) i
. (1= 360 ) (1= €0) s
L+ Km i Em.j
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in the no-indexing case, when @ = 1, s, = 1 and 9J,, = 0.
Simplifying using the scaling notation,

LY (86w | ~CliiAe

i=0 l+op
Aw 1 Y
wtwt wtwt 1=Aw — T
Ve W, X (2% x, H, 7}
+ t+iVVit+i wt+ t,t ('thri t,z) t+1 1 + v
or
A 1+or
T—io
0o ((Z’,f;lf:z Xy 1) Ht+i>
j i h
B (66 [~ ——
_ wtu_)t 17?“’ 1—7Y
+ Vot i w W Xy g <wt+iXt,i> Hyyy e T“’]
or

Aw 1401
1—X
oy ) Y H,.
t, t
((wt+1 % +z> /\ww (1401)
w

Eg Z(ﬁfm)l [7CZL+ZAL

R g wy T
+ Yot Wy Wi Xy | —— X4 Hyyy
Wt+i

Differentiating with respect to w; and solving for the wage rate [skipped some math]

Aw 1+oL
T—w
1—Ay (1+op) E] Zz 0(6511)) <t+1AL ((wti Xt z) Ht+i>

T—X _
w, v = ” ——
J 00 i Vet tri o 1= Aw 1—7Y
E] Y7 o (B&w)t S W X (wtj. X, z) Hiyvitw
_ ArKuwy
W oy 1

where

Thus, the wage set by reoptimizing households is
1-Aw
{ ALK, t} TAe(ter)
wy = | —0— .
w F w,t

We now express K,,; and F,; in recursive form [after some skipped math]:
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24— (1+oL)
) Kw,tJrl

1 Tw,t+1
Kw,t :Ctth tor + 5§wEt (w
T, t+1

where

— + —
- Wiv1 W1z P1 Wiz 41741 (D.27)
wt+l = = — = — .
Wt ’th;—Pt W

Also [after some skipped math],

Ay
+ 1—7Y W e SR
Fw,t = wz 7t]y + ,ngEt ( ;}J’_l) (W> Fw,t-‘,—l.

t———
Aw 147w t T, t41

The second restriction on w; is obtained using the relation between the aggregate wage rate and the
wage rates of individual households:

1

o 1=Xw
Wy = [(1 —&w) (Wt) . Jrfw(ﬁw,twt—l)l_l*w} .
Dividing both sides by W; and rearranging,

1=y

o\ TN
1_£w (ﬂ-w’t) o

Tw,t

1_§w

Wy =

Substituting out for w; from the household’s FOC for wage optimization,

_ L 1-Ay(140r)
1t (BT i
T 1-¢ thw,t = Kw,t-
L - Sw

We now derive the relationship between aggregate homogeneous hours worked, H;, and aggregate

household hours,
1
ht = / hj7tdj.
0

Substituting the demand for h;, into the latter expression,

Aw

1
Wi\ T e .

e [ () g
t A W, taj

H, ! Ao
= r/)t*&“ /0 (Wje) T dj
t) 17w

=] H, (D.28)

where




and

so that
r Ay 7 AR
ﬁw,t 1= Aw
Wy = | (1= &u)(we) T30 + &u ( wt1) 1
L Tw,t
r 1 Aw 1;:;1”
Tw,t | 1~ Aw w
1- gw (ﬂ:'t> 7~Tw ‘. 15)\11;
= (1 —=&w) . + & <’wt_1) . (D.29)
1- gw w,t

In addition to (D.29), we have the following equilibrium conditions associated with sticky wages:

Aw

Vorp 72, 1—7Y W41 Tw,t4+1 R
For=—— “h wk — F, D.30
it o — T + B&wEt B — 41 ( )
A 140 Rl 11‘7’/{’"}(1+UL)
Kw t = Ct < Mk > + BEwE: <w,+> Kw,t-‘,—l (D.31)
Tw,t+1
- 1_1)\ 1-Aw(140r)
1 (B )
A 1— &, Wi Fu g = Ko . (D.32)
D.3.10 Scaling law of motion of capital
Using (C.38), the law of motion of capital in scaled terms is
. 1-6 - 5 Mot e el .
kiy1 = ———k+ T, (1 -85 ——— | | i (D.33)
Mozt e 0 2 -1

D.3.11 Output and aggregate factors of production

Below we derive a relationship between total output of the domestic homogeneous good, Y;, and aggregate
factors of production.
Consider the unweighted average of the intermediate goods:

1
}/tsum:/ }/i,tdi
0
1
= / [(ZtHi,t)l_aethqt — % ¢]
0
1 ) «@
- [ [ () ool o
0
:zt ( >/H1tdz ztgb,
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where K; is the economy-wide average stock of capital services and H; is the economy-wide average of
homogeneous labor. The last expression exploits the fact that all intermediate good firms confront the
same factor prices, and so they adopt the same capital services to homogeneous labor ratio. This follows
from cost minimization, and holds for all firms, regardless whether or not they have an opportunity to

reoptimize. Then,

YU = T KOH Y — 2)F .
Recall that the demand for Y}, is

A

PO\ Vi
Pu) W

so that

where

Dividing by P,

1-Xg
[G)™ )
Pt = D ? )
t , \ P,
or,
L Ad 1;\:(1

1 g (T ) - 2

_ 1— t + d,t B

bt (1-&) 1-¢, &p < ™ bt—1

The preceding implies

A

Ad_ o . d _ _
Yo=(p) Yy = ()% T 5 e KM H, T — 57 ¢]

or, after scaling by z;",

o Ad 1 “ 11—«
Yy = (Pe)Xa T | | ——Fke ) H, 7% — 9|,
Bt bzt ¢

where

kt = ]_ﬂtut.

Plugging H; from (D.28),

Ag 1 « Ao e’
Y = (pt) Xg—1 €t (kt> (wtl)\w ht) _ ¢ .
Bt bzt ¢
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D.3.12 Restrictions across inflation rates

We now consider the restrictions across inflation rates implied by the relative price formulas. In terms
of the expressions in (D.2), there are the restrictions implied by P, /p;™1, j = z,c¢,i, and pf. The
restrictions implied by the other two relative prices in (D.2), pi and p¢, have already been used in (C.16)
and (D.33), respectively. Finally, we also use the restriction across inflation rates implied by ¢;/¢;—1 and
(C.23). Thus,

= = D.37

o (D.37)
be Tt (D.38)
D1 Tt
B _ T (D.39)
D1 Tt
B (D.40)
Pi_1 T
G _ ST (D.41)
qi—1 T

D.3.13 Endogenous variables of the baseline model

In above we derived the following 70 equations:

(C.3), (C4), (C.5), (D.8), (D.9), (D.10), (D.11), (D.12), (D.3), (C.10), (C.11), (C.12), (C.15), (C.16),
(C.14), (D.13), (C.21), (C.20), (C.27), (D.14), (D.15), (D.16), (D.17), (D.20), (C.29), (D.23), (D.24),
(D.25), (D.26), (C.32), (D.22), (D.4), (D.5), (D.33), (C.39), (C.41), (C.42), (C.43), (C.44), (C.45), (C.47),
(D.30), (D.31), (D.32), (D.29), (C.35), (D.27), (D.28), (D.36), (C.49), (C.51), (C.50), (D.37), (D.38),
(D.39), (D.40), (D.41), (C.48),

which can be used to solve for the following 70 unknowns:

va wta R;/* R{a Rta Rta me, mct7 mcy ’Ca mc:nlv mc?l,ib7 Tty ﬂ-ta ﬂ-ta Trta Tr;n C7 ﬂ"tmla ﬂ-f * 7pta pta

m,T
pt7 Dy 7pt 9 pt 7pk’ tsy kt+1, kt+1; Ug, hta Ht7 qt, Ztv Ct, Tt, Qt, wz‘*' ty Yt Kt» Ft ) 7Td ity pt,KI ty Fx ity
7Tt7pt7{Km,j,t7Fm,],t7 Trt i apt _]—C Z (E} Kwt7 F’wtvﬂ—t 7Rt7®t7 Sth (ut) wtact uZt 7xt y Tw-

D.4 Equilibrium conditions for financial frictions model

D.4.1 Derivation of optimal contract

As noted in the text, it is supposed that the equilibrium debt contract maximizes entrepreneurial welfare
subject to the zero profit condition on banks and the specified required return on household bank
liabilities. The date t debt contract specifies a level of debt B;;; and a state ¢ + l-contingent rate
of interest, Z;11. We suppose that entrepreneurial welfare corresponds to the entrepreneur’s expected
wealth at the end of the contract. It is convenient to express welfare as a ratio to the amount the
entrepreneur could receive by depositing his net worth in a bank:

Et f?o [Rerleth/)tR'Hl — Zt+1Bt+1} dF(w; O't)

Wi+1
RtNt+1
By [ [w = @rn]dF (w; 00) Riyy PrPr 1 Kot
N RtNt+1
Rk
= F, {[1 — D (@415 04)] ;zH } Ot
t
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after making use of (C.52), (C.53) and

1= / wdF(w;o¢) = / wdF(w; o) + G(wiy1;01).
0

W41

We can equivalently characterize the contract by a state-t + 1 contingent set of values for w41 and a
value of g;. The equilibrium contract is the one involving ;1 and g; which maximizes entrepreneurial
welfare (relative to R;Nyy1) subject to the bank zero profits condition. The Lagrangian representation
of this problem is

Rk Rk
max Ej {[1 — T (@113 0¢)] —2 L 01 + Aegr ([F(Wt+1§ 01) — pG (@113 00)] —= 0 — 01 + 1) } ;
ot {@e41} R, R;

where A\;y1 is the Lagrange multiplier which is defined for each period ¢ + 1 state of nature. The FOCs
for this problem are:

Rk Rk

E; {[1 = D(@i1150¢)] ;;1 + Atg1 <[F(‘Dt+1§ o1) — pG(Wit1; Utﬂ%l - 1>} =0
t t

_ Ry _ _ RE
—Ta(@ir1;00) n T At41[Lo(@ey1501) — pGo(@it1;01)] R = 0
t t
) _ Rf
[C(@150¢) — pG(WDig1; 0¢)] R 0t — 0t +1=0,

t

where the absence of A\;;1 from the complementary slackness condition reflects that it is assumed that
At+1 > 0 in each period ¢t + 1 state of nature. Substituting out for A\¢;1 from the second equation into
the first, the FOCs reduce to

T (@it1;0¢t)

®t+1;0t)—kMGQ(@t+1;0t) X =0 (D42)

_ Rf«{»l
1 — T (D415 0¢41)] R: + Ty

LK,
([F(@Hl; 1) — pG (Wi y1;01)] Réfl - 1)
Rk
T(@g150¢) — G (Wpg1; Utﬂ%lgt —0t+1=0 (D.43)
t

fort=0,1,2,...,00 and for t = —1,0,1,2, ... respectively.
Since N;41 does not appear in the last two equations, g; and w;1, are the same for all entrepreneurs
regardless of their net worth.

D.4.2 Derivation of aggregation of across entrepreneurs

Let f (]\QH) denote the density of entrepreneurs with net worth Ny;1. Then, aggregate average net
worth, Nyyq, is

Niyr = Nieg1f(Neg1)dNiyr.
Nyt

We now derive the law of motion of N;; 1. Consider the set of entrepreneurs who in period ¢ — 1 had
net worth N. Their net worth after they have settled with the bank in period ¢ is denoted V¥, where

VN =RFP_ 1Py KN —T (@00 1)REP, 1Py 1 KN, (D.44)

where K}V is the amount of physical capital that entrepreneurs with net worth N; acquired in period
t — 1. Clearing in the market for capital requires:
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K= [ KV,
Ny
Multiplying (D.44) by f(V;) and integrating over all entrepreneurs,

Vi =Ry P, 1Py 1K — T(@;00-1)RE Pi—1 Py 41 K.

Writing this out more fully:

W = prtflpk/’tflkt — {[1 — F((Dt; O'tfl)](jlt +/ wdF(w; Utl)} R?PtflPk/’tflkt
0
=RyP,_1Py 1K,

Wt Wt _
— {[1 —F(&)t;at,l)]@t—i-(l—,u)/ WdF(w;Jt,1)+/L/ wdF(w;atl)}RfPt1Pk/,t1Kt.
0 0

Note that the first two terms in braces correspond to the net revenues of the bank, which must equal
Rtfl(PtflPk”tfth - Nt) Substltutmg

,ufowt wdF (w;04—1)RFPy—1 Py 41 Ky
P 1Py 1 Ky — Ny

Vi=RFP, 1P 1 K; — {Rt—l + } (P—1Pyr i1 Ky — Ny)

which implies (C.56) in the main text.

D.4.3 Adjustment to the baseline model when financial frictions are intro-
duced

Consider the households. Households no longer accumulate physical capital, and the FOC (C.42) must
be dropped. No other changes need to be made to the household FOCs. Eq. (C.45) can be interpreted
as applying to the household’s decision to make bank deposits. The household eq-ns (D.33) and (C.43)
pertaining to the law of motion and FOC for investment respectively, can be thought of as reflecting that
the household builds and sells physical capital, or it can be interpreted as the FOC of many identical
competitive firms that build capital (note that each has a state variable in the form of lagged investment).
We must add the three equations pertaining to the entrepreneur’s loan contract: the law of motion of net
worth, the bank’s zero profit condition and the optimality condition. Finally, we must adjust the resource
constraints to reflect the resources used in bank monitoring and in consumption by entrepreneurs.

We adopt the following scaling of variables, noting that W is set so that its scaled counterpart is
constant

Nig4+1 = —
Dividing both sides of (C.56) by P;z;", we obtain the scaled law of motion for net worth:

Yt

Tzt ¢

Ngy1 = [REprr i1kt — Ri—1(prri—1ke — n¢) — pG (@3 00— 1) Ry prr 1 ke) + w® (D.45)

fort =0,1,2,.... Eq. (D.45) has a simple intuitive interpretation. The first object in square brackets
is the average gross return across all entrepreneurs in period ¢. The two negative terms correspond to
what the entrepreneurs pay to the bank, including the interest paid by non-bankrupt entrepreneurs and
the resources turned over to the bank by the bankrupt entrepreneurs. Since the bank makes zero profits,
the payment to the bank by entrepreneurs must equal bank costs. The term involving R;_1 represents
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the cost of funds loaned to entrepreneurs by the bank, and the term involving p represents the bank’s
total expenditures on monitoring costs.
The zero profit condition on banks, (D.43), can be expressed in terms of the scaled variables as

R n
D(@i11500) — pG(@p11504) = RTt <1 - pkz;;;l> (D.46)
t+1 !

for t = —1,0,1,2,.... The optimality condition for bank loans is (D.42).
The output equation, (C.49), does not have to be modified. Instead, the resource constraint for
domestic homogeneous goods (C.50) needs to be adjusted for the monitoring costs:

e — di =g+ (1 — ) ()™ er + ()™ ( T afu)—F ) (1 - w)
Hoap t o+ ¢

. P F ox Az T\ — *
+ [wa ()T + (L= wa) | (1= wa) (57) %7 (7)™ i s (D.47)

where

nG(@y; 00—1)REprr 41k
Teflzt ¢ '

When the model is brought to the data, measured GDP is y; adjusted for both monitoring costs
and, as in the baseline model, capital utilization costs

dy =

gdpy =y, — dy — (p)"™ (a(ut)kt> (1 —wi).
oot o2+ ¢
Account has to be taken of the consumption by existing entrepreneurs. The net worth of these
entrepreneurs is (1 —~;)V; and it is assumed that a fraction, 1 — ©, is taxed and transferred in lump-sum
form to households, while the complementary fraction, ©, is consumed by the existing entrepreneurs.
This consumption can be taken into account by subtracting

Yt

from the right side of (C.9). In practice we do not make this adjustment because we assume O is
sufficiently small that the adjustment is negligible.

The financial frictions brings a net increase of two equations (we add (D.42), (D.45) and (D.46), and
delete (C.42)) and two variables, ny41 and w;41. This increases the size of our system to 72 equations
in 72 unknowns. The financial frictions also introduce the additional shocks, o; and ~;.

D.5 Measurement equations

Below we report the measurement equations we use to link the model to the data. Our data series for
inflation and interest rates are annualized in percentage terms, so we make the same transformation for
the model variables, i.e. multiplying by 400:

Rdate — 400(R; — 1) — 91400(R — 1)
R4t — 400(RF — 1) — 91400(R* — 1)

et = 400log 7 — 091400 log 7 + £
@ = 400log mf — 91400 log 7° + £,
¥ = 400 log i — 91400 log 7 + £,
74 — 400 log 7 — 91400 log 7,
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where €7 denote the measurement errors for the respective variables. In addition, ¥; € {0,1} allows
us to handle demeaned and non-demeaned data. In particular, the data for interest rates and foreign
inflation are not demeaned. The domestic inflation rates are demeaned.

We use undemeaned first differences in total hours worked,

Alog H{*"* = 100Alog H, + 75,

We use demeaned first-differenced data for the remaining variables. This implies setting 95 = 1
below:

N—
: kt K
Alog Y% =100 | log pi+ + + Alo — pt — - 21— FH
gV 8 fhat g | e pta(ut)uw’tﬂzﬂ -3 z::o

— 92100(log g1+ ) + €3¢
Alog Y, = 100(log o+t + Alogy;) — 92100(log fi,+)
Alog Cdet = 100(log pro+ ¢+ Alogey) — ¥2100(log .+ ) + 0y
Alog X{** = 100(log 1.+ ; + Alog ) — ¥2100(log 1.+ ) + Ent
Alog gf*** = 100Alog q; + €}/
Alog M = 100(log 1.+ ; + Alog Imports;) — ¥2100(log p,+ ) + et
()
=100 |log .+ ¢ + Alog -Hl”(plm)ﬁ — 92100(log 1.+ ) + €y
a5 ) T
Alog I = 100[log ot ¢ 4108 iy ¢ + Alogiy] — 92100(log pi+ + log puy) + €7'f
Alog G{** = 100(log 1.+, + Alog g;) — ¥2100(log pi.+) + €5
Note that neither measured GDP nor measured investment include investment goods used for capital

maintenance. To calculate measured GDP we also exclude monitoring costs and recruitment costs.
The measurement equation for demeaned first-differenced wages is

Alog(W,;/P,)%* = 100A log I_:V

= 100(log 1.+ ¢ + Alog W) — ¥2100(log f1.+) + €3 p -
2y Lt

Finally, we measure demeaned first-differenced net worth and interest rate spread as follows:

Alog Nf** = 100(log pi.+ ; + Alogny) — 92100(log 1.+ ) + ENG

Alog Spread?®® = 100A log(z;11 — Ry) = 100Alog <1W—M"’€:1 - Rt> + €8read.t
Pk’.tkt+1
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