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ABSTRACT

FINANCIAL FRICTIONS IN A DSGE MODEL FOR LATVIA

This paper builds a dynamic stochastic general equilibrium (DSGE) model for
Latvia that would be suitable for policy analysis and forecasting purposes at Latvijas
Banka. For that purpose, the DSGE model with financial frictions of Christiano,
Trabandt and Walentin (2011) is adapted to Latvia's data, estimated, and studied as
to 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) adding of financial frictions block provides a more appealing interpretation for
the drivers of economic activity and allows reinterpreting their role; 2) financial
frictions played an important part in Latvia's 2008 recession; 3) the financial
frictions model beats both the baseline model and the random walk model in
forecasting CPI inflation and GDP, and performs roughly the same as a Bayesian
structural vector autoregression.

Keywords: DSGE model, financial frictions, small open economy, Bayesian
estimation, currency union
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INTRODUCTION

This paper 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 Latvijas Banka, since the current main macroeconomic model lacks
microeconomic foundations. Also, the recent financial crisis has suggested that
business cycle modelling should not abstract from financial factors, thus modelling
financial frictions is deemed to be requisite.

Therefore, 1 take the model of Lawrence Christiano, Mathias Trabandt and Karl
Walentin (2011) (henceforth, CTW) with financial frictions as a starting point. To
assess the effect of having financial frictions mechanism in a DSGE model, |
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 it builds on Christiano,
Eichenbaum and Evans (2005) and Adolfson, Laseén, Lindé and Villani (2008). The
financial frictions model adds the Bernanke, Gertler and Gilchrist (1999),
(henceforth, BGG) financial accelerator mechanism to the baseline model.

The CTW model is modified with respect to monetary policy: since Latvia's
currency had been pegged to the euro since 2005 and in 2014, when Latvia joined
the euro area, was replaced by the euro, monetary policy is modelled as nominal
interest rate peg to foreign interest rate. The foreign economy is modelled as a
Bayesian structural vector autoregression (SVAR) in foreign output, inflation,
nominal interest rate and technology growth.

The main findings are as follows: 1) adding of financial frictions block provides a
more appealing interpretation for the drivers of economic activity and allows
reinterpreting their role; 2) financial frictions played an important part in Latvia's
2008 recession; 3) the financial frictions model beats both the baseline model and
the random walk model in forecasting CPI inflation and GDP.

The paper is structured as follows. Section 1 overviews the model. Section 2
describes the estimation procedure, and Section 3 deals with the results. Section 4
concludes. Appendix A contains further computational results. Appendices B and C
contain a detailed description of the model.
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1. MODEL IN BRIEF

Since the model is almost a replica of the CTW model (2011), this Section is a brief
introduction to the model, whereas its formal description is relegated to Appendix B.
The only noticeable difference between the CTW model and this one is in the
behavior of monetary authority, which is modelled as an interest rate peg in this

paper.

1.1 Baseline model

The baseline model builds on Christiano, Eichenbaum and Evans (2005), and
Adolfson, Laséen, Lindé and Villani (2008). The three final goods, i.e. consumption,
investment and exports, are produced by combining the domestic homogeneous
good with specific imported inputs for each type of final good. Specialised domestic
importers purchase a homogeneous foreign good, which they turn into a specialised
input and sell to domestic import retailers. There are three types of import retailers:
one uses these specialised import goods to create a homogeneous good used as an
input into the production of specialised exports; the other uses these specialised
import goods to create an input used in the production of investment goods, while
the third uses specialised imports to produce 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 monopolist that produces
a specialised 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,
representative firm. The domestic good is allocated among 1) government
consumption (which consists entirely of the domestic good), 2) production of
consumption goods, 3) production of investment goods, and 4) production of 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 utilisation costs. Households
maximise expected utility from a discounted stream of consumption (subject to
habit) and hours worked. In the baseline model, households own the economy's
stock of physical capital. They determine the rate at which capital stock is
accumulated and the rate at which it is utilised. Households also own the stock of net
foreign assets and determine the rate of its accumulation.

Monetary policy is conducted as a hard peg of the domestic nominal interest rate to
the foreign nominal interest rate'. Government expenditures change exogenously.
Taxes in the model economy are the capital tax, payroll tax, consumption tax, labour
income tax, and bond tax. Any difference between government expenditures and tax
revenue is offset by lump-sum transfers. The foreign economy is modelled as a
Bayesian SVAR in foreign output, inflation, nominal interest rate and technology
growth. The model economy has two sources of exogenous growth: the neutral
technology growth and the investment-specific technology growth.

" A generalised 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.
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1.2 Financial frictions model

The details are relegated to Appendix B, while a brief summary of the model follows
herein. The financial frictions model adds the BGG (1999) financial frictions to the
above baseline model. Financial frictions suggest that borrowers and lenders are
different people, and that they have different information. Thus the model introduces
"entrepreneurs" or agents who have special skills in the operation and management
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 some financial friction, because managing capital is risky, i.e. entrepreneurs
can go bankrupt, and only the entrepreneurs costlessly observe their own
idiosyncratic productivity. In this model, it is the households that deposit money in
banks. The interest rate that households receive is nominally non state-contingent.’
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 a debt contract is a function of the
respective entrepreneur's net worth. This is how balance sheet constraints enter the
model. When a shock that reduces the value of entrepreneurs' assets occurs, this cuts
into their ability to borrow. As a result, entrepreneurs acquire less capital, 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 in two new endogenous variables, one related to
the interest rate paid by entrepreneurs and the other associated with their net worth.
There are also two new shocks — one to idiosyncratic uncertainty and the other to
entrepreneurial wealth.

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

2. ESTIMATION

2.1 Calibration

Both the baseline and financial frictions models are estimated with the Bayesian
techniques. The equilibrium conditions of the model are reported in Appendix C.

The time unit is a quarter. A subset of model 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
associated with 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 f and the tax rate on bonds 7, are set to match

* These nominal contracts give rise to wealth effects of unexpected changes in the price level, as
emphasised by Fisher (1933). For instance, 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 the tightening of their balance sheets, the ability of entrepreneurs to invest is
reduced, and this generates an economic slowdown.

* Namely, the equilibrium debt contract maximises the expected entrepreneurial welfare, subject to the
zero profit condition on banks and the specified return on household bank liabilities.
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roughly the sample average real interest rate for the euro area. The capital share « is
set to 0.4.

Calibrated parameters

Parameter | Value Description

a 0.400| Capital share in production

B 0.995 | Discount factor

W, 0.450 | Import share in consumption goods

oy 0.650 | Import share in investment goods

Wy 0.550 | Import share in export goods

o 0.010| Elasticity of country risk to net asset position

Mg 0.202 | Government expenditure share of GDP

Tk 0.100| Capital tax rate

Ty 0.330| Payroll tax rate

T, 0.180 | Consumption tax rate

7y 0.300| Labour income tax rate

T 0.000 | Bond tax rate

Uy 1.005| Steady state growth rate of neutral technology

Py 1| Steady state growth rate of investment technology

T 1.005 | Steady state inflation growth target

Aw 1.500 | Wage markup

Y P—— 1.300 | Price markup for domestic, imported consumption, imported
investment goods

Axmox 1.200 | Price markup for exports and imported exports goods

A 1.000 | Wage indexation to real growth trend

w/ 1 — xJ | Indexation to inflation target for j = d; x; m, c; m, ; m, x; w

T 1.005 | Third indexing base

Ps 0| Country risk adjustment coefficient

Financial frictions model

F(w) 0.020 | Steady state bankruptcy rate

100W,/y 0.100 | Transfers to entrepreneurs

Import shares are set to reasonable values by consulting the input-output tables and
fellow economists, at 45%, 65% and 55% for the import share in consumption,
investment and exports respectively.* The government expenditure share in 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 2%
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 2%, up from 1% in the CTW model for the Swedish data. The
values of the price markups are set to typical values found in the literature, i.e. to 1.2
for exports and imported exports, and to 1.3 for domestic and imported consumption

*The import share in exports might appear to be too high when consulting the literature of
international trade. E.g. the results of Stehrer (2013) suggest, from the value-added perspective, a
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.
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as well as imported investment, which is supported by the model's fit in terms of
marginal data density®. Wage markup is set to 1.5 asin CTW.

There is full indexation of wages to the steady state real growth 9, = 1. The other
indexation parameters are set to get full indexation and thereby to avoid steady state
price and wage dispersion, following CTW. Tax rates are calibrated such that they
would represent implicit or effective rates. Three of them are calibrated using the
Eurostat data®; the tax rate on capital income is set to 0.1, while the value-added tax
on consumption ¢ and the personal income tax rate that applies to labour 77 are set
to7¢ = 0.18 and ¥ = 0.3 respectively. The 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 ¢, 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 are 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.

Matched moments and corresponding parameters

Parameter description Posterior mean M oment M oment
baseline finfric value
) Depreciation rate of capital 0.03 0.03|p;i/y 0.255
7] Real exchange rate 2.16 2.02|SP*X/(PY) 0.462
Ay Scaling of disutility of work 16.86 24.46| Lg 0.270
y Entrepreneurial survival rate 0.96 | n/(py.k) 0.600

Note: The quarterly depreciation rate of capital isfixed at three percent.

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 labour A, to fix the fraction of time that
individuals spend working’, and the entrepreneurial survival rate y to match the net
worth to asset 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 realised
value of depreciation rate turned out to be rather high (unless the capital share in
production a was substantially increased but that yielded excessively high capital to
output ratio) and sensitive to initial values, therefore it was decided to fix the
quarterly depreciation rate to a more reasonable value of 3%.

®In this paper, when | speak of the model's fit, unless otherwise specified, | mean the marginal data
density and the forecasting performance.

® Source: http://epp.eurostat.ec.europa.eu/cache/I TY _PUBLIC/2-29042013-CP/EN/2-29042013-CP-
EN.PDF, cited on 6 September 2013.

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

8 The net worth to asset ratio for Latvia, if the definition of CTW is taken, yields about 0.15. However,
the model fit favours a much larger number, 0.6, which is used in the final calibration. The latter
number might be rationalised if the net worth was measured not only by the share price index but if it
included also the real estate value.
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2.3 Data
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There are 21 structural parameters, eight first-order autoregressive (henceforth,
AR(1)) coefficients, 16 Bayesian SVAR parameters for the foreign economy, and 16
shock standard deviations estimated with the 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 Bayesian SVAR model, since otherwise 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
optimisation.

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

2.4 Shocks and measurement errors

In total, there are 18 exogenous stochastic variables in the theoretical financial
frictions model. There are four technology shocks (stationary neutral technology &,
stationary marginal efficiency of investment Y, unit-root neutral technology u,, and
unit-root investment specific technology py), a shock to consumption preferences ¢
and to disutility of labour 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¢, ¥, T™°¢, t™, t™* (d — domestic, x — exports, m,c —
imported consumption, m, i — imported investment, m, x — imported exports). The
financial frictions model has two more shocks — one to idiosyncratic uncertainty o,
and one to entrepreneurial wealth y. There are also shocks to each of the observed
foreign variables: foreign GDP y*, foreign inflation rt*, and foreign nominal interest
rate R™.

? 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 foreign GDP deflator's inflation (which is used by CTW) improves the
identification of foreign monetary policy only marginally. Therefore, the results involving foreign
monetary policy should be interpreted with caution. The replacement of foreign Bayesian SVAR with
a full-fledged foreign DSGE block thus might be an improvement but is not considered in this paper.
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The stochastic structure of exogenous variables is the following: eight of these
evolve according to AR(1) processes:

c 7h T
& Y6, 66,6 9o Do O Ve
Five shock processes are i.i.d.:

da

x .mc _mi __mx
T, T, T T T

and five shock processes are assumed to follow a first-order SVAR:

* * *
yt' T[t' Rt' .uz,tv .u‘l-',t-

As in CTW, two shocks are suspended in the estimation: the shock to unit-root
investment specific technology uy . and the idiosyncratic entrepreneur risk shock ay.
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
variables. The variance of measurement errors is calibrated to correspond to 10% of
the variance of each data series.

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 A.

3.1 Posterior parameter values

Posterior parameter estimates for the foreign block are reported in Tables 3 and 4,
and those specific to the domestic block are shown 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 elasticity of
substitution of the 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 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, which the investment adjustment mechanism was introduced to generate.
Also, the estimated persistence parameter of the marginal efficiency of investment
(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.
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Table 3
Estimated foreign SVAR parameters
Parameter description Prior Posterior HPD interval

Distr.| Mean| Std.| Mean| Std.| 10%| 90%

py, | Persistence, unit root Ll 050 0.075| 0.590| 0.063| 0.487| 0.696
technology

a,, |Foreign SVAR parameter N| 090 0.05| 0.913| 0.034| 0.852| 0.977
a,, |Foreign SVAR parameter N| 050 0.05] 0.521| 0.055| 0.438| 0.605
as; | Foreign SVAR parameter N| 090 0.05| 0.954| 0.023| 0.919| 0.989
a,, |Foreign SVAR parameter N| —0.10f 0.10] -0.165| 0.091| -0.314| —0.016
a,3 | Foreign SVAR parameter N| —0.10f 0.10] —0.045| 0.054| —0.124| 0.037
a,, |Foreign SVAR parameter N| 0.10f 0.10| 0.181| 0.043| 0.097| 0.260
a,; | Foreign SVAR parameter N| —0.10f 0.10] —0.090| 0.055| —0.183| —0.008
a,, |Foreign SVAR parameter N| 0.05| 0.10f 0.078| 0.041| 0.009| 0.146
a3, |Foreign SVAR parameter N| 0.05| 0.10] 0.080| 0.029| 0.032] 0.131
as, | Foreign SVAR parameter N| -0.10| 0.10| —0.095| 0.058| —0.198| 0.002
as, | Foreign SVAR parameter N| 0.10f 0.10] 0.108] 0.026| 0.068| 0.149
¢,; | Foreign SVAR parameter N| 0.05| 0.05] 0.021| 0.040| —0.048| 0.088
c3, |Foreign SVAR parameter N| 0.10f 0.05| 0.145| 0.031| 0.094| 0.196
¢35 | Foreign SVAR parameter N| 040 0.05| 0374| 0.053| 0.286| 0.459
c,4 | Foreign SVAR parameter N| 0.05| 0.05| 0.065| 0.046| —0.003| 0.135
¢34 | Foreign SVAR parameter N| 0.05| 0.05| 0.048] 0.034| —0.002| 0.101

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

Table 4
Estimated standard deviations of SVAR shocks

Description Prior Posterior HPD interval
Distr.| Mean| Std.| Mean| Std.| 10%/| 90%
1000, Unit root technology Inv-T' 0.25 inf| 0.328| 0.052| 0.248| 0.406

1000~ Foreign GDP Inv-I' 0.50 inf| 0.317] 0.055| 0.219| 0.415
10000, |Foreign inflation Inv-T 0.50 inf| 0.593| 0.118] 0.394| 0.805
1000%+ Foreign interest rate Inv-I'| 0.075 inf| 0.067| 0.008| 0.054| 0.079

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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Table 5
Estimated parameters
Parameter description Prior Posterior HPD interval
Distr.| Mean| St.d. Mean St.d. 10%| 90%
base| finfric| base| finfric finfric
&4 Calvo, domestic Bl 0.75| 0.075| 0.802| 0.803| 0.024| 0.023| 0.755| 0.856
&, Calvo, exports gl 0.75| 0.075| 0.845| 0.862| 0.036| 0.031| 0.818| 0.906
&me | Calvo, imported consumption Bl 0.75| 0.075| 0.778| 0.777| 0.042| 0.049| 0.694| 0.865
&mi | Calvo, imported investment Bl 0.65| 0.075| 0.559| 0.418| 0.066| 0.042| 0.324| 0.508
Emx | Calvo, imported exports B| 0.65 0.10f 0.510] 0.590| 0.069| 0.091| 0.452| 0.727
kg |Indexation, domestic Bl 040 0.15| 0.193| 0.168| 0.064| 0.075| 0.056| 0.279
K, |Indexation, exports Bl 040 0.15| 0.330| 0.305| 0.092| 0.107| 0.138| 0.491
Kmc |Indexation, imported
consumption Bl 040 0.15| 0.379| 0.398| 0.130| 0.106| 0.168| 0.639
Kmi |Indexation, imported
investment Bl 040 0.15| 0.271| 0.263| 0.123| 0.100| 0.079| 0.444
Km, |Indexation, imported exports Bl 040 0.15| 0.328| 0.354| 0.090| 0.115| 0.135| 0.566
K, |Indexation, wages Bl 040 0.15| 0.247| 0.247| 0.092| 0.079| 0.073| 0.402
v/ | Working capital share gl 0.50 0.25| 0.340| 0.442| 0.217| 0.179| 0.031| 0.829
0.10;, | Inverse Frisch elasticity ry 0.30 0.15| 0.214| 0.254| 0.117| 0.106| 0.085| 0.419
b Habit in consumption Bl 0.65 0.15| 0.846| 0.894| 0.033| 0.030| 0.847| 0.945
0.1S"| Investment adjustment costs |y 0.50 0.15| 0411] 0.171| 0.090| 0.030| 0.105| 0.233
Oq Variable capital utilisation rf 020 0.075| 0.352| 0.595| 0.084| 0.093| 0.371| 0.827
Ny Elasticity of substitution,
exports I | 1.50 0.25| 1.756| 1.541| 0.186| 0.143| 1.121| 1.971
Ne¢ Elasticity of substitution,
consumption I;r| 150 0.25| 1.391| 1.337| 0.140| 0.164| 1.021| 1.606
n; Elasticity of substitution,
investment I|  1.50 025 1.111 1.1*| 0.074
ur Elasticity of substitution,
foreign I;| 150 0.25| 1.548| 1.570] 0.225| 0.159| 1.175| 1.964
u Monitoring cost Bl 0.30| 0.075 0.271 0.040| 0.201| 0.340
pe |Persistence, stationary
technology p| 085 0.075| 0.885| 0.846| 0.034| 0.041| 0.751| 0.939
py |Persistence, MEI p| 085 0.075| 0.804| 0.574| 0.066| 0.106| 0.372| 0.776
pge | Persistence, consumption
preferences Bl 085 0.075| 0.860| 0.861| 0.042| 0.038| 0.788| 0.939
pen | Persistence, labour
preferences Bl 0.85| 0.075| 0.807| 0.815| 0.079| 0.048| 0.728| 0.915
pg | Persistence, country risk
premium p| 085 0.075| 0.904| 0.935| 0.026| 0.025| 0.899| 0.971
pg | Persistence, government
expenditures p| 085 0.075| 0.753| 0.770| 0.070| 0.083| 0.628| 0917
Py Persistence, entrepreneurial
wealth Bl 085 0.075 0.767 0.059| 0.604| 0.921
Notes: Based on a single Metropolis—Hastings chain with 100 000 draws after a burn-in period of

400 000 draws.
* — calibrated in order to avoid numerical issues. Note that truncated priors, denoted by I},., with
no mass below 1.01 have been used for the elasticity parameters n;, j = {x, ¢, i, f}.
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Table 6
Estimated standard deviations of shocks
Description Prior Posterior HPD interval
Distr.| Mean| St.d. Mean std.| 10%| 909%
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
investment Inv-I'|  0.15 inf| 0.234| 0.162| 0.056| 0.027| 0.093| 0.230
O¢c Consumption preferences Inv-I'| 0.15 inf| 0.143| 0.227| 0.029| 0.056| 0.131] 0.320
O¢h Labour preferences Inv-I'|  0.50 inf| 0.739| 0.804| 0.430| 0.283| 0.300| 1.293
1000y | 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
0.d Markup, domestic Inv-I'|  0.50 inf| 0.383| 0.374| 0.105| 0.089| 0.179| 0.555
Orx Markup, exports Inv-I'|  0.50 inf| 0.813]| 1.004| 0.298| 0.391| 0.439| 1.556
o me Markup, imports for
consumption Inv-I'|  0.50 inf| 0.887| 0.812| 0.463| 0.329| 0.278| 1.421
O, mi Markup, imports for
investment Inv-I'|  0.50 inf| 0.895| 0.458| 0.340| 0.078| 0.282| 0.620
O mx Markup, imports for exports Inv-I'|  0.50 inf| 1.052| 1.447| 0.410| 0.643| 0.523| 2.349
1000, | Entrepreneurial wealth Inv-T'| 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.

3.2 Model moments and variance decomposition
3.2.1 Model moments

Table 7 presents the data and model means and standard deviations for the observed
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 the
real quantities, domestic inflation rates and 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, and the interest rate
spread'’. The introduction of the financial frictions block appears to slightly lessen
this over-estimation issue.

' CTW note that their use of "endogenous prior" reduces the effect of over-estimated shock standard
deviations. Such a prior is not used in this paper.
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Table 7
Data and (first-order approximated) model moments (%b6)
Variable |Explanation Mean Standard deviation
Data Model Data Model

baseline| finfric baseline| finfric
us 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
it Investment inflation 6.78 2.00 2.00 51.45 49.57 46.49
R Nominal 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 wages growth 1.06 0.50 0.50 2.35 2.97 2.89
Ac Consumption growth 1.47 0.50 0.50 2.84 3.16 3.39
Ai Investment growth 1.73 0.50 0.50 16.32 21.34 21.65
Agq Real exchange rate growth —0.88 0.00 0.00 2.51 2.29 2.22
Ag Governments expenditure 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 2.25 548
Ay* Foreign GDP growth 0.26 0.50 0.50 0.61 0.52 0.52
s Foreign inflation 2.01 2.00 2.00 0.72 0.88 0.88
R* Foreign nominal interest rate 3.16 6.04 6.04 1.61 2.58 2.58

Note: Inflation and interest rates are annualised.

3.2.2 Conditional variance decomposition

The conditional variance decomposition at an eight-quarter-forecast horizon is
reported in Table 8. (Those at one, four and twenty quarters forecast horizons are
reported in Appendix A).
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Table 8
Conditional variance decomposition (%) given model parameter uncertainty at eight-quarter
forecast horizon; posterior mean

Description Model R| =°| GDP C | % H w q N| Spread

& Stationary B| 00| 18] 09| 04| o1| 01| 61| 1.0 15
technology 00| 12| 08| 01| 00| 05| 109 07| 1.0] 02 0.1

Y, |MEI 510 12| 151 17| 73.6] 60.2] 69| 15| 1.0
01| 01| 38| 01| 85| 57| 54| 05| 0.1] 19.0 19.2

{¢ | Consumption 0.1 0.1] 20| 784| 05| 21| 1.6/ 0.1]| 0.1
preferences 03| 03] 87| 81.6] 02| 19.1] 69| 02| 02| 0.2 0.1

0.0] 12.0 39| 30| 08| 04| 4.1] 453| 104
0.1 87 3.1 19] 06| 35| 43| 391| 75| 13 0.4

rés Labour preferences

0.0] 32.0 1.2] 02] 01| 0.1] 08] 37.7| 275
0.0] 26.6 1.8 0.1] 01] 02| 15] 392] 229| 0.6 0.1

¢ |Markup, domestic

¥ | Markup, exports 00| 00| 12| 00| 00| 00| 1.0/ 00| 00
00| 00| 25| 00| 00| 01| 21| 00| 00| 00 0.0
"¢ | Markup, imports 00| 390 11| 01] 00| 03] 09| 14| 343
for consumption 00| 50.8] 38| 0.0 00| 09| 3.1| 25| 447| 0.1 0.0
™ | Markup, imports 1.1 3.0] 29.6] 02| 9.6] 14.6] 425 0.7 25
for investment 0.1/ 06| 179 00| 66| 56| 266| 03] 05| 7.1 6.0

¢ Markup, imports 03| 0.1] 389| 01| 01] 6.8] 322| 03] 0.1
for exports 01] 0.1] 352 01| 01| 7.1 299| 02| 0.1] 0.2 0.1
Ve Entrepreneurial

wealth 08| 1.0| 104| 02| 448| 351| 19| 11| 09| 51.5 69.2

86.7| 0.3 1.2] 24| 5.1 105 07] 13| 02
92.0] 0.7 27| 39| 11.1] 17.8] 11| 3.6] 06| 13.5 2.2

o Country risk
premium

Uze | Unit-root 1.6] 0.1 0.1/ 01| 02| 14| 00| 04 03

technology 1.6 0.1 02| 00| 02| 14| 00| 04| 03] o0.1 0.0

gg+¢ |Foreign interest rate 1.6] 0.1 0.1] 02| 03] 09| 00| 01| 0.0
1.5] 0.1 01/ 02| 03] 08| 00| 02| 00| 03 0.1

gy¢ |Foreign output 34| 02 0.1/ 04| 07| 25| 00| 02] 03
34| 0.1 00| 06| 03] 21| 00| 03] 05| 0.1 0.1

0.1/ 0.0 0.0/ 00| 0.0/ 00| 0.0] 0.0] o0.1
0.1/ 0.0 0.0/ 00| 0.0/ 00| 00| 0.0 O0.1] 0.0 0.0

&g+ | Foreign inflation

W@ g|@W oW @@ |9 |W | |% "W "W oW " |® " |® " |® | |% W

5 foreign* 93.3] 0.7 14| 3.1] 64| 153] 08| 2.0 1.0
98.6] 1.1 30 47| 11.9| 220] 11| 44| 15[ 14.0 24
All foreign** 94.8| 42.8| 723| 3.5| 16.1] 37.0] 77.3| 4.5] 38.0

o3|

98.7] 52.6] 62.5| 4.8 18.7| 358| 62.8] 75| 469| 214 8.5

Notes: * — "5 foreign" is the sum of foreign stationary shocks R{, m;, Y{, the country risk
premium shock, ¢, and the world-wide unit root neutral technology shock, Uz

** — "All foreign" includes the above five shocks as well as the markup shocks on imports and
exports, i.e. T, T/, T and t¥. B — baseline model, F — financial frictions model. R — nominal
interest rate, m¢ — CPI inflation, C — real private consumption, I — real investment, % — net

exports to GDP ratio, H — total hours worked, w — real wage, q — real exchange rate, N — net
worth, Spread — interest rate spread.
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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 MEI
shock by reducing its share of explaining the variance of investment from 74%
(baseline model) 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, the MEI shock enters in the capital accumulation equation ([38] in
Appendix B) and affects how (efficiently) investment is transformed into capital.
This is the shock whose importance is emphasised in Justiniano, Primiceri and
Tambalotti (2011), where one of their interpretations of this shock is a proxy for the
effectiveness with which the financial sector channels the flow of 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 variance of net
exports to GDP ratio, 51% of the variance of entrepreneurial net worth, and 69% of
the variance of 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 only for the model with both financial and labour market frictions. The model
developed herein lacks the labour market frictions block of CTW. Also, the CTW
model is estimated for Swedish data with inflation-targeting monetary policy.
Nevertheless, it is instructive to compare the results of CTW with those in this study.
The results of CTW suggest that, when the financial frictions mechanism is present,
the MEI shock explains 10% of the variance of investment, 7% of the variance of
net exports to GDP ratio, and 4% of variance of GDP. Also, the entrepreneurial
wealth shock explains 71% of the variance of investment, 23% of the variance of net
exports to GDP ratio, 25% of the variance of GDP, 64% of the variance of
entrepreneurial net worth, and 60% of the variance of spread. CTW briefly mention
(but do not report in tables) the effect of shutting down the financial shock in their
model. In that case, the MEI shock becomes more important in the variance
decomposition: it explains 52% of the variance of investment and 6% that of GDP.
These results are broadly in line with the results in this paper, except for the variance
of investment, which appears to be better explained by the entrepreneurial wealth
shock than by the 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 the 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 model. So,
for the given sample of 1995 Q1-2012 Q4, the country risk premium shock explains
92% of the variance of domestic nominal interest rate (versus 87% in the baseline
model), 11% of the variance of investment (versus 5%), 3% of the variance of GDP
(versus 1%), 18% of the variance of net exports to GDP ratio (versus 10%), and 13%
of the variance of entrepreneurial net worth.

Comparison with the results of CTW reveals notable differences. For Sweden, this
shock explains only 5% of the variance of nominal interest rate, 1% of the variance
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of investment, and 1% of the variance of entrepreneurial 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 that 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 joined 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 foreign economy block

The effect of foreign interest rate, foreign output and foreign inflation shocks on the
domestic economy is estimated to be rather limited, with the largest influence on the
domestic nominal interest rate. The unit-root technology shock has also 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 for the
Swedish economy. However, 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 cycle, 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 in this paper
euro area variables are used, thus the link (common technology) between the
domestic and foreign variables is looser in this paper.

Stationary neutral technology shock

While dealing with technology shocks, another difference between CTW results for
Sweden and findings for Latvia herein is in the effect of the stationary neutral
technology shock affecting the intermediate goods producers' production 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 private 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, the labour market block in the CTW model is responsible for the
difference.

Household preference shocks

Noticeably, the consumption preference shock explains 82% of the variation of
consumption in Latvia, albeit 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).




FINANCIAL FRICTIONS IN A DSGE MODEL FOR LATVIA

The labour 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 labour
market variables differ, most probably due to the different structure of labour market
modelling 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 the variance of Latvia's CPI
inflation (45% in Sweden) and 39% of the variance of real wages (31% in Sweden).
This completes the similarities of this shock between 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 the 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 respectively.

Export goods markup shock

Table 8 shows that the markup shock to export goods is estimated to have weak
effects on Latvia's economy; the only noticeable effects are 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 out an exact source of the
discrepancy.

Imported markup shocks

The imported exports markup shock, indeed, has more weight on Latvia's economy
than on Sweden's: it is estimated to explain 35% of the variance of Latvia's GDP
(16% for Sweden) and 30% of the variance of total hours worked in Latvia (14% in
Sweden). A small part of the difference is due to the higher calibrated imported
goods share in exports for Latvia (55%) than for Sweden (35%).

Regarding the rest of the imported goods markup shocks, the imported consumption
markup shock explains the majority, i.e. 51% of the variance of 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%) of the
variance of Latvia's real exchange rate, while in Sweden, this shock explains,
through the Taylor rule, 17% of the variance of nominal interest rate but less so of
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 that of Sweden's GDP. The importance of this effect,
again, can be explained by the strong consumption-driven boom Latvia's economy
experienced during the sample reference period. Finally, the imported investment
markup shock explains 7% (down from 10% in baseline) of the variance of
investment, 18% (down from 30%) of the variance of GDP, and 27% (down from
42.5%) of the variance of total hours worked. Quite differently, this shock is
estimated to have a negligible effect on the Swedish economy. One explanation for
the difference might be a higher calibrated import share in investment goods for
Latvia (65%) than for Sweden (43%) but this is likely to be only a part of the
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answer. Another eye-catching result is the large difference between the results
obtained by the financial frictions model and the baseline model. 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 a two-year-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, i.e. the consumption preference shock and the imported consumption
markup shock.

Foreign shocks combined

Overall, if foreign shocks are defined as three foreign (interest rate, output, inflation)
stationary shocks, the country risk premium shock, the world-wide unit root neutral
technology shock, the markup shocks to imports (imported exports, consumption,
investment) and exports, i.e. 9 shocks in total (see the bottom row of Table 8), they
explain 99% of the variance in the domestic nominal interest rate (up from 95% in
the baseline model and 28% in Sweden), the overwhelming part of which is
explained by the country risk premium shock. Also, 53% and 62% of the variance of
CPI inflation and GDP respectively (versus 43% and 72% in the baseline model, and
40% and 32% in Sweden respectively) at a two-year-forecast horizon are explained
by foreign shocks, the overwhelming portion coming from markup shocks to
imported consumption and domestic goods (for CPI inflation) and to imported
exports and imported investment (for GDP).

Since in the literature the 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.

3.3 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" the
METI shock from the baseline model, it is instructive to compare impulse response
functions (IRFs) of these two shocks.

Entrepreneurial wealth shock

The IRFs of the entrepreneurial wealth shock are plotted in Figure 1, which shows
that a positive temporary entrepreneurial wealth shock y, drives up net worth,
reduces the expected bankruptcy rate and thus also the interest rate spread, and
increases investment (by about the same percentage change as in net worth); GDP
goes up accordingly, and so do the real wages and total hours worked. Both exports
and imports increase, with the latter going up 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 slowly. Therefore, CPI
inflation decreases, though by a small amount, and thus the real exchange rate
depreciates.
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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.

Impulse responses to entrepreneur wealth shock y,

ME]I shock

Entrepreneurial wealth shock
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Note: Units on the y-axis are either in terms of percentage deviation (% dev.) from the steady
state, annualised basis points (ABP) or level deviation (Lev. dev.).

Comparing the wealth shock with a temporary MEI shock, Figure 2 shows that the
effect of MEI shock in the baseline model is qualitatively similar to the effect of
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 (with consumption now slightly
increasing). The effect of these shocks on net worth and the spread is opposite, and
this is how the two shocks are distinguished.

METI 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.
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Figure 2
Impulse responses to marginal efficiency of investment shock Y;

Marginal efficiency of investment shock
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Note: Units on the y-axis are either in terms of percentage deviation (% dev.) from the steady
state, annualised basis points (ABP) or level deviation (Lev. dev.).

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 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 spread
and bankruptcy rate (both reverse the sign after a year), and a decrease in investment
(initially, about twice as much with financial frictions mechanism compared to the
baseline model), GDP, real wages, and total hours worked. Imports decrease more
than exports, resulting in a slight increase in net exports to GDP ratio. CPI inflation
decreases for about two years, thereafter the sign is reversed. The real exchange rate
thus depreciates for the first two years after the shock.
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Impulse responses to country risk premium shock ¢,

Country risk premium shock
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Note: Units on the y-axis are either in terms of percentage deviation (% dev.) from the steady
state, annualised basis points (ABP) or level deviation (Lev. dev.).

Foreign nominal interest rate shock

Table 8 shows that the foreign nominal interest rate shock has little influence on the
domestic economy during the reference period; nevertheless, policy-makers are
usually interested in what happens after an increase in 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 temporary foreign nominal interest rate
shock increases both foreign and domestic nominal interest rates by the same
amount, and both decay towards their steady state slowly. Consumption, 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 wages and
total hours worked. There is a negligible increase in the 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. Domestic inflation decreases more than foreign inflation, bringing about
initial, albeit small, depreciation of the real exchange rate. The effect is similar
across the models, except for the more persistent dynamics of 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 about the potential
identification issues of these two shocks. The particular procedure of estimating the
foreign SVAR separately from the domestic block mitigates the identification
problem somewhat. The replacement of the foreign SVAR with a full-blown foreign
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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 IRFs are plotted in Appendix A.

Figure 4
Impulse responses to foreign nominal interest rate shock &g+,

Foreign nominal interest rate shock
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Note: Units on the y-axis are either in terms of percentage deviation (% dev.) from the steady
state, annualised basis points (ABP), or level deviation (Lev. dev.).

3.4 Smoothed shock values and historical decomposition

Figure 5 shows the smoothed shock values for the financial frictions model. The
table summarising their means and standard deviations are relegated to Appendix A.
These figures show that the means of shocks are at about zero. On the downside, the
measurement errors of net worth, total hours worked and real wages appear to be
autocorrelated.
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Figure 5
Smoothed shock processes and measurement errors of financial frictions model
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Figure 5 (continued)
Smoothed shock processes and measurement errors of financial frictions model
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Figures 6 to 12 show the historic shock decomposition of GDP, CPI inflation and
interest rate spread.

Concentrating on the most sizable shocks, Figures 6 and 7 show that the model
identifies the shock to household consumption preferences as the most important
driving force of the 2004 boom. During the period from 2004 to 2007, the values of
this shock were persistently above the sample average (see Figure 5), signifying that
households were especially keen on spending for consumption goods during that
period. The shock ceased during the second half of 2007, probably due to the rising
costs of living and consequently decreasing consumer confidence (the latter is
backed by the ECFIN consumer survey data). At that time, several other shocks
became adverse, including stationary and unit-root neutral technology shocks, and
the risk premium shock (see Figure 5). From 2008 up to 2011, a series of negative
entrepreneurial wealth shocks is identified to have significantly affected the GDP
growth (Figure 6). In fact, this shock became a major source determining the GDP
level during the post-recession episode (see Figure 7). In the model, the dynamics of




Figure 6
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entrepreneurial wealth is observable and measured by the NASDAQ OMX Riga
share price index'!, which plummeted during recession. In practice, it is likely that
the variable captures also a part of the dynamics in real estate prices (in other
aspects, the real estate sector is not present in the model), which also fell sharply
during recession as a result of the burst of the housing bubble.

Decomposition of GDP (quarterly growth rates); 2004 Q1-2012 Q4

Figure 7

EEE cntrepreneurial wealth
mmm imported export markup -6
imported investment markup
labour preference
consumption preference -8

2004 2008 2012

Note: Financial frictions model. Only those shocks that are greater than 2 pp in at least one
period.

Decomposition of GDP (levels); 2004 Q1-2012 Q4
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Note: Financial frictions model. Only those shocks that are greater than 4 pp in at least one
period.

' http://www.nasdaqomxbaltic.com/en/exchange-information/about-us/nasdaq-omx/nasdaq-omx-riga-
3, cited 29.05.2014.
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For comparison, Figures 8 and 9 show the growth decomposition delivered by the
baseline model (smoothed shock figures are skipped due to space constraints). The
baseline model identifies the MEI shock as one of the most important shocks driving
the 2004 boom and the subsequent recession. According to the baseline model, the
METI shock has contributed negatively over the whole post-recession period, which
is not easy to interpret.

Figure 8
Decomposition of GDP (quarterly growth rates); 2004 Q1-2012 Q4; baseline model
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Note: Only those shocks that are greater than 2.5 pp in at least one period.

Figure 9
Decomposition of GDP (levels); 2004 Q1-2012 Q4; baseline model
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Note: Only those shocks that are greater than 4.5 pp in at least one period.

Therefore, having the financial frictions block in the model both clarifies and
changes the story. First, the entrepreneurial wealth shock behaves differently than
the MEI shock, since the former has played a marginal role during the boom period.

26




CPI inflation

Figure 10
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Thus, consumption preferences are left as the single most important factor creating
the 2004 boom. Second, the entrepreneurial wealth shock is a more easily
understandable force that has deepened recession but ceased to be active during the
post-recession episode. The ever-active MEI shock during the post-recession period,
on the contrary, is harder to explicate in the baseline model.

Figure 10 shows that the model identifies the shock to household labour preferences
as the major force driving Latvia's CPI inflation up in the 2004 boom coupled with
the imported consumption markup shocks in 2007; these same shocks together with
the domestic markup shocks pushed CPI inflation down in 2009.

Decomposition of CPI; 2004 Q1-2012 Q4
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mmm measurement error of CPI _10
imported consumption markup
domestic markup
labour preference

HEE consumption preference -15+ E

BN stationary technology

2004 2008 2012

Note: Financial frictions model. Only those shocks that are greater than 1.5pp in at least one
period.

The labour preference shock determines household willingness to work. The model
identifies that, during 2005-2007, households in Latvia were keen to work less (and
to consume more) relative to the sample average (see Figure 6). The disutility from
work arose probably due to the rapidly growing economy and the resulting relatively
easy money available for spending. The shirking drove wages up to compensate for
the household disutility from work; that, in turn, pushed the price of consumption
goods up. From late 2008 and continuing till the sample end in the fourth quarter of
2012, the labour 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 prices of imported
consumption goods. The model identifies that the level of this shock was
persistently above its sample average during 2008, the time when the consumption
preference shock had already become flat or even negative, and coincided with the
period of the above average foreign inflation shock (unaffected by the domestic
block, since estimated separately) and the peak in both crude oil and natural gas
prices. It is likely that the imported consumption markup shock captures the increase
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in the cost of energy, since the price of energy is not present in the model but is
reflected through foreign inflation. Apparently, the foreign inflation variable is not
able to fully represent the dynamics of imported costs, hence the rest is absorbed by
the markup shock. For example, the price of natural gas affects the heating bills. As
a matter of fact, the heating bills rose during 2008, constituting up to 3 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 in 2008.

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

The presence of the financial frictions block in the model reduces slightly the role of
METI and stationary technology shocks for CPI inflation (see Figure 11).

Figure 11
Decomposition of CPI; 2004 Q1-2012 Q4, baseline model
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Note: Only those shocks that are greater than 1.5 pp in at least one period.

Interest rate spread

Figure 12 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. The MEI shock has also
contributed by affecting the spread but its role has been different from the wealth
shock: the MEI shock's contribution has been mild during the recession episode.
Rather, it has contributed to reducing the spread during the boom period (similar to
the wealth shock, only to a greater extent) and during 2011-2012 (counteracting the
wealth shock).
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Decomposition of interest rate spread; 2004 Q1-2012 Q4
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Note: Financial frictions model. Only those shocks that are greater than 0.8 pp in at least one
period.

3.5 Forecasting performance

Figure 13 shows 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 starting with the first
quarter of 1995 and ending in the fourth quarter of 2012. 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
show that the models forecast relatively well. No crucial biases are evident, except
for the CPI inflation, which appears to be slightly biased upwards. The total-hours-
worked forecasts are rather volatile, inducing this volatility in the GDP series. On
the positive side, the pickup in the interest rate spread in 2009 is forecast in advance.




Output price inflation

Output

FINANCIAL FRICTIONS IN A DSGE MODEL FOR LATVIA

One-step-ahead forecasts

Figure 13
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Figure 13 (continued)
One-step-ahead forecasts
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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 of one, four, eight and
12 quarters. I also report the forecasting performance of a Bayesian SVAR (with the
same structure as the foreign SVAR, and with similar prior distribution), since it is
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often taken as a benchmark in the literature'?. Table 9 shows that the two models
forecast both variables at least as precisely as the random walk model at all the
horizons considered. Both models outperform the random walk by about 30% in
forecasting both variables for horizons of 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 of both CPI inflation and GDP
than the baseline model, and a comparable forecasting precision to that of a SVAR.

Repeating the exercise for only the last ten years of the sample shows that the
financial frictions model still performs roughly as well as the baseline and a SVAR
models (see 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.

Relative root mean squared error (RMSE) and mean absolute error (MAE) compared to random

walk model

Table 10

Model Distance 1Q 4Q 8Q 12Q
measure ¢ Ay ¢ Ay 71 Ay ¢ Ay
Baseline RMSE 1.04 1.03 0.82 0.75 0.67 | 0.65| 0.71 0.64
MAE 0.99 1.28 0.86 0.79 0.74 | 0.64 0.71 0.67
Financial | RMSE 0.99 0.96 0.79 0.70 0.65| 064 | 0.68| 0.64
frictions MAE 0.92 1.15 0.81 0.69 0.70 | 0.58 | 0.66 | 0.60
Bayesian | RMSE 0.86 0.72 0.71 0.81 062 | 068| 0.63| 0.66
SVAR MAE 0.89 0.71 0.70 0.77 0.62 | 0.62 0.58 0.61

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 1995 Q1-2012 Q4.

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

Model Distance 1Q 4Q 8Q 12Q
measure ¢ Ay ¢ Ay ¢ Ay n° | Ay
Baseline RMSE 1.04 1.03 0.75 074 | 0.65 0.61 0.75 1 0.59
MAE 1.11 141 077 | 080 | 072 057] 0.70] 0.54
Financial | RMSE 097 | 095 070 | 072 064]| 0.67| 0.74] 0.64
frictions MAE 1.02 1.25 072 | 0.75 069 | 0.78 0.67 | 0.73
Bayesian | RMSE 0.91 074 | 0.95 084 068 0.67| 0.76 | 0.64
SVAR MAE 096 | 0.75 0.73 0.83 069 060] 0.69] 0.53

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 1995 Q1-2012 Q4.

"> The particular Bayesian SVAR has some economically implausible estimated parameters, since
Latvian GDP, CPI inflation and nominal interest rate data do not possess a stable and economically
plausible interrelationship over the particular sample span.




FINANCIAL FRICTIONS IN A DSGE MODEL FOR LATVIA

4. CONCLUSIONS

This paper builds a DSGE model for Latvia that would be suitable to replace the
traditional macroeconometric model currently employed as the main
macroeconomic model at Latvijas Banka. For that purpose, the financial frictions
model of Christiano, Trabandt and Walentin (2011) is adapted for Latvia's data. The
monetary policy is altered to become a nominal interest rate peg to the foreign
interest rate. The paper studies model fit, impulse response functions, conditional
forecast variance decomposition, shock historic decomposition and forecasting
performance and compares the outcome to that of a model without financial
accelerator block (the baseline model) as well as to the findings by CTW.

The main findings are as follows. The adding of financial frictions block provides a
more appealing interpretation for the drivers of economic activity, and allows to
reinterpret 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 CPI inflation and GDP, and performs roughly the
same as a Bayesian SVAR.

Overall, the results suggest that the financial frictions model is suitable for both
policy analysis and forecasting exercises and is an improvement over the model
without the financial frictions block.
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APPENDICES
Appendix A

Table Al
Conditional variance decomposition (%) given model parameter uncertainty, one-quarter-forecast
horizon; posterior mean

Description Model |R [ GDP |C I % H w q N Spread

& Stationary 00| 09| 12| 02| 0.0 03| 72| 05| 038
technology 00( 0.7 11| 0.1 00| 08| 13.1| 04| 0.6| 0.1 0.1

Y, MEI 0.0 0.0/ 9.0 13| 70.0| 233| 64| 04| 0.0
0.0 0.0 37| 00| 32.1| 12.0| 57| 02| 0.0 182 17.4

143 Consumption 0.0/ 00| 19| 728 0.1\ 0.7 14| 00| 0.0
preferences 00 0.1| 69| 751 02| 42| 51| 02| 01| 02 0.1

00| 38| 1.8 12} 0.1] 02| 22| 40.1| 3.2
00| 28| 12| 08| 05| 1.0f 23| 345 23| 09 0.7
00| 368 1.6 02| 0.1| 04| 1.0| 44.0| 30.5
00| 29.7\ 24| 0.1 0.1| 08| 18| 46.0/ 24.8| 0.6 0.0
0.0/ 0.0| 16| 00| 0.0 0.1} 1.1} 0.0| 0.0
0.0/ 00| 32| 00| 00| 03] 25| 004 00| 0.0 0.0
00| 427 14| 0.1 0.0| 08| 10| 0.0 363
0.0| 53.8| 4.6| 00| 00| 26| 34| 00| 46.1| 0.1 0.0
0.1 24| 29.0] 0.1 10.6| 41.7| 41.8| 0.6| 2.0

¢t |Labour preferences

78 |Markup, domestic

T Markup, exports

Markup, imports for
consumption

/™ |Markup, imports for

investment 00| 05| 169| 0.0 6.7 29.0| 243| 03| 04| 69 7.1
™ | Markup, imports for 0.1 0.1} 448| 0.1] 0.1] 29.8| 33.2| 03| 0.1

exports 0.0/ 0.1 39.8| 0.0{ 0.1| 309| 31.7 02| 0.1 0.2 0.2
Ve Entrepreneurial

wealth 00 00| 54| 01| 377| 11.9] 1.5] 02| 00| 532| 523

975 0.1 09| 23| 41| 19| 06| 09| 0.1
97.6| 02| 24| 3.0 105 51| 06| 22| 02| 129 5.8
0.1y o0.0| 0.1} 00| 02 03| 00| 0.I| 0.1
0.1y 00| 02 00| 01| 04| 00| 01| 0.1 0.1 0.0
1.5 00| 0.0 02 02y 01| 00| 0.1| 0.0
14| 00| 0.1} 02 03| 02| 00| 01| 00| 03 0.1
0.7/ 00| 0.0 03| 03, 04| 00| 0.1| 0.0
0.7/ 00| 0.0 04| 02| 05| 00| 02y 00| 0.1 0.0
02| 0.0| 0.0 00| 0.0 0.0f 00| 00| 0.1
02| 00| 0.0 00| 00| 00| 00| 00| 0.1 0.0 0.0

¢, | Country risk
premium

Uze | Unit root
technology

gg+, |Foreign interest rate

gy, |Foreign output

eg+¢ |Foreign inflation

5 foreign* 99.8) 0.1y 10| 27| 48| 28| 07| 11| 03
100.0 03| 2.7 3.5] 11.2| 63| 0.6 25| 04| 133 6.0
All foreign** 100.0| 45.4| 77.9| 3.0] 155| 752| 779| 2.1| 38.7

el No"AReeRilvelResRivsh RecRiocR e R ivel ResR Rvvh Reol ol ResRilvel ResR Rvv R Reol NovR ReoRilvel ResR Rvv R Reo NovR Reo R vell ResR Rov R Reo R Rov R Res R ool

100.0| 54.6| 67.2| 3.6 181| 69.1| 62.6| 3.1| 47.0] 20.5 13.3

Notes: * — "5 foreign" is the sum of foreign stationary shocks R;, m¢, Y;*, the country risk
premium shock, ¢,, and the world-wide unit root neutral technology shock, Uzt

**x — "All foreign" includes the above five shocks as well as the markup shocks on imports and
exports, i.e. T/, T/, T and 7. B is the baseline model and F is the financial frictions model.
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Table A2
Conditional variance decomposition (%) given model parameter uncertainty, four-quarters-forecast
horizon; posterior mean

Description Model | R n° |GDP |C I % H w g N Spread

& Stationary 0.0 19 09 03| 0.1 02| 6.1| 09 1.6
technology 0.0/ 12| 08| 01| 00| 07| 11.0] 06/ 10| 02 0.1

Y; MEI 09| 03| 144| 1.6 744| 533 62| 1.2 0.2
0.1 0.1} 37| 0.1| 262 93| 49| 04 0.1 18.4 18.8

4 Consumption 0.0/ 0.1 1.9 789| 04| 1.7 1.6| 0.1 0.1
preferences 0.0 0.2 88| 8.0 0.2] 129| 7.0| 02 02 02 0.1

at Labour preferences 00| 11.2] 34| 23| 04| 05| 39| 446 96
0.0 81| 27| 14| 04] 3.0 39| 388 69 13 0.4

T Markup, domestic 00| 327 12| 02| 01| 0.1] 08| 385 27.8

00| 273 1.8/ 0.1 01] 03 1.5| 39.9| 233| 0.6 0.0
0.0 0.0 12| 00| 0.0 00| 09| 0.0 0.0
0.0/ 0.0} 25| 00| 0.0 02| 20| 00| 0.0 0.0 0.0
00| 393 1.1| 0.1 0.0] 05| 09| 13| 342
0.0 509| 3.7, 00| 0.0 15| 3.0 23| 444| 0.1 0.0
0.5 3.1} 30.2| 0.2] 88| 23.3| 43.1| 0.7| 2.6

T Markup, exports

Markup, imports for
consumption

/¥ |Markup, imports for

investment 0.0 0.6| 18.6| 0.0 6.3 9.7 274 0.2 0.5 7.0 6.8
T | Markup, imports for 02| 0.1} 39.7| 0.1 0.1] 11.0] 32.6] 0.3 0.1

exports 0.1 0.1| 358 0.1 0.1 13.0] 30.3| 0.2 0.1 0.2 0.1
Vi Entrepreneurial

wealth 0.1/ 03| 94| 01| 46.5| 315 1.7 07| 03] 520 67.3

93,5 02| 1.1} 24| 52| 67| 07| 13| 02
95.0f 06| 27| 3.7 11.4| 147 09| 35| 05| 13.5 23
1.0y 0.1} 0.1y 0.1} 02} 09| 00| 03] 03
1.0y 01} 02y 00| 02 11| 0.0 03] 03] 0.1 0.0
1.6/ 01} 01| 02| 03] 055 0.0 0.1 0.0
1.5 0.1} 0.1 02| 04| 06| 00| 0.1 00| 03 0.1
21 0.1} 0.1 03| 06| 12| 0.0 02| 02
20/ 0.0} 00| 05| 03] 13| 00| 03] 03] 0.1 0.0
0.1y 0.0 00| 00| 0.0f 00| 00| 00| 0.1
0.1y 0.0} 0.0 00| 0.0f 00| 0.0 00| 0.1 0.0 0.0

o Country risk
premium

Uze | Unit root
technology

gg+y |Foreign interest rate

Foreign output

g+ | Foreign inflation

5 foreign* 983 05| 13| 3.0/ 64| 93| 07| 19| 09
99.6| 09| 3.1| 44| 122| 17.7| 1.0 42 1.3| 14.0 24
All foreign** 99.0| 43.0| 73.4| 34| 153] 44.1| 78.2| 43| 37.8

EIE IR I I I I R R I I I R I B I A R A

99.7] 52.5| 63.6| 4.5| 18.7| 42.1| 63.7| 7.1| 464| 214 9.3

Notes: * — "5 foreign" is the sum of foreign stationary shocks R{, m;, Y{, the country risk
premium shock, ¢, and the world-wide unit root neutral technology shock, Uz

** — "All foreign" includes the above five shocks as well as the markup shocks on imports and
exports, i.e. /%, T™, T and 77. B is baseline model and F is financial frictions model.
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Table A3
Conditional variance decomposition (%) given model parameter uncertainty, 20-quarters-forecast
horizon; posterior mean

IN A DSGE MODEL FOR LATVIA

Description Model | R n° |GDP | C % H q Spread
& |Stationary B 0.0 1.9 0.9 0.3 0.1 0.1 5.9 1.0 1.6
technology F 0.0 1.3 0.8 0.1 0.0 04| 10.6 0.7 1.1 0.2 0.1
Y; MEI B 19.6 26| 155 35| 752 59.6 8.0 1.6 2.2
F 0.1 0.2 3.8 02| 264 6.6 5.4 0.4 0.2 19.2 17.7
¢¢ | Consumption B 0.6 0.2 2.6 78.5 0.5 2.0 1.7 0.2 0.1
preferences F 2.7 0.7 9.6| 82.7 0.3| 23.1 7.5 0.4 0.6 0.2 0.6
¢t |Labour B 0.1 134 4.1 2.8 0.8 0.6 47| 475 11.6
preferences F 0.3] 10.0 34 1.8 0.6 32 48| 41.3 8.7 1.3 0.8
¢ |Markup, B 0.0] 30.6 1.2 0.2 0.1 0.1 0.8] 359| 264
domestic F 00| 254 18] 00| 01| 01| 15| 374 220/ 06| 0.1
¥ | Markup, exports |B 0.0 0.0 1.2 0.0 0.0 0.0 1.0 0.0 0.0
F 0.0 0.0 2.5 0.0 0.0 0.1 2.0 0.0 0.0 0.0 0.0
*¢ |Markup, imports |B 0.0| 37.7 1.1 0.1 0.0 0.3 0.9 1.3] 33.2
for consumption | 0.0| 49.1 3.7 0.0 0.0 0.7 3.0 24| 435 0.1 0.0
/% | Markup, imports | B 1.8 29| 292 0.2 87| 13.1| 415 0.7 2.5
for investment | g 0.1 06| 176/ 00| 61| 47| 260| 03| 05 71| 53
/Y | Markup, imports |B 0.3 0.1 382 0.1 0.1 5.8 314 0.3 0.1
for exports F 0.1 0.1 34.6 0.1 0.1 5.6 29.3 0.2 0.1 0.2 0.1
y: |Entrepreneurial |B
wealth F 3.5 21| 10.5| 06| 47.4| 33.0| 24| 14| 18| 514 680
¢, |Country risk B 70.5 0.6 1.2 2.4 5.6 114 0.8 1.4 0.6
premium F 84.6 1.0 2.7 3.7 11.6| 169 1.3 3.6 09| 134 4.5
Uz | Unitroot B 1.5 0.1 0.1 0.2 0.3 1.6 0.0 0.5 0.5
technology F 1.8 0.1 0.2 0.1 0.2 1.5 0.0 0.4 0.4 0.1 0.1
eg+¢ |Foreign interest |B 1.4 0.1 0.1 0.2 0.3 1.2 0.0 0.1 0.1
rate F 1.6 0.1 0.1 0.2 0.3 0.9 0.0 0.2 0.1 0.3 0.2
&y« |Foreign output B 4.0 0.4 0.1 0.3 0.7 4.1 0.0 0.2 0.5
F 5.0 0.2 0.0 0.6 0.3 32 0.0 0.3 0.5 0.1 0.4
&q+ ¢ |Foreign inflation |B 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1
F 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0
5 foreign* B 77.5 1.2 1.5 3.1 69| 18.3 0.9 2.2 1.7
F 93.1 1.5 3.1 45| 124 225 1.4 4.5 2.0| 14.0 5.2
All foreign** B 79.7| 419 71.2 3.5 157 37.5( 75.7 46| 374
F 93.3] 51.3| 614 47| 187 33.5| 61.6 74| 46.0| 214 10.6

Notes: * —

"S foreign" is the sum of foreign stationary shocks R;, m/, Y{", the country risk
premium shock, ¢,, and the world-wide unit root neutral technology shock, Uzt
**x — "All foreign" includes the above five shocks as well as the markup shocks on imports and
exports, i.e. T/, T/, T and 7. B is baseline model, F is financial frictions model.
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Table A4
Mean and standard deviation of smoothed shocks
Description Mean St.d.
base finfric base finfric
100u, Unit root technology 0.00 0.00 0.27 0.27
10¢ Stationary technology 0.00 0.00 0.12 0.11
Y MEI 0.01 0.00 0.22 0.15
¢ Consumption preference 0.00 0.01 0.12 0.19
¢t Labour preference -0.04 -0.03 0.66 0.71
100 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 consumption 0.09 0.08 0.77 0.71
T Markup, imports for investment 0.01 0.01 0.84 0.41
T Markup, imports for exports —0.08 —0.12 0.93 1.28
100y Entrepreneurial wealth —-0.02 0.30
100y* Foreign GDP -0.07 —0.07 0.26 0.27
1000r* | Foreign inflation 0.01 0.01 0.49 0.49
100R* Foreign interest rate —0.02 -0.02 0.06 0.06
end Measurement error ¢ 0.03 -0.02 2.08 2.29
ene Measurement error ¢ -0.20 -0.20 2.00 1.98
i Measurement error 7t -0.42 -0.99 11.01 11.97
ene Measurement error w 0.09 0.09 0.35 0.38
eme Measurement error ¢ —0.04 —-0.01 0.48 0.57
e Measurement error I —0.10 -0.14 6.64 4.56
gqe Measurement error q 0.05 0.05 1.44 1.45
efe Measurement error H 0.06 0.06 0.26 0.29
eyt Measurement error y -0.01 -0.02 0.41 0.47
exe Measurement error x —0.09 —-0.08 0.45 0.47
eme Measurement error M —0.14 —0.08 1.55 1.64
gge Measurement error g 0.03 0.04 0.69 0.73
e Measurement error n —0.60 5.83
Espread Measurement error for spread 0.00 1.22




FINANCIAL FRICTIONS IN A DSGE MODEL FOR LATVIA

Figure Al
Impulse responses to stationary neutral technology shock &;

Stationary neutral technology shock
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Note: Units on the y-axis are either in terms of percentage deviation (% dev.) from the steady
state, annualised basis points (ABP) or level deviation (Lev. dev.).

Figure A2
Impulse responses to consumption preference shock {§

Consumption preference shock
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Note: Units on the y-axis are either in terms of percentage deviation (% dev.) from the steady
state, annualised basis points (ABP) or level deviation (Lev. dev.).
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Figure A3

Impulse responses to labour preference shock {*

Labor preference shock

IN A DSGE MODEL FOR LATVIA
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Note: Units on the y-axis are either in terms of percentage deviation (% dev.) from the steady
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Figure A4

Impulse responses to government consumption shock g,
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state, annualised basis points (ABP) or level deviation (Lev. dev.).
In this model, government consumption crowds out private consumption. Total consumption falls
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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.

Figure A5
Impulse responses to domestic markup shock ¢

Domestic markup shock
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Note: Units on the y-axis are either in terms of percentage deviation (% dev.) from the steady
state, annualised basis points (ABP) or level deviation (Lev. dev.).

Figure A6

Impulse responses to imported export markup shock 7;**

Imported export markup shock
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Note: Units on the y-axis are either in terms of percentage deviation (% dev.) from the steady
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Figure A7

IN A DSGE MODEL FOR LATVIA

Impulse responses to imported consumption markup shock *¢
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Figure A8

Impulse responses to imported investment markup shock 7
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Figure A9
Impulse responses to export markup shock 7

Export markup shock
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Note: Units on the y-axis are either in terms of percentage deviation (% dev.) from the steady
state, annualised basis points (ABP) or level deviation (Lev. dev.).

Figure A10

Impulse responses to unit root technology shock u,,

Unit root technology shock
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FINANCIAL FRICTIONS IN A DSGE MODEL FOR LATVIA

Figure A11
Impulse responses to foreign inflation shock &+,

Foreign inflation shock
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Notes: Units on the y-axis are either in terms of percentage deviation (% dev.) from the steady
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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.
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Figure A12

SVAR priors and posteriors

60

40

20

SE muz eps

02040608 1.0 1.2 1.4

SE Rstar eps

01 02 03 04

a22

0.8

al3

IN A DSGE MODEL FOR LATVIA

SE ystar eps

SE pistar_eps

4
6
3
4 2
2 1
0 0
0 1 2 0 1 2
rhomuz
6 10
4
5
2
0 0
0.2 0.4 06 038 07 08 09 1.0
a33 al2
4
15 !
1 3 1
10 1 1
1 2 1
5 1 1
] 1 ]
0 1 0 1
0.7 0.8 0.9 1.0 -0.6-04-02 0 02 04
a2l a23
8
8
6 6
4 4
2 2
0 0
-0.2 0.6 -04 -0.2 0 0.2
a3l
6
4
2
-04 -02 0 0.2
10
5
0




FINANCIAL FRICTIONS

Figure A12 (continued)
SVAR priors and posteriors

Figure A13
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Figure A13 (continued)
Priors and posteriors

xid XiX ximc
T T
8
15 15
6 1
10 1 10 1 I
[ [ 4 [
5 | 5 1 1
1 1 2 1
0 L 0 L 0 L
05 06 07 08 09 0.6 0.8 1 05 06 07 08 09
ximi kappad
4 4
2 2
0
0 02 04 06 038
kappami
3 4 T
3
2
2
1
1
0 0
0 0.5 1 0 0.5 1
kappamx kappaw work cap para
3 T 4 1.5 T
2 3 1
2
1 0.5
1
0 0
1 -02 0 02 04 06 08
sigmaLl.Scaled b SppScaled
4 T T
3 10 I
1
2 1
1 ’ !
1
0 |

0
0 02 04 06 08 02 04 06 08 1




FINANCIAL FRICTIONS IN A DSGE MODEL FOR LATVIA

Figure A13 (continued)
Priors and posteriors
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Appendix B
MODEL

FINANCIAL FRICTIONS IN A DSGE MODEL FOR LATVIA

B.1 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.

B.1.1 Production of domestic homogeneous good

A homogeneous domestic good Y; is produced using
2
Vo= [fy v ai] " 152, <o [1]

where Y, denotes intermediate goods and 1/4, 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)l_aStth - Zt+(|) [2]

where K;. denotes capital services rented by the i-th intermediate good producer.
Also, logz, 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 logz; and a positive drift in
log®; where W, is an investment-specific technology shock. Object z; in [2] is
defined as'

a

+ _ pl-a
zy =W, 7%z,

In [2], H;; denotes homogeneous labour services hired by i-th intermediate good
producer.

Firms must borrow fraction v/ of the wage bill, so that one unit of labour costs is
denoted by

w,R/
with
Rl =v/R +1-vf [3]

where W, is the aggregate wage rate, and R; is the risk-free interest rate that applies
to working capital loans.

" Details regarding the scaling of variables are collected in Appendix D.
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The firm's marginal cost, divided by the price of the homogeneous good is denoted
by mc;:

me, =t () () cmr) L 4]

1-«a &t

where 1 is the nominal rental rate of capital scaled by P, and w, = W,/(z;P,).
Also, T8 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 marginal cost:

(ﬂw,t)aWthf
e [5].
1— it
St( a)<uz+,tHi»t>

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

me, = 1

Pi,t = ﬁd,tpi,t—lr ﬁd,ﬁ = (T[t—l)Kd (ﬁtc)l_xd_ud (ﬁ)ud

where kg4, Uy, kg + Uy € (0,1) are parameters, m,_, is lagged inflation rate and 77
is central bank's (implicit) target inflation rate. Also, 7 is a scalar which allows to
capture, among other things, the case in which non-optimising firms either do not
change the price at all (i.e., ¥ = U,; = 1) or index it only to the steady state inflation
rate (i.e., T = 7, Uy = 1). Note that there is a price dispersion in the steady state, if
U, > 0 and 7 is different from the steady state value of .

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

E; Z?:o .ijt+j{Pi,t+jYi,t+j - mCt+th+jYi,t+j} [6],

subject to the requirement that production equals demand. In the above expression,
v 1s 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 the
steady state when the firm can reoptimise the price, it does so to maximise its
discounted profits, subject to price setting frictions and to the requirement that it
satisfies the demand given by

Ad

(2 v =i 71

Pit

The equilibrium conditions associated with the price setting problem and their
derivation are reported in Appendix D.

" In linearised version of the model in which there are no price and wage distortions in the steady
state, 7 is isomorphic to a disturbance in A4, i.e. a markup shock.
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The domestic intermediate output good is allocated among alternative uses as
follows:

Y, =G+ CE +I¢ + [ Xhdi [8]

where G; denotes government consumption (which consists entirely of the domestic
good), CZ denotes intermediate goods used to produce final household consumption
goods (together with foreign consumption goods), IZ 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 [8] denotes
domestic resources allocated to exports. Determination of consumption, investment
and export demand is discussed below.

B.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:

Nc
Nc=1|Nc—1

1

o
Ce = (1 = w)me(Cf) me + wi*(CM) e [91.

The representative firm takes the price of final consumption goods output Pf as
exogenous. 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 specialised
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 exogenous. Profit
maximisation leads to the following demand for intermediate inputs in a scaled
form:

cf = (1= w)P)"c,

m pf e
Ct =wc(ﬁ> Ct [10]

t

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

pi = [(1 — wo) + we(py ™) e ime [11].

The rate of inflation of the consumption good is

1
€ = pf _ [(l_a’c)"'wc(p;n'c)l_nc]1—TIc
- - t . -
t Pf_y (1_wc)+wc(p;rli)1 Me

[12].

Investment goods are produced by a representative competitive firm using the

following technology:
ul

ni—1 1

_ 1 it — mi—timni-1
I + a(u)K, =¥, [(1 —w)n() "+ w?l(ltm) it ]
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where investment is defined as the sum of investment goods I, used in the
accumulation of physical capital and investment goods used in capital maintenance
a(u,)K,. The maintenance is discussed below. See Appendix D for functional form
of a(u;). u; denotes utilisation rate of capital, with capital services being defined by

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 W, is a unit root process with a potentially positive drift.
As in the consumption goods sector, the representative investment goods producers
take all relevant prices as exogenous. Profit maximisation leads to the following
demand for intermediate inputs in a scaled form:

d i | . kt _ .

ly = (Pt) (lt + a(u) Hw.tﬂz+,r) 1—-w) [13],
im = . ( P?)m (i + a(u,) —< ) [14]
t 2 p:n,l t t Wop ehpt ¢

where pi = W,P{/P, and p[™* = P™'/P,.

The price of I; is related to the price of inputs by
1
pi=[(1— w) + @y () ] [15].
The rate of inflation of the investment good is
e
g[“'w”*‘*’i(v:"'i) ]

i\1-m;
Pt [ (1-wp)+oi(pf™))

T =

B.1.3 Exports and imports

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

In the case of imports, specialised domestic importers purchase a homogeneous
foreign good which they turn into a specialised input and sell to domestic retailers.
There are three types of domestic retailers. One uses specialised import goods to
create a homogeneous good used as an input into the production of specialised
exports. The second uses specialised import goods to create an input used in the
production of investment goods. The third uses specialised imports to produce a
homogeneous input used in the production of consumption goods. Imported goods
are combined with domestic inputs before being passed onto final domestic users.
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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."’

Exports

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

x. = (%) "y, [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. Goods X, are produced by
a representative competitive foreign retailer firm using specialised inputs as follows:

X, = [f XAXd] [18]

where X;;, i € (0,1) are specialised intermediate goods for export goods production.
The retailer producing X, takes its output price P¥ and its input prices P/, as given.
Optimisation leads to the following demand for specialised exports:

X, = (ﬁ)% X, [19].

P

Combining [18] and [19] gives

N
P& = U (Pi)ft)l_lxdi]
0

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

1Ay

Nx
Nx—1]Mx—1

Xlt—[ (X )"x +(1- wx>nx(X”) M

where X't and X + are the i-th exporter's use of imported and domestically produced
goods respectlvely. The marginal cost associated with the constant elasticity of
substitution production function is derived from the multiplier associated with the
Lagrangian representation of the cost minimisation problem:

C = mint¥[P™*RIXT + P.RXXL] +
_Mx

Nx—111x—1
X, — ""(X ) nx +(1 —wx)nx(xd) Tx

" Pricing 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 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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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

o L = —T%(Réc mx 1-1Mx —_ ﬁ
MEE = Srf = awppr P )T (0] [20]
where
Rf =v*R,+1—v* [21],
StPe _ StPEPEPE _ o cpx
Pe  PE PP qtPt Pt [22],

and g; denotes the real exchange rate defined as

_ SePt
qt - Ptc

[23].

From the solution to the same problem, the demand for domestic inputs for export
production is

X8 = (52) Kol - w) 241

XpX
TthPt

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

1
f X2 di,
0

which in terms of aggregates is (by plugging [24] into this integral as derived in
Appendix D)

2

1 . _ _Nx ~Ax _ .
XE = [y Xfhdi = [0, (") ™™ + (1 — 0 )" (1 — 0 ) @H) () VY, [25]
where pf is a measure of price dispersion defined in Appendix D.

Using a similar derivation as for X&, we obtain

1\ Mx
MXy1-Tx _ 1-7x —Ax
X7 = o, <[“”‘(’°t el ! > (Y1) Yy 26].
t

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

Pl = Py, i = (i y)' () 7t (7)™ [27]
where k,, Uy, k, + U, € (0,1).

Equilibrium conditions associated with price setting by exporters that do get to
reoptimise their prices are analogous to the ones derived for the domestic
intermediate goods producers and are reported in Appendix D.
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Imports

Foreign firms sell a homogeneous good to domestic importers. The importers
convert the homogeneous good into a specialised input (brand name it) and supply
that input monopolistically to domestic retailers. Importers are subject to the Calvo
price setting frictions. There are three types of importing firms: 1) a firm producing
goods used to produce an intermediate good for the production of consumption, 2) a
firm producing goods used to produce an intermediate good for the production of
investment, and 3) a firm producing goods used to produce an intermediate good for
the production of exports.

The first group of firms shall be considered first. The production function of the
domestic retailer of imported consumption goods is

11 phme
er [ cal
0

where C/} is the output of the i-th specialised producer, and C{™ is an intermediate
good used in the production of consumption goods. Let P,”*“ denote the price index
of C[™ and PL’?C be the price of the i-th intermediate input. The domestic retailer is
competitive and takes P and P/}"* as given. The demand curve for specialised

inputs is given by the domestic retailer's first order condition necessary for profit
maximisation:

Am,c
Pm,C Am,c_l
m_ cm(_t__
it t pm.c .

We now turn to the producer of €] 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 C[;. The intermediate good producer's
marginal cost is

TS PR, [28]
where
R/ =vRi+1—v* [29]

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 the production function.'’

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

'® The notion here is that the intermediate good firm must pay the inputs in foreign currency and as
they have no resources of their own at the beginning of the period, they must borrow those resources if
they are to buy the foreign inputs needed to produce C/}. 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 realised at the beginning of the period and so there is no uncertainty during the loan period
about the realisation of prices and exchange rates.

" In the linearisation of a version of the model, in which there are no price and wage distortions in the
steady state, T, is isomorphic to a markup shock.
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Am,c

SeP R CIM (") rme

where
m,c
m,c F’t
t Pm C

is a measure of price dispersion in the differentiated good C/.

Now the second group of firms is considered. The production function for the
domestic retailer of imported investment goods I{" is

U an )ﬂmldl

The retailer of 1rnported investment goods is competitive and takes output prices
P/™" and input prices Pl' as given.

mi

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 I7; is the analogue of [28]

m,i * pV,*
T, SePiRy,

which implies that the importing firm's cost is P; (before borrowing costs, exchange
rate conversion and markup shocks), which is the same cost for the specialised
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 goods sector:

A

i . _mi Pir,n,i
SP{RY I (p') mi, pt = [30].

t

Now the third group will be dealt with. The production function of the domestic
retailer of imported goods used in the production of input X" for the production of
export goods is

1 1 Amx
xm = [ (X;g)lm.xdi] .
0

The imported goods retailer is competitive and takes output prices P and input
prices Pi as given. The producer of specialised input X;’; has marginal cost

mx * pV,*
Ty " SePE Ry

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

Amx mx
SeP{RY XM () hms, p* = T [31].

t
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Each of the above three types of intermediate goods firms is subject to the Calvo
price setting frictions. With probability 1 — &, ;, the j-th type of firm can reoptimise
its price, and with probability &, ; it updates its price according to

Pl.f;"f = ~m1P];”1, 7 = (m," )Km.f(ﬁg)l-xm.f—ﬁm.fﬁﬁm.f, j=cix [32].

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

B.1.4 Households

Household preferences are given by

. \1+0
(h],t) L] [33]

1+o0p,

Ey S B [¢Elog(Ce — bC—y) — CA,

where (¢ denotes consumption preference shock, ¢/ is disutility of labour shock, b
is the consumption habit parameter, h; denotes the j-th household's supply of labour
services, and o; stands for 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 utilised. The household also owns the stock
of net foreign assets and determines its rate of accumulation.

Wage setting

The specialised labour supplied by households is combined by labour contractors
into homogeneous labour services:

Ht—U( t)wd]] 1< 4, <o

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

Wits1 = w1 Wt [34],

e = (W)W (@Ep) 10 ™0 ()™ (e ) [35]
where k,,, U, 9y, K, + U, € (0,1).

Consider the jth household that has an opportunity to reoptimise its wages at time t.
We denote this wage rate by W,. This is not indexed by j because the situation of
each household that optimises its wages 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 reoptimise:

(hjt+i) 1-1Y
E] 320 (Bew) |~ B b v Wiy i 5 [36]

where 7, is tax on labour income, 7" is payroll tax, v, is the multiplier on
household's period t budget constraint. The demand for the jth household's labour
services, conditional on it having optimised in period t and not again since, is
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_ (Wetw e4i Tewt+1 \1-Aw
Byqi = (PR ) e [37]
t+i
where it is understood that @, ,.;, """,y 41 = 1 when i = 0. The equilibrium

conditions associated with this problem, i.e. wage setting of households that do get
to reoptimise, are reported in Appendix D.

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):'®

t—-1

= = (1

Revr = (1= 8K +Y, (1 -3 (1—f)> I, [38]
where Y; denotes marginal efficiency of investment shock that affects how
investment is transformed into capital."

Household consumption and investment decisions

The first order condition for consumption is

_ & $f1 c

— BbE, ——*——— 1+79=0 39
Cembee-ay 1+t g Cee1Hz+ ep1~DCE Yz ePe( ) [39]
where

_ +
¢z+,t = v Pz¢

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

To define the intertemporal Euler equation associated with the household's capital
accumulation decision, the rate of return on period t investment in a unit of physical
capital RF, ; shall be defined as follows:

i
P
(A=-t0)uep1rfis G a(Up 1) [Pear+(1=8)Peya Prrpa TR PePr e

Wi+l
Rk = 40
t+1 PePns [40]

is the price of the homogeneous investment good at time t, 7¥ = W,rk is the scaled
real rental rate of capital, T 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,, 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

' See Appendix D for the functional form of investment adjustment costs S.
" This is the shock whose importance is emphasised by Justiniano, Primiceri and Tambalotti (2011).
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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:

= i Hy t+1
(1-7% [ut+1rt,l(+1_pé+1a(ut+1)] +(1—5)pkr,t+1+‘fk’5TPkl,t

Rifpy = -2 = [41]

Uy t+1 Pkt

where py, , = ‘Pth,,t.zo The first order condition for capital implies that

Rk
Yot e = BEW,+ 144 % [42].
t+1Hz+ 11
By differentiating the Lagrangian representation of the household's problem with

respect to I;, the investment first order condition in scaled terms is

ﬂz*’,t”‘l’,tit) _3 (Hz+,tﬂw,tit> .“z"’,t.“‘i",tit]

lg—1

_lpz+,tp£ + Yo+ 1 Ppr e Ve [1 - 5(

lg—1 lg—1

+.3¢z+,t+1pkr,t+1Yt+1S’ _) Py ty1lzt e =0 [43].

= (Hz+_t+1ﬂl{’,t+1it+1) (it+1 2
— . )\

lt
The first order condition associated with capital utilisation is the following (in scaled
terms)®’

Ftk = p{la’(ut) [44].
Financial assets

The household does the domestic economy's saving. Period t 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 to t + 1, R,. The first order condition
associated with this domestic asset is

—1b(R,—
_‘pz_'_'t — ﬁEt Il)z+,t+1 [Rt T (Rt 7Tt+1):| [45]

Hz+ t41 Tt+1
where 77 is tax rate on the real interest rate on bond income.?

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. First order condition at time t
associated with asset A}, ; that pays R; in terms of foreign currency is

X . S
VeS; = BEU4q [St+1thDt — 7P (St+1thbt - P_ZPHl)] [46].

It should be remembered that S, is the domestic currency price of a foreign currency
unit. The left side of this expression is the cost of acquiring a unit of foreign assets.
The currency cost is S;, and it is converted into utility terms by multiplying by the
Lagrange multiplier on the household's budget constraint v;. The term in square

% A rise in inflation raises the tax rate on capital because of the practice of valuing depreciation at
historical cost.

*! The tax rate on capital income does not enter here because of the deductibility of maintenance costs.
*2 A consequence of this treatment of taxation on domestic bonds is that the steady state real after-tax
return on bonds is invariant to 7.
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brackets is the after-tax payoff of the foreign asset in domestic currency units. The
pre-tax interest payoff on A;,, at period t + 1 is S;,1R; ®,. Here, R; is the foreign
nominal rate of interest which is risk free in foreign currency units. Term @,
represents a relative risk adjustment of the foreign asset return, so that a unit of the
foreign asset acquired in t pays off R;®; units of foreign currency in t + 1. The
determination of ®; is discussed below. The remaining term in brackets pertains to
the impact of taxation of returns on foreign assets.”

Scaling the first order condition [46] by multiplying both sides by P,z; /S, yields

Yorp = ﬂEt% [Se+1REPe — T0(Sps1 RE Dy — Tpyq)] [47],
where

— St
Sp = 5

The risk adjustment term has the following form:

o, = cb(at' Ri — Ry, EIv)t)

= exp(—a(a; — @) — bs(R; — R, — (R" = R)) + ;) [48],
where

*
a _St t+1
t — +
Py z;

¢; 1s a mean zero country risk premium shock, while ¢, and ¢ are positive
parameters.24

B.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.

* If we ignore the term after minus sign in parentheses, the taxation is applied to the whole nominal
payoff on the bond, including principal. The term after minus sign is designed to ensure that the
principal is deducted from taxes. The principal is expressed in nominal terms and is set such that the
real value at t + 1 coincides with the real value of the currency used to purchase the asset in period t.
It should be recalled that S, is the period t domestic currency cost of a unit (in terms of foreign
currency) of foreign assets. So the period t real cost of the asset is S;/P;. The domestic currency value
in period t + 1 of this real quantity is Py, 1S;/P;.

* Dependence of @, on a, ensures that there is a unique steady state value of a, that is independent of
initial net foreign assets and capital stock of the economy. Dependence of @, on the relative level of
interest rate R; — R, 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 ¢ = 0 to
ensure the nominal interest rate peg regime.
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Government expenditures are modeled as
— +
Ge = gez¢

where g, is an exogenous stochastic process, and z; ensures a constant government
expenditures to GDP ratio. Tax rates in the model are capital tax rate T*, bond tax
rate T2, labour income tax rate ¥, consumption tax rate ¢, and payroll tax rate t".
Any difference between government expenditures and tax revenues is offset by
lump-sum transfers.

B.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,

logVy = logy; + logz}
= logy; + logz; + ﬁloglpt

where log(y;) is assumed to be a stationary process. It is assumed that

Vi Vi-1
log (=~ [A11 Q12 A3 0 0 1/[ o8 y*

« Y x A4 x x
Ty —T 21 Q2 Qg3 Qg T_ | Te-1 7T
Rt _'LlR — a a a a M Rt_ll: R
log (ﬁ) 31 sz Qsz Gse T 10g< z,t—1)

H 0 0 0 p,. 0 z

1og<@> 0o 0o o 0 p, | log<ulz,t_1>
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o, 0 0 0 0 7

O CoaX Sy*vt
€21 Op 24 T [ Ene

C34Q Ep* ¢
1-a
0 gﬂz't

gﬂq;,t

I Opy, |
where &;'s are mean zero, unit variance, Gaussian i.i.d. processes uncorrelated with
each other.

When written in matrix form,

X; = AX;_, + Ce,

in obvious notation. We should note that 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 shock &+, affects the first three
variables in X/, while &+, affects only the second two, and &g, affects only the
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third.”> Also, zeros in the last two columns of the first row in A and C imply that
technology shocks do not affect y;.2® Third, A and C matrices capture the notion that
innovations to technology affect foreign inflation and interest rate via their impact
on z;". Fourth, the assumptions on A and C imply that log (%) and log (%) are
P z
univariate first order autoregressive processes driven by €, it and g, . respectively.

B.1.7 Resource constraints

The fact that there is a 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

i 101 af _w e
ye = (D)7 & (E P kt) (Wt Wht) - ¢ [49]

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 also to have an expression that exhibits the usage of domestic
homogeneous output. Using [25],

Ziy = )

x —Ax
Go + CE+ I+ [0, P + (1 — )] (1 — w) (P (D) Y,
or, after scaling by z; and using [10]

i [ ky
Ve =g + (1 —wo)(ps)ec, + (pé) (lt + a(u;) ﬁ) (1—-w)

Y tHhztt

A

g @) + (1 — 0] (1 — ) (F Vot (pF) ™y (501

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

ke

gdp, =y, — (pO™ (a(ut) )(1 — ;).

Hythz+ ¢
Trade balance

Expenses on imports and new purchases of net foreign assets A;,; must equal
income from exports and previously purchased net foreign assets:

S:Ai4q + expenses on imports, = receipts from exports;+R;_;P;_1S:A;.

** The 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.
*% This reflects the assumption that the impact of technology shocks on Y;* is completely taken into
account by z;, while other shocks to ¥;* are orthogonal to z; and affect ;" via y;.
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Expenses on imports correspond to purchases of specialised importers for the

consumption, investment and export sectors:*’

Am,c Am,i

expenses on imports, = S;P;R}" (Ctm(pzn’c)l‘lm'c + I (p) mi 4

Xem(ptmx) A, 21— Am, x.

Current account can be written in a scaled form using [22] as follows:

_Ame o _Amyi Amx
V,* meNI= , MiNT M
ar + q:pi Ry <an(pt ) Ame + i (p )i+ X () A"‘”‘)
— ConX * Ag—1
= qtPcDe Xt + Re—1Pr_15¢ - [51]
thztt

where a; = S, A5,/ (Pez).

This completes the description of the baseline model. Additional equilibrium
conditions and a complete list of endogenous variables are presented in Appendix D.

B.2 Financial frictions in the model
B.2.1 Overview of financial frictions model

A number of activities in the baseline model require financing. Producers of
specialised 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 the borrower and
the lender, there is no risk to lenders. In the case of capital accumulation, the
borrower and the lender are actually the same household. When real-world financial
frictions are introduced into the model, intermediation becomes distorted by the
presence of balance sheet constraints and other factors.

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

It has already been stated that households deposit money with banks and that interest
rate received by households is nominally non-state-contingent. This gives rise to
potentially interesting wealth effects of the sort emphasised by Fisher (1933). 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 a standard debt contract is a function of the

*7 Note the presence of price distortion terms here. To understand these terms, recall that, e.g. C/™ is
produced as a linear homogeneous function of specialised imported goods. Because the specialised
importers only buy foreign goods, it is their total expenditures that are of interest for us here. When
imports are distributed evenly across differentiated goods, the total quantity of those imports is C[",
and the value of imports associated with domestic production of consumption goods is S, P;R;"”"C™.
When there is price distortion among imported intermediate goods, the sum of homogeneous import
goods is higher for any given value of C{™.
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entrepreneur's net worth. This is how balance sheet constraints enter the model.
When a shock that reduces the value of entrepreneur's assets occurs, it 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 entrepreneurial loans washes out across all loans. 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 emphasised in BGG, the right
functional form assumption has been made in the model to guarantee the result that
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 sufficient to
guarantee the aggregation result. Financial frictions result in 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. Financial frictions also allow us to introduce two new
shocks. A formal discussion of the model follows.

B.2.2 Individual entrepreneur

At the end of period t, each entrepreneur has a level of net worth N;,;. The
entrepreneur's net worth N, , constitutes his state at this time, and nothing else
about his history is relevant. There are many 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 the loan amount and interest rate,
both of which are derived as the solution to a particular optimisation problem.

Let us consider a type of entrepreneur with particular level of net worth N;,,. The
entrepreneur combines this net worth with a bank loan B;,; to purchase new
installed physical capital K,,; from capital producers. The loan the entrepreneur
requires for this is

By = Pth/,tI?t+1 — Niyq [52].

The entrepreneur is required to pay gross interest rate Z;,,; on the bank loan at the
end of period t+ 1, if it is feasible to do so. After purchasing capital, the
entrepreneur experiences an idiosyncratic productivity shock, which converts
purchased capital K,,; into K,,;w where w is a unit mean, log-normally and
independently distributed random variable across entrepreneurs with V (logw) = of.
The t subscript indicates that o; itself is the realisation of a random variable. This
allows us to consider the effects of an increase in the riskiness of individual
entrepreneurs, and g; is designated as the shock to idiosyncratic uncertainty. The
cumulative distribution function of w is denoted by F(w;o) and its partial
derivatives by F,(w; ¢) and F,(w; 0).
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After observing period t 4+ 1 shocks, the entrepreneur sets utilisation rate u;,, of
capital and rents out capital in competitive markets at nominal rental rate P, 7% ;.
In choosing capital utilisation rate, the entrepreneur takes into account that operating
one unit of physical capital at rate u;,, requires a(u;,,) 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 R¥, ,w, with R¥,, defined
in [40]. Because the mean of w across entrepreneurs is unity, the average return
across all entrepreneurs is RY, ;.

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 t and who experiences an idiosyncratic productivity shock w are
PPy, :Rf1wK, 1. There is a cutoff value of w, @4, such that the entrepreneur has
just enough resources to pay interest:

5t+1Rt{“(+1Pthl,tI?t+1 = Zt+1Br4a [53].
Entrepreneurs with w < @, are bankrupt and turn over all their resources

X —
Rty 1wPe Py Ky iq,

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

HR§+1thPkl,tI?t+1
where u > 0 is a parameter.

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

There is competition and free entry among banks, and banks participate in no
financial arrangements other than liabilities issued to households and loans issued to
entrepreneurs. It follows that the bank's cash flow in each state of period t + 1 is
zero for each loan amount.?® For loan amount B,,,, the bank receives gross interest
Z41Bt4q1 from fraction 1 — F(w;,; 0;) 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(@es1; 01 Zes1Bess + (1 — ) f WAF (; 6)RY 1 PeP Kons = ReBras
0

or, after making use of [53] and rearranging,

¥ Absence of state contingent securities markets guarantees that cash flow is non-negative. Free entry
guarantees that ex ante profits are zero. Given that each state receives positive probability, the two
assumptions imply the state-by-state zero profit condition.
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_ _ RK
[[(@¢41; 0r) — UG (Dp41; 0p)] %Pt =p—1 [54]
where
Wit
C@enio) = | wdF@ioy)
0

[(@¢41;0t) = Opqq[1 — F(@Dp115 0¢)] + G(@Dp11; 0¢)

Expression ['(W¢yq;0;) — UG (weyq;0;) is the share of revenues earned by
entrepreneurs that borrow B;,; which goes to banks. Note that [;(@s41;0:) =1 —
F(®¢41500) >0

and Gg (Wr41; 0¢) = Dpy1Fg (@415 0¢) > 0.

Therefore, the share of entrepreneurial revenues accruing to banks is non-monotone
with respect to @;,4.%

Optimal contract is derived in Appendix D. p, and ®,,,; are the same for all
entrepreneurs regardless of their net worth. This result of leverage ratio p; implies
that

i.e. entrepreneur's loan amount is proportional to his net worth. Rewriting [52] and
[53], rate of interest paid by the entrepreneur is

— k ~ k
7 __ Ot41Rey1 _ Ot41Ri [55]
t+1 = T Ngpy o L )
P¢Ppy eKt+1 Pt

which is also the same for all entrepreneurs regardless of their net worth.
B.2.3 Aggregation across entrepreneurs and external financing premium
The law of motion for net worth of an individual entrepreneur is

Ve = R?"Pt—lpkr,t—th — I'(wy; O-t—l)Ré(Pt—lpk/,t—th'

¥ BGG argue that the expression on the left of [54] has inverted U shape, achieving a maximum value
atw,,; = w". The expression is increasing for w,;; < w* and decreasing for w;,; > w*. Thus, for
any given value of leverage ratio p, and R¥,,/R,, there are either no values of @, or two that satisfy
[54]. The value of @, realised in equilibrium must be the one on the left side of inverted U shape.
This is because according to [53] the lower value of @;,; corresponds to lower interest rate for
entrepreneurs which yields them higher welfare. The equilibrium contract is the one that maximises
entrepreneurial welfare subject to the zero profit condition for banks. This reasoning leads to the
conclusion that @, falls with period ¢t + 1 shock that drives RY,; up. The fraction of entrepreneurs
that experience bankruptcy is F(@44; 0¢), so it follows that a shock which drives up Rk, has a
negative contemporaneous impact on the bankruptcy rate. According to [40], shocks that drive R¥,;
up include anything which raises the value of physical capital and/or rental rate of capital.
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Each entrepreneur faces an identical and independent probability 1 —y, of being
selected to exit the economy. With the probability y,, each entrepreneur remains in
the economy. As the selection is random, net worth of those entrepreneurs who
survive is y,V,. A fraction 1 — y, of new entrepreneurs arrives. The entrepreneurs
who survive or who are new arrivals receive a transfer W. This ensures that all
entrepreneurs, whether new arrivals or survivors having experienced bankruptcy,
have sufficient funds to obtain loans at least in some amount.The average net worth
across all entreprencurs after W€ transfers have been made and exits and entries
have occurred, is Ny q = .V, + WE, or

U fowt wdF (w; O-t—l)Rl“(Pt—lpkl,t—ll?t
Py 1Pyre—1Kp — N¢

Nev1 = VefR{Pe—1Prve—1Ke — |Req +

X (Pt—1Pkr,t—1I?t — N} + We [56]

where the upper bar over a letter denotes its aggregate average value. Because of its
direct effect on entrepreneurial net worth, y; 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 of
internal funds for the entrepreneur (i.e. his own net worth) is interest rate R;, which
he loses by applying it to capital rather than buying a risk-free domestic asset. The
average payment to the bank by all entrepreneurs is the entire object in square
brackets in [56]. Thus the term involving u represents the excess of external funds
over the internal cost of funds. As a result, this is one measure of financing premium
in the model. Another is Z;,; — R;, the excess over the risk-free rate of interest rate
paid by entrepreneurs who are not bankrupt. In this paper, it is called the interest rate
spread.
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Appendix C
MODEL DETAILS
C.1 Scaling of variables

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

Zt
Ziq - .uz,t'
Variable ¥, is an investment-specific shock to technology, and it is convenient in
defining the following combination of investment-specific and neutral technology:

@
+ — 1-a
zy =¥, %z,

a

Moty =t elze [57].

Capital K, and investment I, are scaled by z;W,. Foreign and domestic inputs in the
production of I, (denoted 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, real wages 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, v, is the shadow value in
utility terms to the household of domestic currency, and v, P; is the shadow value of
one unit of homogeneous domestic good. The latter must be multiplied by z;" to
induce stationarity. P, is the within-sector relative price of a good. Thus,

74 d m

. = Kivi - Kina i = Iy ;= Iy it = Iy
t+1 — _F y 41 — TF it — ot — TF y'm T P
AL z; W, Z; z; W, zf

m d *
Cm_ct Cd_ct C_Ctg_GtW_Wt a__St t+1
t — o0t —— bt — 109t — oWt — 35 Ut — ¥ )
Z; z; Z; Z; z; P, z; P,
m ~
X =2 =2 = P O DT = B =
t Tt — oWzt = Ueliele , Ve =)Vt — 5Pt — 5
A Z; A P,
AT e
Neyw W

Npy, = —F—,WE = :
o z P’ z; P,

We define the scaled time t price of new installed physical capital for the start of
period t + 1 as py, ¢, and we define the scaled real rental rate of capital as 7

— Sk _ k
Prrt = WePrre, T = Wty
where Py, ; is in units of the domestic homogeneous good.

The nominal exchange rate is denoted by S;, and its growth rate is s;:
St
Se-1

St
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We define the following inflation rates:

c *
P PP
t — il A c 't — * )
Pt—l Pt—l Pt—l
i x m,j
7Ti _ Pf x _ Pf T[m'j _ Pt
t =50 Tt =5 T =
Pi1 Py P

for j = ¢, x,i. Here, P, is the price of domestic homogeneous good, P{ is the price of
domestic final consumption good (i.e. the consumer price index), P; is the price of
foreign homogeneous good, P{ is the price of domestic final investment good, and
P is the price (in foreign currency units) of final export good.

With one exception, we define a lower case price as the corresponding upper case
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 Py,
i.e. the price of the foreign homogeneous good. An exceptional case has to do with
handling of the price of investment goods P{. It grows at a potentially slower rate
than P;, and we therefore scale it by P, /W;. Thus,

mx m,c m,i
pm,x _ Pt pm,c _ Pt pm,i _ Pt
t - P ' Pt - P ' Pt - P 4
t t t
j PE ;  W.p}
X — 1t c Tt 1 Tttt 58
bt Py |2 P, Pt P, [58].

Here, m,j means the price of an imported good which is subsequently used in the
production of exports if j = x, in the production of final consumption good if j = c,
and in the production of final investment good if 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.

C.2 Functional forms
We adopt the following functional form for capital utilisation a:
a(u) = 0.50,0,u? + 0,(1 — o )u + 0,((0,/2) — 1) [59]
where o, and a;, are the parameters of this function.

The functional forms for investment adjustment costs as well as their derivatives are:

500 = 5 {oxp [V57(x = o)) + 030 [~V Cx = o) ~ 2)

=0, = fi,+py (601,
§'0) = 557 {exp [VE7 (2 = tgnsin)] = exp [~57 Cx = g}
=0,x = py+ly [61],
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C.3 Baseline model
C.3.1 First order conditions for domestic homogeneous goods price setting

Substituting [7] into [6] and rearranging, we obtain

o p 1_# p A-A
. . -1 i N\ Ag—1
; it+j d it+j
E; § B/Vt+jPrs Vs (P > — MCyj <P_> )
= t+] t+j

or

o R =
E; z B4 jPryiYerj§ (XejBr) Aa=1 — mCt+j(Xt,jpt)’1d_1
7=0

where
ﬁd,t+' ﬁd,t+1 .
Pi,t+ j ~ ]—l ] > 0}
= x X, .=
P tjPorAtj = T+j " TM41
t+] 1, j=0o.

The i-th firm maximises profits by choice of the within-sector relative price p,. The
fact that this variable does not have index i reflects that all firms that have the

opportunity to reoptimise in period t solve the same problem, and hence have the
Ad
same solution. Differentiating its profit function, multiplying the result by ﬁ: ot

rearranging and scaling yields

Ee ) (BEa) AP — Agmees ] = 0

j=0
where A, j is exogenous from the point of view of the firm:
At+j = l/)z+,t+j37t+th,j-

After rearranging, the optimising intermediate good firm's first order condition for
prices yields

ﬁd _ E; ;io (ﬁfd)jAt+jAdmCt+j _ K_td
‘ E X5t (BSa) Ay Xy, Ff

where
K= E Y20 (B€a) AryjAameyy
F=E X520 (BSa) ArsjXe .

These objects have the following convenient recursive representations:

1

1-4
) ﬂdegl-l_Ftd =0

T t+1

Et 1/’z+,t3~’t + ( -

t+1
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/1d
dt+1\1~
E; Adlpz“L tyemer + Béq ( : ) th+1 - th = 0.

Tes1

With respect to the aggregate price index, we write

1
Pt = [f li Addl]
0
1-24

= [(1 - fp)ﬁtm + fp(ﬁd,tpt—l)m] [62].

1-2A4

After dividing by P, and rearranging, we get

1- E (ndt)l Ad 1— A
— = (™ [63].

In sum, equilibrium conditions associated with price setting for producers of the
domestic homogeneous good are as follows:

E; lpmyt (Feema)ta i o - Fﬁ]=0 [64],
Ee |AaWsreyemee + BEq (CL2) K, — KE| =0 (651,
’ Te+1
l—ﬂd
_ 1 Ad Z’d
T 1-2, A
S PPN - (B, ) [66]
t d 1-&4 d e t—-1 5
1 1-Aq
1-g4(Tat) " 4a d
RCv ] [67),
l—fd Ft
Tge = (g ) () b (71) [68].

C.3.2 Export demand

Scaling [17] yields

xe = (PF) VYL [69].
C.3.3 FOC:s for export goods price setting

1

Ax
E¢ (Y, tqeDEPE X + (ﬂ?i)l BéxFy 1 Fx,t] =0 [70],
_ .
—Ax
E¢ | A+, tqeDEPE xemei + Bé, (n?i)l Kytr1 —Kie| =0 [71],
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1-yx
x Ax
=60 B\
pi= |- ) e (Trra) (721,
1 1-2x
1 fX(n’;) _ Ket [73]
1_§x Fx,t )

When linearised around the steady state and Uy, ; = 0, equations [70]-[73] reduce to
A Kx A~
Efify, + T8 iy

t 1+K,f
1 (A-B&)A-8) ~ «
1+Kxf Ex mee

where a hat over a variable indicates log-deviation from the steady state.
C.3.4 Demand for domestic inputs in export production

Integrating [24], we obtain

, A\ .
fy x&di= (=) (A= w,) f, Xiedi

TEREP:
—Ax
Nx L (P x—14di
= (52) " (1 = 0x RO (741
TRy Pt (P@‘)F

P{, a linear homogeneous function of P}, is defined as:
=
1 —2x ] -Ax
Pe =1y eayaiai]
Then
A Ay
(POt = [ (P)*1di

and

1 i 2 Nx ~Ax
fo Xdi = () (1= 0K (pEY [75]
where

v, _ P

t- Ptx,

and the law of motion of p{ is given in [72].

We now simplify [75]. Rewriting the second equality in [20] yields

1 S.P¥ M1 L
_ P XN1-7 _ =
Py TERY PeqepEpE [wx(pt ) ot (1 (UX)] b

or
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A S¢P¥ mx~1 L
t » - P

P.TXR¥X = StPEPEPY [wx(pt ) M + (1 - wx)]l x
tTt Rt Py e peps
or

2 _ 1
P,TXRX = [wx(p;n,x)1 Mz + (1 - wx)]l_nx-
tTt Rt

Substituting into [75] yields

A

1 . _ _Mx —Ax _ .
XE = [y Xfidi = [0 (") 7 + (1 — @)1 (1 — w,) (pF) " (pF) Y/
C.3.5 Demand for imported inputs in export production

Scaling [26], yields

1 Mx
W (P 4 (1— ) [T =T
7 = o, <[ R ) @IV () ; 761,

C.3.6 Value of imports of intermediate consumption goods producers

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

S.PLRY” [ Clhdi.
In order to relate this to C{", the demand curve is substituted into the previous

expression:
A

1 P\ Tmso1 Ame g “hme
* pV,* m t ) . * pV,* ~rm m,c\2 —1 m,C\a -1+
StPr Ry fo Ct (Pm,c> di = SePe Ry G (P ) me fo (Bp " )hmetdi
it
Am,c
P\ 1-Am,c
— *pV,* rm t ,
_StPth Ct <Pm,c>
t
where

P = [ fol (pi";lrc)l—mc

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

Am,c
* pV,* ~rm m,CN1—1.,,
SePE Ry C" (py ") Ame [77]
where
mc __ Ptm'c
t - Pm,c'

t

The derivation for the value of imports used by the investment and export
production sectors are analogous.
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C.3.7 Marginal costs of importers
Real marginal cost is

mj _ _mj StP{ RV* = S¢P{ P{ Py

mec,” =T .
t t omj t mi, 't
P PEP™ Py

. c
m,j AtPt pv,*
¢ —miR
t

forj=c,i,x.

C.3.8 FOCs for imported goods price setting

1

- Y
E, Ebz tpmJ I+ (Hl) ﬂfm] mji+1 — Fmje| =0

t+1

_ iy
m,j J ”ui 1A j
E; m]l/)z"' tpt mct + ﬁfm,_] Km,j,t+1 - Km,j,t =0
Tyvt
1-2p,
. Am j A j
m 1-&mj n;n.j ~mj 1=2m,j
by " = |(1 _Em,j) 1= +Em] < mj Pe— 1)

7rm} 1-Am '
7t
1-&m,j —mj
T _Km,j,t

[ 1-&mj J Fm,jt

for j = ¢, t,x, and where

' ct j=c
] _ m P
Bl =49x j=x
o e
itoj=i

C.3.9 Wage setting conditions in baseline model

Substituting [37] into the objective function [36], gives

_ _Aw
(Wtﬁw,t+i'"7~fw,t+1)1—)~wH ]
t+
Witi ¢

1+op,

1+oy,

ElY® (B&,) -0 AL

Witw,e+i 7th+1)1 )IWH 1—Ty]
t+i

U i WiTty p4i T 41 ( W
t+i

[78]

[79],

[80],

[81],

[82]
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Given the rescaled variables,

Weltwe+iBwerr _ Wellwer1-Twesr . We
=" = 5 At
Wieti We+iZeyiPt+i We+iZg Pe
_ W W /wy) _ Wt(Wt/Wt)X _ WtWtX
T T WeztP ti — o ti = 5 O
WetiZy b We+i Wi+i
where
ﬁ'w,t+i"'ﬁw,t+1 .
, 1>0,
X“- = {Tt+iTle+i-1"""Te+1Mz+ ey i Hapt t41
1, i=0.

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

c ¢ e € ekl i o
(§ Tl )W (TBE g TEE ) TTHW uW(n")uW(uz+)‘9W

X =

’

Te+iTlei-1"""Te+1M+ pyi Mgt r41
In the steady state,

@y rwiw i () ow

X, = __
ti ﬁl;t;+
B
T\ i Ne, -1
= (@) o
-0

in the no-indexing case where 7 = 1, u,, = 1 and 9,, = 0.

Simplifying by using the scaling notation, gives

Aw 1+0p,
(Vftwtxt,i)l_lwﬁwi
j . n We+i
o) ir_
E T2 (BE) LA,
Aw
WWt wWe 1-Aw 1-7Y
g Wy 2 -(—X ) Hop =2
t+iWeri 5 Aei (G Ae t+i 1+TW]
or
Aw 1+0p,
(th,i)l_lwﬁwi
j . n We+i
[ee) ir_
E T2 (BE) LA,
Aw
— Wtwt 1-Aw 1-7Y
U g WX -(—X ) H,, ==
Yo+ 4 iWeWe Xy Woag O t+i 1+Tw]
or
Aw 1+0y,
w 1-1
(W £ Xt,i) Heyi w
j o i h t+i ) (1+0g)
E i=0 (ﬁfw) [_(t+iAL 1+0, t
w Aw
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Differentiating with respect to w, and solving for the wage rate (some math
skipped), gives

Aw 1+0y,
w 1-4
1-Aw(1+0L) E 21 0 (Béw) 5t+1AL<( tt th) WHt+i>
1-Aw _
" ) o
i 1 1-7
E S0 (B i () M e

_ ALKw,t
WeFw,t

where
1+0y,

= B/ %20 (B&,)'C (( X)) i H)

Aw

= B/ 320 (BEw) 255 Xy (22X ) ™ Ho

1-7Y
1+7W°

Thus, the wage set by reoptimising households is

1-Aw

ALK,y ¢ [T Aw(+oD)

W, = [— W'] .
WeFw ¢

We now express K, and F,, ; in recursive form (some math skipped):

1 w, ﬂ-w
Ko = CHE 4 e B (22

Tw,t+1

where

p— + A7
_ Wit1 _ WegaZepaPrar _ Wetibat 4Tt
Twi+1 = - o, o+ - W [83]'
Wt' Wtzt Pt Wt

Also (some math skipped),

Yoty Wi [ Bw,t+1 1+1f;/W
Fw,t = T H +B$WEL“( ) P Fw,t+1-

t
1+TW Ty, t+1

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

) o L1l
We = (1= £ ()™ + 6., o We ) |

Dividing both sides by W, and rearranging, we obtain

[ 1 1_)Lw
ﬁW't' 1-A
1_€W (T[w t) "
Wy = |—————F—
t 1-&y

Substituting out for w, from the household's FOC for wage optimisation,
1 1—2.W(1+0' )
T 1-Aw
1|t ~w(e)

weFy, e = Ky ¢
A 1-¢, tl'wt wt
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We now derive the relationship between aggregate homogeneous hours worked H,
and aggregate household hours,

1 .
hy:= fo h;.dj.

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

he= 53 (2

0 t

H 1 Hw
=—Jy W;)wdj
wp)l—w
Aw
= W, [84]
where

and

W, = [(1 - fw)(Wt)ﬁ + fw(ﬁw,tWt—l)ﬁ] ,

so that

1Ay

Aw 2
Aw T 1-Aw w
Wy = [(1 = &) (W)t + &, <%Wt—1> ]

L\ g
| o |
Wmy, Ttw, 1-Aw
= |- g | — 2 + 6 (2w, ) | 851,
w w,t

In addition to [85], we have the following equilibrium conditions associated with
sticky wages:

—Aw 1 Aw

WY 12, 1-7Y VT/t+1) Ty t+1 T
Fug =t w, b+ BEWE () (2222) 7 Fyaa [86],
'a‘” 1+oy ¥ 1&‘3’ (1+07)
1-Aw w,t+1 w
Kyt = (L{l <Wt ht) + BSwE: (ﬁ) Ky t41 [871,

V_VtFw,t = Kw,t [88].
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C.3.10 Scaling law of motion of capital

Using [38], the law of motion of capital in scaled terms is

Et'l'l —_ kt + Yt <1 - S (M)> it [89].

Hz+ tHhw le—1
C.3.11 Output and aggregate factors of production

Below we derive a relationship between total output of domestic homogeneous good
Y; and aggregate factors of production.

Consider the unweighted average of intermediate goods:

Ve = [ Yidi
= fol [(z:Hi ) ™% KE — 2z d|di
a
_f [Zt t<ﬂ> lt_Zt d)]dl

— Jl-a ﬁaled-_+
=z & 1) Jo pedi =z ¢

where K; is the economy-wide average stock of capital services and H; is the
economy-wide average of homogeneous labour. The last expression exploits the fact
that all intermediate good firms confront the same factor prices and hence adopt the
same capital services to homogeneous labour ratio. This follows from cost
minimisation and holds for all firms, regardless of whether or not they have an
opportunity to reoptimise. Then

Ytsum - Zt K - Zt q)
The demand for YLt is

Ad
Py \Aa=1 _ Y
Pit - Y’
so that

)'d ﬂ.d )'d

Y= fol Y di = f Yt<Pt> di =YK, Pl 1(Pt)1 Ad

where
d

= (et Aad [90].

Dividing by P;, we obtain

l—ﬂd

Aq 2
P = [fol (Be)ia di]

or
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1—ld
Ad e
( )1 /1d . Ag
— dt 1-
=|la-&)| —= +& (pes ) [91].
The precedmg implies that
d
Vi = (p)%aY, = (Pt)’ld faiz} e KEHE ™ — 2 ¢
or, after scaling by z;',
ﬂ.d 1 a
Ve = (pe)te [Et (/t kt) H{=™* — CI)]
W th + ¢
where
ke = kou, [92].

Plugging H; from [84],

Ad a Aw 1-a
o1 1 1-Aw
Ve = (pe)™e [Et (ﬂ‘P,tﬂz+,t kt) <Wt ht) - d)]

C.3.12 Restrictions across inflation rates

We now consider the restrictions across inflation rates implied by the relative price
expressions In terms of expressions in [58], there are restrictions implied by
m] / pt 1, j = x,c,i, and pf. Restrictions implied by the other two relative prices in

[58] pt and pf have already been used in [16] and [89] respectively. Finally, we also
use the restriction across inflation rates implied by q;/q;_; and [23]. Thus,

M=t (93],
5% - nl [94],
A, (951,
e m

x=z [96],
P % [97].

C.3.13 Endogenous variables of baseline model

The following 70 equations have been derived above:

[3], [4], [5], [64], [65], [66], [67], [68], [59], [10], [11], [12], [15], [16], [14], [69],
[21], [20], [27], [70], [71], [72], [73], [76], [29], [79], [80], [81], [82], [32], [78],
[60], [61] [89], [39], [41], [42], [43], [44], [45], [47], [86], [87], [88], [85], [35],

[83], [84], [92], [49], [51], [50], [93], [94], [95], [96], [97], [48],

which can be used to solve the following 70 unknowns:
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-k — V,x f x x m,c m,i mx X .. i ._mc
e, We, R, Ry, Rf, Ry, mcy, mey, me, ", me, ", mc, ", Ty, My, Ty, Ty, Ty,

m,i m,x c x i mx m,c m,i T .
Ty T, Des Pi> Pes Pr > Pe > Pr s Pirts Kew1s Kewrs Ues By He,y Qe Ty, Cey Xy, Qg
~m,j

d pd = ~x X mj, . _ s
II)Z"',L“’ YVt Kt s Ft > T[dta ptatha Fxta Ty, Pt {K‘m,j,tﬂFm,j,t'T[t 'pt ] = ¢, l,X},
m ;m m
Kw,tﬁ FW t» T[t s Rt s tha St7 Sta a(ut) Wta Ct ’ lt ’ xt s T[w-

C.4 Equilibrium conditions for financial frictions model
C.4.1 Derivation of optimal contract

As noted in the text, it is supposed that the equilibrium debt contract maximises
entrepreneurial welfare subject to the zero profit condition on banks and the
specified required return on household bank liabilities. Time t debt contract
specifies the level of debt B;,, and state t + 1-contingent rate of interest Z,,,. We
suppose that entrepreneurial welfare corresponds to 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:

Wt+1

Et fwt“ [RE10PPrs ¢ Ko 1—Ze41Brsr|dF (w;or)
ReNiyq
E [2 —@p41]dF (0;00)RE, 1 PePys (K
t o,  [W—®e41]AF (W;0¢)Rey 1 PP tKet

RtNtyq
_ RK
=E; {[1 — [(@¢41; 0¢)] gl} Pt

after making use of [52], [53] and

1= fooo wdF (w; 0,) = f(;:ﬂ wdF (w; 0¢) + G(W¢4q; Op)-

We can equivalently characterise the contract by a state t + 1 contingent set of
values for w;,; and a value of p;. The equilibrium contract is the one involving
W¢41 and p;, which maximises entrepreneurial welfare (relative to R;N;,;) subject
to the bank zero profits condition. The Lagrangian representation of this problem is

k
max E; {[1 — ['(@¢41; Ut)] Hl Pt + A1 ([F((‘)t+1' 0r) — UG (D¢41; 0p)] ttl Pt —

Pei®t+1

)

where A4 is the Lagrange multiplier, which is defined for each period t + 1 state.
FOC:s for this problem are
1)} =0

_ RK _ _
E; {[1 — (@415 0¢)] ;_J;l + A1 ([F(wt+1; 0¢) — UG (D¢yq;

Rt+1 —_ 0

—I5 (W41 Jt) Y+ A1 [T (@15 0) — UG5 (@Dpsq; 0¢)]

Bisp —pe+1=0
R Pe—pPct1l=
t
where the absence of A;,, from the complementary slackness condition reflects the
assumption that 1,,,; > 0 in each period t + 1 state. Substituting out for 4;,, from
the second equation into the first, FOCs reduce to
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(s . Rfy I (@¢11;0¢)
E [1—T(@¢s1;0¢41)] R + T Brrso0)—iCa (PrasoD) o o8]
‘ — — Rfy B ’
([F(wt+1i 0¢) — UG (D¢41; 07)] R, 1)
Bees o —pe+1=0 99
pr—prt1l= [99]

R¢
fort =0,1,2,...,00 and for t = —1,0,1,2, ... respectively.

Since N;,, does not appear in the last two equations, p; and @, are the same for
all entrepreneurs regardless of their net worth.

C.4.2 Derivation of aggregation across entrepreneurs

Let f(N;;,) denote the density of entrepreneurs with net worth N,,,. Then,
aggregate average net worth Ny, is

Neyy = fN Net1f (Nes1)dNpy s

t+1

We now derive the law of motion for N,,,. We consider a set of entrepreneurs who
had net worth N in period t — 1. After they have settled their liabilities to the bank
in period t, their net worth is denoted by V", where

VtN = RtltcPt—lpkl,t—ll?tN — ['(@y; O-t—l)R{“{Pt—lpkl,t—ll?L{V [100]

where K[ is the amount of physical capital that entrepreneurs with net worth N,
acquired in period t — 1. Clearing in the market for capital requires that

K, = th KYf(N)AN,.

Multiplying [100] by f(N;) and integrating over all entrepreneurs, we get
Vi = REP,_1 Py i1 Ky — T(@4; 0,1 )REP,_1 Py e 1 K;-

Writing this out more fully, we obtain

[1— F(@; 0p-1)]@;

V. :RkP_ Pl - 1? - @
f t Ft—1knt—18¢ {_|_f0“’t wdF (w; 0¢_1)

}prt_lpk,,t_lz?t
= Récpt—lpkl,t—ll?t

[1 - F(@¢; 00— ]@e + (1 — ) fowt wdF (w; 0_1) K —
- @ RePe_qPyye—1 Ky
¢ )
+u fo wdF (w; 0;-4)
It should be noted that the first two terms in braces correspond to net revenues of the
bank, which must equal R;_; (P;_1 Py, .—1K; — N;). Substituting
Ve = Récpt—lpk’,t—ll?t
U fowt wdF (w; O-t—l)Récpt—lpkl,t—ll?t
Pi_1Pyrp—1Ke — N,

- {Rt—l + }(Pt—lpk/,t—ll?t - Nt)

which implies [56] in the main text.




FINANCIAL FRICTIONS IN A DSGE MODEL FOR LATVIA

C.4.3 Adjustment to baseline model when financial frictions are introduced

Now we shall consider households. Households no longer accumulate physical
capital, and FOC [42] must be dropped. No other changes need to be made to
household FOCs. Equation [45] can be interpreted as applying to the household's
decision to make bank deposits. Household equations [89] and [43], respectively
pertaining to the law of motion and FOC for investment, can be thought of as
reflecting household building and selling of physical capital, or they can be
interpreted as FOCs 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 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 such that its
scaled counterpart is constant:

n _Newr o WS
t+1 PtZ; ! PtZ;.

Dividing both sides of [56] by P.z;}, we obtain the scaled law of motion for net
worth in the following form:

__"n k 7 7
Ny = [REDy! e—1ke — Rec1(Prr p—1ke — M¢)
T[tﬂz‘i',t

—UG(D¢; Op—1)REPrre—1ke] + W [101]

fort = 0,1,2, .... Equation [101] has a simple intuitive interpretation. The first object
in square brackets is the average gross return across all entrepreneurs in period t.
The two negative terms correspond to what the entrepreneurs pay to the bank,
including interest paid by non-bankrupt entrepreneurs and resources turned over to
the bank by bankrupt entrepreneurs. Since the bank makes zero profit, the payment
to the bank by entrepreneurs must equal the bank costs. The term involving R;_;
represents the cost of funds loaned to entrepreneurs by the bank, and the term
involving u represents the bank's total expenditures on monitoring costs.

The zero profit condition on banks (equation [99]) can be expressed in terms of
scaled variables as

_ _ R
P(@es3 00) = K6 @i 00) = (1= 252 [102]

Rfy Prrtkera
fort = —1,0,1,2, .... The optimality condition for bank loans is expressed in [98].

The output equation [49] does not have to be modified. Instead, the resource
constraint for domestic homogeneous goods [50] needs to be adjusted for monitoring
costs:

i [+ k
ye = di = go + (L= 0@ ecc + P (i + au) ) (1 - @)
Mx “Ax
g (P + (L= 0 (L = @) (7Y () ™ ; [103]

where
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— k =
d. = UG(D¢;0¢—1)Ri Dier -1kt
¢ Tl + ¢

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

)a-wp.

ke
Hypthy+ ¢

gdp, =y, - d, — D™ ()

Account is to be taken of consumption by existing entrepreneurs. Net worth of these
entrepreneurs is (1 —y;)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

oI (Nerr — WOz P,
from the right side of [9]. In practice, we do not make this adjustment, because we
assume that O is sufficiently small and the adjustment is negligible.

Financial frictions bring a net increase of two equations (we add [98], [101] and
[102], and delete [42]) and two variables n,,,; and w;,,. This increases the size of
the system above to 72 equations in 72 unknowns. Financial frictions also introduce
additional shocks a; and y;.

C.5 Measurement equations

Below we report measurement equations used to link the model to the data. The data
series for inflation and interest rates are annualised in percentage terms in this paper,
so we make the same transformation for model variables, i.e. multiply by 400:

RZate = 400(R, — 1) — 9,400(R — 1),
R;4%® = 400(R; — 1) — 9,400(R" — 1),
md4% = 400logm, — 9,400logr + €77,
mi4% = 400lognf — 9,400logn® + £,

2 = 400logn — 9,400logn’ + iy

L4
,t

;%% = 400logm; — 9;400logn*

where £/t denotes measurement errors for respective variables. In addition,

9, € {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,
AlogH2%*® = 100AlogH, + e['¢.

We use demeaned first-differenced data for the remaining variables. This implies
setting 9, = 1 below:
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ke

ye — pia(ue) —d,
AlogY2%*® =100 | logu,+, + Alog Wapeht ¢

-3 @)Hra-FhH
—9,100(logu,+) + &y
AlogY,”**** = 100(logu,+ . + Alogy;) — 9,100(logp,+)
AlogCae® = 100(logu,+ , + Alogc,) — 9,100(logu,+) + €€
AlogXf*® = 100(logu,+ . + Alogx,) — 9,100(logu,+) + ¢
Aloggf**® = 100Alogq, + &¢
AlogM 2@ = 100(logp,+ , + Aloglmports,) — 9,100(logu,+) + &if¢

Am,c
o ()i

lm,i

= 100 |logp,+, + Alog [ +i*(p{™) i |- 9,100(logu,+) + e
Am,x

]y m

Alogl#®*® = 100[logu,+, + logpy,, + Alogi,] —9,100(logu,+ + loguy) + &
AlogG#**® = 100(logp,+, + Alogg,) —9,100(logu,+) + €F.

It should be noted that neither measured GDP nor measured investment includes
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,)4ate = 100Alog

Wi
Z;Pt

= 100(logu,+, + Alogw,) — 9,100(logu,+) + &y /p -

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

AlogNg® = 100(logu,+ . + Alogn,) — 9,100(logu,+) + en's

AlogSpread?®®® = 100Alog(z,., — R;)
= 100Alog (% — Rt> + 5pread,t

1
Prrcke+1
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