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Abstract

There is no single model that will serve best for all central bank purposes. NEMO (Nor-
wegian Economy Model) is a core model supported by surrounding satellite models which
serve certain tasks. Since Norges Bank is an inflation targeting central bank, expectations
and the lags with which the monetary policy affects the economy should be paid particular
attention, Norges Bank (2006). This is reflected in NEMO, which is a modern DSGE (Dy-
namic Stochastic General Equilibrium) model, based on the International Monetary Fund’s
multicountry Global Economic Model (GEM). NEMO is a smaller and simpler model than
the GEM, but also modified to better fit the Norwegian economy. NEMO is a two country
model, microeconomic founded and builds on the New Keynesian framework, cf. Norges
Bank (2006).

The purpose of this thesis is to develop a flexible prices version of NEMO. This is a
completely theoretical thesis and it will not give any empirical results.

There are various reasons for why we should care about a flexible price solution of NEMO.
The thesis focus on the natural level of production. Woodford (2003) argues that flexible price
models should serve as a benchmark for measuring the natural rate of output and the output
gap. " The level of output that would occur in an equilibrium with flexible prices, given current
real factors (tastes, technology, government purchases) -what is called the "natural rate"”
of output, following Friedman (1968)-turns out to be a highly useful concept..." Woodford
(2003, pp.8). Woodford mentions further that Wicksell (1898) discusses "the natural rate
of interest", which is the real rate of interest that would be realized in an equilibrium with
flexible prices.

"Natural" levels of macroeconomic variables are of highly importance for central banks.
Natural level of production and the output gap, which is defined as the gap between the
natural level of productio and actual production, are both of high importance in monetary
theory, Walsh (2003). The output gap is an indicator for economic pressure and also enters
in a central bank’s loss function.

The DSGE framework opens for calculations of the natural levels, according to Woodfords
definition. This relates the natural level of production to the real shocks in the economy. This
will give us a more volatile natural level of output in proportion to other ways of extracting
natural levels of production e.g. Hodrick-Prescott filtering. On the other hand, as Neiss, K.
S. and Nelson, E. (2005) state, the output gap is no longer a measure of the business cycle.

The outputgap is solely related to the nominal rigidities.



In addition to the removal of nominal rigidities, the flexible price model is modified from
local currency pricing in NEMO, to producer currency pricing. This is done because it is
assumed that domestic households are better off in a model where domestic prices are flexible
and prices abroad are sticky, than in a model where all prices are flexible. This assumption is
debatable. It is not clear whether prices abroad should be flexible or not. As long as flexible
home prices and sticky prices abroad are assumed, then producer currency pricing is needed
to avoid monetary policy to have an effect on the real economy.

The flexible price model of NEMO which is developed in this thesis consists of a system
of 47 non linear equations and 47 endogenous variables. This include 16 shock processes,
where 5 shocks are due to the exogenous foreign country, 4 shocks are preference shocks, 4

are markup shocks, 2 are technology shocks and 1 is public spending shock.
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1 Introduction.

There is no single model that will serve best for all central bank purposes. NEMO (Nor-
wegian Economy Model) is a core model supported by surrounding satellite models which
serve certain tasks. Since Norges Bank is an inflation targeting central bank, expectations
and the lags with which the monetary policy affects the economy should be paid particular
attention, Norges Bank (2006). This is reflected in NEMO, which is a modern DSGE (Dy-
namic Stochastic General Equilibrium) model, based on the International Monetary Fund’s
multicountry Global Economic Model (GEM). NEMO is a smaller and simpler model than
the GEM, but also modified to better fit the Norwegian economy. NEMO is microeconomic
founded and builds on the New Keynesian framework, Norges Bank (2006).

Why should we care about a flexible price solution of NEMO? There might be various
reasons for that. I will focus on the natural level of production. Woodford (2003) argues
that flexible price models should serve as a benchmark for measuring the natural rate of
output and the output gap. "The level of output that would occur in an equilibrium with
flexible prices, given current real factors (tastes, technology, government purchases) -what
is called the "natural rate" of output, following Friedman (1968)-turns out to be a highly
useful concept..." Woodford (2003). Woodford mentions further that Wicksell (1898) discuss
"the natural rate of interest", which is the real rate of interest that would be realized in an

equilibrium with flexible prices.

"Natural" levels of macroeconomic variables are of highly importance for central banks.
Natural level of production and the output gap, which is defined as the gap between the
natural level of production and actual production, are both of high importance in monetary
theory, Walsh (2003). The output gap is an indicator for economic pressure and also enters

in a central bank’s loss function.

The DSGE framework opens for calculations of the natural levels, according to Woodfords
definition. This relates the natural level of production to the real shocks in the economy. This
will give us a more volatile natural level of output in proportion to other ways of extracting
natural levels of production e.g. Hodrick-Prescott filtering. On the other hand, as Neiss, K.
S. and Nelson, E. (2005) state, the output gap is no longer a measure of the business cycle.

The outputgap is solely related to the nominal rigidities.

Equilibrium with flexible prices is a purely theoretical concept. Unfortunately it is not
possible to measure something that is not realized. This is where the flexible price model

becomes interesting. Such a model opens for an artificial economy, producing what would



occur if the prices were flexible. Of course it is not clear how to build such a model and its

solutions depends very much on its parametrization.

This thesis will present a suggestion of a flexible price model built on Norges Banks model
NEMO. The flexible price model is basically NEMO without nominal rigidities. What is done
in this thesis is calculation of the models optimization problems after removal of the nominal

rigidities. This gives a set of 46 equations and 46 endogenous variables.

The thesis is structured as follows. Chapter 2 presents the main difference between NEMO
and the flexible price model. It is an introduction to the flexible price model, especially for
those who know NEMO. Chapter 3 gives an overview of the model and presents and discuss
the household sector in the model. Elements from NEMO are presented where there are
essential aberrations between the flexible price version and NEMO. Chapter 4 presents the
intermediate good production sector. Also in this part are elements from NEMO are presented
where there are essential aberrations between the flexible price version and NEMO. Chapter
5 present the final good production sector. Chapter 7 concludes. The appendices give
derivation of the log linearization of most of the models equations, derivation of the detrended
final good production function, list of variables and parameters and some programming code
for the toolbox Dynare for Matlab.



2 Key differences between NEMO and the flexible price

version.

Turning NEMO into a flexible price model has aspects other than just making prices flexible.
Before I go into the model’s equations I will give a short overview of the main differences
between NEMO and the flexible price version. See Norges Bank* (2006) and Brubakk, L.,
Husebg, T. A., Maih, J. and Olsen, K. (2006) for a complete decription of NEMO. The

differences I will mention in this chapter are:

e The change from local currency pricing to producer currency pricing.

e The removal of price and wage adjustment costs.

The flexible price model should serve as a benchmark for calculating potential production
in the home country. The potential production should then be the best level of production
in a welfare perspective. The question is, what prices should be flexible? In NEMO there are
two countries, home and abroad. There are prices both home and abroad. Prices should be
flexible in the home country since deviation from the flexible price results into distortion in
the allocation between consumption and leisure. What about foreign prices, should they also
be flexible? Should a domestic monetary policy maker do policy in order to achieve import
prices that would appear if foreign prices were flexible? The answer is not clear. The answer
is yes if the domestic households get better off when the prices are flexible, and no if the
domestic households get worse off. The foreign country suffers when their export price differ
from a flexible price, because of distortion in the allocation between consumption and leisure.
But the home country does not care about that. The home country cares about domestic
household’s utility. The domestic households are better off when the price of import decrease.
If the foreign markup decreases due to increased competition, the home country is better off
if prices are flexible. Then domestic households can enjoy low prices immediately. Vice versa,
if the markup changes in opposite direction. If we assume that foreign markup shocks are
symmetric around some constant level, meaning that the shocks do not have any upward or
downward bias, then flexible foreign prices will give no gain for the domestic households. If
we assume that the households prefer predictable prices, then there will be a gain if import
prices are sticky. The prices will not change as fast and often as if the prices were flexible.

So far I will conclude that the flexible price model should include flexible prices in the
home country and keep the sticky import prices. Still there are two options. Should we keep
local currency pricing as it is in NEMO or not? The answer is no. Since the flexible price

model will serve as a target for monetary policy we will not let the policy maker affect its



target. The potential production should be independent of monetary policy. If we keep local
currency pricing, monetary policy will have an effect on the real economy. We do not want
that. Monetary policy has an effect on the nominal exchange rate. Since foreign price level
is sticky the real exchange rate will also be affected. Therefore monetary policy affect the
real economy when there are local currency pricing. On the other hand, monetary policy do
not affect the real economy when there are producer currency pricing. Since domestic prices
are flexible a change in the nominal exchange rate will not change the real exchange rate.
A monetary policy which move the nominal exchange rate are fully passed through to the

prices, leaving the real exchange rate and the real economy unchanged.

The new keynesian Philips curve is normally caused by adjustment costs or limited possi-
bilities to adjust prices, Calvo pricing, Calvo, G. A. (1983). The adjustment costs in NEMO
build on Rotemberg (1982). These are quadratic adjustment costs to prices and wages. " The
adjustment costs ensure that the model replicates the fairly slow and muted responses of price
and wage infation to shocks we tend to see in VAR analysis and in other econometric analy-
sis.", Norges Bank* (2006). These costs are removed in the flexible price model, but T will

present them to emphasise the difference between the models. The costs are:

w W 2
o= L
e =4 (e —1] (21)
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The first expression is the cost of changing the wage. This is given by type j's change
in wages, (HfV (j)), relative to the aggregate change in wages last period, (HXK 1). The
second expression is the cost of changing the price of the domestically produced and sold
intermediate good. This cost depend on firm h's change in prices, (IT?(h)), relative to the
aggregate change in prices last period, (H?_ 1)- The last expression is the cost of changing the
price of domestic imports facing the intermediate good producer abroad. This cost depends
on firm f’s change in prices, (ITM(f)), relative to the aggregate change in prices last period,
(ITM,). These costs cause that prices will not be adjusted immediately. Since the costs are
convex, the firm is better off if it divides the adjustment over time in stead of doing it in one

step.



It can be shown, see Norges Bank* (2006), that the wage Philips cure is given by

1 s
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Wage inflation depends on lagged wage inflation (sz 1), expected future inflation (EﬂTK/H)
and the difference between the wage and the wage that would be realised if wages and prices

were flexible, (w; — w/'®).



3 The household sector.

The model I will present is a variant of the Norges Bank’s model, NEMO (Norwegian Econ-
omy Model).! First of all it differ from NEMO in the absence of nominal rigidities, but it is
also modified in other ways. Absence of nominal rigidities results into flexible prices. So this
model can be considered more or less as a real business cycle version of NEMO, although it
differs from the early RBC models. The model I will present consider the home country as
a small open economy, and take therefor the world market prices as given. This corresponds

to Norway’s position in the world.

3.1 Environment

There are two countries in this model, home and foreign. The structure of the economy
is equal in home and foreign, but they differ in size. I will not model the foreign country
completely. I rather assume foreign variables follow a certain process. I will get back to this.
Home is a small open economy, and therefor take world market prices as given. I assume there
is a trend growth in both economies. It is therefor important to detrend relevant variables in
order to get stationarity. Small letters refer mostly to real detrended variables and subscript
refers to time. There are three different sectors in the economies, the household sector, the
intermediate good producer sector and the final good sector.

Households care about consumption and labour. They get utility from consumption and
disutility of doing labour. There are two different types of households, spenders and savers.
Spenderes are also referred as rule of thumb consumers, they always spend their disposal
income at any given time. The savers make all decisions, they set wages, save through
domestic and foreign bonds and through capital accumulation. In equilibrium, the spenders
always offer the labour demanded at the given wage. Saving make the savers capable of
doing intertemporary optimization. The capital is owned by the savers and rented out to the
intermediate good producers, which also are owned by the savers. Both households, savers
and spenders, pay taxes which always balances the governmental spendings.

Production take place in two stages. First there is a intermediate sector, producing
factor inputs to the final good sector by combining labour and capital. The intermediate
good producers rent capital from the savers and buy labour from the households. In order
to model monopolistic competition in the labour market, each intermediate producer need
labour from each household to produce the intermediate good. The amount of labour from
each household may differ, depending on the wage the households set. We say that the

intermediate good producers produce intermediate goods by bundling a mix of differentiated

'Documentation about NEMO is available from Norges Bank.



labour. The intermediate good is sold to the final good producers in the home country or
exported to the final good producers in the foreign country. We assume producer currency
pricing (PCP) when the intermediate good producers set the price of the intermediate good.
This mean that each producer sets two different prices, both in own currency, one for the
domestic market and one for the foreign market. In NEMO there is local currency pricing
(LCP). The flexible price model is modified to PCP because otherwise would monetary policy
have an effect as long as the prices abroad are sticky. Relating to the discussion in chapter
2 it is not clear whether a flexible price model should consider flexible prices abroad or not.
But if sticky prices abroad are assumed, then there sholuld be local currency pricing. This
is the case of the flexible price version developed in this thesis.

In the second stage, the final good is produced. It is produced by a bundle of domestic-
and foreign intermediate goods. The factor inputs are bundled the same way as labour where
in production of intermediate goods. This is done to get monopolistic competition in the
market for intermediate goods. The final good can either be consumed (privately or publicly)
or invested.

There is asumed to be an authority which offer money. We will see that money is redun-
dant. Nominal prices occurs in the derivations, but are absent in the final equations. See
figure (3.1) for an overview of the model.

As mentioned earlier, there are two kind of households in the model, spenders and savers.
Let slc € [0, 1) denote the share of the population which is liquidity constrained, the spenders,
then (1— slc) is the share of the total population which are savers. The spenders are liquidity
constraint, meaning that they do not have access to the bonds or capital market. This makes
them not capable to save over time. They therefor consume after-tax disposal income. We
assume the spenders always will offer the demand for labour at the given wage rate. The

spenders consumption is then given by

where P, is price of the final good, C;*(i) is consumption by spender ¢, L;(i) is labour done
by spender i, W, is the wage rate and T'AX,(i) is taxation of spender i. Assuming that all

will be similar in equilibrium, we can remove the ¢ notation, and by inserting for the real

. (05
detrended consumption ¢ = Pz real detrended wage rate w; = P‘ZVZt, and real detrended
_ TAX,
tax tax; = Bz we get
sp Sp
c? = Lywy — tax, (")

where P, is the price of the final good and Z; is the trend growth.

The others, who are savers, maximize expected discounted lifetime utility. The savers

7



/FI\T/G RBC NEMO
T I

Q M M
T

—

|

Figure 3.1: ketch of the model. Capital (K) and labour (L) transforms into the intermediate
good (7). The intermediate good splits into input in domestic production of the final good
(Q) and export (M). The final good (A) is produced from domestic intermediate goods
(Q) and imported intermediate goods (M*). The final good can either be invested (I) into
capital, consumed by the households (C') or consumed by the government (G). T™ is foreign
intermediate goods.
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can save through capital, domestic bonds and foreign bonds. Even though I have removed
nominal rigidities from NEMO, there are some real rigidities left. Before I go into the
households maximisation problem, I will introduce these real rigidities. These are financial
friction (transaction costs), utilization rate of capital, cost of changing the utilization rate
and cost of changing the capital stock.

The financial friction, TP, is a multiplicative transaction cost home agents face when
they take position in the foreign bond market, (foreign bond market is indicated with a star).
This cost depends on the nominal exchange rate S; (home currency / foreign currency), the
total holding of foreign bonds (1 — sic) B}, the gross domestic product Y;, the price level and

a risk premium shock Z2" with expectation one. We adopt the following functional form:

. Si(1 — sle)Bf .
FtB = exXp <—¢31# + IOg(ZtB ))
(1—sle)
Where Bf = =~ [ Bj(j)dj, which is the per savers holding of foreign bonds in period t,
0

B{(j) is what saver j holds of foreign bonds in period ¢ and ¢ is a parameter which controls
the slope of the I'® function. Two important properties of the function is fulfilled. First, in
absence of risk aversion shock, Z8" =1 = I'’?" = 1 when B; = 0, meaning that there are
no cost to pay when you do not have any domestic bonds as long as there is no risk aversion

ors” .
» 5= < 0, which states
t

shock. Second, the derivative of I'?” with respect to B} is negative
that the cost increase with the amount of bonds you hold.

We assume there are real rigidities in the capital market. The households might not be
able to hire out all their capital stock. This is captured by the wtilization rate of capital,
cug(7). cuy(j) is simply the share of type j's capital which type j hires out. This means that
the productive capital offered by type j at time ¢, denoted K,(j), is simply the product of
the utilization rate of capital and the physical capital stock offered by type j at time ¢, that
is:

Rt(j) = Cut(j)Kt(j)

Furthermore, the households can change the utilization rate, but this is costly. This can
be interpreted e.g. as advertisement. If you advertise for your kapital, it is likely that you
will hire ote more than if you did not. But it is costly to do advertising. We assume the

following functional form of the cost of changing the capital utilization:
Iy = ¢¢1<6%2(Cut(j)*1) —1)

where ¢, > 0 and ¢uo > 0 are parameters governing the scale and curvature, respectively.

For convenience, the utilization rate is normalized to 1 in steady state. This means that

9



there is a cost to pay when the utilization rate deviate from steady state.
In order to simulate realistic investment flows, it is assumed that it is costly to adjust the

capital stock. This is captured in the way the capital law of motion is specified
Kt+1(j) = (1 - 5)Kt(j) + \I/j(j)Kt(j)

where K;,1(j) and K;(j) are the physical capital stock offered by type j in period ¢ + 1 and
t, respectively. 0 is the depreciation rate. W,(j) is given by

- () - 2 ()

\I’t(]) =

U, (j) is the rate of capital accumulation in time t. Igs and Kgg are the steady state values
of the investments and the capital, respectively. Z! is an investment shock with expectation
one. The rate of capital accumulation depends, first, on the difference between the actual and
steady state investment to capital ratio and, second, the change in investment to capital ratio
from last period. The parameters ¢;; and ¢;, decide how much each of those two differences
affect the rate of capital accumulation, W,(j). In the case of ¢;; = 0 and ¢, = 0, we see
that the capital law of motion becomes as in the case without adjustment cost to capital.
Due to the fact that all individuals are equal, inserting for K; = Z;k;, dZ; = Zt—tl and

dividing both sides by Z;, we get the following stationary capital law of motion
AZyi1kir = (1= 0)ky + Wiky
In absence of the type j notation the rate of capital accumulation is given by
v f O (s g o (b
K, 2 \K; Ksg 2 \Ky K

ISS

In steady state we have that U, = , inserting into the capital law of motion we get

dZsskss - (1 - 5>kss + iss
Which give

ISS
KSS

Substitute into the rate of capital accumulation we get

i oy [ 2 by (0 i\
U, =+ 0t gz +s5—1z ) -2 (L=l
T2 (k;t (dZs +3-1)Z, 2 \ &~ T
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The households in the model are representative households for the economy. In real life
there are plenty of different households. The cost the households pay are transferred back
to the households because of this representative modelling. Fore those who have seen the

play " Stones in his pockets?"

, it is easy to imagine you are wearing the carpenters hat in
one moment and the next you are wearing the employers hat. Meaning that a representative
agent of the carpenter and the employer, would have no net transfers because of the job
the carpenter does and the pay the employer gives. Or as it is modelled, the representative
household get back their costs, but leaving their decision unchanged.

In each period the savers need to make seven decisions. How much capital they want?
How much to consume? How much to work? How much to save in domestic bonds? How
much to save in foreign bonds? How much should the capital utilisation be adjusted? How
much should the wage be adjusted? There is monopolistic competition in the labour market.
This is modelled such that the intermediate good producers need a labour bundle of all
household in order to produce. The households take advantage of this and set own wage
bearing in mind the demand for labour. Wage setting is therefor a part of the households
optimisation problem. In order to set up the savers maximisation problem, we need the
demand for labour of type j. The size of the economy is normalized to 1. Each firm h in the
intermediate good sector produce intermediate goods by using a mix of differentiated labour,
indexed on j € [0,1]. Let L;(h) denotes an index of differentiated labour inputs used in

production in firm h, which is given by?

Pt

L= [ Ly a] (3.1)

Where L, (h, j) denote firm h's demand for labour from individual j. Each individual sets
wages W;(j), which is taken as given by the firm. The intermediate firm h seeks to minimize

the cost of labour, which can be written as

1
min [ Wi(j)Li(h, j
i { +(7)Le(h, 7) ¢

1 -1 Pr—1
st.  Ly(h) = {th (h,j) ¥ dj}
0

2A play by Marie Jones where over 15 characters are brought to life by only two actors.
3This function is taken as given.
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The Lagrangian of this minimization problem is

e _th(j)Lt(h,j)dj — N | L (R) — U“ L, (h,j)l—w% d]} DT

The first order conditions become

Lt (hh])_d% = 0

1/’715_1

oc . v, {1 1 1 ey, 1
—— =W +A Ly (h, vt d

OLy(h, j) U) twt —1 bf ¢ (h:9) / (o

Rearranging gives

Pt 1

W%ﬁZAtﬁLMhﬁkﬁdﬂmq_thﬁ_ﬁ (32)

Multiplying L, (h,j) on both sides

Pt 1

1 1 Pp—1 1
Wi()Le (h ) = [f Ly (hy ) dj] Lo (hy )%
0

Integrating over all individuals on both sides

1 1 1 w’zjﬁl_l
‘/mmuwm@—/“&l/awm1W@ Ly (h, )% | dj
0 0 0

The inner integral and \; do not depend on the j’s . We can therefore move them out of the

integral.
1 1 e
1 A1—L .
Jwinapd=x| [Loep gl [Lep g
0 0 0
Rearranging the right hand side gives
1 b
. N ! RS T
/mmuwm@=&pmmm Wﬂ (3.3)
0
0

Substitute (3.1) into (3.3)

1

/m@@mm@:&hw
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Taking the integral over all firms on both sides give us

1 1 1
Jwii) [ Leiydndi=x [ Liwyan (3.0
0 0 0
———— ————
Total labour demand Total labour demand
of type j

~
Total labour expenditures

Since the left hand side of this equation is total labour expenditures and the integral on the
right hand side is total labour, then must \; represent the average wage, A\, = W,. Inserting
for \; = W, into (3.2) gives

Pt
Yp—1 -1

1 L
Lt(hvj)l vt dj:| Lt(haj) i

=
<
Il
=
O%)—l

Multiply both sides with L,(h, j)wit , divide by W;(j) and using the fact \p‘fjl —1= xpt171

gives
1

1 11 Pe—1
pumm wﬂ

0

Lt (haj)wit =

Wi(j)
Raising both sides by the power of v,

T ¥ 1 1 11;:)—1
@mm=<%%ﬁ thmkwﬂ (3.5)

Substitute (3.1) into (3.5)

_ ¥
MWﬁ=<£a>me

Integrating over all firms gives

1 N\ -t
/MWﬁM=<mm> /u@%
W, ,

0

Where L;(7) is demand for labour of type j and L; is total labour demand. We see that the
demand for individual j's labour is a function of individual j's wage, the average wage and

the aggregate labour demand.
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We assume the households have the following separable preferences in consumption and

labour

U(C3 (), L)) = Z (u(CP(5)) — v(La(4)))

w(Cr() = (1-1)log (Cfa(j)l__b;ccﬁl(j))
1

v (Le(j)) = 1—+th(j)1+g (3.7)

with the following derivatives
1—0°
uf (Csa(j - sa( s sa (5
+0) Cpe(j) — b0 (5)
vl (L(j) = Le(h)*

where ZU is a over all preference shock affecting both utility of consumption and disutility of
labour. u (C;*(j)) is utility of consumption and v (L.(j)) is disutility of doing labour. C;*(j)
is consumption by saver j in time ¢, b¢ and ¢ are both parameters. There is habit persistence
in consumption as long as b° # 0. This is done in order to get hump-shaped responses, which

matches data.

The savers have the following individual budget constraint

BCP(j) + BL3) + Bu(j) + SeBi(G) < Li(i)Wi(j) + Rf cun(j) K (j) —
PI?K(5) + (14 71) Bea(j) +
(1 + 7":;1) PgIStB:fl(j) +
®:(j) — TAX4(j)

On the left hand side we have the households expenses. For all variables, the j notation
indicates that it is about type j, and the ¢ subsrcipt denotes that it is in period t. The
household can spend resources on consumption, C{%(j), investment, I;(j), domestic bonds,
By(j) or foreign bonds, B;(j). Bonds are bought in local currency and foreign bonds need
to be multiplied by the exchange rate such that we get in home currency. For simplicity I
will normalize the price of the final good to one, P, = 1. The final good are used for both
consumption and investment*. On the right hand side of the budget constraint we have
income. The household get income of doing labour, L,(j)W;(j), where W,(7) is the wage and

L;(7) is the amount of labour. The capital income is rental rate of capital, RX, multiplied with

*We can for instance think on the final good as grain. Grain can either be consumed or used as seed.
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the amount of capital that is hired out, cu;(j)K;(j) , minus the cost of keeping the utilization
rate at it’s current level, B,I'y K;(j). The cost of keeping the utilization rate at it’s current
level is multiplied with the price of the final good in order to get money units. In addition
to labour and capital income, the households have position in the bonds market. B, (j)
and By ,(j), is the households holdings of domestic and foreign bonds from period ¢ — 1.
Domestic bonds pay interest rate r;_; on bonds bought in period ¢t — 1 and foreign bonds pay
interest rate r;_; on bonds bought in period ¢t — 1. The households also pay the transaction
cost TP}, when they take position in the foreign bonds market. The foreign bonds need to
be multiplied with the exchange rate to get in home currency. ®,(j) is profit transferred from
the firms and T'AX,(j) is lump-sum taxes paid by the households. The budget constraint is

binding in optimum, since the households utility is increasing in consumption.

The households maximize expected future utility with respect to the control variables
subject to the budget constraint, that the labour market clears and the capital law of motion.
If we substitute the demand for labour into the budget constraint, the households face the

following maximisation problem

max E,
{Kt+1(5),C*(45),L5*(4), B (5),By (3),We (5),cut (5),1(5)}

> 8 [Z (G () = o(Lu(4)))]

O\ Y
st.  C{(j) + Li(j) + Bi(j) + S$iBi () = (WV%/—(])> LWi(j) + Rf cur(§) K4 (j) —
LYK (5) + (14 71) Bi—a(5) +
(1477 (1— FEI) SBy_1(j) +
i(j) — TAX4(5)

Kia(G) = (1 =0)K(j) + ¥;(5) Ke())
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The Langrangian becomes

Zy (u(CE(4) — v(Le(4)))

—A (L4 7r1) Bia(G) + (L+7720) TES B ()
+O.(j) — TAX(j) — Be(j) — SeBf (j) — Ci(y) —

—e <Lt(j) - (WV—;—?)> - Lt)

—wi (1= 0)K4(j) + V() Ke(j) — Kera ()

L—E> B
t=1

After inserting the expressions for the frictions, the Lagrangian look like this

Zy (w(C(4)) — v(La(4)))

i (147 1) Bia(j)+

c-mSa| (1 7iy) exp (—0 T + low(ZE1) ) SBi-i (i)
+®,(j) — TAX,(j) — B.(j) — S$iB;(j) — PCi(j) —

(L) — (22,
(20 (52) &)

—wi (1 = 0)K:(j) + V() Ke(j) = K (5))

16
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() " LWald) + REcun()EA() = TEKo ()

L(j)

(Wf(j))_ LW, () + RE cus())Ku(j) = Pupr (22070 — 1), (j)+

P1y(5)




The first order conditions will then be

%ﬁl(ﬁ = Blw+ BHE, Atﬁg:l& (eq;q;tu;:%;ﬁ;;f;jl)( )i%z? 1)()j))_ £6)
oGy = B e o (39)
agf(j) = Ef'[Z]w(Ci(j) = M(=F)] =0 (3.10)
afjj) = B [=Z] v (Li(j)) = 7] =0 (3.11)
w0, Y ((1—%) (Wv’;(f))_%t)_ » .
o) v (e (&) w )
agf(j) = EBS' - M(-1)] = B E M (L +7)] =0 (3.13)
smGy = PBEN S -8 eXp(—gbBl%%}?ii;( 2 S | O
s = BB (REEG() = Pubyae®= O VK, (7)] =0 (3.15)

3.2 The marginal rate of substitution between labour and con-

sumption.
Rearrange (3.10) and (3.11) to we get
ZtUW(Ct(ﬁ) =—-MF;
200 (L)) = —, (3.16)
The marginal rate of substitution between labour and consumption is given by

UACMLLAY) _ ZEv (i) _
UNC(). Luy) ~ Z0unCil) ~ A

MRSFC(j) = (3.17)

Inserting for the utility (3.6) and the disutility (3.7) functions

o DRCRGNLGY (LG (CR0) =K ()
MBS0 = 5res0), LG 1) =N
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In order to get stationarity insert for C5%(j) = Z,c*(j) and MRS = mrs© Z,

(Ztcfa(j) - cht—lcfil(j))

mrs;" (j) 2 =

(Le(5))°

(1—1b°)
or where dZ; = , the technology growth from period ¢ — 1 to t.
324 (9)
(o) — By
mTStLC(]) - (1 . bc)dZ (Lt<]))§

Due to the fact that each agent is equal, we can drop the j notation

c _bccz 1
mTStLC_ ( t(l_bcd)Zt)(Lt)

The marignal rate of substitution depends on today’s consumption, lagged consumption,

amount labour today, technology growt and the parameters b° (habit) and ¢ (labour).

3.3 The stochastic discount rate.

From (3.13) we get
BN = BT E ] (1+14)

rearrange and get

1=E, [6)\:1] (1+7r) (3.18)

Where we define D, ;11 = E} [5 )‘:1] as the stochastic discount rate. From (3.10) we get an
expression for A\;
ZtU u/(Cy(j))

A= —
! P,

(3.19)

Which also must hold in period t + 1

(3.20)

Filhea] = =5 [ZtCint)]

P

Dividing (3.20) by (3.19) and multiplying by 3 gives this expression for the stochastic

t+1u/(Ct+1( )P }
Z{u(Cy(5)) Pra

discount rate

A
Dyvir = E, {5 ﬂ =ﬂEt[
t
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Inserting for the utility function (3.6)

A1 [ Zioo)rorg
Et B = /BEt m 1—b¢
At | 2 ortromm
— BE Z{ (Csa( ) b°Cyy (g )
- t .
Zt[] ( t+1 - bCCSa ) P

In order to get stationarity, insert for C3*(j) = Zic%(j)

ZtU+1(ZtC W) = b Zaci? 1.7)
ZV (Zysr638,(j) — b Z4¢3°(5)) Prsa

Ey [ﬁ)\;\:l} = 5Et

Divide with Z; in the numerator and the denominator on the right hand side

At

]:ﬁE ZP (Cf“(J) beZten ())H

Att1
5, [ﬁ
ZU (Zt+1ct+1( ) — bcC%”(f)) Py

Use the definition dZ; = ZtZtl and II;11 = Ijgjll
B t

Atﬂ]zﬁt Zh () = et () 4 1

E, B
' [ At ZY (dZysa 38, (5) — bec*()) Miga

The stochastic discount rate depends on four factors. First it depends on the discount fac-

tor §. Second it depends on the intertemporal preference shock ratio ZZ%}, it says that the
stochastic discount factor becomes larger the more biased our preferences are toward future
consumption. The larger the stochastic discount factor is, the more weights do the house-
hold put on future periods, meaning they become more patient. Third it depends on the
households relative intertemporal wealth % Since w/(Cy(7)) > 0 and w/(Cy(j)) < 0,
uw(Cy(7)) will decrease when C}(j) increase. This mean that the stochastic discount factor
decrease if the households expect higher consumption tomorrow than today. In other words,
the households become more impatient and therefor consume more today, if they expect
better times tomorrow than today. This is consistent with consumption smoothing. Finally,
the stochastic discount factor depends on the inflation rate. If the expected price tomor-
row raise, the stochastic discount factor decrease, households become more impatient and

therefore they consume more today.
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If we combine equation (3.21) and (3.18) we get the classic Euler equation

A <ct (j) — bcd—ZtCta1(j)> 1
zy (dthLleil(.]) - bccfa(j)) I

1=pE, (14 r)

1~H”t)

insert for the real interest rate defined as Y; = i

and due to the fact that each agent is

equal, we can drop the j notation

Zt[{&-l< -0 ; 7 Cie 1)
A4 (dZt+1Ct+1 — bccf“)

]_ - ﬁEt Tt

rearrange
20 (Zacita () - b))
20 (@G) = b et ()

stterom (1]

or rearrange to get

sa [ c (]> _ szljl(1+rt) sa c .
i) -0 =g | Z ) () v ) e

3.4 The uncovered interest parity condition.

Ey

From (3.14) we have

p1St-1B;

t>\ — t+1E Y 1 * . Mi-17-1
B*NSy = B t|: t1( —H"t)exp( o PYi,

- +log(Z] )) 5t+1}

Rearranging gives

A S;_1B; S\ S
L= (14 B 32 oxp (0" 05 om(2) ) 25
t t—14¢—-1

From equation (3.18) we get E, |32 | = —L _ substitute and get the uncovered interest
q g Y re) g

parity condition

1=01+rHE exp [ — Bl—+lo 7B ) 3.23
i) | o (—67 BTt a2 ) (3:29
Rearrange and insert for B} |, = Z,_1FP/b;_, Y1 = Z;_1y1—1, where bf ; is per savers

holding of real detrended foreign bonds, F;" is foreign pricel evel, in order to get stationarity
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and multiply and divide with t“ on the right hand side

Si 1 Zy P b Sy gt B
(I1+mr)=1+r)E; |exp (— BUZIZ AT o1 ) log(Zﬁ*l)) —PPt“PPt
P17y 1y S, FEL
Piy1 Py
Insert for the real exchange rate v; = Sgt* and inflation II}, | = Pf;l Al = P“

*

b
(L4r) = (1+)E, [exp (—¢Blvt_1

t—1

x 1
+ 10g(ZtB—1)) Iy ]

Insert for the real interest rate T; = (IHJF—T’) and T} = ll.ltrf)
t+1 t+1

*

b
T, =Y/ E, [exp (—¢Blvt1 =l

Yt—1

- log(Zﬁ*l))}

This states that the expected payoff in the domestic bond market is equal the expected payoft

in the foreign bond market. This rules out arbitrage in the model.

3.5 The individual wage setting equation.

Rearrange equation (3.12) and get

Vet
Ae(1—y)

From equation (3.17) we have that i+ = P, M RS;, insert and get

—AM (1= 1) = 70, Wi(j) ™ = Wi(j) = —

Yy

W,(j) = MRS P,
v) C, )

To get in real detrended terms insert for W;(j) = P,Zyw;(j) and get

N Lo W
Zyw(j) = MRS, —(77Z)t Y
simplify and get
wy(j) = R Xe; U, _ ZP (Ly(5))* (ce(j) = b ZC(j) 1,
* STy Zy (1 —1°) (- 1)
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Due to the fact that each agent is equal, we can drop the j notation

e Y

wy = mrs;’ W= (3.24)

We see that the individual wage depend on the marginal rate of substitution between labour
and consumption, today’s price level and the agents degree of market power, ¥. The wage
will increase when ¢ decreases towards the value one.

The wage expression (3.24) differs from the wage expression in NEMO. Brubakk, L,
Husebg, T. A. , Maih, J. and Olsen, K. (2006) shows that the wage in NEMO is given by

-1

(¥, — 1) (1 =T + 6" [ ; ;

Wy = Y, Mrs
¢ = Uy t _ED v Ltﬂgb tﬂ_l HtVYH
Lt t4+1 t+17 1, nw

due to a wage adjustment cost, which enters in the budget constraint, given by

where the cost depends on type j's wage inflation IT}Y (5) relative to the past wage inflation
for the whole economy I1}",. The parameter #" determines how costly it is to change the
wage inflation rate. We see that when type j set wage equal to the past wage inflation, the
adjustment cost will disappear and the wage in NEMO and the flexible price model will be

the similar.

3.6 The optimal investment to capital ratio.

From (3.8) we have

o gm | e (10 FEBEL0) + () ]

— A1 (Pt+1¢  (ePer(cu @)=l — 1) — Rfiwutﬂ(j))

From (3.9) we have
OV, (j)

APy =
HTOL0)

Ki(j)
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Multiplying 0275 It“(J on both sides of the fraction line in the first equation and 9% ]t(]j) in the

latter one
3‘1’t+1(j)5;?+1((j-)) . .
w 1-60)+ ——7—2K + W —
o = BE | <( I T oy U Enl) (325)
)\t+1 ((Pt+1¢ ((ePerlem D=1 — 1) — RE cupya(4)))
0W,(j)0%
>\tPt = W ]—mKt(j) (326)
8Kt(J 0IL(7)

To ease the notation, let us define

0w, ( I, Iss > ( I, I, )
=V, =1- 227! — -
8[[(_2 t ¢Il t KSS ¢I2 Kt Kt_l

Due to the fact that each agent is equal, we can drop the j notation. Two more fact that

will be useful is

Ti41
Kon _ 1
Ol Ky
Iy
R _ __dm
0K (K1)
We can now rewrite e.g. (3.25) and (3.26)
w, — BE Wi+1 <(1 —0) =¥, ;I;:ll + ‘I’t+1> - ]
t t
Mgt (Pr1dgy (efe2( o= — 1) — RE cugyq)
AP,
)\tjjt = Cdt\:[]; < Wy = t/t
‘;[Jt

Substituting w; and w;,; from the last equation into the first one gives

t+1

)\t—i-l (Pt+1¢<p1 <€¢‘f’2(cut+1 1 1) — Rfilcutﬂ)

)\t-Pt o /BE [ Atj‘;& ((1 — 5) \Ijé+1[?+1 —+ \I/t-i-l) ]
- t

Divide both sides by P, and )\,

P, 5 ﬁxj&f'l (( —0) + ¥y I](f+1 + ‘1/t+1> -

t
\IIIIEPt-i-l /8)\H»1¢ <€¢>¢2 cup1—1) )+ /6/\/\t+1 RKC'U,t+1

tPri1
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Inserting for the real rate of capital RX = P,rK and rearranging gives

i _ Et 6)\t+1 Ht+1 ﬁ ((]. 6) \Ij:erl []{t;q + \Ilt+1) — (327)
\Ijg )\t ¢4p1(e¢¢2(CUt+1 D 1) + TtI(C'U,IH,l

Taking into account that each type behave similar, equation (3.21) gives E; [6&—:1} =

Zt+1< §e—be dztct 1) 1
Zy (dZt+1ct+1—cht )Ht+1

U sa b° _.sa
1 s 8 ( G~ d_ztctq) ﬁ ((1 J) — \IIQHII;“l + \I/t+1> —
) Ppr (P2 1) — 1) 4y

BE

} , insert and get

3.7 The optimal utilization rate of capital.

Rearranging and simplifying equation (3.15) gives
RtK — Ptgb‘plqb@zedhpz(cut(j)—l)

or inserting for the real interest rate of capital

K _ RK

= Pt = 00 et Y

Note that the left hand side is F( 5 therefore we can write

K _ ory
b Ocuy(j)

This express the rental rate of capital as the derivative of the cost of changing the capital

utililsation rate with respect to capital utilisation.
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4 The intermediate good production sector.

The intermediate foods production sector is introduced in this chapter. First, the environ-
ment and the production are presented. Second, the optimal input of labour and capital is
obtained. Third, the demand for the intermediate good is derived such that the optimal price

of the intermediate good can be obtained, which also is derived.

4.1 Environment and production.

The intermediate good (7}), is produced by using labour (L;) and capital (K;), as inputs.
There is a continuum of intermediate producers indexed h € [0, 1] . The production technology

is Cobb Douglas given by
Ty(h) = (Z:Z{V Ly(h)) = Ko(h)® (4.1)

Where Z; is the trend growth, Z'V is temporary shock to productivity of labour with expec-
tation one, K,(h) is capital rented by intermediate firm A at time ¢, L,(h) is labour bought
by intermediate firm h at time ¢, « is parameter which denote the weight on capital in
production, 0 < o < 1.

The intermediate good T is sold both domestic and abroad, denoted () when it is sold
domestic and M when it is sold abroad. The intermediate good is used as input for production
of the final good. The intermediate producers set prices in own currency (PCP). Hence the
import price the final good producers face, depends on the exchange rate. Figure (4.1 )show
the pricing procedure.

Labour is, in contrast to other variables like capital which grows over time with rate Z;, a
stationary variable. The amount the households work does not follow the trend. That means
that labour fluctuate around some constant level. Since we want stationarity in relevant
variables, we must detrend those variables which are nonstationary. As before, small letters
represent detrended variables. Inserting for k(h) = RZLZL) and t;(h) = %th) in (4.1) and taking
into account that all firms behave similar in equilibrium, we get the following stationary
product function

tt - (ZtLULt)l_aEta (42)
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P P 1 Producers set
export prices in
/ \ prodUcer cUrrency.
Q M M“' Q‘
T T

Figure 4.1: The pricing procedure. First, the intermediate good producers set PM and PM".
Second, the "consumer price" P“M and P“M" depending on the exchange rate, is revealed.
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4.2 Finding the optimal mixture of capital and labour in produc-

tion.

At any level of production, the intermediate good producers minimize their cost. The inter-
mediate producers pay labour cost and capital cost. The capital cost of the intermediate firm
is simply the capital rental rate multiplied with the amount of capital the intermediate firm
rents. The labour cost can be expressed as the average wage per labour unit times the amount
of labour the firm buys. To make this more clear, I will give an example. Let W/ (h) denote
the average per labour unit wage of firm A’s labour bundle. Imagine one firm (firm 1) and two
households. The firm’s labour bundle at time ¢ will be L?(1) . A labour bundle is the firm’s
total labour demand. This demand include different amount of labour from each household,
depending on the wage each household sets. Assume firm 1’s labour bundle is 10 labour
units from household 1 and 100 labour units from household 2, L;(h, j) = L;(1,1) = 10 and
L(1,2) = 100. Firm 1’s total labour demand will then be 110 labour units, L!(1) = 110.
Assume further that household 1 has set wage to 100 and that household 2 has set wage to
10, Wi(1) = 10 and W;(2) = 100. The average labour unit wage of firm 1’s labour bundle
will be a weighted average of the wages the households set, W}!(1) = 22100 + 1210 = 200

110 110 110 °

The total labour costs for firm 1 will then be 2000, W} (1)L{(1) = 232110 = 2000.

The intermediate firm face the following minimization problem.

min  {W/(h)L!h) + REK,(h
{Lt(h)Kt(h)}{ t< ) t( ) ¢ t( )}

st T(h) = (ZZ{V Li(h)' " K. (h)" (4.3)

This give the following Lagrangian
L = —Wi(h)Li(h) — REK,(h) — \, <(ZthULt(h))1‘°‘f(t(h)“ - Tt(h))

This yield following first order conditions

oL . i o
L) - —Wiy(h) — M(1 — @) Z,ZFV (Z,ZEV Ly(h)) K (b)) = 0 (4.4)

?E - _RF i )\ta(ZtZtLULt(h))l_akt(h)a_l = 0 (45)
OK,(h)
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Equation (4.4) gives:

Wih) = —M(1—a) (ZZF) '™ Li(h) " K.(h)"
W) = A(1- )7

Solving for L.(h) gives:

Li(h) = 4.6
Equation (4.5)gives:
RE = —\Na(ZZFL,(h) K (h)*?
T, (h
RtI( = —>\tOé — ( )
Ki(h)
Solving for K,(h) gives:
_ Ty (h
Ko(h) = -2t (4.7)
R
The capital to labour ratio becomes
— AeaTy(h)
Kih)  TRE
- )\t(l—a)Tt(h)
Li(h) — s
)
Lih) — (1—-a)Rf

Insert K,(h) = k(h)Z;, Wy(h) = w,P,Z, and RE = rK P, to get into real detrended terms

ki(h)Z, a wPZ
L(h) ~ (1-a) 7FP,
(3
Ei(h) awy

Ly(h) 1—a)rf

ki(h) is measured in per savers term. Labour is equally supplied by the savers and the
spenders, and therefor in per capita terms. We need to multiply capital by the share of the

savers to get in per capita terms. Taking into account that all firms behave in the same way,
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we can remove the individual firm notation.

(1 — sle)ky o wy
= — 4.8
Ly (1—a)rf (48)

This is the optimal capital to labour ratio. It depends on the weight on capital in production,

@, and the ratio between wage and rental rate of capital, -%. To no surprise, we see that an
t

increase in wage will increase the capital to labour ratio, and an increase in the rental rate

of capital will decrease the capital to labour ratio.

4.3 Deriving the marginal cost.

Plug the expression for the optimal amount of labour (4.6) and the expression for the optimal

amount of capital (4.7) into the production function (4.1)

TR — (ZtZtLUAt(1I;/j})L)Tt<h))M (%{tf’l))a

Rearranging gives
1-a A(L — @) " Ti(h)o”
Wi(h)t=e (Rf)"

Ti(h) = (Z:2,")
Dividing with 7;(h) on both sides

1—a M(1 = a)l7@a”
Wi(h)t== (Rf)"

1= (Zz}")

Solving for \; gives
W, ()= (RK)

(1= )= (Z2F)
Detrend in real terms by inserting W;(h) = w;Z; P, and RE = rK P,

t:

(thtPt)l_a (Tfpt)a
(1 ) —var (2,200

w -« TKoc
=Pt ot
= (a=azm) (2)

The interpretation of \; is nominal marginal cost of production. ), is the Lagrangian’s

t:

Rearrange and get

multiplier for the production function. This means if we increase the production by one unit,

the cost will raise by \;, hence \; = M ). Inserting for the real marginal cost, mc; = J\/}[)tct =
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% give the following equation

o= (i) (2) o

This is the real detrended marginal cost function. It depends on the wage level w,, the
weights on capital and labour in production, o and 1 — «, the rental rate of capital 7 and

the productivity shock to labour.

4.4 Deriving the demand for intermediate goods.

The final good producers use a bundle of domestic and a bundle of foreign intermediate
goods in the production of the final goods. Since the intermediate producers set price of
the intermediate food, it need the demand fro its goods to be able to set the optimal price.
Optimal in perspective of the intermediate producers. The intermediate producers sells, as
mentioned earlier, both domestically and abroad. It is therefor interested in the domestic
demand and the foreign demand for its products. The domestic intermediate producers
need domestic demand for domestic produced intermediate goods and foreign demand for
domestic produced intermediates. The domestic final good producers’ bundles of domestic
intermediate goods and foreign final good producers’ bundles of domestic intermediate goods

are taken as given and are expressed by

oy
1 - of -1
Qi) = /Qt(h,x) o dh
0
oF”"
1 oF* 1

My(z) = | [ My(h,a®) % an
0
Where @Q;(z) is domestic final good producer z's demand for domestic intermediate goods,
Q:(h,x) is final good producer z’'s demand for domestic intermediate goods produced by
intermediate producer h. M/ (x) is foreign final good producer x*s demand for domestic
intermediate goods and M;(h,z*) is final good producer x*s demand for domestic interme-
diate goods produced by domestic intermediate producer h. The parameter 67 > 1 denotes
the elasticity of substitution between the differentiated domestic intermediate goods within
the domestic final good producers. 95 " > 1 denotes the elasticity of substitution between
the differentiated domestic intermediate goods within the foreign final good producers. The

demand facing each intermediate firm will depend both on its price and the elasticity of
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substitution between the differentiated intermediates. A high 6 /0 indicates that it is
relatively easy to substitute between different types of the intermediate goods. The size of
these parameters will thus determine the extent of competition in the intermediate sector.
We let 9,{{ and Qf be time varying to allow for changes in the competitive environment over
time.

To find the demand facing an individual intermediate firm h, a cost minimizing approach is
used. Final goods producers (z) seek to minimize the cost of intermediate goods in production
subject to how intermediate goods are bundled together in production. This minimization

problem can be written as;

off
1 ) o 1
st Que) = | [Qulhn) T an
0
The Lagrangian for this minimization problem is given by;
QH
1 1 T
L= / P2 (R) Q, (h,z) dh — A, / Q. (h,z) ¥ dh — O (2) (4.10)
0 0
The two first order conditions are given by;
oL _
som — V=
92{:_1
0 9{1 1*6% ' 1 olH
Pt (h>— tQH_]_ Qt(h,fﬂ) t dh 1_0_H Qt<h,.’ﬂ> i =0
t t
1 9;{11—1
= PP (h)=\ /Qt (h,a) " dh Qi (h,z) 7 (4.11)
0
0
L =0=
off
1 11 o -1
Jama " Ta| —aw (1.12)
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We start with the first first order condition (4.11) and multiply both sides with Q; (h, z);

H
b1

|
H
9t —1

1 1
oF I--"

1
P2 (h) Q (h, ) = A / Qu (o) 7 dn Qu(hya) 7
0

Integrating over all intermediate firms A, on both sides gives;

1 1 ) 0%:*1 1 1
[P Qi an= | [Qua’ ™ an [avnn an
0 0 0
off
1 1 o 1
e [Brm@iaan=x| [@n " ay (113)
0 0

Using the second first order condition (4.12), equation (4.13) can be written as;

1

/ P2 (1) Q, (hyz) dh = AQ, () (4.14)

0

The left hand side of (4.14) represent total cost of differentiated intermediates for final
goods firm z. Since the latter part of the right hand side is the aggregate input of intermediates

in firm x, \; must represent the unit price of that input, hence the price of the bundled good
Q¢ ().

Total demand for firm h's good is the integral of the individual demand for firm h’s good
from all final goods producers z, see equation (4.15). Total demand for differentiated inter-
mediates in the economy is the integral of the demand for the bundled aggregate intermediate

from all final goods producers x, see equation (4.16) ;

1

/ Qi(h,x)dz = Q(h) (4.15)

/Qt (x)dx = @ (4.16)

Integrating (4.14) over all final goods producers z and using demand facing each inter-
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mediate firm A (4.15) and the total demand for differentiated intermediates (4.16) we get;

1

/E%m]@m@mmx: &%&@mx

0
1

/ PO Qi (hydh = MQ:

0

(4.17)

Now the left hand side of (4.17) represents total cost of intermediates in the economy.

The latter part of the right hand side is total demand for intermediate goods. Therefore

the interpretation of \; changes slightly. A; now represent the unit price PtQ of an aggregate

intermediate good Q,. Inserting for A, = P2 in the first first order condition, (4.11) we get;

1 t 1

1
P? (h) = P? /Qt (h, x)l_ofl dh Q; (h,x)
0

1

Multiply both sides with Q; (h,x)%" , and divide by PtQ (h);

H
1 041 —1

1
i P I=om
Q¢ (h, )" =) Q¢ (h,z) ¢ dh
t
0

Raising both sides to the power of 9

oH

oH 1

off [ 1 ) ;
1—-L
t ) 9{{
) /@(hm dh
0

Using the second first order condition (4.12);

e \%
Qt(hux):< ol ) Q: ()

PtQ
Q1 (hax) = (PtQ (h)

PP (h)

Integrating over all firms z gives;

1 R\ "
/Qt (h,x) dx = (P—ﬁ> /Qt (x) dz

(4.18)

(4.19)

(4.20)

Inserting for the two demand aggregates, (4.15) and (4.16) , into (4.20) we get the demand
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function for intermediates

P\ "

Qu(h) = ( e ) Q. (4.21)
t

The domestic demand for intermediate firm A’s good is a function of the price of that good,

PtQ (h), the aggregate price, PtQ, and total domestic demand for intermediates, @);. Demand

for firm h’s good is increasing in the general price and in total demand for intermediates, and

decreasing in the degree of monopolistic power in the intermediate goods market (through

the elasticity of substitution).

The foreign demand for domestic products is found equivalently;

*

cM —0f
) = (Tt ) o (422)

where PCM = Ps—f, PEM is the price the foreign final good producer pay in local currency
for the domestic intermediate good. Since the intermediate producers set prices in own
currency, we need to express the demand as a function of the producer currency price. To

do so, substitute P°Y = & PM and PF(h) = & PM(h)

*

iy = (B

The foreign demand for intermediate firm h’s good is a function of the export price of that
good, PM(h), the aggregate export price, PM, and total foreign demand for intermediates,
M;. Demand for firm h’s good is increasing in the general export price and in total demand for
intermediates, and decreasing in the degree of monopolistic power in the foreign intermediate

goods market (through the elasticity of substitution).

4.5 Deriving the domestic price setting equations for the produc-

ers in the intermediate goods sector.

The intermediate firm’s profit function in period ¢ is

T = (PE(R) = MCi(h)Qu(h) + (P! (h) — MCy(h) Mi(h) (4.23)

N

Profits from the domestic market. Profits from the export market.

Which is simply income minus costs in domestic market and export market. PtQ(h) is the

price firm h sets for the intermediate good in the home market, MCy(h) is the marginal
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cost of production for firm i and Q;(h) is the quantum firm A sells in the domestic market.
PM(h) is the price firm h sets for the intermediate good in the export market and M;(h)
is the quantum firm A sells in the export market. We assume producer currency pricing,
meaning that the producers set price for their export in own currency. Therefore does not
the profit function depend on the exchange rate.

We have the marginal cost from e.g. (4.9), from e.g. (4.21) and e.g. (4.22) we have the
domestic and the foreign demand for intermediate goods respectively. If we plug these three

equations into the profit function (4.23) and maximize for all future periods we get

_gtH

(PO —2rCum) (%56°) @it

(PR~ M) ()™ an)

M
Pt

o
T = Imax E Dt,t-i—l
{PEm),PM()} =

This gives following first order conditions

or
=0 <=
OP7 (h)
1oty (2 - P " —(—amynrcyn (2 - ) " o =0 (424
-0 (3a) @ (R®) " —onman (5g) - (R0) T Qim0 (2
o _ 0 <=
orM(h)
F 1\ " M —of” F* 1\ " M —0F"—1
(1-6;) P My(h) (P (h)) ™ = (=0, )MCy(h) 2l (£ (h)) My(h) =0
(4.25)
Rearrange (4.24) and get
o (P P\ "
-0 (") @=-etuam (Zem ) (Pm) o
_9{1
Divide both sides with (1 — 67 (Pf, g’”) 0, and multiply both sides with P(h) gives
Q o)
PO(h) = —t—MCy(h 4.26
20 = gy MO (4.26)

Divide by P, on both sides to get real terms. We can also get rid of the firm specific notation
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since all firms behave equally.
o1
Q t
= —mc 4.27
! (HtH — 1) ! ( )

Which express the optimal price for firm h in the domestic market. It depends on the

p

marginal costs and the parameter 6.
Rearrange e.g. (4.25) and get

M *ot M *at
<1—9f">(3pt]€,h)) Mi(h) = 65 MCy(h) (Ptﬂﬁp) (P (1) ™ Mi(h)

R

Divide both sides with (1 — 6]") (Pt;{M(*h)> M;(h) and multiply both sides with PM(h)
gives

0;

(0, —1)
Divide by P, on both sides to get real terms. We can also get rid of the firm specific notation

P (h) = MCy(h) (4.28)

since all firms behave equally. .
pM = —(Qfej— 1)mct (4.29)
Which express the optimal real price for firm h in the export market. It depends on the
marginal costs and the parameter Qf "
Both prices th and pM are expressed as a markup over marginal cost. As the §; parameter
in eq. (4.29) and eq.(4.27) increase the price converges towards the marginal cost. In other

words, the smaller 6, is, the biger are the markup and the price.

The price eq.’s (4.29) and (4.27) differ from the price expressions in NEMO. Brubakk,
L, Husebg, T. A. , Maih, J. and Olsen, K. (2006) shows that the prices in NEMO is given by

o1 1 1< e
Q _ t Q Q t t
by = mey — <pt - mct) o -
(6 —1) (0 —1) (1 —1F7) e, e,
1 Qt+1 H?l Hth
+ E.D < Q@ me ) II,,,——dz Q L. +
(Qf — 1) (1 — FfQ) ttt+1 | Peia t+1 t+1 % +19 H? H?
and
. or" 1 . .| oMe” [Me
MQ* t _ ( MQ* ) MQ t 1 t
Vp = ——=———T1NC - - Uy — MC - -
R TR v A A T
1 MQ* mayq MQ* Hi\ﬁ) H%F?
+<05* _ 1) (1 _ Ff]VIQ*) EtDt,t+1 <pt+1 Uy — mCt+1> Iy ma; dzi410 Hin* —1 Hin*
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due to price adjustment costs, which enters in the firms profit function, given by

P2(h) 2

P h) 2
ey = @0 | BLe | _ 6?0
t 2 PtQ—l 2 HtQ 1
> ‘.
Pt—2
and
tIMQ*(h) 2 9
[P’ ) = M0 P (1) o HM@ HyQ (h) 3
: 2 | A 2 | 'Y

SMQF
Pt72

where the firs cost depends on firm A’s inflation on domestic sold goods H,? (h) relative to the
past inflation for the sector HtQ_l, and the second cost depend on firm A’s inflation on exported
sold goods II} Q*(h) relative to the past inflation for the sector H% ? The parameters ¢
and ¢M? determines how costly it is to change the inflation rates. p,;M @ correspons to pM
in the flexible price model. We see when firm h set prices equal to the past inflation, the
adjustment cost will disappear and the prices in NEMO and the flexible price model will be

the same.
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5 The final good sector.

In this chapter I will go through the final good production sector. First, the environment

and the production are presented. Second, the demand for intermediate goods are derived.

5.1 Environment and production.

The final good, A;, is produced by combining domestic produced and foreign produced in-

termediate goods. The following functional form is adopted

Alw) = [T Qul@) BT + (1= 0) T My (2)' (5.1)
Where the only inputs in production are domestic produced intermediate goods and foreign
produced intermediate goods (imports). A;(z) denotes final good produced by final good
producer z, Q;(z) denotes domestic produced intermediate goods used in production by final
good producer x and M/ (x) denotes foreign produced intermediate goods used for production
by final good producer x. v and pu? are both parameters. The stationary version of the

production function is derived in Appendix 2, but is given by this expression

1 1—-L_ 1-—x A1

- A
ag = |vrtg " +(L-v)m; " (5.2)
_ A o) . _ M :
where a; = 575, @ = p7 and my = 54-. Because of the same argument as in the other

sectors, that all firms are similar in equilibrium, we can drop the x notation.

There are monopolistic competition in both the labour market and the market for inter-
mediate goods. It is assumed to be perfect competition in the final good sector, Hence there
will be no profits or dividends in this sector. We can therefore neglect the ownership of the
final good producers. The final good sector can be interpreted more as a process than a full

production sector.

5.2 Deriving the demand functions for intermediate goods.

The final good producer maximize profit and take the price on the intermediate goods as
given. The final good producers problem will then be to minimize the cost subject to a
production level

min  P9Q,(z) + P°M M*(x
Q@) Qi(x) t i ()
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1

s.t. At(ZL‘) = [UﬁQt(l‘)liﬁ + (1 _ V) A Mt*(l‘)liﬁ] pA—1

Changing this into a maximizing problem give the following Lagrangian

ﬁIJ?@@—EW%m@—&QM@—pé@@ké+u_méwmfﬂp%)

This gives the following first order conditions

1 1 =1
_ A1 e PPIRS B =
aQt(x) - Pt +>\t " (]_1— V)FMt (I) F ] 0 (53)
o (1 ) ot
MA 1
s s -
or (%) ZalC o
cM* _ 1 _ 1
M (2) = P + A pA—1 —}—(I—IV)HAMt*(I)l A 1 =0 (54)
x (1=t (1= k) My(2) o
Rearranging equations (5.3) and (5.4) give
1 1—-L1_ 1 1— L ;LA1—1
sy | [P T (= ) ()]
t T a 1
X V“AQt(.’L') i
L 1--L Ry 15 HAl_l
PoMT =, P @ua) T (L= )M (@) (5.5)

- 1
X (L—w)rt My (x) »*
The Lagrange’s multiplier tells us how much the cost will increase if we increase the produc-
tion by one unit. In other words, \; = M}, where M} is the marginal cost. Due to the
fact that there is perfect competition in the final good sector, we can replace the marginal

cost with the price of the final good, \; = MC; = P,.

(VR Qul) T (1= )R My () e
PtQ = b ! 1 1t (56)
X vetQi(x) w1
[P Qua) 7 + (1= )P My (o) |7
peM = p, | [V e (5.7)
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1

g . . Qi(z) n? 1 . . M (z)n?
Multiplying both sides in (5.6) by = %— and multiplying both sides in (5.7) by

t PtM
yields
a2 P o o _a B R
Q)™ = —Gvi [T Q@)+ (L= v) Al () ] (5.9
t
S i T [ O () e |
My ()% = oo (1= )i [vitQu(@)' 5 + (1= v)i 7 0y ()57 (5.9)
t

Raise both (5.8) and (5.9) to the power of i, rearrange and insert for the production-function

(5.1) and the real prices p& = % and pfM" = % to get

) = (1) " v

My () = (pF™) ™ (1= v) Ay()

Due to the fact that all firms are similar in equilibrium we can drop the x notation. To get
stationary variables, insert for Q; = ¢;Z; P, and A; = a; Z; P,

A

q =V (th) - at (5.10)

mi = (1—v) (p°) " a, (5.11)
Equation (5.10) express the optimal amount of domestic produced intermediate goods in
production of the final good. This depend on the ratio between the price of intermediate
goods and final goods, the production function and the parameters v and p*. Equation (5.11)
express the optimal amount of foreign produced intermediate goods in production of the final
good. This depend on the ratio between the price of domestic produced intermediate goods
and the final good, the production-function and the parameters v and p#. In other words,
equation (5.10) and (5.11) are the demand-functions for domestic produced intermediate
goods and foreign produced intermediate goods.
We assume that the foreign demand for domestic intermediate goods can be derived in
the same way, thus

AT
= (=) () 2P

PeM . . . .
where pf™M = }’Z‘ is the real price of the home country’s export in foreign currency, y; is

the foreign country’s production and ZPTF'F is an asymmetric technology shock.
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6 Equilibrium conditions and the models equations.

In this chapter I will first give the last definitions which closes the model and simplifies the
savers budget constraint. Second, the government is introduced. Third, the properties of
the foreign country is described. Firth, the shock processes are presented and a list of the

model’s equations are given.

6.1 Equilibrium conditions.

In order to close the model we need some definitions. y; denotes the real gross domestic

product. Following the national account’s definition of the gross domestic product we get
ye = a + pymy — pg M my (6.1)

where a; is the real domestic production, pMm; is the real exports and p&™ m; is real exports.

The final good can be used for private consumption, public consumption and investment.
This is given by

ay = ¢ + (1 — SlC)it + gi (62)

where the investment is multiplied whit the share of the savers since there are only savers

who can invest. All variables are in real detrended terms.

The intermediate goods are sold domestic and foreign
by = qr + My

The savers budget constraint is also an equation of the model. It might be useful to
simplify some. By dividing the households budget constraint by the Z;P,, we get the real
detrended budget constraint.

PG (5) i PI(j) i Bi(j) i SiB; (j) < Li(j)Wi(4) i R cuy () Ki(j) _

Z Py Z Py Z Py Z Py o Z Py Z Py

PIYK()) n (1 +71) Bia(j)
Zi Py Zi Py
(1 + rf—l) U7 8By (j) I
Zy Py
3,()) TAX.()
Zi Py Zi Py
Insert for wy(j) = VgZ—g} which is type j's real detrended wage, i;(j) = %f) which is detrended

real investment by type j, b;(j) = %(th) is real detrended domestic bonds hold by type j,
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bi(j) = M which is the real detrended foreign bonds hold by type j, v; = St% which is

the real exchange rate, rX = % which is the real rental rate of capital, k;(j) = KtZ(] ) which is

the real detrended capital hold by type j, ®}(j) = q; 5, which is the real detrended transfers
to type j and taz,(j) = % which is the real detrended taxation of type j. Taking into

account that all individuals are identical, we can drop the type j notation. Domestic bonds
will not be traded. To be able to buy bonds someone need to offer bonds, that can not
be the situation when all have the same preferences. Therefore, there will not be traded
domestic bonds. The budget constraint is also binding in optimum. Considering all this, we

can rewrite the households budget constraint as follows

StB* Pr
ZtPt P*

;' + iy = Lo+ 'r’thutk:t —TFk +

(1+r; ) TP S.B;, Pr Py,
Z,P, PPy
P, — tax,

U +

Simplify to get

ct + it -+ 'Utb: = Ltwt + Tthutkt — kat +
(1 + 7”:71) L0y
1T
o, — tax,

U +

The transfers the households get consists of two parts. First the households get the profits
the intermediate producers run. This is reasonable since the households own the firms.
Second, the households get back the real costs. When the households make the decision of
the control variables they do not take into account this transfers, meaning that the transfers
do not change their decision.

The intermediate firms run a profit given in real detrended terms by

Income Costs
" AL

T = thQt +p1{,\/[Mt —wily — T‘f(cutkt
The real detrended cost that will be transferred back to the households is

1+7r .
kat+( H*t 1)Ut(1 I2)b;
t

42



This give us the real detrended transfer
) = pPQy + pM M, — wi Ly — ricusky + Tk, + v, (1 = TE )b, (6.3)
The final good firm produce in a full competitive market, hence it will not provide any profits.
ar = pPQu + pi ™M M; (6.4)

Insert (6.4) into (6.3) and then into the households budget constraint. Use the fact that

gr = taxy,

cy + it -+ 'Utb: = Ltwt + TtKCUtkt — kat +
(1 + 7’211) TP

v +
1 t
ay _ptCM ]\4—;< —|—pi\/[Mt — tht — T{(C'thkt +
1 -+ 7’*7 *
Ik + (H—*tl)vt(l T )by — g
t

(1+'r;‘_ 1 )

Simplify by using a; = ¢; +1;+¢g and inserting for the foreign real interest rateY; | = ~—

viby = v Ty by ‘H%MMt - ptCM*Mt*

This states that the value of today’s holdings of foreign bonds equals the last periods holdings

of foreign bonds multiplied by the real interest rate plus the trade balance.

6.2 The foreign country.

It is assumed that the foreign country follow the same structure as the domestic country,
except for sticky prices. Arguments for sticky prices ar given in chapter 2. For simplicity,
only the equations that are needed for the home country’s decisions are modelled. These
equations are described in this section. The remaining foreign variables are assumed to be
exogenous. They follow a stochastic process and are described under shocks.

The domestic final good producers’ bundle of foreign produced intermediate is parallel to
the bundles in section 3.4 and is given by

F
01

F
0y —1

1
_ 1
M) = | [ w0 dn
0
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where M/ (x) is domestic final good producer z’s demand for foreign produced intermediate
goods, M;(h*, ) is domestic final good producer z’s demand for foreign intermediate goods
produced by foreign intermediate good producer h*. The parameter Gf > 1 denotes the
elasticity of substitution between the differentiated foreign intermediate good within the
domestic final good producers. By using the procedure in section 3.4, it can be shown that

the foreign demand for intermediate goods produced by domestic intermediate producer h is

. PC’M* h *95 i
Mt (h) = (—tPCM(* )> Mt
t

given by

Where PEM" denotes the price level in home currency of abroad produced intermediate goods
which is sold on the home market, PE*"(h) denotes the price in home currency after the
intermediate firm h* has set prices in producer currency. M denotes the total supply of
abroad produced intermediate goods sold on the home market. Since the intermediate pro-

ducers set prices in producer currency, we need to express the demand in producer currency.
Do so by inserting for PEM" = S, PM" and P (h) = S;PM"(h) and get

. PM ()T
Mt (h) = ( tPM* >) Mt
t

After achieved the domestic demand for foreign produced intermediate goods, the foreign
intermediate producers can set the optimal price. They set prise by maximizing profits. The
pricesetting is equivalent with the one in NEMO. I will just give the result of the maximization
problem, see Brubakk, L, Husebg, T. A., Maih, J. and Olsen, K. (2006) or Norges Bank*

(2006) for the derivation. The price of foreign produced intermediate goods sold domestic is

given by
= —"mc — ~ . Uy — MC — — _
b O —1) " (0" —1) (1 -1/ et ! I I
1 . mt . [ M
_ E D* M . * II t+1 dz M t+;l -1 t-‘r}
+(9tF ) (1 ~ FfM ) tL 441 (pt+1Ut mct+1) t+1 m 1 ¢ v i
where " )
FP]\/I* _ QZS Hiw 1
' 2 [

re " is the quadratic adjustment cost build on Rotemberg (1982). These kind of adjustment

costs were discussed in chapter 2. The price of the foreign produced intermediate good in
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home currency is given by
pe™ = vt (6.5)

where v, = St%z is the real exchange rate.

The maximisation problem for the foreign final good producers is parallel to the problem
for the domestic producers, see section 4.2. The foreign final good producers produce in a
full competitive market, which means that the price of the final good equal the marginal cost
of the final good. The foreign demand for domestic produced intermediate good is slightly
modified. The demand is given by

*

A
my = (L—v*) (pf™")™" yrzPr (6.6)

peM : . . :
where p¢™ = L is the real price of the home country’s export in foreign currency, y; is

Py
the foreign country’s production and ZPFF

is an asymmetric technology shock whit mean
one. It is opened for that the foreign demand can fluctuate due to some stochastic shock.
This might be useful and very realistic, since there is common to believe that two counties

can be in different cycles or in different place of a cycle.

6.3 The government.

The government balances the budget in every period. It purchases final goods financed by

lump-sum taxing the households. This is given by

Pth == TAXt
where (G, is real per capita government spending. Insert g, = g—: and tax; = 7;3?2? to get a
stationar expression
gt = taxy

g: is then real detrended per capita government spending which is financed by the real
detrended lump sum tax, tax;. The governmental spendings is stochastic and is described

under shocks.

6.4 The shock process.

There is shocks in the model. Following Smets and Wouters (2003), we assume all shocks
follow a first order autoregresive process (AR(1)) with an i.i.d.-normal error term around

some constatn level. The shocks are:
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"Preference shock":
7y == pNZg+ pYdZs s + e (6.7)
"Technology shock":
dZ, = (1 — p*®)dZss + p™dZ;, | + ¥ (6.8)

"Labour productivity shock":

2 = (1= gV P2 e 69
"Investment shock":
Zl=(=p"ZL+p'Z] | +¢ (6.10)
"Risk aversion shock":
2P = (= p") 25 + o7 27 + e (6.11)
"Imported markup shock":
0f = (1 —p" )05 +p" 0+ (6.12)
"Exported markup shock":
0f = (1= p" 0L + " 07, +e” (6.13)
"Domestic markup shock"
0f = (1= p" )0l + " 0 + " (6.14)
"Wage markup shock":
Ve = (1= p")y + p¥ s + &/ (6.15)

"Asymetric technology shock"

"Public spending shock"
9e = (L= p?)gss + pGe—1 + €} (6.17)

"Foreign real interest rate"

Ty = (- ")+ T e (6.18)
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"Foreign marginal cost"

mc; = (1 — p™ )mct, + p" mey_y + e (6.19)

"Foreign production"
i = (L= " )yss + 0" Yy + e (6.20)
"Foreign stochastic discountrate"
D:,t—i-l =(1- PD*)D:s + pD*D:—l,t + 5?* (6.21)

"Foreign inflation"
I, = (1 — p™Is + pMIL, g + ] (6.22)

Where p is the unit root parameter, ¢ is white noise and subscript ss denote the steady state

value of the respective variable.

6.5 List of equations.

All in all the model consist of 47 equations and 47 endogenous variables. In adition to thel6
shocks previously presented, the model exist of 31 equations and 31 endogenous variables.

These equations are:

Euler
T P (e~ razeits) "
= c
Y UTZU (dZaet — beese) !
UIP
Y, = T;E, {Ff*@} (1)
(%
Wage curve
wy = mrsL’C—l/}t (wy)
-1

Investment to capital ratio

U sa _ pe_ 1 _sa i
1 [ (2 )\ s (a- o - v na) -]
v, ZY (dZysqc38y — beeg?) B (P21~ 1) 4 K ey
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Optimal utilisation rate

K -1
Ty :¢¢1¢w26%2(cw )

Spenders

sp__
¢, = Lywy — gy

Equilibrium condition

v (1 = sle) bt = v, T* (1 — sle) bl + pMm, — pt™

Capital law of motion
dZt+1k't+1 = (1 - 5)kt + ‘;[Itk't

Rate of capital accumulation

“my ;)

i n (i b (i i)
U=+ - == (dZ,+5-1)2]) -2 (+--— (L)
kt kt

2

Cost of change in capital utilisation

Capital utilisation

Et = CU¢ kt

Financial friction

ki1

* b* * *
% = exp (6"l +10g(2)) (re)
Yt
mrs B
(Csa . bcct71>
mrst© = ﬁ (L) (mrst©)
Big psi prime
I Z.t I it Z‘2571 /
Vi=1-¢n |- —(dZu+0-1)Z | =¢pp | - — 17— (v)
kt kt kt—l

Prod. function
tt - (ZtLULt)l_a%ta

Optimal mixture of capital and labour

(1 — sle)ky o wy
Ly (1—a)rf




Optimal prices

Q o)
= mc
yz <9tH _ 1) t
oF"
M t
= = mc
e -y

Marginal cost

Prod. function

1 g1 T e o [T
_ x 1 A 1 A * M
a = |vetqg »F A+ (1—v)n my

Domestic demand for domestic intermediates

A

—u
gy =V (th> ag

Domestic demand for foreign intermediates

A

m;=(1-v)(p™") " (my)
Price for domestic import
. oF 1 . . {HM* ] oM .
M t x M *\ M t t M
= ——mc; — - Vg — MC ——1 - [Z
7T (ef-1)(1—rfM)(pt emmei)o TR P
1 . mj . [IIMY M
—E,D; M, —mch ) My —22dZ, o™ | 250 — 1| A
+(05 —1) (1 — FfM ) tt 441 (pt+1Ut mCt+1) t+1 m 410 M M
Adjustment cost
M* M* 2
* H *
o = e -] o)

I
Foreign demand for domestic intermediatess

*

_ A
me = (L= v") (o) P

Gross domestic product
g = ar + primy — pg M mg

Final good
a; = ¢y + (1 —sle)iy + g4
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Total consumption

¢ = (1 —sle)e® + slex P (cr)

Split condition
tt = q; —+ my (mc)

Consumer price and producer price
M*,  _ pCM* M
P v =P, (7))

PEMy, = PM (PEM)
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7 Conclusion

There are two sources for imperfection in NEMO, nominal and real rigidities. The model
presented in this thesis is a flexible price version of Norges Bank’s macroeconomic model
NEMO (Norwegian Economy Model). The flexible price version deviates from its origin in
the absence of nominal rigidities. This gives us a model where prices and wages respond
immediately to shocks. It is assumed that the authorities subsidies production in order to
correct the distortion due to the monopolistic competition. But still there are imperfection
caused by the stochastic markup shocks. However, in steady state is the production in
optimum. If we removed the real rigidities as well, we would be left with a pure real business

cycle theory model.

The flexible price model keeps sticky prices abroad. Consequently, prices are only flexible
in the home country. This leads us into the second notable difference between NEMO and
the flexible price model. In the flexible price model there is producer currency pricing, in
contrast to local currency pricing in NEMO. This is done because monetary policy would
have an effect under local currency pricing and sticky prices abroad. It is not clear whether a
flexible price model of NEMO should keep sticky prices abroad or not. I believe this depends
much on the substitution between home and abroad produced intermediate goods, but this

should bee studied closer.

A property with the flexible price model is that money is redundant. Since the flexible
price model will serve as a target for monetary policy, we do not want monetary policy to
have any effect on the real economy. In such case monetary policy would be able to influence
its goal. Since money do not have any effect, are all variables in the flexible price model are

in real terms.

The flexible price model of NEMO which is developed in this thesis consists of a system
of 47 non linear equations and 47 endogenous variables. This include 16 shock processes,
where 5 shocks are due to the exogenous foreign country, 4 shocks are preference shocks, 4

are markup shocks, 2 are technology shocks and 1 is public spending shock.

Finally, the work can be extended in many ways. First step might be to find the steady
state values and solve the model. One way of doing this is using the toolbox Dynare for
Matlab. In the appendices I have given the parameter values, which are taken from NEMO,
and some Dynare programming codes. Dynare handles both nonlinear systems and linear
systems. With a view to program packages that handles only linearized systems, have I
derived the linearization of most of the models equations. These derivations are given in
the appendices. See Marimon, A. and Scott, A. (1999) and Judd, K. L. (1998) for different

o1



solving methods of dynamic models and further references on the subject. Second, the
solution of the model opens for more interesting analyses. Impulse response analyses, output
gap calculations according to Woodford’s definition, Woodford, M. (2003) and real interest
rate calculation according to Wicksell K. (1898), are some. An alternative to find the solution
of the model derived in this thesis, is to modify the model. One suggestion is to make the

foreign country endogenous.
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8 Appendices.

8.1 Appendix A: Some log-linearized equations.

The models equations are linearized in the variables log deviation from the steady state

level. A variable’s log deviation from steady state is denoted with a hat, Z; = log <ﬁ> =

Tss

log x;—log x,s. The linearization are done by Taylor approximation of first order, see Sydsaeter
(2000), if Z = F(z,y) then the approximation is

Z = F(x0,y0) + I, (20, y0)(x — x0) + Fy (%0, y0) (¥ — %o)

A N
Consider this way of express Z;, Z; = ZSS% = 7.,.%%75) = 7. ¢% In steady state

Ly = Lgg = log(ZZ—t) = Zt = 0. Since we want to linearize around the steady state, is our
"starting point" for the approximation Zo = 0. We have then Z;, = Z,,e?, and we want to
linearize around the steady state. Using the formula for the Taylor approximation, we get

the following expression for Z;

Zy & Zye® + Z3e® (Zy — 0) = Zgy + ZgsZy = Zos(1+ Zy)

F(Zss)  Fi(Zss) (Zi—2s5)

We can use this result on the Taylor approximation formula to get a more generalized result.
We have that y ~ y.s(1 + 9) and x =~ 24(1 + ). Plug this into the Taylor formula

Zos(1+ Zy) = F (%5, Yss) + Fo(@sss Yss) (@ss(L+ &) — 255) + Fo (@, Yss) (Yss (1 +5) — yss) (8.1)
Rearranging gives
Zos+ ZsZy = F(Tas, Yss) + Fo(Ts, Yss) (Tss®) + F (T, Yss) (Yss)
Remember that Zy, = F(xss, Yss)
ZysZy = Fi(@gs, Yss ) (Tss) + Fy(Tss, Yss) (Yss)

This result is very useful when doing the log-linearization.

The intermediate goods production function is given by

tt — (ZtLULt>lial_§ta
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The Taylor approximation is then
tosts = ZEVZIV (1 — ) (Z5 L) ™ K Lust Los L (1 — ) (Z2 L) ™ kS ZE hookya (ZFU L) B!

Rearrange and get

n 5 tss - tss 7 : tss
tsstt = ZS[;UZtLU(l — Oé)m[zss + LssLt (1 — Oé) I ZLU ZS[;U + kSSktOél_g_

Simplify
l?t: (1—04) (ZAtLU‘i‘fz) +Oél_€t
t
The optimal mixture of capital and labour

k’t « Wt

L (1-a)rf

Apply (8.1) and get

_ -1 . k o 1 Q w
kssk - LssL - = 77\ Wss Ut—= - > Ky
Ta " t( L2> i—a)" wtrK+(1—a)( (rK)Q)TSSTt

SS Ss

Rearrange and get

Ess _ T o Wss , A
L. (’f - Lt) IEEDE A,

Simplify and get

The marginal cost of production of the intermediate good is

SO G VRN S AT
T\ - )z a
Apply (8.1) and get
g . Wy " 1
messme, = Wetbi(1 =) | Gy o) \0—a)zv
. K\ @
LU % Wt i o
+25 21— a) (W) <E> <_ (1-a) (ZtLU)2)
11—« K\ @
Kei, W T l
+T55Tt o ((1 — OJ)ZtLU> ( o ) o
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Rearrange and get

— N MCss
megsmey = wgsy (1 — ) ”
SS

> MCss
—ZﬁgUZt(l — Oé) (ZLU)

SS
mc
K A CE}
—l—rssrt&( I )

SS

Simplify and get

W/l\Ct = (1 — Oé)UA)t — (]. — Oé)Zt + th

The optimal price for the intermediate good sold in the domestic market is given by

Q 0,
= me
ST
Apply (8.1) and get
HH
Qp9 = megsme;——t—
psspt t(tgf - 1)

Simplify and get

f’? = 7/71\015
The optimal price for the intermediate good sold in the foreign market is given by

F*
0,

M*
P e =)

mcg

Apply (8.1) and get

. oF” ~ 0F me 1
M* ~M — 88 88 il
M = MCgsMC 2 + SssSt— —
Pos P tSss(ei B 1) t(eF o 1) ( (553)2)

SS

Simplify and get

AM* —~ A
by = mc — St

The the final good production function is

1 g1
ap = (vetg
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Apply (8.1) and get

[T 1 —L1dT L 1
Asst = QssGt [W“qss w4 (1= v)r myg, u“‘] vl g+t +

o [, - IR o ik
MgsMy (VP (Qss  F +<1_V)” Mss  * (1_V)” Mss *

Rearrange and get

o [, 1 A k] (ko 1ok Lo 1ok
Assy = |[VH" (g H + (]- - V)” Mmgs # ] (th“ Gss * + mt(]- - V)“ Mg *# )
1 1
s “x, l=x o -] ed
Use the fact that als = |vefqes »* + (1 —v)rfmg »
G Gt B
ass " Ay = Ut qss + + mt(l - V)” Mss  *

Rearrange and get

=
|
—
[
-

A . P 1—-L1_ R 1 1
ass# at:th”AQSs uft +mt(1_y>”Amss uA

The optimal level of domestic produced intermediate goods in production of final goods is
given by

A

@ =v(p))™" a
Apply (8.1) and get

A—l _ A
A~ q l,l,
Ass + AssQtlV (pss>

QSsqt = pssj)t (_:U/A) v (p;]8>_ﬂ
Rearrange and simplify
G = = pr + ay
The optimal level of foreign produced intermediate goods in production of final goods is
given by

A

me=1—-v) (") " @
Apply (8.1) and get
A A

mssmt = pé\gﬁt(l - V) (_,UA) (p?g)iu - Ass + afssdt(l - V) (Pg)iu

Rearrange and simplify

~ A(

my = —Uu 1_V)ﬁt+&t
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The marginal rate of substitution between consumption and labour is given by

Zivr (Ly) _
Ztu’UJ/(Ct) >\tPt

The governments budget constraint is given by

gt = taxy
Apply (8.1) and simplify
§t = ta\l’t
The Euler equation is given by
c;® Zt s (L+1y) c;®
sa |, t — BE t+1 sa __ ) t—1
bz P gy Mz \C T iz,
Apply (8.1) and get
o 1 ~ 5 Css u Su 1 1+ Tss Css
CssCit1 — bcECSSCt + dZssEt [dZt—‘rl} bc (dZSS>2 - ZssEt |:Zt+1] ﬂZ_gs HsstSS |: ss bchSS:|

u u ng 1+ 7 Css
ssZt 2 ss — UYc
(Z;JS) Hsstss dZss
— Y 1 c
1 EE] 1 = ss bc >
() U487, a7 {C dZSS]
Z;Ls 1 + T'ss [ Css :|
—————— |ces — b

LBy [T | A

ZY (Tys)? dZss “dZ,s
—dZssEy [dZt+1} 52—2—1_[818 Zi;s:s)g [Css - bchZSZJ
JEPZA IS g
+Cs5Ce B 7t ModZe,
2 T+ be
~CosCi-1/ 74 1,,dZs, dZs,

— Zg 1+ Tss Css
dZsdZ == e
T2 Tz, a7,
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Divide over all by c,s and simplify

. 1 — 1 . 1+ 7 1
Ct+1 — bchSSCt + Et |:dZt+1:| bchSS = Et |:Zt+1:| Bm |: - bcd785:| (82)
S/ I o 1
_Tu ss 1 — bc_
P Tz, [ dzss]
— 7 1 1
1+7rs)(1 - —be——
) )i i { dZsj

—E; [ﬁt+1} 5235% [1 —b L ]

Z:S Hsstss chss
oy Z4 141y, 1
— L [dZt“} g 74 ,,dZs,s { —bchSJ
e BZ;‘S 14+ 7g
P 1,,dZ,,
) BZ;JS 1+7rs b
7 T,,dZ,, dZ,,
B |
vz, Bl Z T

ng Hsstss ‘ dZss

The Euler equation reduces in steady state to

Cos o le (141y) Cos
Cos ~bo7— = P Zv 1ldZ,, (CSS —be dZSS>

bC (1 + 7"35) bc
1— = 1—
Z. ~ "z ( iz
B (14 rg)
L =25 dZ,,
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Use this result in (8.2) and simplify even more

. 1 — 1 S 1
Ct+1 — bcECt + Ey [dZt—l—l] bc@ = Lk |:Zt+1i| ll - bcﬁss}
S 1
i {1_50_%}
() (L) (1 b
Tss Tt chSS
_E [ﬂ } |
t t+1 chSS
B [JE } | =
t t+1 chss
+Ct
be
—FE ¢
t[Ct 1] az..
— b
dZ,—
7
Rearrange
dZg +b.\ . . b. . dZgs — b, -
<Tss) ¢ = Eileaq] + @Ct—l — < > 1 +r) — E [Ht+1D +
— b, — alZsS b u S
Eq [dz”l} B dzssdzt B ( A7 ) (Et [Ztﬂ] Zt)
Divide (%) on both sides
. dZ s b . dZss — b, .
G = qzn i Blenlt gl (dZss b, ) <(1 )= B [HWD
dZSS - bc = dZSS - bC U U
Tz b [dZt“}  dZ, +bcht a (dZSS +bc> (Et [Ztﬂ] B Zt)

The wage philips curve and the mrs.

Apply (8.1) and get
_ \J
WWes = MITSMT Sy (—)

Simplify
u% = 77’/L-7"\St
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The marginal rate of substitution is given by

(Le(3))* (") — ameita ()

L,c
mrs;”"” = A=)
Apply (8.1) and get
P o (L) T () — a5 0)) | e (L)
mrsymrshe = Li(j)Les(j) 1 — ) 2 —I—cf“cm((l _(jb)c))
o~ (Lss(]))g o - 2Css LSS ) -
+dthZSS (dZ ) i Ct—lcSSM
(1—10°) (1 —10b°)
Insert for mrsg,
e L) (€20) — () _ ;o ) (€20) — ()
' (1—b°) t) Sl (1—b°)
. S bC sa .
e ar (L)) = (Lss()) s ()
)N g) —— + dZd D -
+Ct (j)css(j) (1 . bc) + t (1 _ bc)
~sa sa( ; (LSS(]))g dg--
G- 1(])685(])W
Simplify
A= ) = L) = ) + )
t iZ.. t\J)S a7, t \J
—~ b be
Z - ~Sa N_
+d tdZss thl(J)dZss
Divide (1 — -£-) on both sides
1 ~sa casa [ b 7
mrst = th( ) m (dZSSCt ( ) b Ct 1( )) + det
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8.2 Appendix B: Derivation of the detrended production function

in the final good sector.

The production function is given by

171

Az) = [T Qux)' ™7 + (1 — v) o My(z) o7 | *

Since all firms are the same, we can drop the x notation. Divide P,Z; on both sides and use

the definition a; =

Rearrange

pA—1
1 1 1 M, 1 1
QfA t 4t M 14t
A
Use the definitions ¢, = PQét and m; = o Ztt and multiply and divide with (PtZt)u -1 on the
right hand side
LA
a = |vem 2 (1 — et L (P,Z,)# (PtZt)” -
Q M
Rearrange
A
;Lff‘—l
s A L my A i
ay = l/” (PtZt) + (1 — V) LA (PtZt) (PtZt) H (PtZt)‘u -1

A
M 1%
M,

t

Use the definitions ¢; = PQE and m; = P]nyt
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Which results into the detrended equation
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] Variable Notation \ Variable Notation
Consumption c Import m*
Savers consumption c*® Price of domestic final good input p?
Spenders consumption c’P Price of export in producer currency | p™
Real interest rate T Price of export in consumer currency | p“"
Foreign real interest rate T Price of import in producer currency | p™
Rental rate of capital r Price of import in consumer currency | p™
Investment 1 Excange rate v
Capital utilisation cu Final good a
Domestic bonds b Tax tax
Foreign bonds b* Marginal cost mc
Capital k Foreign marginal cost mc*
Rate of capital accumulation v Wage markup (0
Cost of change in capital utilisation | ['¥ Publilc spendings g
Financial friction 5 Asymetric technology shock ZPIrE
Effective capital k Domestic markup 67
Marginal rate of substitution mrs Export markup or
Big psi prime 7 Import markup or"
Gross domestic product Y Risk aversion shock z5
Foreign gross domestic product y* Investment shock Z!
Labour L Labour productivity shock Z
Wage w Technology growth dz
Intermediate good t Preference shock Al
Domestic final good input factor q Labour productivity shock A
Export m

Table 8.1: List of variables
List of varilables

8.3 Appendix C: List of variables and parameters.




H Prameter \ Value

\ Prameter | Value

£3

o 0.33 i 0.85

3 0.9981337 P 0.73761

5 0.015 Py 0.966521

be 0.85 pt 0.8

1 0.5 pMe” 0.8

oW 0.5 oV 0.8

b 0.59 v 0.628834738996073
- 0.01 v 0.998335573721155
Dot 1 70 1

o (Y*/dZ +0) [¢,, | 27 1.019

bn 3 Zys 1

b1y 120 ZLU 1

slc 0 zZ5 1

¢ 3 ZDIFF 0.61573354583011
oV 0.77566 0. 6

pZ 0.95 0. 6

ol 0.88667 o 6

Pt 0.88458 V. 5.5

pB 0.94313 Gos 0.3

pPTIF 0.96464 T, ZZ]3

o7 0.85 MCH, 1

o 0.85 yr, 1

Table 8.2: List of parameters
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8.4 Appendix D: Dynare code.

//This program is written for Toolbox Dynare by Jgrgen Baekken
// This is a non-linarized version of the RBC-NEMO
//

// 0. Housekeeping (close all graphic windows)

//
close all;

// -
// 1. Defining variables

//

var
// Household
L, ¢c_sa, c_sp, ¢, I, K, k_bar, w, B_star, UPSILON, r K, mrs, big psi_prime, cu,

big gamma B star,
v, big psi, UPSILON TP,

// Intermed. sec.

t, MC_ NW,P_Q NW,P M NW,P CM_NW,P M TP,P CM TP, MC TP,
// Final good sec. -

A NW,Q NW,M NW,y,M TP, Y TP,

// Shocks

z U NW,DZ NW,z I,z LU,z B,Z DIFF, THETAF NW, THETAF TP, THETAH NW,
small psi, g NW;

varexo

e ue DZ NWe Ie LUe Be Z DIFFe THETAH NWe THETAF NWe THETAF TP
e psie g NWe UPSILON TPe MC TPe Y TP,

parameters

// Household -

BC _NWBETA NWDELTA NWPHI VARPHI2 PHI VARPHI1ZETA NWPHI I1 NW
PHI 12 PHI Bl NW PHI B2 NW B bar H star

slc

// Intermed. sec.

ALPHA NW

// Final good sec. -

NU NW MU _NW MU TP NU_TP
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// Shocks -

rho U NWrho DZ NWrho I NWrho LU NWrho B NWrho Z DIFF NW
rho THETAF NW rho THETAH NW rho THETAF TP rho small psi

rho g NW rho UPSILON TP rho MC TP rho Y TP

SS U NWSS I NWSS B NWSS Z DIFF NWSS LU NWSS THETAF NW
SS THETAH NW SS THETAF TP SS small psiSS DZ NW SS g NW

SS UPSILON TP SS MC TP SS Y TP;

// -

// 2. Calibration

//

ALPHA NW=0.33; //PARAMETERVERDIER KOPIERT INN FRA NEMO1GAP.DYN

BC NW=0.85;

BETA NW=0.9981337;

DELTA NW=0.015;

MU NW=0.5;

MU TP=0.5;

PHI B1 NW=0.59;

PHI B2 NW=0.01;

PHI VARPHI1=1;

PHI VARPHI2=0.0369;

PHI 11 NW=3;

PHI 12=120;
sle=0;
ZETA NW=3;

B _bar H star=8;

NU NW=0.628834738996073;

rho U NW=0.77566;

rho DZ NW=0.95; //0.80215;

rho I NW=0.88667;

rho LU NW=0.88458;

rho B NW=0.94313;

rho Z DIFF NW=0.96464;

rho THETAF NW=0.85; //tho THETAF NW=0.18174;
rho THETAH NW=0.85; //tho THETAH NW=0.31423,;
rho THETAF TP=0.85; //tho THETAH TP=0.0;

rho small psi=0.73761;
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rho g NW=0.966521 ;

rho UPSILON TP=0.8;

rho MC_TP=0.8;

rho 'Y TP=0.8;

NU TP=0.998335573721155;

SS LU NW=1,;

SS U NW=l;

SS I NW=0.1;

SS B NW=1;

SS DZ NW=1.4850;

SS 7 DIFF NW=0.61573354583011;

SS THETAF NW=6;

SS THETAH NW=6;

SS THETAF TP=6;

SS_small psi=H.5;

SS g NW=0.829746309768911;

SS UPSILON TP=1.5;

SS MC_ TP=0.8;

SS Y TP=10;

//

// 3. Model

//

model;

// House holds

// euler

BETA NW*UPSILON*(z_ U NW(+1)*(c_sa-BC_NW*(c_sa(-1)/DZ_NW)))/(z_U_NW*DZ N
BC_NW*c_sa))=I;

// uip

UPSILON=UPSILON _TP*big gamma B _star*(v(+1)/v);

// wage curve

w=mrs*(small psi/(small psi-1));

// investment to capital ratio

(1/big_psi_prime)=BETA NW*(z U NW(+1)*(c_sa-BC_NW*(c_sa(-1)/DZ _NW)))/(z_U_NW
BC_ NW*c sa))*((1/big_psi_prime)*((1-DELTA NW)-big psi_prime(+1)*(I(+1)/K)+big_psi(+1))-
PHI VARPHI1*(exp(PHI VARPHI2*(cu(+1)-1))-1)+r K(+1)*cu(+1));

// optimal utilisation rate
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(r K)=PHI VARPHII*PHI VARPHI2*exp(PHI VARPHI2*(cu-1));

// spenders

c_sp=L*w-g NW;

// capital law of motion

DZ NW*K=(1-DELTA NW)*K(-1)+big psi*K(-1); // kapitalen er skrevet en periode
tilbake, ogsa i de andre ligningene.

// rate of capital accumulation

big psi=(I/K(-1))-(PHI 11 NW/2)*((I/K(-1))-(SS_DZ NW-1+DELTA NW)*z I)"2-
(PHI_12/2)*((T/K(-1))-(I(-1)/K(-2))) "2;

//// cost of change in cu

//big_gamma varphi=PHI VARPHI1*(exp(PHI VARPHI2*(cu-1))-1);

//financial friction

//big_gamma B star=PHI B1 NW*((exp(PHI B2 NW*(v*(1-slc)*B_star-B_bar H _star*y))-
1)/(exp(PHI B2 NW*(v*(1-slc)*B_star-B_bar H_star*y))+1))+z_B;

big gamma B star=exp((-PHI B2 NW*v*B_star/y)+log(z_ B));

// mrs

mrs=L"ZETA NW*(¢c_sa-(BC_NW/DZ NW)*c_sa(-1))/(1-BC_NW);

// big_psi_prime!

big psi_prime=1-PHI I1 NW*((I/K(-1))-(SS_DZ NW-1+DELTA NW)*z I)-PHI I2*((I/K(-
D)-(1(1)/K(2));

// equilibrium condition

v(1-slc)*B_star=v*UPSILON TP*(1-slc)*B_star(-1)+P_M NW*M_NW-P_CM_TP*M_TP;

// capital utilisation

k bar=cu*K(-1);

// Intermed sec.

// prod.function intermed. good
t=(z_LU*L)"(1I-ALPHA NW)*k_bar~ALPHA NW;

// optimal mixture of capital and labour
(1-sle)*(k_bar/L)=(ALPHA NW/1-ALPHA NW)*(w/r_K);

// optimal domestic price

P Q NW=(THETAH NW/(THETAH NW-1)*MC NW;

// optimal export price

P M _NW=(THETAF TP/(THETAF TP-1)*MC_NW;

// marginal cost

MC_ NW=(w/((1-ALPHA NW)*z LU))~(1-ALPHA NW)*(r K/ALPHA NW) ALPHA NW;
// Final good sec.
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// prod. function final good

A NW=(NU_NW~(1/MU_NW)*Q NW~(1-(1/MU_ NW))+((1-NU_NW)~(1/MU_NW))*M TP
(1/MU_NW)))~(MU_NW/(MU_NW-1));

// domestic demand for domestic intermediates

Q NW=NU NW*(P_Q NW)"(-MU NW)*A NW;

// domestic demand for foreign intermediates

M_TP=(1-NU_NW)*((P_CM_TP)"(-MU_NW))*A_ NW;

// Foreign sector

// optimal import price

P_CM_TP=(THETAF NW/(THETAF NW-1))*MC_TP*y;

// foreign demand for domestic intermediates

M NW= (I-NU_TP)*((P_CM_NW)~(-MU_TP))*Y TP*Z diff
// Equilibrium conditions

y=A NW+P M NW*M NW-P_CM TP*M TP;

A NW=c+(1-slc)*I+g NW;

// total consumption

c=(1-slc)*c_sa+slc*c_ sp;

// split condition for intermediate goods

t=Q_NW+M_NW;

//// inflation

//pi=P_NW/P_NW(-1);

// consumer price and producer price

P M _TP*v=P CM_TP;

P CM_NW*=P M NW;

// shocks -

// preference shock

z_ U NW=(l-tho U NW)*SS U NW+rho U NW*z U NW(-1)+e u;
// technology growth shock

DZ NW=(l-tho DZ NW)*SS DZ NWirho DZ NW*DZ NW(-1)+e DZ NW;
//// permanent technology shock

//z=rho_z*z(-1)+e_z;

// investment shock

z_I=(1-tho I NW)*SS I NW+rho I NW*z I(-1)+e I

// labour productivity shock

z_LU=(1l-tho LU NW)*SS LU NW-+rho LU NW*z LU(-1)+e LU;

// risk aversion shock
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z B=(ltho B_NW)*SS B NWirtho B NW*z B(-1)+e B:

// asymetric technology shock

Z DIFF=(l-rho Z DIFF NW)*SS 7Z DIFF NW+rho Z DIFF NW*Z DIFF(-1)4+e Z DIFF

// imported markup shock

THETAH NW=(l-tho THETAH NW)*SS THETAH NW-rho THETAH NW*THETAH NW
1)+e THETAH NW;

// domestic markup shock

THETAF NW=(1-tho THETAF NW)*SS THETAF NW-rho THETAF NW*THETAF NW(
1)+e THETAF NW;

// foreign markup shock

THETAF TP=(1-tho THETAF TP)*SS THETAF TP4rho THETAF TP*THETAF TP(-
1)+e THETAF TP;

// wage markup shock

small psi=(l-rho _small psi)*SS small psi+rho small psi*small psi(-1)+e_psi;

// public spending shock

g NW=(1-tho g NW)*SS g NW+rho g NW*zg NW(-1)+e g NW;

// foreign real interest rate

UPSILON TP=(1-tho UPSILON TP)*$S UPSILON TP+rho UPSILON TP*UPSILON TP(-
1)4+e_UPSILON TP;

// foreign marginal cost

MC_ TP=(1-tho  MC_ TP)*SS MC_TP+rho MC TP*MC_TP(-1)+e MC_ TP;

// foreign production

Y TP=(ltho Y TP)*SS Y TP+rtho Y TP*Y TP(-1)4+e Y TP;

end;

// -

// 4. Computation

//

initval;

A NW=-0.0246;

B star=-0.0237;

big gamma B star=0.6813;

//big gamma varphi=0;
big psi=0.035;

big psi prime=1;
c=1.67783793285844;
c_sa=1.67783793285844;
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c_sp=0;

cu=l1;

[=-0.000061;

K=-0.000122;

k bar=-0.000122;

L=0.000538;

M NW=-0.01;

M TP=1.36027971390027;

MC_ NW=0.7379;

mrs=1.0245;

P CM_ NW=l,

P _CM_TP=1.21;

P M NW=0.6149;

P M TP=I;

P Q NW=0.8858;

Q_ NW=-0.03;

r K=0.0369;

t=-0.0236;

UPSILON=1.0219;

v=1.2604;

w=1.2522;

y=-0.94;

z B=SS B NW;

DZ NW=SS DZ NW;

Z DIFF=SS Z DIFF NW;
THETAF NW=SS THETAF NW;
THETAH NW=SS THETAH NW;
THETAF TP=SS THETAF TP;
small psi=SS small psi;

g NW=SS g NW;

z LU=SS LU NW;

z_ U NW=SS U NW;

z I=SS 1 NW;
UPSILON TP=SS UPSILON TP;
MC_TP=SS MC_TP;

Y TP=SS Y TP;



end;

steady; //(solve algo=1) // computes the steady state fo the model

//check; // checks if the model has a (rational expectation) solution by the Blanchard-
Kahn conditions

//

shocks;

// Estimater fra mars-estimering, se: N:\OKA\Model\ Presentations\2006\NZ Mar2006\ Estimation\t

var e DZ NW; stderr 0.0002;//0.00076218;0.0002

var e u; stderr 0.014016;

var e_I; stderr 0.018328;

var e LU; stderr 0.0091;

var e psi; stderr 0.53242;

var e THETAF NW; stderr 1.4636;

var e THETAF TP; stderr 1;

var e THETAH NW:; stderr 0.53605;

var e B; stderr 0.0003;

var e_ Uj; stderr 0.0001;//0.003011845; // Gir store utslag, mé sjekke hvordan den inngér

var e_g NW:; stderr 0.0043856;

var e 7 DIFF; stderr 0.0198;

//var e_ UPSILON _TP; stderr = 0.01;

//var e MC_TP; stderr = 0.01;

//vare Y TP; stderr = 0.01;

end;

// -

/
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