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Abstract

This note provides a technical description of an extended version of the New Area-Wide
Model (NAWM) II, which includes, as a novel element, a direct oil-price propagation
channel. It first details the changes made to the specification of the previous version
of the model and then reports on the estimation results for the extended model and
on selected model properties.! In addition, the note briefly describes a newly adopted
SVAR model with sign restrictions which facilitates the identification of meaningful
structural shocks driving the foreign variables used in the estimation of the extended

model, including the price of oil.
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1 Overview

In response to the inflation surge in 2021-22 due to exceptionally large spikes in energy
prices, alongside COVID 19-related factors and the Russian invasion of Ukraine, the previous
version 1.2.3 of NAWM II has been extended with a direct oil price propagation channel.
To this end, the aggregate consumption bundle of households has been broken down into an
oil-import and a non-oil component, with a low elasticity of substitution between the two
components, especially in the short term. Like the aggregate consumption bundle in the
original model, the non-oil component of consumption is composed of domestic intermediate
goods and imported non-oil intermediate goods, but with a higher elasticity of substitution.
In addition, the model extension splits the aggregate import price Phillips curve into two
separate Phillips curves for oil and non-oil import prices. This allows capturing the different
speeds of pass-through of oil price changes and changes in foreign production costs to these
two components of aggregate import prices.

This note provides a technical description of the extended version of NAWM II, which
will be designated as version 1.4, and reports on the estimation results for the extended
model and on selected model properties, including impulse response functions and historical
decompositions. The note focuses on the novel elements of model version 1.4 and makes se-
lective comparisons with version 1.2.3. To aid the identification of the separate import price
Phillips-curve parameters, the oil import price deflator is used as an additional observable
in the estimation of the extended model.

Another modification documented in this note concerns the adoption of a new iden-
tification approach based on sign restrictions to obtain an economically more meaningful
identification of the shocks in the ancillary SVAR model capturing developments in the euro

area’s external environment, including oil prices.

2 Adding a direct propagation channel of oil-price changes

2.1 Demand side with oil consumption

Compared to the previous model versions, the demand side has been extended by accounting

for oil consumption on the part of households.? The assumptions are the following:

2The model extension follows Coenen, Lozej and Priftis (2023), but it considers oil consumption instead
of aggregate energy consumption.



e Households consume a composite final consumption good, which is composed of a

consumption good excluding oil and oil imports.

e The consumption good excluding oil, and the investment and public consumption

goods are composites of domestic and imported non-oil intermediate goods.

e the exported intermediate goods are composites of domestic and imported non-oil

intermediate goods.?

Specifically, the households in the model consume a composite final good Qf, which is

produced by a competitive firm that bundles a consumption good excluding oil, Q$*?, and
(aggregate) oil imports for consumption purposes, IMtC O,
c G (CXOYLEt - o\ e Aot
Qy = |ve© (Qt ) re 4 (1 —wvo)re ((1 — Ippeoy) IM, ) re ) (1)

where uco is the long-run elasticity of substitution between the consumption good exclud-
ing oil and oil imports, v¢ determines their shares in the bundle, and I'/c0, represents
quadratic adjustment costs related to the change in the quantity of oil in the production of

the final consumption good,

(2)
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noting that, as it is costly to adjust the quantity of oil, the short-run elasticity of substitution

between the consumption good excluding oil and oil imports can be significantly below pc.

The demand equations for the consumption good excluding oil and for oil imports are:

Pexo\ H°
tCXO =rvc <P7 thv (3)
C.t
e
Pryo 4 QY

IMEO = (1 —wp) (4)

where Pg; is the price of the final consumption good, Pcxo,+ and PIMO,t and are the prices

of the consumption good excluding oil and oil imports, respectively, and F}L

denotes an
MCO7t

analytical expression derived from the oil imports adjustment cost function (2),

PITMCO,t = 1 - FIMCOJ - F;MCOJ [Mtco (5)

3For the extension of the original model with a non-zero import content of exports, see Coenen and
Vetlov (2009).



The consumption good excluding oil is a bundle of a domestic intermediate good, HZ,

and an imported non-oil intermediate good for consumption purposes, IMCXC:

HCXO
rexo—1 rexo =1 woxo—1

tCXO _ Vg)c{)éo (Htc) nexo (1 — VCXO)“CXO ((1 — FIMcxo’t)IMtCXO) RCXO . (6)

where poxo is the long-run elasticity of substitution between the two goods, vaoxo deter-
mines their shares in the bundle, and T'jy;exo0, represents quadratic adjustment costs related

to the change in the quantity of the imported non-oil intermediate good,

2
FIMCXO o IYIMCXO <EIMXO> 'YH\ICXO IMCXO /QCXO 1 (7)
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noting that, because of the adjustment costs, the short-run elasticity of substitution can
be significantly below pcoxo- E{M represents a demand shock affecting non-oil imports
uniformly across domestic demand components.

The demand equations for domestic and imported non-oil intermediate goods are:

P —HCXO
c Hit X0
Hy =vexo < t (8)
Pexo,t
—HCXO X0
Pryxo 4 Q;

IMEXO = (1 — vexo)

(9)
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where Py and Pjy xo, are the prices of the domestic and the imported non-oil intermediate
goods, respectively, and FITMcxo , denotes an analytical expression derived from the non-oil

imports adjustment cost function (7),

P;MCXO,t =1—-TIpexo; — P}Mcxo,t IMtCXO. (10)

The price indices corresponding to the consumption bundles Q? and QfXO are

I_HC 1—pe

— PIMO
Poy = |ve (Pexod) ™ + (1 - vo) I : ; (11)
IMCOt
1
P 1—pexoq T=roxo
_ IMXO t
Pexor = |vexo (Pag) ™90 4+ (1 — vaxo) - : (12)
IMCXO,t

The production technologies for the final private investment and public consumption

goods, Q{ and QtG , and for the exported intermediate goods, X;, as well as the corresponding



intermediate-good demand equations and price indices are analogous to equations (6), (8),
(9) and (12) for the consumption good excluding oil. That is, we make the simplifying
assumption that these goods do not include an oil component.

Finally, we note that, for solving and simulating the model, all prices will be normalised
with the price of the final consumption good, Pr;. That is, the consumption good will

serve as the numéraire.

Transformed equations

We apply the standard transformations to render the model variables stationary; see
Christoffel, Coenen and Warne (2008), Appendix A, for details. Accordingly, the model
equations are re-specified in terms of stationary relative prices and stationary quantities,
the names of which are written using lower case letters.

The stationarity-inducing transformations of the production technology for the final

consumption good (1) and the associated demand schedules (3) and (4) yield:

1
- 1— 1 1 ) 1—-L \ rc—1
6 = <Vg*c (@) e + (1 —we)re ((1—Tpyeo,img©) MC) 1)
and
e
pPcxo,t
0 e (500) " "
yZex:
e, .
o
imf® = (1= ve) | M) I (15)
Thrco Pt L= Tycoy

with pc¢ = 1 as the final consumption good serves as the numéraire, and where

. 2
FIMCO _ Yimco thCO/QtC 1 (16)
7t - ;
2 \im{9/e,

and
FITMCO,t =1- FIMCO,t - FIIMCO,t thco (17)
Similarly, the transformations of the production technology for the consumption good

excluding energy (6) and the associated demand schedules (8) and (9) result in:

HCXO

> o e

1
1__1 1 . -
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and
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b
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e

CXO
. OXO Prvcexo q¢
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and
T _ / . CXO
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Moreover, the transformations of the price indices for the final consumption good and

the consumption good excluding oil, (11) and (12), yield:

1
1_/J'C 1—pe

_ Pviog
v = | ve (paxos) ™ + (1 —ve) - ; (23)
FIMCO,t
1
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Log-linearised equations

We arrive at the following log-linearised expressions for the transformed final-good technol-

ogy (13) and the transformed demand schedules (14) and (15):

1 1
it = (T0) i o () RO o
and
77 = —pe (Pexor — Peg) + 15 (26)
i/T\n,fCO = —pc (ﬁIMo,t —Dbc — fITMcqt) +5 (27)
where pc; = 0 and
fITMcqt = —7Yco ((Z/n\ltco - af) - (2/77\%0—01 - aﬁl)) : (28)

Similarly, we obtain the following log-linearised expressions for the transformed tech-
nology of the consumption good excluding oil (18) and the transformed demand schedules

(19) and (20):

1 1
L ROXON 1~ iiexo 1 mCXON\ T iexs
~OXO . moxo ~C JRE S m —~CXO
9 = Voxo ( qcxo> hi’ + (1 — vexo) Fexo (7@(0 ) imy (29)
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and

he = —poxo (Prt — Pexor) + 350, (30)
—~CXO N . .
im; = —HCxo <p1MXO,t —DPoxoyt — F;Mcxo,t> +0, (31)
where
F;Mqut = —Yimcxo ((th - athXo) - (th—l - ZJ}C—)(10>> + ftM : (32)

Log-linearisation of the transformed price indices (23) and (24) results in:

pexo e ppgo ) M =5t
pct = vo ( > pexos + (1 —ve) < ) <P1M0,t - FIMC,t) . (33)

bpc yZel

1—pexo 1—pexo

~ pH ~ Pvxo ~ A

pexo.t = vexo ( > put+ (1 —vexo) ( > (pIMXO,t - F;Mcxot) , (34)
PCxo pexo )

where po = 1.

2.2 Import demand and import prices

Oil and non-oil intermediate goods are imported from monopolistically competitive foreign
producers, which set prices (in local currency) as a markup over the global price of oil
in US dollar terms, Fp, and the foreign producer price, P{Et. That being said, we treat
the specification of the demand for oil and non-oil imports and the determination of their
prices in a symmetric fashion. Accordingly, we neglect the respective super and subscripts
denoting the type of imports and, similarly, their use for consumption purposes.
Specifically, defining as IM ¢« ; the differentiated import variety supplied by the foreign

producer f*, we assume that aggregate imports are a CES bundle of the import varieties:

1 1 i
IM; = ( /0 (IM ) #F df*) , (35)

where the possibly time-varying parameter ¢f > 1 is inversely related to the intratemporal
elasticity of substitution between the import varieties, with ¢} /(¢; —1) > 1. The parameter
©; has a natural interpretation as the markup in the markets for import varieties.

With nominal prices Ppy,r+ set in monopolistically competitive markets, we obtain the
following demand equations for the imported variety f*:

*
Pt

P e \ "7
IM oy = (%) Iy, (36)
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where
1 1 1—py
Ppry = </0 (P, p2e) % df*> (37)
is the aggregate price index for the bundle of imported varieties.

Each foreign intermediate-good producer f* sells its differentiated good in the domes-
tic market under monopolistic competition, setting the price in local (that is, domestic)
currency. There is sluggish price adjustment due to staggered price contracts a la Calvo.
Accordingly, the foreign intermediate-good producer receives permission to optimally reset
its price in a given period ¢t with probability 1—£* and has access to the following indexation

scheme with parameter x*:
* = 1—y*
Pung o =g a1 Prag o1, (38)

where IIps+—1 = Pmag—1/Pmri—2 and II; denotes the (perceived) inflation target of the
domestic central bank.
Each foreign producer f* receiving permission to optimally reset its price in period ¢

maximises the discounted sum of its expected nominal profits,

oo

Ey Z(f*)k tirk Dfstyn/ Stk | (39)
k=0

subject to the price-indexation scheme (38) and the domestic import demand for its differ-

entiated output (36), where
Dy = P, pst IMpsy — MCY IM gy, (40)

with MC} denoting the foreign producer’s nominal marginal cost. S; is the nominal ex-
change rate of the euro, and AZt 4 represents a suitable stochastic discount factor.
We obtain the following first-order condition characterising the foreign producer’s opti-

mal pricing decision for its output sold in the domestic market:

o

2(5*)k ;tk,t—i-k <H}M7t,t+k le,t — itk MC:M) IMfftJrk/StJrk] =0, (41)
k=0

Eq

where we have substituted the indexation scheme (38), noting that Ppy pein = H}Mt ok
-~ . -I» _ k * —_ 1_ *
Py with HIM,t,t-i—k = [ls=1 H}(M,t—l—s—lHt—i-;( .

The associated aggregate index of price contracts for the differentiated products sold in

domestic markets evolves according to

N e s 1N\ e
Ppy = <(1 — &) (Pprg) 0+ (H}CM,t—lH% X PIM,t—1>1 Wt) ' (42)



Combining the log-linearised first-order condition for the price-setting decision of the

foreign producer (41) with the log-linearised version of the corresponding aggregate import

price index (42) results in the following log-linear import price Phillips curve:*
(Fiae—7e) = _F E; [Tt — Teg1] + X (Five—1 — =) (43)
’ 1 + ﬁ*X* ) 1 _|_5*X* ’
B*X* e~ = (1_5*6*) (1 —5*) —~ % o~k
+—— (E - + me; + ,
1+ /B*X* ( 3 [ﬂ't"'l ﬂ—t]) g* (1 4 B*X*) ( t (‘Dt)

where 3* is the steady-state discount factor and me; represents the average real marginal
cost of the foreign producers (expressed as logarithmic deviation from its steady-state value).
We note that, as the final domestic consumption good is used as the numéraire, the

price index of the imported intermediate goods can be obtained as follows:
DMt = DIM,t—1 + Tive — TCt, (44)

with pmse = P/ FPoy

Finally, recalling that the nominal marginal cost of the foreign producers of the oil and
non-oil import varieties correspond respectively to the global price of oil, Pp ;, and the price
of (non-oil) foreign goods, Py, we note that the respective real marginal cost are given by

X0

/\*70 —~ ~ -~ -~ —~ x, o~ ~ ~ o
me,”” =S¢+ Pyt + Dot — Pivo and mc, =5t +Dvit — Pimxo where s; = .S th,t/PY,t’

py: = Pyvi/Pcy and poy = Poy/Py,, with Py, corresponding to the domestic output
deflator which is pinned down by the model’s nominal aggregate resource constraint.

2.3 Aggregate resource constraint

The nominal version of the aggregate resource constraint of the extended model is given by:

Py Y, = PeiCy+ Pry (I + Ty(w) Ky) + Pay Ge + Pxy Xy (45)
1—T7co
— PIMCO,t IMtCO #
IMCO¢t
1 —T7ex0 1—T 1
— Ppprog | IMEXO 20— 4 v —— 2 4
FIMCXO,t FIMI,t

4The derivations, which are tedious but straightforward, are available from unpublished technical ap-
pendices accompanying the documentation of the original version of the NAWM, see Christoffel, Coenen
and Warne (2008).



Applying the standard transformations and subsequent log-linearisation yields:

L pec . prio .~ prkgst . pag
Py + Y = —— (pep+c)+— Pre+i) + —— 1w +—= (par+g:) (46)
Py y Py y Py y Py Yy
., CO
pPxT < ~ Pvo tm R —~CO St
+— (Pxt+ T —7<p o, +im, —-T )
Py y ( ) Py Yy IMCt t IMCO
- CXO
Prypxo tm R —~CXO ~
— < T oy <pIMXO,t toumy — FJ}Mqut)
Pivxo imI —~ —1I ot Pryixo ZmX . —~X
+ W (pIMxo,t + my — FIMI,t> + W (pIqut + aun ) s
recalling that pc =1 and po; = 0.
2.4 Aggregate import volumes and prices
The nominal value of imports is given by:
Py IMy = Ppyjo, IMP + Ppyyxo, IMFC, (47)

where IMP = IMF© and IMXC = IMEXC + IM] + IMX.
Applying the standard transformations and subsequent log-linearisation yields:

(@] XO

. —~ DimO ¥ . —O0 DimXO 1M . —~XO
P+ 1my = ————— (ppgor +1my ) + —————— (ppyxoy +1my |, (48)
DPim 1 Dim 1
—~0 —~CO
where im; =1m, and
—~ XO imCXO —~CXO 4 imI —~1 4 imX —~X (49)
m, = —==—1im ——im —1im, .
t imXO t imXO 3 imXO 3

To split the nominal value of imports into volumes and prices, we consider two alternative
cases. First, we assume that aggregate imports are obtained by weighing oil and non-oil

imports at steady-state relative prices,

PIMO

g + Lo
Py

IM; =

IMXO, 50
P i (50)

and, alternatively, we assume that oil and non-oil import prices can be aggregated using a

Cobb-Douglas weighing scheme,

Py = Ppyo, I(Aljxoo)t (51)



The respective log-linear equations are given by:

XO

. O .
—~ im® —~o im*© ~xo
imy = Prvo v im, + Prxo viv im, (52)
Piv vm Piv vm
and
Pt = oppog + (1 — o) pgxoy. (53)

2.5 Steady-state computation

The extension of the model with a direct oil-price propagation channel results in a modifi-
cation of the consolidated goods-market equilibrium condition which is used in the compu-
tation of the model’s steady state.

As a first step in deriving the modified goods-market equilibrium condition, we note

that the following real aggregate resource constraint holds in steady state:
g7 kKON —p = hC + B!+ nC + n¥. (54)

The demand schedules for the bundles of domestic intermediate goods used in the pro-

duction of the final consumption and the final investment good can be stated as follows:

—HCXO
he = cho( b > g
bcxo
—HCXO yzel
_ cho( pH > Ve <p0X0> . (55)
PCxO pc
and
—HI
W=y (%) i, (56)

where we have used the steady-state identities ¢ = ¢© and i = ¢'.

The demand for the bundle of domestic intermediate goods used in the production of
the final government consumption good is exogenous, h¢ = ¢© = ¢, and the schedule for the
domestic intermediate-good bundle used for producing the composite intermediate goods

sold abroad is given by:

X\ —HX
R (p—H(’”—H> z, (57)
bx @
where the parameters ng and ng denote the intermediate-goods firms’ markups over the

marginal cost of producing goods for domestic and foreign markets, respectively.
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Using the demand schedules (55) and (57), we can re-write the aggregate resource con-

straint (54) as

« —HCXO —HC
W gz—a<£> N—Tb—vcxo(pH > VC(IUCXO) .
N PCXO pC

X\ “HX
PH @
gy (PEE) L (58

(pX¢H> (58)

As the second step in deriving the modified goods-market equilibrium condition, we

employ the equation specifying the final investment-good technology,

1—L L 1 1

iR = o (W) TR 4 (1= vy (im) T (59)

and substitute the re-written aggregate resource constraint (58) and the demand schedule

for imported intermediate goods,

im! = (1 —vy) (pr—XO> -y (60)

pr

which, using the steady-state identity i = (g, — 1+ 9)/g. k, yields:

(gz— 1+5k>1‘u11 B
9z
VL _ k @ —HCXO CXO —HC
v <gza<ﬁ> N—TZJ—VCXO(p—H) Vc<pX > c—g
PCXO pC
1

1—— 1
X\ THX ny 1—pr 1 5 11—
oy <pH SOH> . +(1-w) <pIMXO> <gz + /<;> i 6
bx ¥ br 9=z

or, equivalently,

1
1 1-L -
<97+5 k‘) " (1 —(1—vy) <pIM_XO> > =
9z pr
1 k o —MHCxO —MHC

(o (3) 3o (22 e (52)

N PCXO pC
1

1—L
X\ THX nr
b @
—vx | — = x . (62
X <px 90H> > (62)

In addition, the model extension results in a set of modified steady-state relative prices.

Specifically, using the price of the final consumption good as the numéraire and taking

11



import prices as given, the relative prices of the non-oil consumption good and the domestic

intermediate goods sold at home are implicitly given by:
1=ve (pexo)' ™ + (1 —ve) (ppgo)' €, (63)

(pexo) M = vexo (pr)' T + (1 — vexo) (pgxo)'HeXO (64)

and, similarly, the price of the final investment good is given by:

()" ™" = v (pu)' ™ + (1= vr) (ppyxo)' M (65)

As the price of the domestic intermediate goods sold abroad is determined as a markup
over marginal cost, the relative price of the domestic intermediate goods sold abroad is

given by:

_1
1—px

X pr X 1-
pe=o* (o (Z0) =) o) ) (66)
Finally, the relative price of aggregate production, or output, is determined by the

normalised nominal aggregate resource constraint:

Py y =pu h+px @ — pppro im” (67)
where y = g7 *k*N'~% and
i
X Pvxo
mm” =vx z, 68
(pX90X> (68)

or after some transformations:

—HCXO —Kr
PH - PH —1+4+46
py = {pH (cho < > ve (pexo) M e+ vr <—> (gzi k> +g)
Pcxo pr 9z

—Hx
Pmxo  x 1
— 1-— —_ . 69
+ (pX pIMXO( VX)< Dx 2 > ) "E} gz_ak’O‘Nl_a — ( )

where we have made use of the identities h = h¢ + Al + h& and h& = ¢© = g, equations

(55), (56) and (57), as well as equation (68).

3 Model estimation

3.1 Data

In the estimation of the extended version of the model we use the database from 1980 to

2019 that was already used in the estimation of model version 1.2.3.> Yet to aid the identifi-

5The inclusion of the pandemic episode in the estimation sample is likely to require additional changes
to the specification of the model to capture the unprecedented nature and scale of the associated shocks
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cation of the separate import price Phillips-curve parameters in the extended model, a new
variable has been added, namely the extra euro area oil import deflator. The time series
for this variable is not readily available in the national accounts. The methodology followed
to obtain it makes use of the Eurostat monthly trade statistics for imported petroleum,
petroleum products and related materials (SITC 33) which are available for volumes and
values. These statistics start only in 1991, and for the period 1989-1990 we use available
euro area aggregates with a narrower coverage. For the earlier period 1980-1988 the oil
import deflator is extended back assuming that it follows the pattern of oil prices in euro,
a reasonable assumption given the very high correlation between both variables over the
available sample. In general, the use of the oil import deflator data is subject to some
caveats because of methodological differences between the trade and the national accounts
statistics (e.g. different accrual principles and seasonal adjustment methods) that make
them not fully consistent.

Other changes in the database relate to the transformations of competitors’ export prices
and oil prices. As before, these variables are expressed in terms of the currency basket
underlying the construction of the nominal effective exchange rate of the euro and deflated
by foreign prices, but now they are demeaned, rather than using the previous approach
of removing an unrestricted linear trend. In addition, for estimating the VAR model of
the foreign variables (see Section 3.2) the HP-filtered series of foreign demand is now used,
while the growth rate of the foreign demand series is still employed as the observable for
estimating the extended structural model.

Figure 1 depicts the time series of the new and modified data for the observed variables
used in the estimation of the extended model, taking into account the transformations

described above.b

3.2 SVAR model

In the previous versions of NAWM 11, the foreign variables are modelled using a Structural

Vector Autoregressive (SVAR) model with the following variables: foreign prices, foreign

and is left for a future update and re-estimation of the model which will be facilitated by the increase in
available post-pandemic data points.

5For general details on the applied data transformations, see Christoffel et al. (2008), Section 3.2.1, and
Coenen et al. (2018), Section 3.1.1.
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demand, foreign short-term nominal interest rate, foreign long-term nominal interest rate,
oil prices and competitors’ export prices. Challenges of this approach are the identifica-
tion of meaningful structural shocks in the SVAR model and the understanding of their
transmission to the domestic (euro area) variables in the structural model.

Previously, identification was achieved by means of a Cholesky decomposition of the
estimated variance-covariance matrix of the SVAR model. Specifically, defining y; as the
vector that contains the foreign variables and considering the reduced-form representation
of the VAR model,

yi =By +e (70)

with g, ~ N(0,Y), identification is achieved by decomposing ¥ = LL’ such that L is a
lower triangular matrix with real and positive diagonal entries. A Cholesky decomposition
of the covariance matrix is a widely used method for identifying structural shocks in SVAR
models due to its simplicity, computational efficiency, and ability to produce orthogonal
shocks. However, the method imposes a recursive causal structure that may not always be
theoretically justified, leading to limited flexibility and difficulties to understand the eco-
nomic meaning of the resulting structural shocks. Moreover, the recursive causal structure
is sensitive to the ordering of the variables in the SVAR model.

In the updated and re-estimated version of NAWM II, a new identification approach
using sign restrictions is introduced to provide a more meaningful economic identification
of the SVAR shocks. Specifically, the SVAR model is re-estimated with two lags under
the assumption that four structural shocks drive the foreign data: foreign supply, foreign
demand, foreign monetary policy, and oil price shocks. Table 1 summarises the sign restric-
tions introduced in the model. We introduce the restrictions only for the contemporaneous
impacts of the different shocks on the endogenous variables of the model. First, a foreign
supply shock is assumed to increase foreign prices but to decrease foreign demand. This
shock is driven by prices not related to oil, leading to a decrease in the real price of oil and
an increase in competitors’ export prices. In contrast, a foreign demand shock is assumed
to increase both foreign prices and nominal interest rates in response to higher demand
along with stronger foreign economic activity. A foreign monetary policy shock increases
nominal interest rates but causes a contraction in foreign demand and prices. It is assumed

that monetary policy has a stronger impact on foreign prices than on oil prices, leading to
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an increase in the real price of oil. Finally, an oil price shock results in an increase in the
real price of oil, which also raises foreign prices due to second-round effects, but decreases
foreign demand as it acts as a cost-push shock reducing foreign economic activity.

The SVAR model is estimated using the algorithm proposed by Korobilis (2022).” The
panels at the bottom of Figure 2 show the estimated SVAR shocks. These shocks capture
well, among other developments, the large drop in demand during the global financial crisis,
a long sequence of negative foreign monetary policy shocks thereafter, which captures the
period of low interest rates globally, and the period of low energy prices from 2015 to 2019,

which contributed to the episode of persistently low inflation in the euro area.

3.3 Estimation results

Tables 2 and 3 list the prior distributions and the posterior mode values of the model’s
structural parameters and its shock processes and provide a comparison of the posterior
mode values for the new model version 1.4 with those for the previous model version 1.2.3.
In the estimation of the updated model, the direct oil price propagation channel splits the
aggregate import price Phillips curve into two separate curves for oil and non-oil import
prices. The parameters of the two new Phillips curves have been assigned different prior
means, reflecting the belief that the speeds of pass-through of oil price changes and changes
in foreign production costs to these two components of aggregate import prices differ. This
is also reflected in having two underlying shock processes for the mark-up shocks to oil and
non-oil import prices, denoted by ¢p ; and ¢Xg,, with the autoregressive and standard
deviation parameters assumed to have the same prior distributions.

In addition to splitting the import price Phillips curve, the aggregate consumption
bundle is separated into oil imports for consumption and a consumption good excluding oil,
with distinct parameters for the long-run intratemporal substitution elasticity in the log-
linearised equations (25)—(27) and (29)—(31), respectively. This separation is also reflected

in distinct parameters for the adjustment costs related to the oil and non-oil import content

"For details, see Korobilis, D., 2022, “A new algorithm for structural restrictions in Bayesian vector
autoregressions”, European Economic Review, 148, 104241. In the algorithm, the shocks in the model are
treated as unobserved factors and the estimation procedure is run as for a state-space model. The structural
shocks are also complemented by idiosyncratic shocks to each variable, which do not affect the other variables
on impact and can be interpreted as measurement errors. In the estimation of the model, we use the same
priors as Korobilis (2022), with a tight prior imposed on the variance of the idiosyncratic shocks so that
they explain only a small share of the variation in the data.
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of consumption, as is apparent from the log-linearised equations (28) and (32).%

Finally, similar to the approach for estimating the domestic price Phillips curve in
previous model versions, a system prior has now been imposed on the (reduced-form) slope
parameter of the wage Phillips curve, with a somewhat lower mean and standard deviation
than for the system prior on the slope of the domestic price Phillips curve.

As regards the parameters of the two separate import price Phillips curves, the posterior
mode of the non-oil import price Calvo parameter is somewhat larger (0.69) than the Calvo
parameter of the aggregate import price Phillips curve of the previous model version (0.58),
while the oil import price Calvo parameter is much smaller (0.06). This is in line with the
prior belief of different speeds of import price pass-through. For the shock processes of the
two import price mark-up shocks the posterior mode values of the autoregressive parameters
are of comparable size, whereas the values for the standard deviations differ substantially,
with the oil-related import price mark-up shock yielding a much larger value.

Concerning the parameters governing the separation of the aggregate consumption bun-
dle, the substitution elasticity of oil is estimated to be low in the long run (0.40) and
lowered further in the short run because of sizeable adjustment costs (with an elasticity of
3.81). The long-run substitution elasticity of non-oil imports in the consumption bundle
excluding oil is markedly larger (2.12) yet somewhat smaller than the substitution elasticity
of aggregate imports in the previous model (2.99), with the relative size of the respective
adjustment cost parameters showing a similar pattern.

Otherwise, the posterior mode estimates of the updated and re-estimated model are
broadly unchanged with respect to the previous model version. Some notable differences
concern the estimated degree of habit formation in consumption, which is lower in the re-
estimated model, and the estimated investment adjustment cost parameter, which is also
lower. Furthermore, the estimated inflation response coefficient in the interest-rate rule is
somewhat lower than in the previous model version. And finally, given its central role for
the implied inflation-output trade-off and hence the stabilisation performance of monetary
policy, it is also noteworthy that the estimated slope parameter of the price Phillips curve

is somewhat larger in the re-estimated model.”

8Note that the oil import content of consumption (s;,c/sc) is implicitly calibrated to a value equal
to 4.35 percent, which is higher than the oil share in consumption according to input-output tables and
intended to halfway close the gap to the overall energy share in households’ consumption expenditure.

9By contrast, the slope parameter of the wage Phillips curve is somewhat lower (0.29) than in the
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For the updated and re-estimated model, the smoothed estimates of the structural shocks
are displayed in Figure 2. The time series of the estimated shocks reveal broad similarities
with the shocks of the previous model version (see Coenen et al., 2022, Figure 2). No-
table exceptions relate to the new foreign SVAR model, for which the identification scheme
has changed significantly with only four rather than six structural shocks being separately
identified.

To assess whether the modifications made help the updated and re-estimated model
version 1.4 to fit the data, a direct comparison with the previous version 1.2.3 is not feasible
due to the use of the additional observed non-oil import-price variable and the changes to
the measurement of oil prices and competitors’ export prices. However, version 1.4 can be
compared with a variant which incorporates the new direct oil price propagation channel
on the consumer side and uses the same observed data as model version 1.4, but where the
foreign SVAR from the previous model version is first re-estimated and then employed in
the re-estimation of the parameters of the extended structural model. For these two cases,
the Laplace approximation of the log marginal likelihood is considerably larger when the
new foreign SVAR is used (with a difference of nearly 700 log units), clearly supporting the

use of the new foreign SVAR model.

4 Model properties

4.1 Model and sample moments

Table 4 reports the population means and standard deviations of the observed variables
based on the updated and re-estimated model and its posterior mode estimates of the
parameters, along with data-based estimates of these moments for the sample period 1985—
2019. The results suggest that the model-based means are broadly in line with the data-
based means. In particular, for the real variables the data-based means are close to the
model-based means, with the exception of long-term growth expectations. For the inflation
measures, the data-based means are moderately larger than the model-based means, with
the exception of the two import price deflators. Turning to the standard deviations, the

data-based estimates are typically lower than the model-based values, with exceptions being

previous model version (0.35), for which no system prior was imposed on the reduced-form slope parameter.
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employment, the short-term nominal interest rate and the 10-year government bond yield.!°
However, compared with the previous model version (see Coenen et al., 2022, Table 7) the
model-based standard deviations are overall closer to the data-based estimates, especially

for the real effective exchange rate.

4.2 Impulse response functions

Shock to the short-term nominal interest rate

In Figure 3 we depict the impulse responses of selected domestic variables to a shock to
the short-term nominal interest rate and compare the responses obtained for the extended
version of the model to those for the previous one. The results show that the changes made
to the model have a very small impact on the transmission of monetary policy shocks. As in
the previous version of the model, a monetary policy shock leads to a hump-shaped decline
in domestic demand, with a larger impact on investment. The lower demand leads to lower
employment and, thus, real wages fall too. The decline in wages contributes to the decline in
firms’ marginal costs which puts downward pressure on domestic prices and, by extension,
on consumer prices. Overall, in the extended version of the model, prices react somewhat

more strongly to the monetary policy shock, and real wages decline by less.

Shock to the price of oil

Figure 4 compares the impulse responses to a 10% oil price shock. We focus on an oil
price shock to ascertain the new channels in the extended version of the model that give
rise to an enhanced propagation of oil price changes. In response to the oil price shock,
aggregate import prices rise significantly more in the extended model, masking an immediate
sharp increase in oil import prices and a more muted increase in non-oil import prices on
account of a depreciation of the euro exchange rate. Overall, the substantial increase in
import prices translates into higher consumer price inflation in the extended model, with
a response pattern which is more in line with empirical benchmarks.!'’ By contrast, in the

previous version of the model, the oil price shock translated into a very small response of

10Because of the shorter sample, the comparison of the moments for the composite long-term lending rate
is not meaningful.

"1n particular, the response pattern of consumer price inflation is broadly comparable to that obtained
from applying the Basic Model Elasticities (BMEs), which represent a widely used benchmark in the Eurosys-
tem/ECB staff projection exercises (see ECB, 2016, “A guide to the Eurosystem/ECB staff macroeconomic
projection exercises”).
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consumer prices.'? The increase in consumer price inflation leads to a decline in real wages,
reducing real income. Thus, domestic demand declines. While the response of investment
is similar, the fall in private consumption is more substantial in the extended model and
translates into a larger decrease in real GDP. The GDP decrease in turn leads to a reduction
in labour demand, implying in equilibrium lower employment and a further decline in real
wages. The increase in import prices also implies a reduction in imports, although it is more
muted than in the original version of the model reflecting the low elasticity of substitution
of oil in aggregate consumption. Overall, the extended version of the model yields stronger

nominal and real responses to an oil price shock, which are arguably more realistic.

4.3 Historical decompositions

As the last element in our documentation of the model properties, we present the contri-
butions of the shocks obtained from the updated and re-estimated version of NAWM II to
the observed fluctuations in per capita real GDP growth and consumer price inflation. We
focus on the historical period from 2000 to 2019 and bundle the shocks into seven groups:
technology shocks, demand shocks, mark-up shocks, financial shocks, foreign shocks and
perception shocks, plus a monetary policy shock, but we also show the breakdown of the
contribution from the foreign shock group into the contributions of the individual structural
shocks and the group of idiosyncratic shocks from the SVAR model. As will be discussed be-
low, the financial shocks carry both demand and supply features, albeit at different horizons

of their propagation to the economy.

Real GDP growth

The historical decomposition of per capita real GDP growth depicted in Figure 5 shows
that the years of strong growth both in the early part of the period considered and during
the run-up to the financial crisis of 2008-09 is explained to a considerable extent by positive
contributions of financial shocks. These positive contributions reflect the very favourable
financing conditions at the time, fostering domestic demand. In both sub-periods, the finan-
cial shocks more than offset the persistently negative contribution from adverse technology

shocks, on the back of a positive contribution from (wage) mark-up shocks reflecting a

121t should be emphasised, however, that in the previous version of the model, the shocks were identified
using a Cholesky decomposition. Therefore, it is difficult to assign a clear economic interpretation to the
shock, which may capture movements in oil prices not strictly related to oil markets.
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protracted period of wage moderation in the pre-crisis years.

The sharp and drawn-out decline in real GDP growth caused by the unfolding of the
financial crisis in 2008 is attributed in part to a negative contribution of foreign shocks,
capturing the precipitous fall in world trade and the implied contraction in euro area for-
eign demand, and an even larger negative contribution from financial shocks. The latter
contribution arguably reflects the sudden freezing of financial markets which gave rise to
a surge in risk premia. In addition, a notable negative contribution from monetary policy
shocks is identified, despite the fact that the ECB, like other major central banks around
the world, rapidly reduced its key interest rates to historically low levels in order to bolster
domestic demand and stabilise financial markets. Finally, the prolonged slump in GDP
growth is accompanied by a lasting weakness in investment and a slowing of trend produc-
tivity growth. These developments are explained by an increasing negative contribution of
technology shocks.

The subsequent recovery in GDP growth in 2009 and 2010 is explained by a marked
turnaround in the negative contributions of the foreign and financial shocks, reflecting the
stabilisation of both the world economy and financial markets. In addition, the decompo-
sition suggests that monetary policy shocks forcefully underpinned the recovery reflecting
the fact that the ECB kept its key interest rates at low levels despite of the strong re-
covery.!3 The setback in the recovery in the course of late 2010 and 2011 — owing to
the re-intensification of the financial crisis on the back of elevated tensions in euro-area
sovereign debt markets — is explained to a large extent by the waning of the previously pos-
itive contribution from financial shocks (tantamount to a renewed surge in risk premia in
long-term interest rates), in conjunction with a continuing negative contribution from tech-
nology shocks against the backdrop of a persistent weakness of investment and a resumed
slowing of trend productivity growth.

The lingering effects of the financial and sovereign debt crises continued to weigh ad-

versely on GDP growth until 2020, as reflected in the lasting negative contribution of

13When interpreting the findings regarding the role of monetary policy shocks during the crisis and the
subsequent recovery due account should be given to the fact that the ECB also swiftly implemented non-
standard monetary policy measures, including the provision of unlimited liquidity to the banking system, in
order to sustain financial intermediation and to maintain the availability of credit to the private sector. The
effects of these non-standard measures are not directly captured by the model-based contribution analysis,
but only indirectly and, arguably, via positive contributions of the financial shocks.
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technology shocks. From 2014 onwards, this contribution is largely offset by a persistent
contribution of financial shocks arguably capturing the ECB’s adoption of new non-standard
measures, including interest-rate forward guidance and large-scale asset purchases. The lat-
ter lowered the level of long-term interest rates by compressing term premia, over and above
the gradual lowering of the ECB’s key policy rates towards the effective lower bound and
its forward guidance, which is in part explained by a positive contribution of monetary
policy shocks. In addition, GDP growth was upheld by an initially positive contribution of
foreign shocks, reflecting the stronger economic performance abroad, and an increasingly
important positive contribution from mark-up shocks, reflecting subdued price and wage

pressures during the ensuing low inflation episode.

Inflation
The historical decomposition of annual consumer price inflation depicted in Figure 6 sug-
gests that past inflation developments were driven by a combination of cyclical and struc-
tural, i.e. highly persistent, forces. First, amongst the persistent forces, the sequence of
negative technology shocks identified over most of the period under consideration results in
persistent upward pressures on inflation via their adverse impact on firms’ marginal costs.
Yet the implied inflationary momentum is offset, if not overcompensated, by a lasting neg-
ative contribution from favourable financial shocks. While the latter have a positive impact
on demand in the shorter term and hence ought to positively affect inflation, these shocks,
notably the highly persistent discount-rate shock capturing the secular downward trend in
real interest rates, stimulate investment and thus enhance the economy’s productive capac-
ity. It is via a decline in the rental cost of capital that the enhanced productive capacity
results in lower marginal costs and puts lasting downward pressure on inflation over the
medium to longer term. In a similar vein, albeit less lasting, negative mark-up shocks,
notably wage mark-up shocks, have weighed negatively on inflation, especially during the
period of wage moderation prior to the financial crisis and during most of the low-inflation
episode after the financial and sovereign debt crises.

And second, mirroring their cyclical effects on real GDP growth as described above,
demand and monetary policy shocks tend to contribute to the cyclical fluctuations in in-
flation, albeit with limited effects as the key price and wage Phillips curves of the model

are rather flat, reflecting the high degrees of nominal and regal rigidities in the price and
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wage-setting behaviour of firms and households.

Finally, foreign shocks, and amongst those most notably oil price shocks, explain a
significant part of the fluctuations in inflation. In particular, oil price shocks associated
with the surges in oil prices during the period prior to the financial crisis and following the
recovery from it can explain the episodes of heightened inflation over the period considered.
Likewise, the disinflation episodes in the intermediate aftermath of the financial crisis, but
also in the course of 2015, can be attributed in large part to foreign shocks and, especially,

to oil price shocks capturing sharp corrections in oil prices.
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Table 1: Sign restrictions for identification of the SVAR shocks

Supply Demand Mon. policy Oil price

Foreign prices + + — +
Foreign demand — + — —
Foreign short-term rate ? + + ?
Foreign long-term rate ? + + ?
Real price of oil — — + +
Competitors’ export prices + + - +

Note: A ‘+’ indicates that the variable is supposed to increase after the shock. A ‘—’ indicates that
the variable will decrease after the shock. Finally, a ‘?’ indicates that no sign restriction is imposed
on that variable for the corresponding shock. The restrictions apply to the contemporaneous impacts
of the different shocks.



Table 2: Prior distributions and posterior mode estimates of the structural parameters

Posterior mode

Parameter Description Prior distribution
v1.4 v1.2.3
A. Preferences
K Habit formation beta(0.75,0.10) 0.63 0.69
B. Wage and price setting
3 Calvo scheme: wages beta(0.75,0.0375) 0.79 0.77
X Indexation to inflation: wages beta(0.75,0.10) 0.32 0.36
X Indexation to productivity: wages beta(0.75,0.10) 0.78 0.67
$y Calvo scheme: domestic prices beta(0.75,0.0375) 0.81 0.83
X Indexation: domestic prices beta(0.75,0.10) 0.33 0.21
Ex Calvo scheme: export prices beta(0.75,0.0375) 0.77 0.80
Xx Indexation: export prices beta(0.75,0.10) 0.35 0.28
& Calvo scheme: import prices beta(0.75,0.0375) — 0.58
£o Calvo scheme: import prices beta(0.25,0.0375) 0.06 —
£xo Calvo scheme: import prices beta(0.75,0.0375) 0.69 —
x* Indexation: import prices beta(0.75,0.10) — 0.27
XO Indexation: import prices beta(0.25,0.10) 0.18 —
Xxo Indexation: import prices beta(0.75,0.10) 0.34 —
o* Oil import price weight beta(0.15,0.05) 0.13 0.26
C. Wage and domestic price Phillips curves
100 - sI" Slope parameter gamma/(0.50,0.10) 0.29 —
100 - sif Slope parameter gamma(1.00,0.15) 0.74 0.68
D. Final and intermediate-good production
e Subst. elasticity: consumption gamma(1.50,0.25) — 2.99
e Subst. elasticity: consumption gamma(0.40,0.10) 0.40 —
Hexo Subst. elasticity: consumption gamma(1.50,0.25) 2.12 —
IiT Subst. elasticity: investment gamma(1.50,0.25) 1.39 1.33
175 Subst. elasticity: exports gamma(1.50,0.25) 0.86 0.78
uw* Price elasticity: exports gamma(1.50,0.25) 1.20 1.41
a Capital share beta(0.36,0.10) 0.35 0.31
E. Wholesale and retail banks
wr, Absconding of domestic bonds gamma(0.72,0.05) 0.72 0.71
@7 Absconding of foreign bonds gamma(1.00,0.05) 1.00 0.98
3 Calvo scheme: price of loans beta(0.75,0.0375) 0.71 0.73

Note: This table provides information on the marginal prior distributions and the posterior mode estimates of the
structural parameters for versions 1.4 and 1.2.3 of NAWM II. The prior distributions are characterised by the param-
eters determining their respective means and variances. The posterior mode columns show the estimates obtained
by numerically maximising the posterior distribution.



Table 2: Prior distributions and posterior mode estimates of the structural parameters (cont’d)

Posterior mode

Parameter Description Prior distribution
v1.4 v1.2.3
F. Adjustment costs
o Investment gamma/(6.00,1.50) 6.19 9.30
Yy 0 Capital utilisation gamma(1.00,0.25) 0.72 0.82
711;/10 Import content: consumption gamma(2.50,1.00) — 6.80
Ygco Import content: consumption gamma(5.00,1.00) 3.81 —
Y ppexo Import content: consumption gamma(2.50,1.00) 5.75 —
Yt Import content: investment gamma(2.50,1.00) 0.73 0.61
~y* Export market share gamma(2.50,1.00) 1.65 2.76
B Portfolio: households gamma(0.01,0.0025) 0.009 0.008
v Portfolio: wholesale banks gamma(0.01,0.0025) 0.004 0.002
G. Interest-rate rule
ORr Interest-rate smoothing beta(0.90,0.05) 0.93 0.93
o Response to inflation gamma(1.70,0.575) 2.52 2.93
OIN| Response to change in inflation gamma(0.30,0.125) 0.04 0.04
103% Response to output gap gamma/(0.14,0.05) 0.04 0.03
ING Response to change in output gap  gamma(0.07,0.025) 0.12 0.09
H. Employment (bridge) equation
& Calvo-style weighing scheme beta(0.50,0.15) 0.85 0.85
I. Perception updating equations
Wip Sens. of perc. inflation objective gamma(0.10,0.25) 0.05 0.05
=F Sens. of perc. trend growth rate gamma(0.10,0.25) 0.06 0.06

Note: See above.



Table 3: Prior distributions and posterior mode estimates of the parameters of the shock processes

Posterior mode

Parameter Description Prior distribution
v1.4 v1.2.3
A. Autoregressive parameters
PRP Domestic risk premium shock beta(0.75,0.10) 0.86 0.91
PRP* External risk premium shock beta(0.75,0.10) 0.94 0.99
Pyt Perm. techn. shock: pers. comp. beta(0.75,0.10) 0.97 0.93
Pe Transitory technology shock beta(0.75,0.10) 0.83 0.88
pI Investment-specific techn. shock  beta(0.75,0.10) 0.91 0.91
P Wage mark-up shock beta(0.50,0.05) 0.67 0.72
Pt Domestic price mark-up shock beta(0.50,0.05) 0.53 0.59
PpX Export price mark-up shock beta(0.50,0.05) 0.44 0.40
Py Import price mark-up shock beta(0.50,0.05) — 0.49
P, Import price mark-up shock beta(0.50,0.05) 0.47 —
P Import price mark-up shock beta(0.50,0.05) 0.46 —
PIM Import demand shock beta(0.75,0.10) 0.84 0.91
P Export preference shock beta(0.75,0.10) 0.89 0.90
Pu Discount rate shock beta(0.75,0.10) 0.99 0.99
P Loan rate mark-down shock beta(0.75,0.05) 0.78 0.75
B. Scaling parameters
ORP Domestic risk premium shock invgamma(0.122474,2) 0.23 0.20
O RP* External risk premium shock invgamma(0.122474,2) 0.24 0.12
ogp Perm. techn. shock: pers. comp. invgamma(0.122474,2) 0.04 0.07
O Transitory technology shock invgamma(0.122474,2) 1.17 1.18
or Investment-specific techn. shock  invgamma(0.122474,2) 0.32 0.26
oW Wage mark-up shock invgamma(0.122474,2) 0.09 0.08
O LH Domestic price mark-up shock invgamma(0.122474,2) 0.11 0.13
O, Export price mark-up shock invgamma(0.122474,2) 0.91 0.77
Tpr Import price mark-up shock invgamma(0.122474,2) — 1.26
Our Import price mark-up shock invgamma(0.122474,2) 13.31 —
O, Import price mark-up shock invgamma(0.122474,2) 0.99 —
gVt Import demand shock invgamma(0.122474,2) 6.63 6.52
o Export preference shock invgamma(0.122474,2) 6.58 9.75
OR Interest rate shock invgamma(0.122474,2) 0.10 0.10
o Discount rate shock invgamma(0.122474,2) 0.04 0.05
T Loan rate mark-down shock invgamma(0.122474,2) 0.92 0.97
Ofip Perc. inflation objective shock invgamma(0.122474,2) 0.02 0.02
o4 Perc. trend growth rate shock invgamma(0.122474,2) 0.02 0.02
C. Signal-to-noise ratio
055/03? Permanent technology shock gamma(0.05,0.005) 0.06 0.06

Note: See Table 2. The inverse gamma prior distributions are parameterised in terms of their mode and their degrees
of freedom.



Table 4: Means and standard deviations of the observed variables

Mean Standard deviation
Variable NAWM I Data NAWM I Data
Real GDP 0.375 0.40 0.73 0.57
Consumption 0.375 0.37 0.82 0.47
Investment 0.375 0.41 3.06 1.50
Gov’t consumption 0.00 0.00 0.82 0.87
Exports 0.375 0.40 4.04 2.32
Imports 0.375 0.40 2.84 2.06
GDP defl. inflation 0.50 0.55 0.55 0.33
Consumption defl. inflation 0.50 0.52 0.56 0.37
Import defl. inflation 0.50 0.01 2.81 2.48
Oil import defl. inflation 0.50 0.05 13.26 13.71
Employment 0.00 0.00 1.90 2.85
Wage inflation 0.80 0.77 0.66 0.50
Short-term nom. interest rate 3.25 4.26 2.24 3.67
Real effective exchange rate 0.00 0.00 13.42 12.28
10-year gov’t bond yield 4.66 4.51 1.47 2.46
Comp. long-term lending rate 5.41 3.45 1.48 1.15
Long-term inflation expect’s 2.00 1.89 1.05 0.07
Long-term growth expect’s 1.50 1.97 0.53 0.34
Output gap 0.00 —0.16 6.44 1.81

Note: This table reports population means and standard deviations at the posterior mode estimates
of NAWM II, version 1.4, for the observed variables used in its Bayesian estimation, along with the
corresponding sample moments based on the data covering the period 1985Q1-2019Q4.



Figure 1: The new transformed data
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Note: This figure shows the new and modified time series used in the estimation of NAWM II, version 1.4.



Figure 2: Smoothed estimates of shocks
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Figure 2: Smoothed estimates of shocks (continued)
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Figure 2: Smoothed estimates of shocks (continued)
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Figure 2: Smoothed estimates of shocks (continued)
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Figure 3: Impulse responses to an interest rate shock
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Note: For versions 1.4 and 1.2.3 of NAWM II, this figure depicts the impulse responses of selected domestic
variables to an interest rate shock equal to 50 basis points in annualised terms. All impulse responses are
reported as percentage deviations from the non-stochastic balanced growth path, except for the impulse
responses of the inflation and interest rates which are reported as annualised percentage-point deviations.



Figure 4: Impulse responses to an oil price shock
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Note: For versions 1.4 and 1.2.3 of NAWM II, this figure depicts the impulse responses of selected domestic
variables to a 10% oil price shock. All impulse responses are reported as percentage deviations from the
non-stochastic balanced growth path, except for the impulse responses of the inflation and interest rates
which are reported as annualised percentage-point deviations.



Figure 5: Historical decomposition of real GDP growth
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Note: The upper panel in this figure shows the decomposition of annual per-capita real GDP growth into
the contributions of the structural shocks of NAWM II, version 1.4, over the period 2000 to 2019. The
shocks are bundled into seven groups: technology, demand, mark-up, foreign, financial and perception
shocks, plus a monetary policy shock. The decomposition is computed in deviation from the model-
implied steady-state growth rate of 1.5% using the posterior mode estimates of the model’s estimated
parameters.The lower panel shows the contributions of the individual foreign shocks to annual per capita
real GDP growth.



Figure 6: Historical decomposition of consumer price inflation
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Note: The upper panel in this figure shows the decomposition of annual consumer price inflation into the
contributions of the structural shocks of NAWM II, version 1.4, over the period 2000 to 2019. The shocks
are bundled into seven groups: technology, demand, mark-up, foreign, financial and perception shocks, plus
a monetary policy shock. The decomposition is computed in deviation from the model-implied steady-state
inflation rate of 2% using the posterior mode estimates of the model’s estimated parameters.The lower
panel shows the contributions of the individual foreign shocks to annual consumer price inflation.
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