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3.1 Households 10

shares and equates the nominal price of an portfolio to its nominal expected payoff

one period ahead, discounted by Ft,t+1. This defines the stock-price dynamics. The

first-order conditions ensure that at utility maximum the representative household

cannot benefit from feasible intertemporal consumption reallocations.

Intratemporal Allocation We now proceed to illustrate intratemporal alloca-

tion. Consumers consume a composite that is a Dixit-Stiglitz aggregator over differ-

entiated goods. Households may purchase domestic and foreign consumption goods.

The composite consumption index of a domestic cohort j is defined as

Ct (j) ≡
[
(1 − α)

1

̟ CH,t (j)
̟−1

̟ + α
1

̟ CF,t (j)
̟−1

̟

] ̟
̟−1

, (8)

where CH,t (j) and CF,t (j) represent the domestic demand for domestic and foreign

final goods, respectively, ̟ > 0 represents the elasticity of substitution between

domestic and foreign goods, and α refers to the share of domestic consumption

allocated to imported goods and is thus a natural index of openness. Furthermore,

the demand indices are given by the following CES functions

CH,t (j) ≡

[∫ 1

0

CH,t (k, j)
ε−1

ε dk

] ε
ε−1

, (9)

CF,t (j) ≡

[∫ 1

0

Ci,t (j)
ζ−1

ζ di

] ζ

ζ−1

, (10)

Ci,t (j) ≡

[∫ 1

0

Ci,t (k, j)
ε−1

ε dk

] ε
ε−1

, (11)

where ε denotes the elasticity of substitution between the differentiated goods within

one single country and ζ measures the substitutability between goods produced in

different foreign countries. CH,t (k, j) and Ci,t (k, j) represent the domestic demand

of cohort j for a specific domestic product or a specific product from country i,

respectively. Ci,t (j) is a composite index, summarizing the demand for products

from country i, and CF,t (j) is a composite index, summarizing the demand for

products from all foreign countries.

Similar to the consumption indices, household’s minimization of total expendi-

tures leads to the following producer price indices (PPIs) for domestic and foreign

goods,18

PH,t =

[∫ 1

0

PH,t (k)1−ε dk

] 1

1−ε

, (12)

Pi,t =

[∫ 1

0

Pi,t (k)1−ε dk

] 1

1−ε

, PF,t =

[∫ 1

0

P 1−ζ
i,t di

] 1

1−ζ

(13)

18To clarify the notation: PH,t is the price index for domestic products, PF,t is the price index

for imported goods, and Pi,t is the price index for imported goods from country i. When we use

an additional superscript i (e.g. P i
H,t) we are talking about the same indices from country i’s

perspective. See Gaĺı and Monacelli (2005) for details.
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leading to the domestic CPI:

Pt ≡
[
(1 − α)P

(1−̟)
H,t + αP

(1−̟)
F,t

] 1

1−̟

. (14)

Following the preceding equations optimal allocation of any given expenditure yields

the following demand equations

CH,t (j) = (1 − α)

(
PH,t

Pt

)
−̟

Ct (j) , (15)

CF,t (j) = α

(
PF,t

Pt

)
−̟

Ct (j) , Ci,t (j) =

(
Pi,t

PF,t

)
−ζ

CF,t (j) .

3.1.2 Some helpful Definitions and Identities

Before proceeding, we offer some helpful definitions and identities used extensively

in the following sections.

We start by defining different types of terms of trade relationships. The bilateral

terms of trade between the domestic country and country i represents the price of

country i’s goods in terms of domestic goods and is given by Si,t = Pi,t/PH,t. Thus

the effective terms of trade is given by

St =
PF,t

PH,t

=

(∫ 1

0

S1−ζ
i,t di

) 1

1−ζ

, (16)

which can be approximated by st ≡ log (St) ≈
∫ 1

0
si,tdi. Log-linearizing the domestic

CPI under the assumption of a symmetric steady state satisfying the PPP yields

pt = pH,t + αst. (17)

Using the definition of the domestic PPI, there is a link to the domestic CPI:

πt = πH,t + α△st. (18)

We see that the gap between producer and consumer price inflation is proportional

to the change in the terms of trade, depending on the openness of the country.19

Assuming that the LOOP holds on a brand level, we obtain Pi,t(k) = Ξi
tP

i
i,t (k)

(∀i, k ∈ [0, 1]), where P i
i,t (k) represents the price of good k from country i measured

in terms of country i’s currency. Integration over all products k yields Pi,t = Ξi
tP

i
i,t

(∀i, k ∈ [0, 1]), where P i
i,t ≡

[∫ 1

0
P i

i,t (k)1−ε dk
] 1

1−ε

represents the composite price

index of goods from country i measured in country i’s currency. A log-linearization

of PF,t around a symmetric steady state gives

pF,t =

∫ 1

0

(
ei

t + pi
i,t

)
di = et + p∗t , (19)

19For α = 0 we derive the closed economy version and consumer and producer prices coincide.
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where p∗t represents the log world price index and e ≡ log (Ξ).20 Using this with

the definition of the terms of trade gives st = et + p∗t − pH,t. Since the foreign

PPI measured in foreign currency units is given by P ∗

F,t =
[∫ 1

0

(
P i

i,t

)1−ζ
di
] 1

1−ζ

, the

assumption of the LOOP on a brand level, combined with identical preferences and

the assumption of no home bias yields the PPP:

PF,t = ΞtP
∗

F,t, PH,t = ΞtP
∗

H,t, Pt = ΞtP
∗

t , (20)

where P ∗

H,t is defined in the same way as P ∗

F,t and represents the domestic PPI

measured in foreign currency units.

3.1.3 International Risk Sharing and the UIP

Assuming complete securities markets gross returns across countries should be equal

and first order conditions similar to those of the domestic country should hold in

any country, leading to

Ct = κiC
i
tΥi,t, ∀t (21)

where Υi,t =
Ξi

tP
i
t

Pt
represents effective bilateral real exchange rate and κi is a constant

depending on initial conditions. Assuming (without loss of generality) symmetric

initial conditions (implying zero net foreign assets) κi = κ = 1. Taking logs and

using the relationship between the terms of trade and the real exchange rate, we

obtain

ct = c∗t + (1 − α) st. (22)

To exclude arbitrage the nominal gross-return (1 + rt) on a safe one-period bond

paying off one unit of currency in period t + 1 must be defined as

(1 + rt) Et {Ft,t+1} = 1. (23)

Assuming complete financial markets an analogous condition must be fulfilled in

any foreign country:
(
1 + ri

t

)
Et

{
Ft,t+1Ξ

i
t

Ξi
t+1

}
= 1. (24)

Defining the nominal effective exchange rate as Ξt =
∫ 1

0
Ξi

tdi, and combining (23)

and (24), we get the UIP

Et

{
Ft,t+1

[
(1 + rt) − (1 + r∗t )

Ξt

Ξt+1

]}
= 0, (25)

where r∗t represents the interest rate for the rest of the world, i.e. (1 + r∗t ) ≡∫ 1

0
(1 + ri

t) di. Log-linearizing (25) yields

rt − r∗t = Et (△et+1) , (26)

20Note that world CPI and PPI are the same as we assume that each country is of measure zero.
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which combined with the definition of the terms of trade directly leads to

st = Etst+1 +
(
r∗t − Etπ

∗

t+1

)
− (rt − EtπH,t+1) . (27)

Gaĺı and Monacelli (2005) point out that the UIP follows from international risk

sharing and can thus also be derived by combining the risk sharing condition with

domestic and world Euler equations.21

Furthermore, (23) and (6) lead to the conventional relationship between con-

sumption growth and the interest rate

β̃ ≡
1

1 + rt

= βEt

[(
Pt

Pt+1

)(
Ct (j)

Ct+1 (j)

)]
. (28)

To rule out the possibility of Ponzi schemes we assume that the present value of

financial wealth conditional on survival converges to zero:

lim
k→∞

Et

{
Ft,t+k (1 − γ)k Ωt+k (j)

}
= 0. (29)

Using (1) and (7) the budget constraint can be modified to a stochastic difference

equation in financial wealth

PtCt (j) + Et {Ft,t+1 (1 − γ)Ωt+1 (j)} = WtNt (j) − PtTt + Ωt (j) . (30)

Note that household optimization also implies that the equilibrium discount factor

is given by

Ft,t+k = βkEt

[
PtCt (j)

Pt+kCt+k (j)

]
=

k−1∏

i=0

Ft+i,t+i+1. (31)

Using this with the no Ponzi condition, the definition of human wealth and the

difference equation in financial wealth leads to

PtCt (j) = [1 − β (1 − γ)] (Ωt (j) + Ht (j)) , (32)

where [1 − β (1 − γ)] represents the reciprocal of the propensity to consume out of

financial and human wealth.22

3.1.4 Aggregation Across Cohorts

The aggregate per-capita level of a specific variable Gt is given by the average of all

generations, weighted with the cohort sizes: Gt =
∑t

j=−∞
γ (1 − γ)t−j Gt (j). We

first determine aggregate consumption and production.

21The appendix of Gaĺı and Monacelli (2005) demonstrates that (27) can be solved forward,

and the terms of trade are a function of current and anticipated real interest rate differentials:

st = Et

∑∞

k=0

[(
r∗t+k − Etπ

∗
t+k+1

)
− (rt+k − EtπH,t+k+1)

]
.

22Solving for consumption follows exactly Nisticó (2005) and Piergallini (2006).
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Aggregate Consumption and Production The intratemporal conditions (15)

yield

CH,t = (1 − α)

(
PH,t

Pt

)
−̟

Ct, CF,t = α

(
PF,t

Pt

)
−̟

Ct, Ci,t =

(
Pi,t

PF,t

)
−ζ

CF,t. (33)

where Ct can be derived from (8):

Ct ≡
[
(1 − α)

1

̟ (CH,t)
̟−1

̟ + α
1

̟ (CF,t)
̟−1

̟

] ̟
̟−1

(34)

Note here that the assumption of international risk-sharing implies that Ct = Ci
t

(∀i) equals world per-capita consumption.23

Aggregate FOCs Since all equilibrium conditions are linear in cohort-specific

variables, the aggregate conditions are simply given by

Ct

(1 − Nt)
=

Wt

Pt

, (35)

PtCt + Et {Ft,t+1Ωt+1} = WtNt − PtTt + Ωt, (36)

Qt (k) = Et {Ft,t+1 [Qt+1 (k) + Dt+1 (k)]} , (37)

PtCt = [1 − β (1 − γ)] (Ωt + Ht) , (38)

with aggregate nominal financial wealth given by

Ωt ≡ Bt +

∫ 1

0

Ξi
tB

i
tdi +

∫ 1

0

(Qt (k) + Dt (k)) Zt (k) dk. (39)

We cancel out the probability of dying with the logical argument that the gross

return on the insurance contract must equal one, since it has only redistributive

effects.

Combining (36) and (37) describes the dynamic patterns of aggregate consump-

tion, where the effect of financial wealth fades out as the probability of exiting the

market goes to zero:

βPtCt =
γ

(1 − γ)
Et {Ft,t+1Ωt+1} + [1 − β (1 − γ)] Et {Ft,t+1Pt+1Ct+1} . (40)

3.2 Firms

3.2.1 Technology

For analytical tractability, we assume that a typical domestic firm produces a dif-

ferentiated good k with a linear production function

Yt (k) = AtNt (k) , (41)

23See the appendix of Di Giorgio and Nisticó (2007) for details.
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where At ≡ exp (at) represents a labor-augmenting productivity shock.24 Thus, cost

minimizing leads to the following expression for firm’s real marginal costs:

MCt = (1 − ϑ)
Wt

PH,tAt

exp(µp
t ), (42)

where ϑ represents a subsidy optimally chosen by the government to correct the

monopolistic distortion and µp
t is a cost-push shock on marginal costs.25

Using brand-specific demand functions and aggregating across domestic brands

leads to

Yt℘t = AtNt, (43)

where ℘t ≡
∫ 1

0

(
PH,t(k)

PH,t

)
−ε

dk measures the relative price dispersion among domestic

firms and Nt =
∫ 1

0
Nt (k) dk represents the aggregate per-capita amount of hours

worked, which equals labor supply.

3.2.2 Price Setting

Monopolistic firms are assumed to set prices in a Calvo-staggered manner. Calvo-

pricing is a parable to account for persistence in inflation. A randomly selected

fraction of firms (1 − θ) adjusts prices while the remaining fraction of firms θ does

not adjust. In addition, a fraction of (1 − τ) firms behaves in a forward-looking

way and the remaining fraction τ uses the recent history of the aggregate price

index when they set prices. Thus τ is a measure of the degree of backward-looking

price-setting.26

For the forward-looking fraction the optimization problem of a firm k has the

same form as in Calvo (1983),

max
{PH,t(k)}

Et

∞∑

i=0

θi△i,t+i

[
PH,t (k)

PH,t+i

Yt+i (k) − MCt+iYt+i (k)

]
, (44)

and yields (
pfl

H,t

PH,t

)
= (1 + µ)

Et

∑
∞

i=0 θiβiCt+iYt+iMCt+i
Pt+i

PH,t

Et

∑
∞

i=0 ωiβiCt+iYt+i
Pt+i

PH,t+i

, (45)

where (1 + µ) =
(

ε
ε−1

)
represents the steady-state markup over a weighted average

of expected marginal costs and △i,t+i represents the real discount factor.

Defining the domestic index for the prices newly set in period t (pn
H,t)) as a

weighted average of the forward- and backward-looking prices, and assuming a rule

of thumb for the backward-looking price-setters,

pbl
H,t = pn

H,t−1 + πH,t−1, (46)

24Following standard practice in New Keynesian models, we do not consider capital (and there-

fore demand for investment goods). See, for example Clarida et al. (1999).
25See Gaĺı (2003) for details.
26See Gaĺı and Gertler (1999) for details.
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the following equations can be derived using some straightforward algebra:27

PH,t =
[
ωP 1−θ

H,t−1 + (1 − ω)
(
pn

H,t

)1−θ
] 1

1−θ

. (47)

pn
H,t = (1 − τ) pfl

H,t + τpbl
H,t, (48)

where πH,t = ln
(

PH,t

PH,t−1

)
represents the domestic producer price inflation.

3.3 Equilibrium

A virtue of the model presented here is its tractability, which benefits both analysis

and clarity of intuition. As the model can be solved for an infinite number of steady

states, we restrict the initial equilibrium. Without loss of generality, we assume a

baseline symmetric steady state with equal and constant consumption and a real

exchange rate of value one. Together with the PPP, this also implies a value of

one for terms of trade. In what follows, lower-case letters are used for describing

percentage deviations from equilibrium values of their upper-case counterparts.

3.3.1 The Demand-Side

Goods market clearing for each good k of the domestic small open economy requires

Yt (k) = CH,t (k) +

∫ 1

0

Ci
H,t (k) di

=

(
PH,t (k)

PH,t

)
−ε




(1 − α)

(
PH,t

Pt

)
−̟

Ct

+α
∫ 1

0

(
PH,t

Ξi
tP

i
F,t

)
−1 (P i

F,t

P i
t

)
−̟

Ci
tdi



 . (49)

for all k ∈ [0, 1] and all t, where Ci
H,t (k) represents country i’s demand for the

domestic good k.28 Using this with the definition of aggregate output gives29

Yt = CtS
α
t

[
(1 − α) + α

∫ 1

0

(
Si

tSi,t

)ζ−̟
di

]
, (50)

where Si
t represents the effective terms of trade of country i (P i

F,t/P
i
H,t). Following∫ 1

0
si

tdi = 0, we get an approximation around a symmetric steady state

yt = ct + αωst, (51)

where ω = ζ +(1 − α) (̟ − 1). Since an analogous condition holds for each country

in the world, it follows that y∗

t = c∗t . Furthermore, international risk sharing implies

yt = y∗

t +
1

σα

st, (52)

27See Gaĺı and Gertler (1999) for details.
28For the derivation of (49), we used (33) and the assumption of symmetric preferences across

countries, leading to Ci
H,t (k) = α

(
PH,t(k)

P i
H,t

)−ε (
PH,t

Ξi
tP i

F,t

)−1 (P i
F,t

P i
t

)−̟

Ci
t .

29See Gaĺı and Monacelli (2005) for a detailed derivation.
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where σα = 1
(1−α)+αω

.

The indices of average real dividend payments and the average stock market

capitalization are

Dt ≡
1

Pt

∫ 1

0

Dt (k) dk, Qt ≡
1

Pt

∫ 1

0

Qt (k) dk. (53)

Under the assumption of a balanced world government budget, the equilibrium

aggregate world net supply of state-contingent bonds must equal zero. However, in

a open economy model, we can approximate around any given distribution of bonds

across countries, and thus assume without loss of generality that bond holdings of

domestic and foreign households are zero in the initial equilibrium: Bt+
∫ 1

0
Ξi

tB
i
tdi =

1
Ξi

t+1

B
(i,H)
t+1 +

∫ 1

0
Ξ

(i,l)
t+1B

(i,l)
t+1 dl = 0. Using this condition with (38), the equilibrium

present discounted nominal value of future aggregate nominal financial wealth is

equal to the current level of domestic nominal stock-prices:

Et {Ft,t+1Ωt+1} =

∫ 1

0

Qt (k) dk = Qt, (54)

where we used the intertemporal condition (7) and the logical argument, that∫ 1

0
Ξ

(i,l)
t+1dl = 1.30

Moreover, the demand side is constrained by

Dt =
PH,t

Pt

Yt − (1 − ϑ)
Wt

Pt

Nt. (55)

Let Πt denote the domestic gross inflation rate. Integrating over all firms, we

thus get the demand side of the domestic economy, characterized by the following

Euler equation:

βCt =
γ

(1 − γ)
Qt + [1 − β (1 − γ)]Et {Ft,t+1Πt+1Ct+1} , (56)

and

Qt = Et {Ft,t+1Πt+1 [Qt+1 + Dt+1]} . (57)

Furthermore, using E(xy) = E(x)E(y) + Cov(x, y) we derive

Qt = Et {Ft,t+1}Et {Πt+1 [Qt+1 + Dt+1]} − Qtǫ, (58)

where ǫ represents the conditional covariance between the stochastic discount fac-

tor and the nominal gross return rate on stocks. This defines the following risk

premium:31

EPt ≡ Et

{
Πt+1

[
Qt+1 + Dt+1

Qt

]}
− (1 + rt) = (1 + rt)ǫ. (59)

30The domestic country is a small country of measure zero, so the bilateral exchange rates in

the rest of the world necessarily sum up to one.
31In contrast to Nisticó (2005), we do not assume a time varying covariance. Thus, we add a shock

representing all non-fundamental factors when estimating the model to improve the estimation of

the stock price gap equation. We return to this issue in section 4.
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Log-linearizing the demand side of the model gives

yt =
1

1 + Ψ
Etyt+1 +

Ψ

1 + Ψ
qt −

1

1 + Ψ
(rt − Etπt+1 − ρ)

−
αω

1 + Ψ
Et (△st+1) , (60)

wt − pH,t = ct + ϕnt, (61)

qt =
β̃

1 + ǫ
Etqt+1 +

1 + ǫ − β̃

1 + ǫ
Etdt+1 − (rt − Etπt+1 − ρ) , (62)

dt =
Y

D
(pH,t − pt + yt) −

WN

PD
(nt + wt − pt) , (63)

where ϕ ≡ N
1−N

is the inverse of the steady state Frisch elasticity of labor supply,

Ψ ≡ γ 1−β(1−γ)
1−γ

Ω
C

, and ρ ≡ log(β).

3.3.2 The Supply-Side

Equilibrium in the labor market and the definition of the terms of trade implies

MCt =
CtPt exp(µp

t )

(At − Yt℘t) PH,t

. (64)

Log-linearizing this by using the assumption of a linear production technology, the

optimal labor-leisure decision of the households and (42), equilibrium real marginal

costs are given by

log (MCt) = y∗

t + ϕyt − (1 + ϕ) at + st + µp
t (65)

= (σa + ϕ) yt + (1 − σa) y∗

t − (1 + ϕ) at + µp
t . (66)

In a flexible-price equilibrium all firms set their prices equal to a constant mark-up

over marginal costs µ. Thus marginal costs reach their long-run level at each point

in time (mcn
t = 0) and the flexible-price equilibrium level of output follows directly

from the preceding equation:

yn
t = Γaat − αΓy∗y∗

t , (67)

where Γa ≡ (1+ϕ)
(σα+ϕ)

, Γy∗ = Θσα

(σα+ϕ)
and Θ ≡ (ζ − 1) + (1 − α) (̟ − 1). This links real

marginal costs with the output gap xt ≡ (yt − yn
t ):

mct = (σα + ϕ)xt + µp
t . (68)

Log-linearizing the price-setting equations (46), (47) and (48) gives the conven-

tional hybrid New Keynesian Phillips curve:

πH,t = φ
(
θβ̃EtπH,t+1 + τπH,t−1

)
+ λmct + εµ

t , (69)

where λ = (1 − τ) (1 − θ)
(
1 − β̃θ

)
φ, φ =

(
θ + τ

[
1 − θ

(
1 − β̃

)])
−1

and εµ
t = λµp

t .
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3.4 The Natural Rate and the Canonical Representation

Exchange rate stability is enshrined as an important objective of monetary policy

in Hong Kong. Assuming an exchange rate peg, monetary policy is implicitly given

by (the interest rate adjusts endogenously to fulfill the UIP)

et = ρeet−1+εe
t , ε

e
t∼ N

(
0, σ2

e

)
, (70)

where εe
t represents an i.i.d. shock on the exchange rate, reflecting variations that

are exogenously with respect to our model. As usual in New Keynesian models, we

can summarize the model by a few equations, representing percentage deviations of

the state variables from their steady state values. The reduced system is given by32

xt =
σα

Γ0
Etxt+1 +

Ψ

Γ0
q̂t −

1

Γ0
(rt − EtπH,t+1 − rrn

t ) , (71)

q̂t =
β̃

1 + ǫ
Etq̂t+1 −

λq

1 + ǫ
Etxt+1 − (rt − EtπH,t+1 − rrn

t ) + ηt, (72)

πH,t = φ
(
θβ̃EtπH,t+1 + τπH,t−1

)
+ καxt + εµ

t , (73)

where q̂t ≡ qt − qn
t , Ψ ≡ γ 1−β(1−γ)

1−γ
Ω
C

, Γ0 ≡ 1 + Ψ − αΘσα, κα ≡ λ (σα + ϕ) , λq ≡(
1 + ǫ − β̃

)(
1+ϕ−µ

µ
+ ασα

)
, and ηt is a shock accounting for all non-fundamental

movements in the stock price gap. Furthermore, the natural rate is given by33

rrn
t ≡ ρ + [σαρa + Ψ − Γ0] Γaat

+ [(σαρy∗ + Ψ − Γ0) Γy∗ + Θσα (ρy∗ − 1)] αy∗

t , (74)

where we assumed AR(1)-processes for at, y∗

t and ηt,

at = ρaat−1 + εa
t , (75)

y∗

t = ρay
∗

t−1 + εy∗

t (76)

ηt = ρηηt−1 + εη
t , (77)

and the εis are normally distributed with constant mean and variance σi. Finally,

following Nisticó (2005), the natural stock price index is given by qn
t = yn

t .

The reduced-form of the DSGE model is founded on structural parameters that

describe the optimal behavior of firms and households. These parameters can be

considered independent of the policy regime, and thereby not subject to the Lucas

critique.

32See appendix for details.
33Note that the natural rate rrn

t is the interest rate compatible with both inflation and output

stabilization at their efficient level (flexible-price allocation). For any interest rate rule of the form

rt = rrn
t the model is undetermined, and for any rule of the form rt = rrn

t + φππt + φxxt the

mere threat of reacting to deviations from equilibrium would suffices to keep output and inflation

at their efficient level. As we focus on an exchange rate peg, we do not discuss this issue further.

Details can be found in e.g. Gaĺı (2008).
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4 Estimation and Model Fit

Having a new general equilibrium model for Hong Kong is important in its own right,

but it is also important to investigate the mapping of the model into reality using

all available data. We use a combination of less formal calibration and estimation

in parameterizing the model.

The parameters of the DSGE model are estimated by Bayesian methods, condi-

tional on prior information concerning the values of parameters. Following standard

practice, we have removed trend components from the observed macroeconomic

variables using the HP-filter.34 Striking advances have been made in recent years in

estimating DSGE models, shifting emphasis in quantitative macroeconomics from

calibration exercises to directly estimating the parameters of a structural model

and letting the data speak. The Bayesian technique – as forcefully claimed by An

and Schorfheide (2007) and Fernández-Villaverde (2009) – is now the standard tool

for estimation of DSGE models. Linear approximation methods lead to a state-

space representation of the DSGE model that can be analyzed with a Kalman filter.

Together with the specification of prior distributions for the parameters, the state-

space representation can be translated to form the posterior distribution. Bayesian

estimation looks for the parameter that maximizes the posterior, given the prior and

the likelihood based on the data. In order to obtain numerically a sequence from the

unknown posterior distribution, we employ the Metropolis-Hastings Markov-Chain

Monte Carlo algorithm with 50.000 draws. We use the Dynare preprocessor for

Matlab in computation.

For the estimation of the model (18), (52), (67), (71) - (77), xt = yt − yn
t and

△ (e) = △ (s) + πH are used, where the last equation follows from the assumption

of a small economy. We employ quarterly data for 5 observables for the sample

1981Q1-2007Q3: the real GDP of Hong Kong, the Hang Seng index, the nominal

effective exchange rate, the consumer price index of Hong Kong and US GDP.35 The

last series is used as a proxy for foreign demand (y∗

t ).

4.1 Calibration

A number of parameters remain fixed throughout the estimation procedure. This is

because they are either notoriously difficult to estimate (in the case of substitution

elasticities between home and foreign goods and the Frisch wage elasticity of labour

supply) or they are better identified using other information. The discount factor

β is set to 0.995, implying a nominal interest rate of 2 percent annually. In a

34As an alternative, a DSGE model incorporating deterministic or stochastic trends can be

estimated. However, as discussed in Clements and Hendry (1999), intermittent structural breaks

render such trends empirically inadequate representations of low-frequency variation in observed

macroeconomic variables.
35It is worth noting that Genberg (2005) has found in a VAR framework that Hong Kong’s

output growth depends to a large extent on developments in the US.
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similar vein, we assume a value of 0.01 for the steady state interest rate r. For the

elasticity of substitution between domestic and foreign goods and the substitution

elasticity between goods produced in different foreign countries, we choose ̟ = ζ

= 1. This is consistent with macro-estimates in the range of 1 to 2 in Collard and

Dellas (2002) and the parameterization in Backus et al. (1992).36 Following the

RBC literature, the inverse of the (Frisch) wage elasticity of labour supply φ is set

to 0.33.37 The mark-up over expected marginal costs µ is hard to pin down. Below

we assume µ = 0.1. Finally, following Nisticó (2005) the steady-state consumption

is set at 80 percent of total output and the conditional covariance between the

stochastic discount factor and the nominal gross return rate on stocks is assumed

to be 0.015.38 The calibrated parameters are fed into the DSGE model, which is

estimated subsequently.

4.2 DSGE Priors and Posterior Distributions

Table 4: Prior and Posterior Distributions of the Structural Parameters

Prior Distribution Posterior Distribution

Type Mean St. Dev. Mode St. Dev. Conf. Int. Stand. Coeff.

τ beta 0.2 0.1 0.141 0.056 [0.054,0.225] 2.520

θ beta 0.7 0.1 0.684 0.077 [0.560,0.807] 9.064

γ beta 0.03 0.01 0.027 0.010 [0.014,0.046] 3.000

α beta 0.4 0.05 0.141 0.019 [0.110,0.171] 7.420

ρa beta 0.7 0.1 0.795 0.037 [0.734,0.855] 21.487

ρy∗ beta 0.7 0.1 0.810 0.045 [0.737,0.884] 18.000

ρe beta 0.7 0.1 0.707 0.058 [0.612,0.803] 12.190

ρη beta 0.7 0.1 0.775 0.071 [0.637,0.911] 10.920

Detailed descriptions of the prior distributions for the structural DSGE param-

eters and the shock parameters are given in Table 4 and 5. In selecting the prior

distributions for the parameters to be estimated, we are guided by conventions in

the literature. For the key parameter γ, we take the value 0.03 for the mean as used

by Nisticó (2005) and which corresponds to a financial planning horizon of slightly

more than 8 years in a quarterly model. Moreover, this prior is in line with the

estimation of Milani (2008), who estimates a version of Nisticó (2005) and derives

a planning horizon of 10 years. Given the volatility of inflation in Hong Kong, the

36In contrast, higher elasticities of substitution between domestic and foreign goods in the range

of 5 to 10 are typically obtained using microdata. Obstfeld and Rogoff (2000) have shown that

such high elasticities can explain an observed large home bias in trade.
37The value of φ has a limited effect on the dynamics of the DSGE model.
38We need a value for the steady-state consumption to pin down Ω

C
, which determines Ψ. It is

easily shown that Ω
C

= (1+r)(1+ǫ)µ

(r+(1+r)ǫ) C
Y

. See Nisticó (2005) for details.
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Table 5: Prior and Posterior Distributions of the Standard Deviations of the Shocks

Prior Distribution Posterior Distribution

Type Mean St. Dev. Mode St. Dev. Conf. Int.

εa gamma 2.000 2.000 2.749 0.203 [2.456,3.149]

εy∗

gamma 2.000 2.000 0.485 0.035 [0.432,0.555]

εe gamma 2.000 2.000 1.875 0.135 [1.675,2.131]

εµ gamma 2.000 2.000 0.610 0.060 [0.524,0.726]

εη gamma 2.000 2.000 2.325 1.110 [1.332,5.696]

inflation persistence parameter τ is set at a rather low value of 0.2. Price rigid-

ity is set to the standard value of 0.70, a value that is close to the estimates of

Christiano et al. (2005). The degree of openness is set to 0.4, which seems at least

plausible for a small open economy like Hong Kong. The persistence parameters

for the AR(1) processes of a, y∗, e and η are all set to the standard value of 0.7 and

the standard deviation of all shocks is set to 2. These assumptions ensure that the

model is roughly consistent with the autocovariance patterns observed in the data.

Since all parameters besides the standard deviation of shocks are bounded by the

unit interval [0, 1), we use Beta distributions. For the standard deviations we use

inverse Gamma distributions as is the standard convention today.39 We have also

examined the sensitivity of results by considering the impact of different prior sizes

and prior distributions.

The posterior distributions for the structural parameters are given in Table 4. To

facilitate comparisons across variables, we have also divided the posterior mean co-

efficient by its posterior standard deviation. The posterior standardized coefficient

associated with variable xi allows to assess the relative size and significance of the

effect of variable xi in explaining the dependent variable.40 In Figure 1 prior and

posterior distributions for the parameters and shocks are given. Overall, all param-

eters seem to be well identified, as shown by the fact that the posterior distribution

is not centered on the prior or it is centered but with a smaller dispersion indicating

high significance of the estimates. On the price stickiness side, 68 percent of firms

don’t adjust prices within one quarter. This implies that prices are reoptimized

once every three quarters. This is in line with the previous evidence of compara-

tively flexible prices in Hong Kong (see Yetman (2009)). The structural parameter

τ representing the degree of backward-looking price setting is estimated to be 0.141,

implying a small share of backward-looking firms. The autoregressive parameters

are estimated in the range 0.707 - 0.810, pointing to a high persistence.41

39See, for example, Castelnuovo and Nisticó (2008). A thorough elicitation of priors is available

in Del Negro and Schorfheide (2008).
40Brock and Durlauf (2001) have provided a decision-theoretic foundation for using such stan-

dardized coefficients in policy analysis.
41A widely applied method to assess the validity of estimated DSGE models is to compare them
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Figure 1: Prior vs. Posterior Distributions in the Metropolis-Hastings Procedure
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Table 5 summarizes the results on the shock parameters. This gives a first indi-

cation on what shocks seem to drive the cyclical variations in our macroeconomic

time series. The shocks estimated to have the highest standard deviations are pro-

ductivity shocks.

with non-structural VARs. Interestingly, Gerlach and Gerlach-Kristen (2006) have found in a

semi-structural VAR an AR(1) coefficient for Hong Kong’s output gap of 0.68. The estimates are

thus quite similar.
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4.3 Properties of the Estimated Model

Figure 2: In-Sample One Step Ahead Predictions of the Estimated Model
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In this section, we turn to the results from the model, once parameters are ob-

tained from maximizing the posterior over the entire sample period. We do so in

three steps. First, in Figure 2 we show the one-step ahead predictions of the model.

Obviously, a prerequisite for an estimated DSGE model is a proper empirical repre-

sentation of the data generating process. The overall impression is that the model

is able to mimic the time series, i.e. the results indicate that the model can match

the cyclical properties of the data very well. On a cautionary note, however, the

model has difficulties accounting for the stock price dynamics and underpredicts the

volatility of the Hang Seng index. Besides being difficult to forecast, share prices

are far more volatile than the economic fundamentals that supposedly determine

them. The high volatility of share prices relative to economic fundamentals is very

difficult to replicate in a DSGE model without introducing arbitrary disturbances.

The high value of the standard deviation of εη indicates that the Hang Seng index

is also strongly driven by non-fundamental movements.
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The Bayesian estimation results indicate that agents exhibit a positive elasticity

of consumption to share prices ( Ψ
Γ0

). How big are these spillovers from the stock

market? Bayesian inference relies upon accurate characterization of the posterior.

We have therefore drawn 400.000 draws from the posterior, and tested whether

convergence occurred. The results based on the simulated posterior are presented

in Figure 3. Overall, we think the test indicates chain convergence such that the

numerically simulated posterior is a good approximation. From an economic point

of view, the results indicate a small, but positive, wealth effect.

Figure 3: Posterior Density of the Wealth Effect ( Ψ
Γ0

)
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Having shown that the model fits the data reasonably well, we next elucidate

how the variables react in response to the structural shocks. Figures 4 - 8 below

single out the impulse response functions. We present these graphs as they nicely

illustrate the functioning of our modeling toolkit.
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Figure 4: Productivity Shock
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4.4 Impulse Response Functions

Productivity Shock In Figure 4 the impulse responses after a productivity shock

are shown (the dashed lines represent the 95% interval), the shock of most interest in

a DSGE framework. Apart from the effect of stock price dynamics on consumption

and the restrictions on monetary policy due to the exchange rate peg, the responses

show the typical characteristics (see e.g. Gaĺı (2008)). An increase in the productiv-

ity index leads to an increase in natural output and, as a result, a negative output

gap. The productivity shock reduces real marginal costs, enabling firms to lower

producer prices. In addition, higher productivity allows firms to pay higher nominal

wages.42 Under a standard New Keynesian model, the central bank would move to

accommodate for the improvement of technology by decreasing the interest rate. In

the case of an exchange rate peg, however, the central bank’s hands are tied. Ini-

tially, the interest rate reaction is tiny (in the range of 10−3) and positive as it copes

with the upward pressure on the exchange rate from the positive effect on the terms

of trade.43 In the medium term, actual output catches up and the output gap closes.

42Nominal wages are simulated using (35) with (41) and (51): w = p + a − αs.
43This effect on the terms of trade stems from the diminishing producer prices in response to the

technology improvement. This is shown in (22) and reflects an assumption of complete security

markets.
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Figure 5: Foreign Demand Shock
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As the natural interest rate (the rate compatible with both output and inflation in

equilibrium) declines, the positive “real interest rate gap” (rt − EtπH,t+1 − rrn
t ) leads

to a fall in the stock price gap. Comparable to the reaction of the output gap, the

increase in productivity leads to an increase in the natural stock prices first, while

the actual stock prices lag behind. As the shock diminishes, the interest rate (and

all other variables) returns to its steady state.

Foreign Demand Shock The reactions after a foreign demand shock are given

in Figure 5.44 A shock to foreign output increases domestic output due to the boost

in foreign demand. Since this is accompanied by a fall in marginal utility, firms

seeking to boost production have to increase wages to achieve an increase in hours

worked. As a result, real marginal costs and prices increase. The implied fall in

the terms of trade (the increase in foreign demand must be due to an improvement

in the terms of trade from the foreign perspective) puts downward pressure on the

exchange rate, leading the central bank to cut the interest rate. This lower interest

rate, in turn, leads to an increase in the output gap, the stock price gap, and the

price indexes as shown in the figure.

44Under the assumption ̟ = ζ = 1, the foreign demand shock has no influence on natural

output since all goods are assumed to be perfect substitutes for each other and Γy∗ = 0. Thus, the

effect of an increase in foreign demand has only an effect via the negative influence on the terms

of trade.



4.4 Impulse Response Functions 28

Figure 6: Exchange Rate Shock
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Exchange Rate Shock As the Hong Kong monetary authority follows an ex-

change rate peg, investigating the dynamics of the economy in response to an ex-

change rate shock is straightforward. In the underlying model an increase in the

exchange rate must be accompanied by a fall in the interest rate, since a depreciation

of the exchange rate can only be achieved by a positive interest rate differential and

the foreign interest rate is exogenously given. From this perspective, the positive

exchange rate shock implies the same responses as a negative monetary policy shock.

As the natural values of output, stock prices and the interest rate are unaffected,

the output gap equals actual output and stock price dynamics equal the dynamics

of the stock price gap. The fall in interest rate generates an economic boom. To

recruit more workers, firms must pay higher nominal wages and, as a consequence,

prices go up . The terms of trade follow the exchange rate dynamics and reflect the

lower import prices for foreign consumers. However, this effect is dampened by the

increase in domestic prices. As the interest rate reaches its equilibrium value again,

all variables return to their steady states.
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Figure 7: Cost Push Shock

0 5 10 15
−0.8

−0.6

−0.4

−0.2

0
output gap

0 5 10 15
−0.4

−0.2

0

0.2

0.4
stock price gap

0 5 10 15
−0.2

0

0.2

0.4

0.6

0.8
PPI

0 5 10 15
0

1

2

3

4

5x 10
−3 interest rate

0 5 10 15
−0.8

−0.6

−0.4

−0.2

0
output

0 5 10 15
−0.4

−0.2

0

0.2

0.4
stock prices

0 5 10 15
−0.2

0

0.2

0.4

0.6
CPI

0 5 10 15
−0.8

−0.6

−0.4

−0.2

0
terms of trade

0 5 10 15
0

0.2

0.4

0.6

0.8
prod. prices

0 5 10 15
0

0.2

0.4

0.6

0.8
nominal wages

0 5 10 15
0

0.2

0.4

0.6

0.8
cons. prices

Cost-push Shock The responses after a cost push shock are given in Figure 7.

Again, the natural values of output, stock prices and the interest rate are unaffected.

The increase in producer prices also affects consumer prices, leading to higher claims

from workers and consequently higher nominal wages. In addition, the increase in

prices is accompanied by a fall in the terms of trade. Since △e = △s+πH , prices and

terms of trade dynamics have opposing effects on the exchange rate. However, since

the source of disturbance is the increase in the PPI, the cost-push shock generates an

upward pressure on the exchange rate. Thus, the central bank needs to increase the

interest rate to keep the exchange rate fixed. While the increase in the interest rate

brings prices back into equilibrium, it is accompanied by a fall in output. The fall

in the output gap has a positive effect on expected real dividends via the marginal

cost channel, leading to an increase in stock prices.45 This represents a stabilizing

wealth effect with respect to the output gap.

45See (89) in the Appendix for details.



5. Conclusions 30

Figure 8: Stock Price Gap Shock

0 5 10 15
0

10

20

30

40

50
stock price gap

0 5 10 15
0

10

20

30

40

50
stock prices

0 5 10 15
0

0.05

0.1

0.15

0.2

0.25
interest rate

0 5 10 15
0

1

2

3

4

5

6
stock price gap shock

Stock Price Gap Shock Remember we added the stock price gap shock to deal

with the difficulty of replicating high volatility in stock price dynamics driven largely

by non-fundamental movements or factors that we do not model explicitly. As Table

5 suggests, the responses in Figure 8 show a highly volatile reaction (for the upper

bound of the 95% interval stock prices deviate more than 60% from the steady state).

As the shock has no influence on natural values, stock prices and the stock price gap

show the same dynamics. To eliminate the effect on output, i.e. upward pressure

on the terms of trade and the exchange rate, the interest rate must be raised by an

amount necessary to keep output (and inflation) in equilibrium.

5 Conclusions

This paper examined the business cycle fluctuations in Hong Kong through a DSGE

prism and identified the macroeconomic implications of various structural shocks.

Using a small open economy DSGE model based on contemporary economic theory,

our Bayesian estimation results pointed to positive and significant wealth effects

from stock markets on consumption and business cycles. Although our model is

rather general, we restricted its focus to a setup with stock markets and purposely

disregarded the role of shifting property prices. This omission was deliberately in

an effort to limit the models complexity. Thus, the model treats property prices as

being determined by the same factors as stock prices and as having similar impacts.

While we believe this to be a reasonable first approximation, this modeling may

well miss effects coming through the housing price channel, offering a potentially

valuable subject for future research.

A Appendix

A.1 Steady State and Linear Equilibria

A.1.1 Steady State

Following (40) a zero-inflation steady state yields

1 =
γ Ω

PC

(Σ − 1) (1 + r)
+

(1 − γ)Σ

(Σ − 1) (1 + r)
=

γ Ω
PC

(Σ − 1) (1 + r)
+

1

β (1 + r)
(78)
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Furthermore, (40), (38), (59), the production function, equilibrium on the labor

market and equation (55) define the following steady state:

Ω = Q + D +

∫ 1

0

XRi
(
Qi + Di

)
di, (79)

Q + D = (1 + r)Q (1 + ǫ) , (80)

Y = AN, (81)

MC = (1 − τ)
W

APH

=
1

1 + µ
, (82)

D =
µ

1 + µ

PH

P
Y, (83)

where we used the optimal subsidy ϑ = µ

1+µ
as in Gaĺı (2003).

A.1.2 Approximation

Next, we strip the model of its nonlinearities by linearizing the model at the steady

state. Log-linearizing (40) using (23) follows exactly the steps in Nisticó (2005) and

yields

ct =
1

1 + Ψ
Etct+1 +

Ψ

1 + Ψ
qt −

1

1 + Ψ
(rt − Etπt+1 − ρ) . (84)

Substituting consumption with output, using the relationship between the terms of

trade and the output differentials and between the CPI and the terms of trade, gives

xt =
σα

Γ0
Etxt+1 +

Ψ

Γ0
q̂t −

1

Γ0
(rt − EtπH,t+1 − rrn

t ) , (85)

where

rrn
t ≡ ρ + [σαρa + Ψ − Γ0] Γaat

+ [(σαρy∗ + Ψ − Γ0) Γy∗ + Θσα (ρy∗ − 1)] αy∗

t , (86)

and Γ0 ≡ 1 + Ψ − αΘσα, κα ≡ λ (σα + ϕ) , λq ≡
(
1 + ǫ − β̃

)(
1+ϕ−µ

µ
+ ασα

)
,

q̂t ≡ qt − qn
t .

Rearranging (80) gives

D

(1 + r)Q
= 1 + ǫ −

1

1 + r
, (87)

and as a consequence the pricing equation is given by

(1 + ǫ) qt =
1

(1 + r)
Etqt+1 +

(
1 + ǫ −

1

1 + r

)
Etdt+1

− (1 + ǫ) (rt − Etπt+1) − ǫηt. (88)
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Loglinearizing (55) leads directly to

dt =
PHY

PD
(pH,t − pt + yt) −

WN

PD
(wt + nt − pt)

=
PHY

PD
(pH,t − pt + yt) −

WN

PD
(yt + mct + pH,t − pt)

=
PHY

PD
(yt − αst) −

WN

PDH

(yt + mct − αst)

= yt − αst −
WN

PD
mct, (89)

where we used the assumption of a linear production technology. Using (83) with

the production function and marginal costs yields

WN

PD
=

WY

APD
=

1

µ
, (90)

implying

dt = yt − αst −
1

µ
mct. (91)

Using the definition of the output gap and equation (68), we derive a relationship

between real dividends, the terms of trade, the output gap, and potential output:

dt = yn
t − αst −

ϕ + µ

µ
xt. (92)

Plugging this into (88) gives

qt =
β̃

1 + ǫ
Etqt+1 +

1 + ǫ − β̃

1 + ǫ
Et

[
yn

t+1 − αst+1 −
ϕ + µ

µ
xt+1

]

− (rt − Etπt+1) . (93)

By following the same steps as described in the appendix of Nisticó (2005), adjusted

for the terms of trade, we derive

q̂t =
β̃

1 + ǫ
Etq̂t+1 −

λq

1 + ǫ
Etxt+1 − (rt − EtπH,t+1 − rrn

t ) , (94)

where q̂t ≡ qt − qn
t and the natural stock price evolves according to qn

t = yn
t . Adding

a shock to account for non-fundamental disturbances (ηt) gives (73).
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Di Giorgio, G. and S. Nisticó (2007): “Monetary Policy and Stock Prices in

an Open Economy,” Journal of Money Credit and Banking, 39, 1947–1985.

Dixit, A. K. and J. E. Stiglitz (1977): “Monopolistic Competition and Opti-

mum Product Diversity,” American Economic Review, 67, 297–308.

Fernández-Villaverde, J. (2009): “The Econometrics of DSGE Models,”

NBER Working Paper, 14677.
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