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Outline Formal Reprise of the Two-Country, Two-Good Endowment Economy Model (Corsetti, Dedola, and Leduc, 2008, Section 3). I



Goods Markets for YH and YF



I



Financial Market Structure: Complete vs Financial Autarky



Log-Linearisation I



Substitution Method



I



Some Non-Specific Examples



An Application of Log-Linearisation Techniques to the Endowment Economy Model I



Relationship Between the Real Exchange Rate and the Terms of Trade



I



Relative Demand



Exploring the Model in DYNARE. NOTE: Any text in red denotes a point a which a formal derivation will be worked through and discussed in more detail on the board. Simon P. Lloyd
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Aim Once the global equilibrium (equilibrium in the goods and asset markets) has been attained, the aim of the analysis is to study the transmission of endowment and preference shocks within and between the two economies, focusing on the e↵ects of these shocks on relative output, relative consumption and relative prices internationally.
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Economic Structure Two countries, {H, F }, each with an endowment of a good specific to that country, YH and YF respectively.



Three markets to equilibrate in order to attain the global equilibrium: 1



2



3



Home Country Goods Market for YH . F



Endowment exogenously given.



F



Demand from both home and foreign consumers.



Foreign Country Goods Market for YF . F



Endowment exogenously given.



F



Demand from both home and foreign consumers.



International Asset Market. F



The nature of equilibrium in this market depends upon the financial market structure that prevails.
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Households



In each country, a continuum of households derive utility by consuming both goods in the aggregator Ct . Home consumer utility is denoted: Ut = Et



1 X



s



U (Ct+s ; ⇣C ,t+s ) = Et



s=0



where



=



⇤



< 1,



1 X



s



⇣C ,t+s



s=0



=



⇤



1 Ct+s 1



1



> 1 and ⇣C ,t+s is a stochastic preference shock at



time t + s.
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Consumption Aggregator Ct is the total consumption basket of the representative home consumer at time t. The basket comprises of both CH and CF , represented mathematically as a CES aggregator:







1/



1



1/



1



1



Ct = aH CH,t + aF CF ,t > 0 is the elasticity of substitution between home and foreign goods, more commonly referred to as the trade elasticity. CH,t represents domestic consumption of the home H good, while CF ,t is the label for domestic consumption of the foreign F good. aF = 1



aH , so aH denotes the share of the domestically produced good in



the consumption of the home consumer. If aH > 1/2, it is said that domestic consumers exhibit home bias. Simon P. Lloyd



Endowment Economy Model



August 2014



Model



Goods Markets



Asset Market



Complete Markets



Financial Autarky



Log-Linearisation



Dynare



Price of Consumption and Demand for Goods Pt is the consumption-based price index for the domestic economy, the price of a single unit of the aggregate consumption basket in the domestic economy, defined such that: Pt = min Zt = PH,t CH,t + PF ,t CF ,t CH,t ,CF ,t



subject to



Ct = 1



From this, one can derive the price index: ⇣ ⌘1 1 1 1 Pt = aH PH,t + aF PF ,t



as well as expressions for home consumer demand for the home and foreign good respectively: CH,t CF ,t Simon P. Lloyd
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PH,t Pt PF ,t Pt



◆
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Ct Ct
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Complementarity and Substitutability



CH and CF are substitutes if the marginal utility of one good is decreasing in the quantity of the other. Mathematically this is defined as: @U 2 @U 2 = 


When



> 1, the two goods are substitutes.



I



When



< 1, the two goods are complements.
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Exchange Rates and Relative Prices Nominal Exchange Rate Et : domestic currency price of foreign currency ) " Et , Depreciation of Home Currency.



Terms of Trade Tt : the relative price of imports to the price of exports, where both price are written in terms of the home currency: Tt =



PF ,t ⇤ Et PH,t



" Tt , " Relative Price of Imports , Worsening of Home Terms of Trade. Real Exchange Rate Qt : the relative price of consumption, the price of the foreign currency basket in domestic currency terms relative to the home basket price:



Et Pt⇤ Qt = Pt " Qt , Depreciation of Home Real Exchange Rate. Simon P. Lloyd
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Purchasing Power Parity



Purchasing Power Parity (PPP) is defined as the equalisation of the price of consumption across countries: Pt = Et Pt⇤ . In this model PPP will hold if two conditions hold: 1



⇤ The law of one price (LOOP) holds: PH,t = Et PH,t and PF ,t = Et PF ,t (i.e.



the price of the home (foreign) good in the home country is exactly equal to its price in the foreign country in home currency terms). 2



⇤ Consumption baskets are identical: aH = aH =1



aF⇤ .



Therefore, deviations from PPP can reflect either deviations from the law of one price or di↵erences in preferences across countries.
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World Goods Market Equilibrium Equilibrium in home and foreign goods market equilibrium requires: ⇤ YH,t = CH,t + CH,t



YF ,t = CF ,t + CF⇤,t



One can show that world goods demand can be re-expressed in the following manner, yielding conditions for equilibrium in the home and foreign goods markets respectively: YH,t



=



YF ,t



=



Simon P. Lloyd
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◆



h



h



aH Ct +



⇤ aH Qt



Ct⇤



aF Ct +



aF⇤ Qt



Ct⇤
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Assumptions and Normalisations For simplicity, assume that the the law of one price (LOOP) holds: PH = EPH⇤



and



PF = EPF⇤



Deviations from PPP can still occur, as consumption baskets are not assumed to be identical. Instead, consumption baskets are symmetric with home bias, such that: aH = aF⇤ = 1



⇤ aH > 1/2



Without loss of generality, the nominal exchange rate is normalised such that: Et = 1
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Asset Market Structures The structure of international asset markets will determine the nature of the global equilibria, as well as the manner in which the real exchange rate Qt is determined.



The types of financial market structure considered here: 1



Complete Markets - There exists a complete set of Arrow-Debreu securities for each state of nature in the future. The real exchange rate must adjust to ensure perfect risk sharing in each period of time.



2



Financial Autarky - International trade in assets is not permitted whatsoever. The real exchange must adjust to ensure that a country’s trade is balanced in every period.



3



Bond Economy - There exists a single non-contingent bond. The mathematical derivation for this case is left as an exercise.
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Complete Markets



Complete Markets ) Full set of state-contingent Arrow-Debreu securities. I



Time t state known: st .



I



Time t + 1 state unknown: st+1 2 S where S is the state-space.



At time t, there exists at least one bond for each state st+1 in time t + 1, BH,t+1 (s1,t+1 ). It can be purchased at the price qH,t (s1,t+1 ) at time t, and pays out a single unit upon realisation of the state s1,t+1 at time t + 1.



Representative household inter-temporal complete market budget constraint: Z qH,t (st+1 )BH,t+1 (st+1 )dst+1  BH,t + PH,t YH,t PH,t CH,t PF ,t CF ,t
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Since there are no distortions in the complete market economy, by the first fundamental welfare theorem, the flexible price allocation will be first best efficient. Maximising the representative household utility subject to the budget constraint yields the following Euler equation: q(s 0 |s) UC (s) = P(s)



Pr(s 0 |s)UC (s 0 |s)



1 P(s 0 |s)



Combining this with a similar expression for the foreign consumer results in a condition for efficient risk sharing under complete markets: UC (s) P ⇤ (s) UC (s 0 |s) P ⇤ (s 0 |s) · = ⇤ 0 · UC⇤ (s) P(s) UC (s |s) P(s 0 |s)
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Complete Markets: Asset Market Equilibrium If countries are initially perfectly symmetric and have identical time t endowments, then:



UC⇤ (s) P ⇤ (s) = UC (s) P(s)



Real exchange rate determination relies on this condition: 0



Q(s |s)



= = =



P ⇤ (s 0 |s) P(s 0 |s) UC⇤ (s 0 |s) UC (s 0 |s) ✓ ◆ ⇤ 0 C (s 0 |s) ⇣C (s |s) C ⇤ (s 0 |s) ⇣C (s 0 |s)



as E = 1 from above since utility is CRRA



where ⇣C is a taste/preference shock. This guarantees equilibrium in asset markets under complete markets. Simon P. Lloyd
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Financial Autarky If financial markets are incomplete shocks can drive a wedge between home and foreign wealth, leading to a richer array of results than under the complete market case. General equilibrium wealth e↵ects are integral to the analysis of incomplete markets. Under financial autarky, there are no financial flows and external trade must balance in each and every period. The value of imports into the home country must equal the value of exports in the same period. Tt CF ,t



⇤ CH,t =0



The total value of the domestic endowment must equal the total value of home consumption: Pt Ct Simon P. Lloyd
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Since resources cannot be transferred intertemporally, the household maximisation problem is static and of the form: Ct1 Lt = max ⇣C ,t Ct , t 1 where



t



+



t



[PH,t YH,t



Pt Ct ]



is the Lagrange multiplier, equal to the marginal utility of an extra



unit of income. Combining the FOC of this problem for the home and foreign consumers yields:



⇣C⇤ ,t ⇣C ,t



✓



Ct Ct⇤



◆



⇣C⇤ ,t Pt = Pt⇤ ⇣C ,t



✓



Ct Ct⇤



◆



1 = Qt



⇤ t t



This defines global ‘asset’ market equilibrium under financial autarky.



Simon P. Lloyd



Endowment Economy Model



August 2014



Model



Goods Markets



Asset Market



Complete Markets



Financial Autarky



Log-Linearisation



Dynare



Demand Gap



Under complete markets, the corresponding version of this equation is the efficient risk sharing condition: ✓ ◆ ✓ ◆ ⇣C⇤ ,t Ct ⇣C⇤ ,t Ct Pt 1 = =1 ⇤ ⇤ ⇤ ⇣C ,t Ct Pt ⇣C ,t Ct Qt With incomplete markets, the marginal utility of consumption cannot be expected to be equalised across states of nature. In general a country-specific shock will drive domestic and foreign wealth apart, creating global imbalances. It will leave a gap in the marginal utility of income, which accounts for deviations in perfect risk sharing.
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These imbalances can be formalised in a demand gap term Dt : ◆ ⇤ ✓ ⇤ ⇣ C 1 t C ,t Dt = t = ⇣C ,t Ct⇤ Qt t If Dt > 1 then the marginal utility of an extra unit of income in the foreign



country will exceed that in the home country. Therefore, the shadow value of income will be higher in the foreign country; the foreign country will be relatively poor and the home country will be relatively rich.
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Log-Linearisation A method to reduce the computational complexity of numerically specified equations that need to be solved simultaneously. Log-linearisation converts a non-linear equation into an equation that is linear in terms of the log-deviations of the associated variables from their steady state values. For small deviations from the steady state, log-deviations have a convenient economic interpretation: they are approximately equal to the percentage deviations from the steady state. I



Log-linearisation is by no means the only or the best solution method. See Fern´ andez-Villaverde et al. (2012), Nonlinear Adventures at the Zero Lower Bound.



There is no ‘one-size-fits-all’ approach to log-linearisation. The methods outlined here are not exhaustive, but are sufficient for the equations considered in Corsetti et al. (2008). Simon P. Lloyd
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The Substitution Method Define the log-deviation of the variable xt from its steady state x as: ⇣x ⌘ t x˜t = ln x



(1)



Claim: x˜t is approximately equal to the percentage deviation of xt from its steady state. Proof: Rewrite x˜t as: x˜t



⇣x ⌘ t



=



ln



⇡



ln 1 +



x



✓



= ln 1 +



xt



x x



=



xt



x x x



xt



◆ (2)



x



using the fact that for small |h|, a first-order Taylor approximation of ln (1 + h) around h = 0 yields ln (1 + h) ⇡ h. Simon P. Lloyd
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Equations (1) and (2) provide two possible means of substitution for log-linearisation. From equation (1): x˜t = ln From equation (2): x˜t ⇡



xt



x x



⇣x ⌘



)



xt = x exp(˜ xt )



xt x



1



)



t



x



=



xt ⇡ x(1 + x˜t )



Additional Complication: When xt is raised to a power, say ↵. How do we log-linearise xt↵ ?
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Equations (1) and (2) provide two possible means of substitution for log-linearisation. From equation (1): x˜t = ln From equation (2): x˜t ⇡



xt



x x



⇣x ⌘



)



xt = x exp(˜ xt )



xt x



1



)



t



x



=



xt ⇡ x(1 + x˜t )



Additional Complication: When xt is raised to a power, say ↵. How do we log-linearise xt↵ ? I



Solution: xt↵ ⇡ x ↵ (1 + ↵˜ xt )



Simon P. Lloyd
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Log-Linearisation Steps 1



Calculate the steady state form of all equilibrium conditions in the model. This will be useful when carrying out step 6.



2



Collect all equilibrium conditions of the model and expand them by multiplying out all equations. E.g. if an equation is of the form xt (1 rewrite it as xt



qt ),



xt q t .



3



For each equation, replace each variable xt with x exp(˜ xt ).



4



Wherever possible, collect all exp terms together.



5



If necessary, replace exp(˜ xt ) with its approximation exp(˜ xt ) ⇡ 1 + x˜t . This is equivalent to using xt ⇡ x(1 + x˜t ).



6



Collect all constant terms and verify that they cancel out, by using the steady state relationships.



7



Collect all variables, so that you have a set of linear and homogeneous equations in all variables. Simon P. Lloyd
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Some Non-Specific Examples How does one log-linearise the following equations? 1



Production Function: yt = szt kt↵ I



2



Solution: y˜t = z˜t + ↵k˜t .



Nearly Multiplicative Equation: xt + a = (1



I 3



Solution:



x x˜t = y˜t x +a



yt↵ Solution: y ↵ (d + fx ↵ )˜ yt = x ↵ (b



Simon P. Lloyd



yt zt



z˜t .



Ratio:



I



b)



a + bxt↵ = d + fxt↵ fy ↵ )˜ xt .
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Log-Linearisation in the Two-Country Model



The model is log-linearised around a symmetric (aH = aF⇤ ) equilibrium in which Q = T = 1. The upper-bar,



, denotes the steady state value of a variable.



Percentage deviations from the steady state are denoted by a hat, ˆ. A tilde, ˜, represents deviations of endogenous variables from the first-best equilibrium.
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The Relationship Between Qt and Tt



Before considering the log-linear form of the equilibrium equations attained earlier, it will be useful to attain a mathematical relationship between Q and T . First note that with E = 1, Qt can be written as: Q1t



=



(Et Pt⇤ ) Pt1



1



=



Pt⇤ 1 Pt1



Using the price indexes Pt and Pt⇤ , the law of one price and E = 1 to write: Q1t



=



=



(1



⇤ 1 aF⇤ )PH,t



+ aF⇤ PF1 ,t



+ (1 aH )PF1 ,t ⇣ ⌘1 P (1 aF⇤ ) + aF⇤ PF⇤,t H,t ⇣ ⌘1 PF ,t aH + (1 aH ) P ⇤ ⇤ 1 aH PH,t



H,t



where the second line is attained by dividing the numerator and denominator 1 by PH,t . Simon P. Lloyd
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Complete Markets



PF ,t ⇤ Et PH,t



Q1t



= =



PF ,t ⇤ PH,t



(1
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(with E = 1), then: aF⇤ ) + aF⇤ Tt1



aH + (1



aH )Tt1



One can show that the log-linear form of this equation with symmetry, around a steady state with Q = T = 1, is: bt = (2aH Q



1)Tbt



(3)



The co-movement of the real exchange rate Q and the terms of trade T depends on the degree of home bias, aH . I



The two variables positively co-move when there is home bias, aH > 1/2.



I



Zero co-movement when aH = 1/2; this is the PPP case.



I



The co-movement is negative when aH < 1/2 (foreign bias).
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Complete Markets Earlier, it was shown that asset market equilibrium in the two good endowment model with complete markets is defined by: ✓ ◆ ⇤ 0 C (s 0 |s) ⇣C (s |s) Qt = C ⇤ (s 0 |s) ⇣C (s 0 |s) It can be shown that its log-linear form is: ⇣ ⌘ ⇣ ⌘ fb fb ⇤fb ⇤ b b ˜ ˜ ˜ Q = C C + ⇣C ⇣C = (2aH bt = (2aH where the second equality follows from Q



1)T˜ fb



1)Tbt .



For a given taste shock, home consumption can only increase with a depreciation in the real exchange rate Q and a worsening of the terms of trade T .
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Complete Markets Transmission Aim To analyse the e↵ect of endowment and preference shocks on international demand and prices. Using the world goods market and complete asset market equilibrium conditions, it can be shown that:  ⇤ aH + aH Qt YH,t = T  YF ,t aF + aF⇤ Qt



1



1



⇣



⇣



⇣C ,t ⇣C⇤,t ⇣C ,t ⇣C⇤,t



⌘



1



⌘



1



Its log-linear form is: fb Y˜H,t



Y˜Ffb,t



=



T˜tfb +



✓



Simon P. Lloyd
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1 ˜ fb 1)Q + (2aH t



(2aH
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Tt and the Relative Endowment Substituting the T -Q relationship, equation (3), into equation (5) and solving for T˜tf b yields: T˜tfb =



⇣



fb Y˜H,t



{[1



Y˜Ffb,t (2aH



⌘



(2aH 1)2 ]



⇣



1) ⇣bC ,t



+ (2aH



⇣bC⇤ ,t



1)2 }



⌘



Since aH 2 [0, 1], the coefficient on relative output is always positive. I



I



(6)



With constant preferences, a positive shock to the home endowment, " YH , will unambiguously worsen the home terms of trade, " T .



This will benefit foreign consumers, who will face a lower price of imports relative to the price of their exports.
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Relative Consumption and Endowments For given preferences, ⇣bC = ⇣b⇣C⇤ = 0, then⌘substituting equation (4) into ˜ fb C ˜ ⇤fb yields: equation (6) and solving for C ⇣



⌘ ⇤fb ˜ Ct =



˜tfb C



[1



(2aH



2aH 1)2 ]



1 + (2aH



1)2



⇣



fb Y˜H,t



Y˜F⇤fb ,t



⌘



(7)



With home bias, aH > 1/2, the coefficient on relative output is always positive. I



I



˜Hfb , then consumption will grow more In response to a home supply shock, "Y ⇣ ⌘ ˜ C ˜ ⇤ , even if the ToT worsen, " T . at home than it does abroad, " C There is no immiserising growth with home bias under complete markets.



The di↵erence between home and foreign consumption falls as goods become more substitutable. I



As



˜ fb ! C ˜ ⇤fb . ! 1 (goods more substitutable), then C
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Financial Autarky



Earlier, it was shown that under financial autarky there exists a demand gap: ◆ ⇤ ✓ ⇤ ⇣ C 1 t C ,t Dt = t = ⇤ ⇣C ,t Ct Qt t It can be shown that its log-linear form is: ⇣ ⌘ ⇣ ⇤ b b bt b Dt = ⇣C ,t ⇣C ,t + C



Simon P. Lloyd
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(8)
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Consumption Demand in Financial Autarky



Aim To understand the wealth e↵ects of shocks to the relative endowment and their e↵ects on the international transmission of shocks. Domestic demand for home goods under financial autarky is pinned down by the trade balance condition Pt Ct = PH,t YH,t , such that: CH,t = aH



✓



PH,t Pt



Simon P. Lloyd
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In FA, changes in relative prices PH /P modify both: I



the relative prices faced by home households as consumers (substitution e↵ect)



I



and the value of the home endowment relative to the foreign endowment (income e↵ect).



CH,t



✓



PH,t = aH Pt | {z SE



◆



PH,t YH,t Pt } | {z } IE



Substitution E↵ect (SE) The SE of a fall in the relative price of the home good will be positive, raising domestic demand for the home good by power . The strength of the substitution e↵ect is increasing in the substitutability of the home and foreign goods, . Income E↵ect (IE) For a constant home endowment YH,t , a fall in the relative price of the home tradable will lead to a 1:1 fall in the consumption of the domestic good through the IE. The IE of a price fall is negative, diminishing the value of the home consumers’ endowment. Simon P. Lloyd
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To appreciate these e↵ects, it can be shown that: CH,t =



aH



YH,t



aH + aF Tt1



Consider the partial di↵erential of this equation with respect to the terms of trade T : @CH,t = @Tt



aH (1 |



[aH + (1



aH )T aH )T 1 {z



]



2 YH,t



SE



!



aH (1



}



|



[aH + (1



aH )T aH )T 1 {z



]



2 YH,t



!



}



IE



> 1: SE exceeds IE. A deterioration in the ToT (" Tt ) will raise the



domestic demand for the home good.



< 1: IE exceeds SE. A deterioration in the ToT (" Tt ) will reduce domestic



demand for the home good, due to a fall in the value of endowments.



= 1: IE and SE will exactly cancel, and terms of trade movements will leave domestic demand una↵ected. Simon P. Lloyd
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World Demand for Home Goods World demand for home goods: CH + CH⇤ . As long as the negative IE of a fall PH /P is not too large for the home consumers, then the world demand for the home good will increase in response to the price change. I



The world demand for the home good will a decreasing function of its relative price.



If the IE is sufficiently large ( is a lot below 1) and home bias is sufficiently high (aH is enough about 1/2), then the negative IE of a fall in the price of the home good (# PH ) for home consumers will reduce home demand for the home good by so much that it usurps to rise in foreign demand for the home good. I



World demand for the home good will fall in response to a fall in its relative price if income e↵ects are sufficiently strong.



I



In equilibrium, the terms of trade may improve (# T ) following a fall in the price of home goods (# PH ).
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Tt Response to Supply Shocks



⇤ CH,t = 0 and the consumer



Using the trade balance condition Tt CF ,t



demand functions, it can be shown that: ✓ ◆1+ ✓ ⇤ ◆ PF ,t Pt Tt = PH,t Pt



1



YF⇤,t YH,t



the log-linear form of which is: ⇣ b⇤ b 1)Qt + Y F ,t



Tbt = (



Utilising equation (3) leads to: Tbt



bt Q



= =



1 1



1 2aH (1 2aH 1 2aH (1



) )



⇣ ⇣



bH,t Y bH,t Y



bH,t Y



⌘



b⇤ Y F ,t b⇤ Y F ,t



⌘



(9)



⌘



(10)



Under FA an increase in the home endowment can either appreciate or depreciate the domestic Tt and Qt , a direct consequence of income e↵ects. Simon P. Lloyd
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bH,t will " Tbt and " Q bt , when: Positive innovation to " Y > (TOT) = 1



I



1 2aH



Positive international transmission: Positive home output shock will benefit foreign consumers through favourable price adjustment.



I



Qt and Tt volatility will be decreasing in .



With home bias and a low enough , a positive home endowment shock can appreciate the Qt and Tt . The region in which this occurs is: 0



I



< (TOT)



Negative international transmission: Positive home shock will not benefit foreign consumers, as prices move against them to ensure that the higher home endowment is met by enough demand.



I



IE strong in this region. With low enough trade elasticities, demand can only come from the home consumers and hence prices must move in their favour.
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Consumption and Qt Consider the co-movement between Q and C /C ⇤ , by writing: Ct = Qt Tt Ct⇤



1



which can be log-linearised to attain: bt = 2aH Q 2aH



1 ⇣b Ct 1



b⇤ C t



⌘



(11)



With home bias in consumption (aH > 1/2), the correlation between relative consumption and the real exchange rate will be negative for some values of: < (CORR) =
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> (CORR): Corr(C /C ⇤ , Q) > 0 and the home terms of trade will worsen



(" T ) following a positive home endowment shock. Positive international transmission reduces endowment risk.



< (TOT): Corr(C /C ⇤ , Q) > 0, but the home terms of trade must



appreciate (# T ) following a positive home endowment shock. A negative international transmission arises because of income e↵ects under financial autarky, raising endowment risk. (TOT) 



< (CORR): home terms of trade will worsen (" T ) following a



positive home endowment shock. However, the transmission is excessively



positive and the terms of trade depreciates by such a large amount that the correlation of relative consumption and the real exchange rate turns negative: Corr(C /C ⇤ , Q) < 0.
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Dynare



DYNARE is free open source software developed by macroeconomists (http://www.dynare.org/). Works within MATLAB (and other software too). Solves and simulates DSGE models with 1st, 2nd and 3rd order approximations. Can be used to estimate models or consider optimal policy. BUT it is a ‘black box’ !
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How Dynare Works Install Dynare and ‘add’ it to your MATLAB path. Write a script file with the .mod extension. The code should contain the following blocks: I



Variable Definition Block



I



Parameter Values Block



I



Model Block



I



Computation Block



DYNARE file can be called in the MATLAB command window as: dynare [filename] For example: dynare cm2c2g.
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Variable Definition Block I



var: Declare the names of all model variables.



I



varexo: Declare the names of all exogenous model variables (e.g. stochastic shocks).



I



parameters: Declare the names of all model parameters.



Parameter Values Block I



Define the values of each parameter in the model.



Model Block I



Enclose all model equations between model and end.



I



The number of specified equations must equal the number of variables defined under var.



I



Lagged variables can be written as k(-1); current variables can be written as k; and lead variables as k(+1).



I



Conditional expectations are automatically assumed when leads are present.



I



Must relabel t + 1 variables that are known at time t in time t terms.
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Computation Block I



Enclose all initial values between initval and end.



I



If the steady state expressions are known, then they should be the values contained between initval and end.



I



Otherwise, the initial values should be ‘guesses’ of the steady state, and the steady state can be solved by calling steady. The initial values must be ‘close enough’ to the steady state for DYNARE to accept them.



I



Enclose covariance matrix of shocks between shocks and end.



I



To simulate the model and attain impulse responses, call stock simul and declare options (e.g. order of approximation, print out of variance decompositions, IRF options etc...) and the variables that you wish to present in the impulse response functions.
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Dynare Outputs The approximated solution of the model is a set of decision rules (laws of motion, transition equations or approximated policy functions) expressing the current value of an endogenous variable as a function of past endogenous states and exogenous states. The function will be: I



Linear if approximation is 1st order.



I



Quadratic if approximation is 2nd order.



I



Cubic if approximation in 3rd order.



Matrices of coefficients are stored in a structure labelled oo .dr. See the DYNARE manual for more details (http://www.dynare.org/documentation-and-support/user-guide/ Dynare-UserGuide-WebBeta.pdf). Simon P. Lloyd
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Complete Markets DYNARE Code: cm2c2g.mod



Entirely self-contained code. Equilibrium conditions written such that prices are not included in the code. For sake of simplicity, code will run for all values of



6= 1 and



> 0.



DYNARE impulse responses plot the response of a variable to an exogenous shock against time (not the trade elasticity ).
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International Business Cycle: Some Stylised Facts Y , C , I and EX all positively correlated across countries. Corr(NX , GDP) < 0. Var(Import Ratio) = 4.94. RER more volatile than ToT I I



RER Y



= 3.90 and



ToT Y



= 1.68.



Corr(RER, ToT ) > 0.



Backus-Smith: Corr(C /C ⇤ , RER) < 0.



Aim With the two-country, two-good model, we attempt to recreate these stylised facts qualitatively (not quantitatively). Simon P. Lloyd
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Complete Market Transmission Elasticities and Relative Price Volatility



The lower the elasticity , the greater the real exchange rate and terms of trade response to an endowment shock (to Y˜Hfb ). However, with low elasticities, the trade response is smaller, as goods are more complementary. I



sigma = 2 and phi = 1.5 vs. sigma = 2 and phi = 0.5



Can increase volatility of real exchange rate by increasing . I



sigma = 2 and phi = 1.5 vs. sigma = 6 and phi = 1.5



To fit the empirical real exchange rate volatility within the complete markets, two-good endowment model, it is necessary to calibrate the trade elasticity to be small. However, this implies unrealistically small trade variance. I



sigma = 2 and phi = 1.5 vs. sigma = 2 and phi = 0.05



With small enough, the foreign consumption may actually fall in response to a positive home endowment shock, " Y˜Hfb , despite full risk sharing. I



sigma = 2 and phi = 1.5 vs. sigma = 2 and phi = 0.005
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Figure : CM - Home Endowment Increase
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Table : CM - Parameter Values and Associated Standard Deviations from DYNARE Code



Calibration



RER



TOT



C



CH



CH⇤



sigma = 2 and phi = 1.5



0.0135



0.0193



0.0066



0.0074



0.0023



sigma = 2 and phi = 0.5



0.0272



0.0389



0.0083



0.0083



0.0015



sigma = 6 and phi = 1.5



0.0161



0.0230



0.0055



0.0069



0.0028



sigma = 2 and phi = 0.05



0.0504



0.0719



0.0112



0.0097



0.0000



sigma = 2 and phi = 0.005



0.0550



0.0786



0.0117



0.0100



0.0003
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Financial Autarky DYNARE Code: fa2c2g.mod



Entirely self-contained code. Equilibrium conditions written such that prices are not included in the code. Key Di↵erence with CM Code: ‘Asset Market’ Equilibrium and ToT Determination. For sake of simplicity, code will run for all values of



6= 1 and



> 0.



DYNARE impulse responses plot the response of a variable to an exogenous shock against time (not the trade elasticity ).
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Financial Autarky Thresholds bH,t will " Tbt and " Q bt , when: Positive innovation to " Y 1 =1 2aH



> (TOT) = 1



1 = 0.41176... 2 ⇥ 0.85



With home bias and a low enough , a positive home endowment shock can appreciate the Qt and Tt . The region in which this occurs is: 0



< (TOT)



With home bias in consumption (aH > 1/2), the correlation between relative consumption and the real exchange rate will be negative for some values of: < (CORR) =
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Figure : CM - Home Endowment Increase
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Table : FA - Parameter Values and Associated Impulse Response Directions from DYNARE Code



Calibration phi = 1.5 phi = 0.7 phi = 0.5 phi = 0.3



D



Q



T



Ct



C⇤



C /C ⇤



#



"



" "



"



"



"



"



"



#



"



#



" # "



" " #



#



"



" #



" "



sigma = 2 for all simulations.
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Table : FA - Parameter Values and Associated Standard Deviations from DYNARE Code



Calibration



RER



TOT



C



CH



CH⇤



phi = 1.5



0.0074



0.0105



0.0089



0.0086



0.0011



phi = 0.7



0.0278



0.0397



0.0068



0.0075



0.0022



phi = 0.5



0.0908



0.1297



0.0000



0.0041



0.0056



phi = 0.3



0.0717



0.1024



0.0174



0.0128



0.0031



sigma = 2 for all simulations.
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Conclusions International transmission of endowment shocks critically depends upon the structure of international asset markets, trade elasticities and the make-up of consumption baskets. However, in its current form, this model is unable to explain some important stylised facts, even qualitatively. For example: I



RER more volatile than ToT.



I



High trade volatility.



Before we consider optimal stabilisation policy within this framework, we will add: I



Production



I



Nontradables



I



Firm Price Setting
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