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1 Introduction

Several small open economies (SOE) experienced sovereign default in the recent past. Being actively
engaged in international trade and international financial system, the SOE countries are exposed to dif-
ferent external shocks. These shocks most likely originate mostly from global demand, monetary policy
in large open economies such as the USA, or from the commodity markets. Different types of external
shocks have various implications for the business cycle and imply different optimal responses of the eco-
nomic policy in these countries. However, the role of external shocks has been largely overlooked in the
literature that studies the issue of sovereign default. In this paper, we provide an empirical approach
that allows to identify different types of external shocks, and study their implications on a small open
economy model with default.

In the empirical section, we analyze the effects of external shocks on business cycles in small open
economies. We focus on decomposing the terms of trade dynamics into its exogenous variation and the
component due to the global business cycle and monetary policy. We estimate vector autoregressive
models for a broad sample of developed and developing economies, use country-specific commodity
indexes, and impose the restriction that dynamics of the global business cycle are identical across the
countries. This allows to estimate an otherwise highly dimensional VAR, and distinguish between the
effects of global business cycle and country-specific terms of trade shocks. Our results suggest that the
effects of exogenous terms of trade shocks can be overestimated in the literature, and a larger share of
business cycle fluctuations can be originating from global shocks.

In the theoretical section, we propose a SOE model that allows for sovereign default and discipline
it quantitatively. We leverage on the estimates of the joint dynamics of aggregate world business cycle
and monetary policy, that we obtained in the empirical part, to introduce a realistic structure of external
shocks. This allows us to separate the effects of local and foreign shocks on the decision of the country
to default. Our preliminary results suggest that a country’s decision to default is affected by the external
monetary policy and global demand shocks. We compare the obtained implications for business cycles

to a setup in which the only source of shocks is local.

1.1 Related Literature

This paper is related to two strains in the literature. First, this is the empirical literature that studies the
international transmission of shocks. Second, this is the theoretical and empirical literature that studies
the dynamics of small open economies in the context of sovereign default.

Within the large literature devoted to the international transmission of shocks it is important to high-



light two specific topics. These are papers studying the effect that global factors, including the dynamics
of large open economies, have on the small open economies, and those that focus on commodity or terms
of trade shocks.

The established consensus in the literature suggests that there are common driving factors of the
global economy, and Akinci (2013) and more recently Miranda-Agrippino and Rey (2020) suggest that
those can be attributed to the global financial factors. Boehm and Kroner (2020) studies the effects of
the US monetary policy on this cycle. Ben Zeev (2019) studies the differentiated response of countries
with different exchange rate regimes to the financial shocks, and Morelli et al. (2022) provide additional
evidence of the role of financial intermediaries in the international transmission of shocks and stress their
role as cause of sovereign default. Rey (2016) focuses on the transmission of the US monetary policy
instead, and concludes that it challenged the monetary autonomy of countries with flexible exchange
rate regimes.

Apart from the global conditions, small open economies are naturally affected by shock in terms of
trade, frequently originating from commodity markets. In the early paper Mendoza (1995) establishes
that the share of GDP variation explained by terms of trade shocks is in the range 45 — 60% using a small
open economy model.

The results of Ferndndez et al. (2022) suggest that the shocks that are driving commodity supercycle
are not the same as the ones explaining economic activity in small open economies. Previously, Schmitt-
Grohé and Uribe (2018) discovered that terms of trade shocks explain just a small fraction of fluctuations
in economic activity (less than 10%). At the same time Ben Zeev et al. (2017) demonstrates that news
commodity terms of trade shock explain more than 50% of variation in output in emerging economies.
Fernandez et al. (2017) highlights the importance of using different world prices in order to capture terms
of trade shocks.

The effect of foreign shocks on the dynamics of was also studied in small open economies framework.
The aforementioned Mendoza (1995) and Kose (2002) both find that the fluctuations in world prices ex-
plain significant part of business cycle fluctuations. Justiniano and Preston (2010) point to the challenges
of modeling the effects of external shocks on local economies. Few papers also consider the effects of for-
eign shocks on economies that can default. Lizarazo (2013) and Arellano (2008) introduce risk averse
foreign investor that can generate sovereign default, and Almeida et al. (2019) models explicitly interest
rate shocks.

Hence, our paper leverages the insights of the literature on global shocks, and brings them to the

study of models with sovereign default.



2 Evidence

In the part of the paper, we study empirically the effects of external shocks on small open economies.
Our main goal is to separate the effects of global shocks associated with business cycle and monetary

conditions, and the exogenous shocks to commodity prices.

2.1 The VAR model

To characterize a small open economy, we use a two-block Vector Autoregressive (VAR) model. Let y*
be a column vector of n/ foreign variables that summarize the global economy, 7 — i be the i-country
specific commodity terms of trade, and y% a column vector of n¢ domestic variables for the i-small open

economy. Then, country VAR system could be written as:
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where L the lag operator such that Lz; = x;_1, and A(L) the matrices of reduced-form coefficients.
Importantly, given the assumption of small open economies we restrict the sub-matrices related to the

impact of domestic variables to the global ones and terms of trade to be 0,,.
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Data

We use the data for emerging and advanced economies that are commodity exporters. Our sample in-
cludes Argentina, Australia, Brazil, Canada, Chile, Colombia, Denmark, Mexico, New Zealand, Norway,
Peru, Russia, and South Africa. The variables used in the analysis can be divided into three groups by
their relation to the economy, and the respective restrictions in the VAR model. The foreign block (y/):
The included variables in this block are: 1) gdp/: The logarithm of the quarterly index of real activity
for the G7 economies, published by the OECD. 2) i/: An indicator of monetary conditions proxied with
the quarter average of the monthly effective fed funds rate. Source: FRED. Terms of trade (7): The loga-

rithm of the quarterly country-specific commodity terms of trade published by the IMF. They calculated



it with a basket of 45 individual commodities prices deflated by the IMF’s index for manufactured ex-
ports. Domestic variables (y?): The set of endogenous domestic variables considered is: 1) reer;;: The
effective real exchange rate (in logs) reported by the BIS and measured as foreign-to-local currency ratio
(positive movements are appreciations). Source: BIS. 2) i;;: The nominal policy rate reported by the BIS
that were collected in cooperation with national central banks. 3) The net export-to-GDP ratio (nz;),
and the logartihms of real investment (I;;), real consumption(c;;), and real GDP (y;;) were obtained
from the national accounts reported by the IMF. In the case that the country did not register their sea-
sonally adjusted version, we use X-12 ARIMA to make the adjustment. In the cases of Colombia, Peru,
and South Africa we use open-data from their central banks or national statistic institute.

We use maximum available time range for domestic and global economies, thus the range for which
we obtain estimates of the global sector is different comparing to the domestic one. This approach is jus-
tified by the assumption of small open economy and the additional assumption that there is no structural

break in the non-intersecting periods of time.

Identification and estimation

The models are estimated in levels, with two lags and are specific for each country. To take advantage
of the larger sample size in the global block we follow a sequential approach, estimating in the first step

the following regression:

y{ :afJFA(l)yt 1+A(2)yt 2+A(3)yt 3+A(3)yt 3+6f (3)

with e{ = 16{ , where e{ are orthogonal innovations and C; is an identification matrix. Given that

the first block is only formed by two variables, and the assumption of not contemporaneous impact of
monetary policy on real economic activity is sensible, we choose to identify C1; by Cholesky factorization.

On the second step we estimate the country specific endogenous block:
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,7=1{1,2,3,4} and é I are the foreign shocks identified in the previous step.

Based on the assumption that terms of trade are not explained by domestic variables, Cholesky de-
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Note that from this block only ] has been identified and that Elee'] = I.

Aside from that, in the block corresponding to the economy itself, we identify a set of domestic shocks
orthogonal to external conditions. In order to do that, we adopt the approach Uhlig (2003) by finding
the shock that explains the maximum of the forecast error variance (FEV) of a particular variable over

the time span [t : ¢]. Then, the maximization problem is:

T s
y* = argmax Z Z RuyY' Ry’ (5)
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v(j) =0 V j € foreign block

where k is the position of the variable whose FEV we can maximize, R), is the response matrix at
horizon h, and v* is an identification vector that allow us to map a ¢, shock into the space of ¢, where ¢,
is such that it explain the highest fraction of FEV of the variable k. The first restriction ensures a unique
identification while the second one implies that only the information from the domestic variables is used

to extract the shock and that v has no explanatory power for foreign variables.

The solution for this system consists on finding the eigenvector related to the maximum eigenvalue
of a sub-matrix from Z?:o ((f + 1 — max(t, i))R;(k)ng))obtained after deleting the rows and columns
associated with the variables y/ and 7, where ng) is the k-row of the response matrix at horizon i.
In particular, since Efee’] = I, we can use the impulse-response function that comes from our initial
Cholesky identification approach to pin down these innovations. We identify the shocks with maximum
explanation power on the fluctuations of : (i) domestic output - v, , (ii) domestic consumption - 7., and
(iii) domestic investment -y;. Each of the shocks is identified separately from the others, which implies
that they are not necessarily orthogonal.

To obtain the confidence set for the impulse response, we use a bootstrap blocks-by-blocks approach

which consists in:

1. LetY; and X represent T; x m endogenous variables and T} x k regressors (including constants),
where j € {foreign, domestic}.

2. Define two scalars n,,, and [. The former is the number of blocks that will compose our new sample,



while the latter is the number of consecutive observations that we include in each block. In this

application we set nJ, such that we obtain a sample size close to 27}

3. Since we have different sample size between the foreign and the domestic block we split the gen-

eration of the new sample in two stages. For the common sample size, which describes the SOE),

d

we define a column vector vy of size ng,

by drawing with replacement from 1 to Ty — I + 1, then

the rows that compose the new sample of Y,; and X, are vq = vg @ [1 : []T. For the estimation of

A11, and A;5 we also define an additional column vector vy of size (nf, — nd) by drawing with
1
v
replacement from the interval [1 : Ty — [ + 1], computing vy = e ¢ | as the vector of
Vd

selected rows in the foreign block. With that, we get {Yf(i)7 X }i), Yd(i), xy

4. Given the new datasample we follow the sequential estimation to get matrices A(*). If the estimated
model is stable keep it, otherwise discard this replication

5. If the replication was kept, estimate the identification vectors and compute IRFs and FEVDs.

6. Repeat 3-5 times until we obtain NV stable VARs

7. Compute medians and percentiles of the IRFs and FEVs.

2.2 Preliminary Results

Figure 1 reports some of the preliminary results. We plot IRFs for the shocks that explain most of FEV
of global output and of the Fed funds rate fluctuations. The response variable is terms of trade.

For most of the countries the shocks produce a significant response on terms of trade. Our results
stress that terms of trade are an endogenous variable, while the actual origin of the shocks can lie in
global output and monetary policy.

More specifically, for the majority of countries in our sample, a positive global output shock leads to a
persistent appreciation of the terms of trade (The exceptions are Brazil, Denmark, and South Africa). The
impact of a contractionary monetary shock in the US is heterogeneous. For countries such as Argentina,
Australia, Brazil, New Zealand, and South Africa, the innovation leads to a short-lived depreciation of
the terms of trade. For the remaining countries, terms of trade appreciate following the shock.

Our FEV analysis suggests that on impact global shocks explain up to 18% of Peru’s Tol forecast
error variance. In contrast, their effect on Denmark’s ToT is negligible. We can see that as time goes
by, the global shock becomes more relevant to explain the dynamics of ToI. For example, the global

shock explains almost 40% of Brazil’s ToT at 3- and 5-year horizons. For most countries, the global shock



explains at least 9% of the terms of trade variability in the medium and long run.

Figure 1: Response of terms of trade to Foreign Shocks
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We also found that an exogenous appreciation of the terms of trade leads to a highly persistent ex-
pansion of domestic output with its maximal impact happening about 10 quarters after the shock. Our
results call for rethinking of the approach to modelling small open economies — global shocks explain
a significant share of macroeconomic variables” and terms of trade fluctuations, while the regular ap-
proach in the literature is to assume the presence of local country-specific shocks as the main drivers of
business cycle and default. We provide the detailed results in Appendices A.1 and A.2.

Further, we plan to work on exploiting the cross-sectional dimension of the obtained results. We are
planning to determine the factors that produce the cross-sectional differences in responses to the global
shocks. Importantly, we would focus on the data related to the characteristics of countries” borrowing —

both in extensions of the VAR analysis, and in the analysis of cross-sectional differences across countries.

3 Model

In this part of the paper we introduce a model of small open economy that focuses on the effects of global
monetary and business cycle shocks on the local economy when the economy can default. For this pur-
pose we employ a parsimonious two-good production economy that is affected by foreign monetary
policy (risk-free rate) and global demand (demand for country’s traded good) shocks. We use the esti-
mates for external conditions’ processes obtained above, and the rest of the parameters of the economy

are matched to Argentina, which is standard for this literature (e.g. Arellano (2008)).



3.1 The environment

In small open economy there’s a representative household that maximizes discounted expected utility,

where the felicity function is standard:
ci gt

1-7 14w

where C' is the consumption basket, ¢; is labor. There are two goods in the economy. One good is pro-
duced domestically, and we denote consumption of this good by domestic households C ;. The second
good is produced abroad, and domestic household’s consumption of this good is Cr ;. We assume Arm-

ington aggregation between the two:
1 1\ "
C = (aHOI?I + (1 — CLH)CI?)

Domestic goods are produced with labor inputs of the domestic household, and there’s demand from
abroad for these goods that we denote Cj;, and assume to be proportional to global output Y*. Thus,

demand and supply for domestically produced goods imply
ALK = Chy + Chpye (6)

, where A is productivity. Capital is introduced as in Neumeyer and Perri (2005). The small open econ-
omy can borrow on the international financial market and declare an outright default, where the decision
to default is denoted with indicator d; € {0, 1}. We introduce long-duration bonds following Hatchondo

and Martinez (2009):
Bip1 = Bi(1=0)(1 —dy) — iy (7)

where B denotes the value of outstanding coupon claims, i; is current-period issuance level, and ¢ is a

14r*
S4r*’

parameter that is calibrated based on Macaulay duration D = and r* is the constant per-period

yield of the bond. Equilibrium in the international market in terms of units of foreign goods implies

Cr¢+ 1t +qt (Byy1 — (1= 0)By) = pu+Chy, + By (8)



where py ; is relative price of domestically produced goods, and the investment is given by
It = Kipr — (1 = 0k ) Ky + ©(K 41, Ky) 9)

and the price is given recursively:

1

1)
T, E¢ [qes1]dip1 = 1] (10)
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, where p(d;+1 = 1) denote probability of the country’s default in period ¢ + 1 conditional on period
t’s information set. In case if the country defaults, it loses access to the international financial market
and re-enters it in each period of time with exogenous probability 6, as in Arellano (2008). The economy
also experiences a loss in case of default, and it is assumed to affect TFP A through the loss function in
quadratic form as in Chatterjee and Eyigungor (2012).

Importantly, we incorporate the VAR estimates of the external sector dynamics to quantitatively dis-

cipline the shock structure in this economy:
{re,pu,Ch .} ~ VAR (11)

3.2 Solution and numerical implementation

The solution of the model is implemented using a combination of value and policy function algorithms,
similarly to Arellano (2008). As in Hatchondo and Martinez (2009), we begin with solving a finite hori-
zon problem, and then transitioning to the infinite-horizon economy.

The intertemporal problem of the household does not have a closed-form solution, and thus the

sketch of the quantitative algorithm of solution is as follows:

1. Solve for optimal {C, Cr, Cy, (}, given the set of state variables {Y*, r, B, A, d}, as well as the future
choices of B' and d’, in order to evaluate the value function and budget constraint, where =’ denotes

variable 2 in the subsequent period of time.

2. Calculate the value of W = «(C*,¢*) 4+ ﬁEV(Y*/,r’ ,B’', A’,d), where E denotes mathematical

expectation conditional on period ¢ information.
3. Find optimal B’ and d, and V(Y*,r', B', A’, d’) = maxp' ¢ u(C*,¢*) + BEV(Y*,v', B", A", d').

4. Update price function

Detailed description is provided in Appendix .1
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The solution and calibration of the model are implemented using CUDA graphical processor language
due to the high dimensionality of the problem.

Our preliminary results suggest that the country defaults due to an exogenous increase in the cost
of borrowing — a positive shock in interest rate r, as well as due to the contraction of demand for its
domestically-produced good and the TFP shocks.

The project aims to expand work in this direction in several aspects. First, it is important to under-
stand the difference in optimal policy — default and borrowing — response to terms of trade and global
shocks. Second, we will explore whether implications of models with sovereign default calibrated based
on local economic dynamics are consistent with the joint dynamics of the small open economy and the
global factors. Third, we would explore quantitatively how matching moments related to the global fac-
tors changes the main implications of models with sovereign default, and whether it is possible to match

both moments corresponding to local dynamics, and to global factors.

4 Conclusion

In this paper we have demonstrated that the external macroeconomic shocks that are usually associated
with unpredictable commodity, in fact largely reflect demand and supply shocks of the United States.
Further, we’ve studied the implications of this insight for modelling the business cycle in small open
economies.

Our preliminary results suggest that the defaults originate primarily from the fluctuations of mone-
tary policy and the US business cycle, rather than orthogonal commodity price shocks. This is consistent
with existing evidence on the effects of global factors on different macroeconomic variables in small open
economies, and has implications both from the economic policy standpoint and from the perspective of

investments in developing economies.
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Figure 3: Response of reer to Foreign Shocks
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Figure 5: Response of yd to Foreign Shocks
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Figure 6: Response of cons to Foreign Shocks
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Figure 7: Response of inv to Foreign Shocks
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Figure 8: Response of id to Foreign Shocks
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A.2 Response to Domestic Shocks
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Figure 9: Response of reer to Domestic Shocks
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Figure 10: Response of nx to Domestic Shocks
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Figure 11: Response of yd to Domestic Shocks
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Table 1: Forecast Error Variance Decomposition

Global output Monetary shock Terms of Trade Max-Share Investment Max-Share Consumption Max-Share Domestic Output

FEVD REER | C Y REER | C Y REER | C Y REER | C Y REER | C Y REER | C Y
t=1 13.8 20 0.5 2.8 41 497 615 603 10.7 1.6 0.9 1.3 05 27.8 1.1 19.9 1.9 24.2 53 245 1.1 24.6 25 233
Argentina  t=12 7.8 15.0 127 123 | 729 369 340 299 3.1 55 4.9 49 42 324 315 4041 3.1 25.7 34.1 38.6 36 300 342 413
t= 20 9.0 151 125 12.7 725 383 35.1 30.9 3.0 6.6 5.8 6.0 47 285 307 362 33 218 310 3341 39 25.7 322 362
t=1 443 7.9 6.6 29.6 21 9.3 15.9 8.8 11.0 05 27 35 3.0 50.4 1.4 3.7 1.8 0.9 52.9 19.2 6.1 30 8.0 224
Australia t=12 199 178 7.0 175 | 391 623 281 428 | 283 85 33.8 36 1.3 46 1.2 1.5 1.9 1.0 18.2 11.9 27 1.6 138 238
t= 20 156  21.4 11.7 176 | 493 623 328 503 | 238 79 24.8 3.4 0.9 2.4 1.1 1.1 1.9 09 157 10.0 2.6 1.9 136 171
t=1 14.4 2.6 1.0 149 | 210 5.1 327 459 8.1 1.4 0.7 05 2.4 422 0.7 18.0 1.0 223 7.9 21.0 2.4 39.9 1.2 19.8
Brazil t=12 110 136 7.0 141 336 148 279 168 | 336 9.0 196 182 8.4 437 278 379 6.4 363 303 324 83 433 286 379
t= 20 11.2 13.3 7.7 95 444 330 332 424 | 257 127 282 15.9 5.9 23.9 17.7 18.3 5.0 18.8 17.3 14.9 5.9 236 17.9 18.2
t=1 17.4 6.5 43 47.4 118 56.2 1.8 1.4 32.7 2.1 18.1 08 0.8 26.5 0.9 6.3 0.4 105 409 238 2.6 76 0.4 39.2

Canada t=12 10.3 52.9 8.7 59.9 | 2541 184 275 315 | 513 126 338 25 1.2 6.9 5.6 1.6 0.9 29 17.7 0.7 21 3.8 31 34
t= 20 118 386 166 569 | 246 189 256 357 | 491 288 283 2.4 1.1 5.1 4.4 1.2 1.1 26 142 08 1.8 3.1 2.8 25
t=1 10.0 6.0 49 8.3 124 143 202 6.0 375 217 159 273 1.3 29.9 45 163 338 5.9 426 1.9 05 85 9.9 44,7

Chile t=12 10.1 11.7 9.7 135 | 321 308 533 339 | 393 334 258 422 2.2 10.2 1.7 1.7 3.4 28 5.1 1.6 1.8 6.3 1.3 32
t= 20 15.1 13.7 6.8 7.2 313 416 507 530 | 37.1 286 324 332 1.9 5.8 1.0 08 29 1.8 35 1.1 15 3.4 0.9 1.4
t=1 74 10.2 23 6.4 31.0 108 5.4 12.3 17.8 3.1 2.8 59 27 282 409 19.7 1.7 05 628 223 2.8 1.8 565 256

Colombia t=12 12.4 108 207 239 | 407 @ 347 216 248 | 354 240 352 287 0.8 15.6 5.1 6.0 0.9 9.9 10.7 9.8 1.0 11.6 10.2 10.1
t= 20 14.9 10.5 17.2 18.7 37.1 508 438 452 | 356 192 258 231 0.8 8.1 23 2.7 0.8 4.7 45 43 0.9 5.7 4.4 4.4
t=1 5.9 2.6 129 167 7.8 174 4.6 31.5 0.9 1.3 6.2 05 2.4 55.6 17.7 87 9.5 12.2 52.1 137 05 8.0 190 426

Denmark t=12 527 640 203 812 179 270 343 1.3 52 1.0 142 08 39 44 44 1.1 3.8 1.4 16.8 1.3 1.4 1.1 5.7 37
t= 20 51.6 661 208 836 | 228 249 454 10.4 62 1.7 129 1.0 32 3.1 33 09 3.7 1.7 9.2 1.2 1.7 1.2 3.9 2.6
t=1 17.3 1.7 259 333 | 330 324 8.9 3.8 0.4 06 8.4 05 338 480 49 111 7.3 29 46.3 28 1.9 29.7 1.9 36.8

Mexico t=12 9.7 484 732 676 | 709 334 160  22.1 7.3 42 21 41 37 7.2 1.8 2.2 1.4 1.6 36 0.6 1.9 45 22 3.2
t= 20 117 476 592 549 | 659 342 27.5 33.7 103 55 52 5.0 35 6.1 1.8 1.7 1.4 1.5 23 04 2.0 4.0 1.9 22
t=1 13.6 1.3 2.1 2.5 358 6.7 258 236 0.3 9.3 5.3 6.8 7.0 522 1.5 18.7 1.4 1.8 54.1 16.8 1.2 26.8 112 556
New Zealand t =12 148 368 183 325 | 351 170 305 19.7 42 180 280 278 109 146 1.3 5.6 1.4 1.3 115 42 6.6 73 6.6 103
t= 20 165 393 259 426 | 366 248 262 18.8 83 139 277 220 8.7 10.7 1.2 3.7 1.6 1.3 7.8 2.9 5.3 5.4 54 6.8

t=1 1.1 36 26 5.4 15.4 24 185 87 51.8 36 44.1 1.6 1.0 62.6 1.1 23 1.8 7.9 19.0 0.7 06 9.9 1.9 7541

Norway t=12 7.0 20.4 7.0 58.7 124 175 309 2041 59.3 174 53.2 3.1 4.1 24.4 1.7 4.4 4.9 12,6 44 30 1.0 3.0 0.3 7.6
t= 20 119 271 9.2 489 165 298 348 357 52.3 152 477 2.7 36 11.9 1.4 2.9 45 8.8 33 23 0.9 1.8 0.3 4.7
t=1 28.2 55 516 504 | 305 407 1.1 11.8 10.2 4.4 0.5 1.8 1.2 27.9 7.7 6.4 0.4 33 23.7 157 0.9 29 160 207

Peru t=12 21.7 135 250 237 | 674 702 553 58.0 42 10.2 11.8 9.6 1.0 1.6 1.0 1.3 1.0 1.4 22 22 1.1 1.4 20 25
t= 20 22.1 15.1 170 179 | 678 662 639 652 43 12.4 122 9.9 0.9 1.2 0.6 08 0.9 1.0 1.3 1.4 1.0 1.0 1.2 1.6
t=1 0.9 09 5.3 28.4 2.7 64.5 141 27 18.4 03 8.9 28.7 1.1 137 11.6 92 1.7 18.9 6.4 6.4 26 0.8 9.9 245

Russia t=12 87 259 228 460 | 195 248 226 53 420 294 297 402 8.1 80 8.8 2.3 7.0 7.2 8.8 1.4 6.1 6.4 6.3 42
t= 20 110 309 291 439 | 203 204 195 75 455 326 325 400 6.0 5.4 5.8 1.5 5.2 48 5.8 09 4.4 43 43 2.7
t=1 1.5 09 9.7 7.4 6.0 3.9 55 28 20 10.2 33 05 18.7 298 418 295 17.1 1.0 497 19.1 13.1 36 404 337
South Africa t =12 223 7.2 29.1 185 | 466 254 260 383 135 40 20 1.2 6.7 433 170 188 32 334 310 299 33 327 299 315
t=20 | 277 9.4 11.6 8.4 46,9 505 646 668 10.3 2.7 1.6 1.2 5.3 25.6 126 143 27 20.0 15.3 15.8 2.7 20.2 154 167
t=1 0.9 09 0.5 2.5 2.1 2.4 1.8 1.4 03 03 0.5 05 0.5 137 0.7 23 0.4 0.5 53 0.7 05 0.8 0.4 19.8

Min Power t =12 7.0 7.2 7.0 123 124 148 16.0 53 3.1 1.0 20 08 0.8 1.6 1.0 1.1 0.9 1.0 22 06 1.0 1.1 0.3 25
Explanation = 50 9.0 9.4 6.8 7.2 165 18.9 195 7.5 3.0 1.7 1.6 1.0 0.8 1.2 06 08 08 09 1.3 04 0.9 1.0 03 1.4
All horiz 0.9 0.9 0.5 25 241 2.4 1.8 1.4 0.3 0.3 0.5 05 0.5 1.2 0.6 0.8 0.4 0.5 1.3 0.4 05 0.8 0.3 1.4
t=1 443 102 516 504 | 358 645 615 603 | 51.8 217 4441 28.7 187 626 418 295 17.1 242 628 245 13.1 399 565  75.1
Max Power t =12 527 640 732 812 | 729 702 55.3 580 | 593 334 532 422 109 437 31,5 401 7.0 36.3 34.1 386 83 433 342 413
Explanation = 20 516 661 592 836 | 725 662 646 668 | 523 326 477 400 87 285 307 362 5.2 218 310 3341 5.9 25.7 322 362
All horizo] 527  66.1 732 836 | 729 702 646 668 | 593 334 532 422 187 626 418 4041 17.1 363 628 386 | 13.1 433 565 754




Figure 15: Estimation sample by country

Variable Sample
Foreign block 1962Q1-2019Q4
Domestic block
Argentina 1996Q1-2019Q4
Australia 1994Q1-2019Q4
Brazil 1996Q1-2019Q4
Canada 1994Q1-2019Q4
Chile 1997Q1-2019Q4
Colombia 1995Q2-201904
Denmark 1995Q1-2019Q4
Mexico 1998Q4-201904
New Zealand 1994Q1-2019Q4
Norway 1994Q1-201904
Peru 2003Q3-2019Q4
Russia 1995Q1-2019Q4
South Africa 1994Q1-201904

B Sensitivity analysis: Model only with terms of trade

To verify out results, we contrast them with a model in which the only foreign variable is the terms of

trade:
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Table 2: Contribution of Terms of Trade in Domestic Variables FEV

Two block VAR model
Shock of Global output Shock of of epf;fg;a‘ Monetary Shock of Terms of Trade Model only with Terms of Trade
REER | C Y REER | C Y REER | C Y REER | C Y
t 138 20 05 28 | 41 497 615 603 | 107 16 09 13 | 127 06 24 29
Argentina 78 150 127 123 | 729 369 340 299 | 31 55 49 49 74 74 55 108
90 151 125 127 | 725 383 351 309 | 30 66 58 60 | 149 152 129 243
43 79 66 296 | 21 93 159 88 | 110 o5 27 35 | 303 o5 20 60
Australia 199 178 70 175 | 391 623 281 428 | 283 85 338 36 | 577 131 647 52
156 214 117 176 | 493 623 328 503 | 238 79 248 34 | 725 195 632 92
t 144 26 10 149 | 210 51 327 459 | 81 4 07 os | 16 32 21 52
Brazil t=12 110 136 70 141 | 336 148 279 168 | 336 90 196 182 | 668 164 446 389
t= 20 12 133 77 95 | 444 330 332 424 | 257 127 282 159 | 681 349 658 532
t=1 174 65 43 474 | 118 562 18 14 | 327 21 181 08 | s62 91 217 15
Canada t=12 103 529 87 59.9 | 251 184 275 315 | 513 126 338 25 880 480 513 302
118 386 166 569 | 246 189 256 357 | 491 288 283 24 | 910 508 571 449
100 60 49 83 | 124 143 202 60 | 375 217 159 273 | 609 320 181 378
Chile 101 117 97 135 | 321 308 533 339 | 393 334 258 422 | 833 586 624 862
151 137 68 72 | 313 416 507 530 | 371 286 324 332 | 867 734 788 901
74 102 23 64 | 310 108 54 123 | 178 31 28 59 | 227 12 16 101
Colombia t=12 124 108 207 239 | 407 347 216 248 | 354 240 352 287 | 804 586 678 645
t= 20 149 105 172 187 | 371 508 438 452 | 356 192 258 231 | 862 724 802 785
t=1 59 26 129 167 | 78 171 46 315 | 09 13 62 05 11 08 61 05
Denmark t=12 527 640 203 812 | 179 270 343 13 52 1.0 14.2 08 299 254 208 281
t= 20 516 661 208 836 | 228 249 454 104 | 62 17 129 10 | 325 373 244 356
t 173 17 259 333 | 330 324 89 38 | 04 06 84 05 | 89 03 05 192
Mexico 9.7 484 732 676 | 709 334 160 221 73 42 2.1 41 276 369 243 304
117 476 592 549 59 342 275 337 | 103 55 52 50 | 303 369 354 343
136 13 21 25 | 38 67 258 236 | 03 93 53 68 | 03 90 101 68
g:‘;and 148 368 183 325 | 351 170 305 197 | 42 180 280 278 | 85 585 606 689
165 393 259 426 | 366 248 262 188 | 83 139 277 220 | 135 627 708 766
14 36 26 54 | 154 24 185 87 | 518 36 441 16 | 574 55 516 09
Norway 70 204 70 587 | 124 175 309 201 | 593 171 532 31 | 759 260 884 98
119 271 92 489 | 165 298 348 357 | 523 152 477 27 | 789 274 880 196
282 55 516 504 | 305 407 111 118 | 102 44 05 18 | 05 24 264 212
Peru 217 135 250 237 | 674 702 553 580 | 42 102 118 96 | 326 753 916 891
221 151 170 179 | 678 662 639 652 | 43 124 122 99 | 422 813 939 912
09 09 53 284 | 27 645 141 27 | 184 03 89 287 | 148 07 163 435
Russia 87 259 228 460 | 195 248 226 53 | 420 294 297 402 | 743 652 637 700
110 309 291 439 | 203 204 195 75 | 455 326 325 400 | 782 650 639 683
5 09 97 74 | 60 39 55 28 [ 20 102 33 o5 | o8 105 26 04
South Africa 223 72 291 185 | 466 254 260 383 | 135 40 20 12 | 180 114 60 136
277 94 116 84 | 469 505 646 668 | 103 27 16 12 | 199 251 200 306
0.9 09 05 25 21 2.4 1.8 1.4 03 03 05 0.5 03 03 05 04
Min Power £ =12 70 72 70 123 | 124 148 160 53 | 341 10 20 08 | 74 71 55 52
Bxplanation _ 50 90 94 68 72 | 165 189 195 75| 30 17 16 10 | 135 152 129 92
All horizon 0.9 0.9 0.5 2.5 2.1 24 1.8 1.4 0.3 0.3 0.5 0.5 0.3 0.3 0.5 0.4
443 102 516 504 | 358 645 615 603 | 518 217 441 287 | 609 320 516 435
Max Power 527 640 732 812 | 729 702 553 580 | 593 334 532 422|880 753 916 891
Explanation . o) 516 661 592 836 | 725 662 646 668 | 523 326 477 400 | 910 813 939 912
All horizon 527 66,1 732 836 [ 729 702 646 668 [593 334 532 422 |91.0 813 939 912

.1 Tauchen approximation for VAR

Here, we describe the implementation of Tauchen (1986).

1. Initial Setup of the VAR Model:

The original VAR(1) model is defined as:

Zt = AZt_1 + Oﬁt
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Table 3: Forecast Error Variance Decomposition: Foreign Variables

Global output Monetary shock Terms of Trade
FEVD SL?;:L FedFunds  TOT SL?;:L FedFunds  TOT SL?;:L FedFunds  TOT
t=1 100.0 3.1 97 00 96.9 6.7 00 00 81.2
Argentina  t=12 96.7 21.9 8.4 33 78.1 20.4 00 00 66.4
t= 20 88.2 21.9 105 11.8 78.1 22.9 0.0 0.0 59.8
t=1 100.0 33 53 00 96.7 1.4 00 00 91.7
Australia t=12 96.5 23.1 7.2 35 76.9 9.6 0.0 0.0 80.0
t= 20 88.6 23.1 86 11.4 76.9 147 00 0.0 71.4
t=1 100.0 32 7.9 00 96.8 25.8 0.0 0.0 65.5
Brazil t=12 96.6 22.8 383 3.4 77.2 186 00 0.0 403
t= 20 87.8 22.8 39.0 12.2 77.2 23.4 0.0 0.0 34.3
t=1 100.0 32 5.6 00 96.8 142 00 0.0 78.9
Canada t=12 9741 2341 11,5 2.9 76.9 12.0 0.0 0.0 73.1
t= 20 89.6 23.2 123 10.4 76.8 16.2 0.0 0.0 68.2
t=1 100.0 32 93 00 96.8 24.1 00 0.0 64.4
Chile t=12 96.2 22,5 9.6 3.8 77.5 30.3 00 00 57.1
t= 20 86.7 22.4 11.9 133 77.6 35,5 0.0 0.0 50.9
t=1 100.0 32 6.8 00 96.8 137 00 0.0 77.9
Colombia t=12 96.5 23.4 9.4 35 76.6 132 00 00 74.9
t= 20 87.9 23.4 10.9 121 76.6 185 0.0 0.0 67.4
t=1 100.0 30 05 00 97.0 295 0.0 0.0 69.7
Denmark t=12 96.7 22.2 12,5 33 77.8 41.7 0.0 0.0 43.8
t= 20 88.0 22.2 21.1 12.0 77.8 445 0.0 0.0 31.9
t=1 100.0 2.9 82 00 97.1 285 00 0.0 61.0
Mexico t=12 95.5 21.6 11.0 45 78.4 28.7 00 0.0 57.1
t= 20 84.6 21.6 12.1 15.4 78.4 28.0 0.0 0.0 57.2
t=1 100.0 33 1.1 00 96.7 75 0.0 0.0 90.8
New Zealand t =12 96.9 22.7 4.5 3.1 773 20.2 0.0 0.0 723
t= 20 89.3 22.7 7.0 10.7 77.3 23.1 00 0.0 66.9
t=1 100.0 33 6.7 00 96.7 141 00 0.0 77.5
Norway t=12 97.1 229 117 2.9 77.1 115 00 0.0 73.8
t= 20 89.8 23.0 135 10.2 77.0 13.8 0.0 0.0 69.5
t=1 100.0 2.8 18.4 00 97.2 233 00 0.0 55.2
Peru t=12 95.7 22.1 12.9 43 77.9 51.9 00 0.0 334
t= 20 85.2 22.1 18.9 14.8 77.9 50.1 0.0 0.0 29.8
t=1 100.0 32 7.9 00 96.8 14.8 00 0.0 74.6
Russia t=12 96.7 23.2 12.0 33 76.8 122 00 0.0 72.2
t= 20 88.3 23.2 14.0 11.7 76.8 14.6 0.0 0.0 68.4
t=1 100.0 3.4 20 00 96.6 25.1 00 0.0 723
South Africa t=12 97.0 23.1 5.0 30 76.9 236 0.0 0.0 69.9
t= 20 89.5 232 6.7 10.5 76.8 323 0.0 0.0 59.1
t=1 100.0 2.8 05 00 96.6 1.4 00 00 55.2
Min Power t =12 955 21.6 45 29 76.6 9.6 0.0 0.0 334
Explanation = 20 846 216 6.7 10.2 76.6 13.8 0.0 00 29.8
All horizon 84.6 2.8 0.5 0.0 76.6 1.4 0.0 0.0 29.8
t=1 100.0 3.4 18.4 00 97.2 29.5 00 0.0 91.7
Max Power t=12 97.1 23.4 383 45 78.4 51.9 0.0 0.0 80.0
Explanation = >0 898 234 390 15.4 78.4 50.1 0.0 00 71.4
All horizon 100.0 23.4 39.0 15.4 97.2 51.9 0.0 0.0 91.7
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where:

e Z;is a3 x 1 vector of endogenous variables.
o Aisa 3 x 3 matrix of autoregressive coefficients.
e (Cisa3 x 3 matrix that maps the structural shocks ¢, to the variables.

e ¢ isa 3 x 1 vector of uncorrelated structural shocks with E[e;€;] = I5.

The covariance matrix of the shocks ¢; is given by:

Y =0c

. Defining the Transformation Matrix:

In this specific case, the matrix P used for transformation is set equal to the matrix C, ie., P = C.

. Transformation of the System:

The variables are transformed as:

Z, =P 'z, =C"'Z7

Substituting this into the original VAR model, we obtain:
PZy = APZ, 1+ Ce
Multiplying both sides by P!, the transformed system becomes:
Zy=AZ_1 + Ce

where:
A=PpP'AP=CT'AC
C=pP'lCc=cCc'C=1
Here, C is the identity matrix, indicating that the shocks in the transformed system are orthogonal.

. Simulation Setup:

The simulation is set up by defining the grid points for the transformed variables Z;. The grid

bounds are determined by the variances o7, which are calculated iteratively.

32



5. Iterative Calculation of Variance:

The variance matrix 3. of the transformed system is initialized as the identity matrix I3 and up-

dated iteratively using the following rule:

Y, = AN A + I,

This iteration is repeated for a sufficient number of steps to ensure convergence.

6. Grid Formation:

Using the calculated variances, the lower and upper bounds for the grid points Z; are defined as:

Zi,lower = — Ez(l» Z) * iy Ziupper = ~Xi,lower

for i = 1,2, 3. The grid points are evenly spaced between these bounds.

7. Transforming Back to the Original Variables:

After calculating the grid points Z1, Z», Z3 in the transformed space, they are converted back to the
original space using the matrix P:

Z =PZ

8. Projection and Transition Probability Calculation:

For each grid point, the projected values are calculated using the transformed matrix A:

Zproj = AZ

where Z is a grid point.
The transition probabilities are then calculated based on the projected values and the grid points.

For each component i of Z; (where i = 1,2, 3), the transition probability p; is calculated as:

p-:@ 2i+%_z~proj(i) _ P gi_%_Zproj(i)
! o; 0;

where ®(+) is the cumulative distribution function (CDF) of the standard normal distribution, and

w; is the grid width for the i-th component.

If i = 1, the probability is:




and if i = N; (the last point), the probability is:

p—1-0(2" 2 Zpeo (1)
X.(1,1)

Similar calculations are made for ps and ps.

The overall transition probability for moving from one grid point to another is then the product of

these probabilities:

Ptransition = P1 X P2 X P3
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