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1  |   INTRODUCTION

Latin American countries (LACs) have a long history of procyclical portfolio flows, balance of pay-
ments crises and currency devaluations. Recently, in 2014, once again, history repeated itself, even 
though it took some different connotations. At the beginning of the 2000s, LACs experienced rising 
commodities prices, and, in turn, foreign investors shifted part of their portfolio composition toward 
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LACs securities in search of higher yields. Unlike past episodes, the increasing role of financial in-
tegration and sophistication in Latin American has allowed international investors to have a wider 
range of financial instruments in which to invest (Epstein, 2005; Gallagher & Magalhães Prates, 2014; 
UNCTAD, 2017). Aside from the traditional government bonds, new asset categories have appeared 
such as derivatives, exchange traded funds (ETFs) and structured notes.

There are two main consequences for currencies in developing countries for deeper integration and 
sophistication in financial markets. On one hand, there are greater inflows and outflows of foreign 
capital into the domestic financial system, favored by the elimination of entry/exit barriers in the 
capital account. These flows influence the demand for the domestic currency and, therefore, its value. 
On the other hand, there is a greater sensitivity of domestic financial markets, and thus their currency, 
to international financial conditions. Expectations about geopolitical and financial events can play an 
even more important role then the macroeconomic situation of the domestic country.

Not only integration and sophistication in regional financial markets, but also international liquid-
ity contributed to direct portfolio flows to Latin America. The expansionary monetary policies ad-
opted by the major central banks in the aftermath of the 2008 financial crisis led investors in advanced 
economies to have at their disposal a great amount of liquidity, which they used to seek higher returns 
in emerging countries. As a result, flows to Latin America countries increased even more. However, 
starting from 2012, the international macroeconomic and financial context changed. The end of the 
commodities booms together with the start of a hawkish monetary policy in the United States modi-
fied the risk sentiment of international investors, shifting portfolio flows toward advanced economies 
again. To explain our interest in studying the implication of capital flow procyclicality and exchange 
rate fluctuations we focus on Chile.

From 2003 to 2010, Chile received on average approximately 7.5 US billion dollars in portfolio 
inflows per year and its currency appreciated in nominal terms by 26% at the end of the period. 
However, from 2011 to 2016 the country experienced an average monthly outflow of almost 2 billion 
dollars, while the currency lost 40% of its nominal value. Following the tradition of stock-flow consis-
tent (SFC) model described in Godley and Lavoie (2005, 2012), we build a two-country model to in-
vestigate the impact of cross-border financial transactions on the currency of a small-open, financially 
integrated, peripheral economy during a commodity-boom period, in the spirit of the Structuralist-
post Keynesian literature.

The element of novelty of our contribution consists in depicting a financial sector that issues 
Commodity-Linked Notes (CLNs) to be sold to rentier households in the developed country.

This paper is divided as follows: in Section 2, we will present some stylized facts on the exchange 
rate fluctuations in Chile and the role played by the increasing weight of financial securities in this 
economy. Section 3 will provide a justification for the adoption of our framework. Section 4 will 
describe the transition flow matrix and detail the main equation of the model. In Section 5, we will 
perform our scenario simulation, while in Section 6 we sum up our findings.

2  |   STYLIZED FACTS

Emerging commodity-export economies are particularly sensitive to the macroeconomic and financial 
environment, especially when it comes to define the value of their currency. There is a relationship 
between the value of the currency and the price of the commodity the country exports. During a com-
modity boom period, the commodity-export economy experiences strong inflows, followed by sudden 
capital outflows as soon as the boom is over. Under the present financial-integrated environment, this 
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process is exaggerated by the presence of financial derivative contracts, which are securities that have 
the power to create liquidity as quickly as they can drain it.

Evidence regarding the aspects described above are well documented in the work of Gallagher 
and Magalhães Prates (2014) for Brazil, Ffrench-Davis (2018) for Chile, Botta (2017) for Colombia 
and Pérez Caldentey and Cruz Luzuriaga (2017) for Mexico. In what follows, we will analyze some 
stylized facts for Chile, to show some the interconnection between commodity prices, currency, and 
derivatives markets. Chile is a small-open economy that depends heavily on copper. Both ore and re-
fined copper represent roughly 40 percent of its export. From 2004 to 2013, the price of basic products 
and raw materials experienced an expansionary phase; as a result, the price of copper rose from 1 to 5$ 
per pound. During this period, Chile received on average roughly 7.5 US billions of dollars in portfolio 
inflows per year, according to the Bank of International Settlements (BIS) (2019). As a matter of fact, 
Chile has adopted, long before other economies in the region, macroeconomic policies oriented at 
opening both current and capital account. This permits to evaluate not only the short run consequences 
of such measures, but also the long run impact. For instance, the country experiences three surges 
in capital inflows (1973–1982; 1989–2001/2001; 2003–2012) culminated with major adjustments, 
generated by flow reversals. Ultimately, portfolio outflows generated mayor correction in the value of 
the currency. What characterized the last cycle (2003–2012) is the closeness of the Chilean Peso with 
commodity derivative markets and the surge of forex derivative flows.

In Figure 1, we report the Chilean peso and the Thomson Reuters commodity index, a commodity 
future price index that replicates derivatives contract for 28 commodities. The graph shows a close 
relationship between derivatives markets (futures prices) and the nominal value of the currency. From 
2003 to 2014, the value of the currency tightly followed the trend of forward commodity markets. As 
future prices increased from 2002 until 2007—implying bullish expectations for commodity mar-
kets—so did the Chilean peso and when futures prices stabilized, 2009–2013, the nominal exchange 
fluctuated around 470 pesos per dollar. Overall, from 2003 to 2013 the currency roughly 30 appreci-
ated percent.

F I G U R E  1   Chilean Peso and Thomson Reuters CRB commodity index. Source: Bloomberg
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Higher prices in future commodity market were accompanied by increasing volumes in of FOREX 
derivatives. Figure 2 reports the daily turnover of over-the-counter (OTC) currency derivatives for 
Chile (BIS, 2021). By definitions, over the counter contracts are non-standardized contracts traded 
outside official exchanges. They are customized agreements between two parties with no institutional 
intermediaries involved. These contracts have been gaining importance since the increase in regula-
tions for those derivatives traded in stock exchange. The visual inspection of the series presents the 
procyclicality of OTC contracts, which increased uninterruptedly during the expansion of commodity 
prices, but dissipate quickly as soon as the bonanza ended in 2013. From 1998 to 2003, the volume 
of foreign exchange (FX) operation carried out in OTC markets was stable around 2.5 US billions of 
dollars per day. Starting the commodity boom, however, the volume increased from 2.5 to 6 billion per 
day. The traded volume accelerated quickly starting in 2010, right after the adoption of extraordinary 
expansive monetary policies. Indeed, from 2010 to 2013, the volume doubled from 6 to roughly 12 
billion. In 2013, with the fall in commodity prices and restrictive monetary policy in the United States, 
there was a shift in the preferences of international investors. As a result, capital flows moved from 
Chile to developed markets, causing the daily average volume of OTC derivatives to decrease by 4 
billion, reaching a daily average turnover of 8 billion in 2016.

3  |   THEORETICAL JUSTIFICATION

To understand the financial effects of a commodity boom (and bust), we rely on the SFC methodology 
that allows us to monitor the effect of external flows, stocks and prices on several channels through 
which they impact the economy. SFCs are dynamic, medium-scale Keynesian macro-econometric 
models based on a rigorous accounting framework, which integrates the flows and stocks of a finan-
cially sophisticated economy (Carnevali et al., 2019; Caverzasi & Godin, 2013; Godley & Lavoie, 
2012; Nikiforos & Zezza, 2017). There are four reasons upon which we opted for this methodology.

F I G U R E  2   Currency derivatives turnover. Data source: Bank of International Settlement (BIS)
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First, the SFC modeling ensure the model consistency, which Nikiforos and Zezza (2017) and 
Zezza and Zezza (2019) resume in four principles: (a) the flow consistency, that is, that every flow 
must come from somewhere and goes somewhere else—for example, in open economy model, exports 
of one country are the imports of another one; (b) the stock consistency, that is, that every asset owned 
by an agent (sector) is the liability of another one in the system: (c) the SFC, that is, that every flow 
implies the change in one or more stocks; (d) the quadruple entry, that is,  that every transaction is 
recorded four times in the accounting matrix, for instance, twice as a flow of expenditure and twice as 
a change of asset or increase of liabilities.

A second reason to opt for SFC models is the encompassment of a portfolio approach to evaluate 
how financial flows condition the trajectory of the real exchange rate (RER). The portfolio approach 
is useful to analyses the impact of flows, expectations and returns on the value of the currency and the 
response requested from monetary authority to maintain the stability in the currency as shown in the 
works of Dornbusch (1975, 1976), Tobin and De Macedo (1980), Macedo (1983), and Owen (1986). 
According to these works, the reason financial flows move from one asset to another is the search of 
yield by international investors. They allocate their portfolio according to their wealth and expecta-
tions on asset returns. Assets are not perfect substitute, and asset preferences require to be modeled 
trough specific portfolios constraints. Those constraints allow the model to allocate the total wealth 
according to investors’ preferences and risk aversion. In addition, in portfolio models, savings alloca-
tion depends on long-run target in holding for each asset. Thus, if households hold less assets than 
their target level, they will adjust their portfolio accordingly to close the gap (respecting their budget 
constraint).1

Third, it properly addresses center-periphery asymmetries existing in the current global environ-
ment, both in the real and the financial sphere. For instance, the permanent difference in trade special-
ization which translates into a de facto technological lock-in for catching-up countries; the different 
behavior and performance of the exporting sectors with respect the rest of the local peripheral econo-
mies; the role of central banks in developed and developing countries or the different stock of wealth 
countries may own; and the role of international safe assets such as the dollar and the existence of a 
hierarchy of currencies. This follows a long-standing tradition in developing economics, which dates 
to influential authors such as Verdoorn (2002), Singer (1950), Prebisch (1949), Kaldor (1966, 1970) 
and Dixon and Thirlwall (1975).

Finally, it allows to departure from conventional theories of exchange rate determination, with 
respect to both the fulfillment of the Uncovered interest parity (UIP) condition2 and the existence 
of a long-run equilibrium position for the value of the currency. As a matter of fact, the conven-
tional theory about the determinants of the real exchange rate is characterized by three elements: 
(a) the focus on real determinants; (b) the existence of an equilibrium value toward which the 
currency converges in the long term; and (c) the absence of an explicit role for financial 

 1Tobin (1982) would observe that the consistency constraint is not always explicitly observed in theoretical and statistical 
models for portfolio estimations.

 2UIP asserts that, if there is freedom of capital movements and government bonds are perceived as substitutes, then interest 
rate differentials between two countries are equal to the expected exchange rate depreciation. According to this theory, higher 
rate differentials imply an expected depreciation. However, there is ample empirical evidence that this prediction is not 
fulfilled (Moosa, 2004); on the contrary, it has been shown that in the long-term higher interest attract inflows and appreciate 
the currency (Harvey, 2009). CIP is rather preferred to UIP. According to CIP, there is a close relationship between interest 
rates, spot rates and forward rates as assets are not homogeneous and investors hedge currency risk through derivative 
markets.
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speculative capital in the long-term analysis, as they are generally considered transitory, short-
term elements.3 On the contrary, our analysis focuses mainly on two aspects, namely: (a) the de-
terminants of the demand to hold currency; and (b) the importance of financial, speculative flows. 
It permits to combine Tobin’s portfolio balance approach with the treatment of expectations and 
preferences over foreign denominated assets by Harvey (2009) and Westerhoff (2009). In certain 
way, this could be defined a Minskyan approach to the determination of the exchange rate as the 
latter is considered a procyclical variable that follows closely financial flows cycle and displays 
boom-and-bust trends (Minsky, 1975, 1992, 1996).

In fact, the central tenet of our framework is that abrupt changes in the portfolio composition of 
households toward (against) more complex financial products based on the price of commodities 
could lead to destabilizing dynamics in the exchange rate and in the current account of developing 
countries. As a result, the very notion of a stable attractor for the former is, in our opinion, at best 
questionable and should be replaced with a wider analysis of its determinants, especially the finan-
cial ones. The nominal exchange rate determination process described above allow us to reject the 
conclusion of Dornbusch (1976) overshot model, which stressed that any shock will be absorbed by 
the interplay of the demand and supply of assets, bringing back the exchange rate to an equilibrium 
path governed by UIP considerations. In fact, as Lavoie (2014) suggests, the forward exchange rate 
is not a variable that truly reflects expectations, but rather a simple mathematical rule applied by 
financial operators to hedge against risks. Hence, it turns out that it does not affect the change of 
stocks or the reserve account. This is in accordance with the Cambist view on forward exchange 
markets, which holds that interest rates are set exogenously by Central Banks, while forex dealers 
decide how much the spread between the spot and forward rate will be based on the interest rate 
differentials.

As we mentioned, full consistency of the models requires modeling a second economy that 
can be able to reproduce the real and financial interactions among the institutional sectors. Thus, 
in a sense, a multi-country approach, is embedded in the open economy framework of SFC mod-
els. Godley and Lavoie (2003, 2005, 2012) progressively built upon the original Godley’s con-
tribution—as well as his policy works written during his collaboration at the Levy—to provide a 
more realistic representation of how two regions co-evolve. The standard two-country augmented 
model, known also as the ‘Chapter 12’ of Godley and Lavoie’ Monetary Economics book, has 
been extended qualitatively, with the behavioral development proposed by Lavoie and Daigle 
(2011) and Ramos et al. (2020); the analyses of Bonizzi (2015) and Bortz (2014) on pension funds 
and foreign debt, respectively (see below); the reassessment of the Marshall–Lerner condition by 
Carnevali et al. (2019); and quantitatively, with multi-country frameworks developed by Lequain 
(2003), Izurieta (2003), Lavoie and Zhao (2010), Mazier and Aliti (2012), Valdecantos and Zezza 
(2015). The first two are simply an extension of the Chapter 12, with the novelty that two countries 
share the same currency. The third and the fourth contribution introduce for the first time a three-
country model comprising United States, the Eurozone and China to study the effect of reserve 
diversification of the latter, while the fifth one discusses the effects of different exchange rate 
parities among these countries.

 3We Refer to the analysis put forward by Clark and MacDonald’s (1999) Behavioural Equilibrium Exchange Rate (BEER) 
model, Stein’s (1999) Natural Real Exchange rate (NATREX) or Williamson’s (1994) Fundamental Equilibrium Exchange 
Rates (FEER). For a detailed theoretical explanation of these models, it is recommended to review MacDonald et al. (2000).
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4  |   METHODOLOGY

Following Godley (1996, 1999), Godley and Lavoie (2003, 2005, 2012), Izurieta (2003), we describe 
two simple economies, Chile (CHL) and Rest of the World (RoW).4 Tables 1 and 2 report balance 
sheet and transaction flow matrix of the model, respectively. Both economies are composed by five 
sectors—government, central banks, firms, financial intermediaries, and households—and six 
assets—money, deposits, foreign and domestic bills and two securities called ‘Commodity Linked 
Notes’ (CLNs) and ‘Derivative’ (DER).

The transaction-flow matrix reports the interchange of flows within sectors and countries. 
Consumption (C), government expenditure (G), trade (imports, M minus exports, X) and taxes (T) com-
pose total output. The latter is distributed to households in the form of total income (Y). Households 
also receive profits from the financial intermediaries as compensation for holding financial assets. 
They additionally receive interest payments on the stock of securities previously accumulated. In this 
sense, the model relies on the Haig–Simons’ definition of income (Godley & Lavoie, 2012), that is, 
income does not only come from the real sector but also considers financial gains. Households spend 
income between two outflows, namely, consumption (which feeds back entirely into the production 
sector) and government taxes.

Each period, firms and households pay taxes, which represent a positive inflow for the govern-
ment. The government is responsible for public expenditure to provide services to the entire economy. 
In case the government spends more than it collects (T − G < 0 ), it issues bills (B) and obtains liquid-
ity from the public. Domestic bills are distributed to domestic households, central banks and foreign 
financial investors. Households and foreign investors buy government bills to allocate their wealth and 
diversify their portfolios, while the domestic central bank buys the portion of unallocated bills—in 
practice, the domestic central bank steps in to absorb the gap between the supply of and demand for 
domestic bills.

Central banks also accumulate foreign bonds as strategic reserves; however, as the dollar is the 
reserve currency due to the so-called hierarchy of currency (Kaltenbrunner, 2015), the RoW central 
bank only needs to hold domestic bills, while the CHL central bank holds domestic and foreign bills 
as reserves. As a result, there is an asymmetry in the central banks’ profits, that is, CHL central bank 
also receives interest on foreign bills. Both central banks, however, return profits received on bills to 
their respective governments to relax their budget constraint.

The novelty of our model is the presence of structured notes,5CLNs, which are ad hoc financial 
products sold to domestic households and generated through securitization carried on by the financial 
sector. Specifically, in the model, the term structured note refers to hybrid notes that combine multiple 
characteristics.

 4While the inclusion of an additional ‘RoW’ economy greatly increases the size of our model, it allows us to model with more 
precision both the portfolio decisions of the foreign households and the cross-border operations of the financial 
intermediaries, as it will be clarified in the following paragraphs. Another possibility would have been to identify the second 
economy as the main partner of the Chilean economy in terms of its balance of payment linkages. Yet, if the inspection of the 
net export flows points out toward China as the main partner (WITS-TradeStats, 2021), the presence of a high share of 
dollar-denominated flow of funds, in particular in the non-banking sector (Fernandez et al., 2020; Portales et al., 2021), 
highlights instead the strong connections with the United States from a financial account standpoint. Thus, a proper 
characterization of the nationality of the second economy is out of the scope of the present work.

 5The US Security Exchange Commission (SEC, 2021) defines structured notes as ‘securities issued by financial institutions 
whose returns are based on, among other things, equity indexes, a single equity security, a basket of equity securities, interest 
rates, commodities, and/or foreign currencies. Returns on this type of security are “linked” to the performance of a reference 
asset or index’.
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Commodity-Linked Notes are structured notes whose payoffs might vary according to a set of rules 
established between parties and connected, directly or not, to commodity markets behavior (Henderson 
et al., 2015). As we seen in the previous section, international investors increase their holding for OTC 
derivative contracts in presence of commodity price boom and abundant international liquidity. Thus, 
we use CLNs as a proxy to include in the balance sheet of our model a financial product that replicates 
pro-cyclical, commodity-related financial behaviors: the appetite for it increases during periods of 
favorable terms of trade (higher export prices), but rapidly disappears as export commodity prices 
adjust downward. The reason to include such a type of asset is to stress on the cyclicality of financial 
portfolio flows in the presence of financial integration. Note that we are not attempting to replicate any 
specific asset existing in the Chilean financial market. Rather, we include the CLN asset attempting 
to imitate a behavior of international investors toward Chilean derivative markets within the specific 
context of commodity price cycles.

The assumptions behind the definition of structured notes are also meant to capture the process of 
securitization carried out by transnational banks and investment funds.6 Their role is to offer financial 
products to the public and to do so, they can securitize assets,7 that is, they can pool assets to create 
new financial securities and sell them to investors (Caverzasi et al., 2019). Specifically, CLNs are 
distributed to RoW household sectors, which account for them as an asset. The process of securitiza-
tion follows the logic that financial RoW intermediaries buy CHL bills to securitize them in a new 
product denominated in foreign currency whose price not only depends on the yield of CHL bills, but 
also follows the dynamic of commodity markets.8

The price for CLN (Pcln) is therefore defined as follows:

In Equation (1), we assume that the price of CLN depends on the natural logarithm of export prices, which 
is used as a proxy for export commodity prices. When commodity-export countries experience a boom, it 
is often associated with higher export prices. That is, commodity export countries tend to have limited 
diversification in the basket of exported goods, thus we consider the price of export correlated to interna-
tional commodity cycles. The prices of exports are reported in equation 2 alongside import prices, which 
are both borrowed from Godley and Lavoie (2012). Variables in bold are natural logarithms, a transforma-
tion that allows to introduce in the model the trade elasticities; hence, export (imports) prices for CHL 
goods (Equation 2) depend on an exogenous component, the nominal exchange rate and domestic and 

 6In this sense, financial intermediaries here represented are focused on ‘originate-to-distribute’ kind of operations, rather than 
the standard ‘originate-to-hold’ ones. For the sake of simplicity, the financial sector modeled here does not expressively 
consider commercial banks, as their role in distributing financial instruments to households would be marginal.

 7According to Cardone-Riportella et al. (2010) three reasons exist for securitization: (a) need for liquidity; and (b) minimize 
credit risk; (c) search for new profitable opportunities.

 8The bottom of the transaction flows matrix illustrates securitization. The process develops between column 9 (CHL 
government sector), column 3 (RoW financial sector) and column 1 (RoW households). CHL government issues debt to 
finance deficits (ΔB). Part of the debt is acquired by RoW financial intermediaries (ΔBRoW

b
). The latter use a fraction of the 

bills acquired to create the structured notes (ΔCLN), which is ultimately allocated to RoW households’ wealth (VRoW). As a 
result, CLNs are liabilities for RoW financial intermediaries, which is backed by foreign bills as a collateral. There is also a 
change in deposits, in the third row of the balance sheet as households are required to deposit part of their money to invest in 
financial securities.

(1)Pcln =
1

rcln

+pCHL
x
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foreign prices, respectively.9 For the sake of completeness, we report the log-transformed trade quantities 
equations, a formulation first adopted by Houthakker and Magee (1969) and successively by Godley and 
Lavoie (2012). An increase in the price of commodities implies an improvement of the term of trade 
(given by pCHL

x
∕pCHL

m
). This logic implies a positive relation between CLN and exports price. The price 

formula states that as commodity prices increases, the CLN’s price rises.

4.1  |  Export and import real quantities

Therefore, the price logic for the structured notes impacts currency fluctuations by cyclically varying 
currency demand. To better understand this logic, we report portfolio equations. Assets demand of house-
holds in the two countries follows the principles put forward by Brainard and Tobin (1968). They are 
expressed in the usual matrix form, wherein the vertical and horizontal constraints must be respected at 
once. The former implies that the sum of the autonomous and non-autonomous coefficients must add up 
to one and zero respectively, while the latter postulates that also the non-autonomous coefficients within 
the demand for each asset must yield zero.

4.2  |  Asset demand for RoW residents10

 9Note that Equations (2)–(5) may be read, alternatively, as a decomposition of the total effect of the RER on the relationship 
between export (import) prices and domestic prices, that is, pCHL

x
− pCHL

y
= �CHL

0
+ �CHL

1
∗ RERRoW 

(pCHL
m

− pCHL
y

= �CHL
0

+ �CHL
1

∗ RERRoW).

(2)pCHL
x

= �CHL
0

+�CHL
1

∗pRoW
y

+ (1− �CHL
1

)∗pCHL
y

−�CHL
1

∗ xrCHL

(3)pCHL
m

= �CHL
0

+�CHL
1

∗pRoW
y

+ (1−�CHL
1

)∗pCHL
y

−�CHL
1

∗ xrCHL

(4)xCHL = �CHL−�CHL ∗ (pRoW
m−1

−pRoW
y−1

)+�CHL ∗ yRoW

(5)mCHL = �CHL − �CHL ∗ (pCHL
m−1

−pCHL
y−1

) + �CHL ∗ yRoW

 10Each portfolio is composed by two elements, namely: an exogenous vector (�i0), the response of assets to change in yields 
(�ik). According to Brainard and Tobin (1968), Tobin (1969, 1982) Backus et al. (1980), for the vertical constraint to be 
realized it must be that �i

10
+ �i

20
+ �i

30
= 1 and �i

1k
+ �i

2k
+ �i

3k
= 0, while the horizontal constraint implies �i

j1
+ �i

j2
+ �i

j3
= 0.

(6)
⎡
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⎢
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⎢
⎢
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rRoW
d

rcln+DPcln
e

⎤
⎥
⎥
⎥
⎦

∗VRoW
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Note that the demand for structured notes (Pcln ∗ CLNs) depends on their yield; the latter is given by 
the interest paid on the asset plus its expected price change (rcln + DPcln

e). As mentioned in Godley and 
Lavoie (2012) and in the spirit of the literature from Tobin (1982), the present portfolio specification 
considers adaptive expectations. That is,

When the yield paid on structured notes raises, so does the allocation of RoW’s portfolio toward Chilean 
structured assets at the expanse of deposit and domestic bills. The coefficient �RoW

33
 indicates the speed of 

portfolio adjustment for this asset. A similar result is also obtained when international investors expect the 
price of CLNs to rise due to exchange rate appreciation (DPcln

e )
When RoW households desire to hold more CLNs, RoW intermediaries need to securitize more 

Chilean bills. Thus, the demand for CHL bills from the financial sector in the RoW, BCHL
bRoWd

, responds 
to the stock of CLN supplied according to the �RoW

1
 coefficient, which is meant to capture the exposure 

of Chilean intermediaries when issuing these structured notes.11

If we define the exchange rate as the ratio of bills demanded and offered to the foreign investors. This is 
a standard procedure in SFC models inspired by Chapter 12 of Godley and Lavoie (2012), even though 
some other procedure exists (Carnevali et al., 2019; Godin & Yilmaz, 2020; Valdecantos, 2020) , then 
the introduction of structured notes such as CLNs has a direct consequence of demand for currency. 
Ultimately, the price logic for the structured notes impacts currency fluctuations by cyclically varying 
currency demand. As BCHL

bRoWd
 rises, the xrCHL appreciates. Note that in this model a nominal appreciation 

(depreciation) is therefore accounted by a higher (lower) xrCHL.

Given the fact that the stock of CLN can change value over time due to changes in the exchange rate, the 
RoW economy experiences capital gains (losses) facing exchange rate appreciation (depreciation). Capital 
gains for CHL sector works symmetrically.

RoW financial intermediaries are subject to the budget constraint, as depicted in the vertical col-
umn of our transaction flow matrix: liabilities of the financial sector are made of deposits and securi-
tized assets (CLN) while assets are given by domestic and foreign bills as well as money. RoW 

(7)DPcln
e =ΔPcln∕Pcln

 11The adopted functional form for (8) is consistent with the assumption made for the behavior of financial intermediaries, 
who do not seek to retain their earnings, as they immediately redistribute profits to households. Yet, cross-border banks may 
be interested in demanding foreign assets in order to obtain capital gains on the exchange rate and not simply to securitize in 
another financial product. Hence, we included in our sensitivity analysis a different specification whereby BCHL

bRoWd
 depend upon 

the expected capital gains alongside the supply of CLNs.

(8)BCHL
bRoWd

=�RoW
1

∗CLNs

(9)xrCHL =
BCHL

bRoWd

BCHL
bRoWs

(10)CGRoW = (Δpcln)∗CLNs(−1)
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intermediaries’ profits are computed as the difference between their lagged interest payment inflows 
(on bills) and outflows (on Deposits and Derivatives), gross of any capital gains (losses) they benefit 
(bear) on foreign bills. These gains differ from those of the households since they are calculated on the 
change of the nominal exchange rate rather than on the price of the structured security.12 Finally, in-
terest rates on deposits moves in line with the returns on local bills.

4.3  |  RoW financial sector

Being our interests the response of the exchange rate to portfolio flows, the modeling of production by 
firms is left out the picture. Residual behavioral equations borrowed from Godley and Lavoie (2012) and 
augmented with the extra assets included in the present model. The Appendix B shadows the structure 
proposed in Godley and Lavoie (2012) and Lavoie and Daigle (2011) to introduce the remaining equations 
of the model, namely: (a) income and expenditure; (b) financial sector and portfolio equations; and (c) 
asset supply and exchange rate closure.

In the short run, the system reaches ‘equilibrium’ through price adjustments in financial markets. 
However, such ‘equilibrium’ is not a state of rest, since the expectations that drive expenditure and port-
folio decisions may not be fulfilled, and/or the end-of-period level for at least one stock in the economy is 
not at its target level, so that such discrepancies influence decisions in the next period (Nikiforos & Zezza, 
2017). We follow Godley and Lavoie (2012) and Lavoie and Daigle (2011) in considering the following 
variables as endogenous in the system: import prices, export prices, domestic sales deflators, GDP defla-
tors and the exchange rate, exports, imports, output, consumption, domestic sales and disposable income, 
taxes, interest payments, the supply of money, holdings of foreign and domestic bills, holding of deriva-
tives, household wealth, and the government deficit and the government debt.

4.4  |  Model calibration

According to Carnevali et al. (2019), model’s coefficients can be: (a) calibrated, based on stylized 
facts or rules of thumb; (b) estimated through standard econometric techniques; and (c) fine-tuned in 
such a way to obtain a specific baseline scenario.

 12Still, as the exchange rate is effectively a price (Frenkel & Rapetti, 2011), foreign bills are by all means subject to these 
gains (losses)

(11)BRoW
bd

=DRoW
s

−BCHL
bRoWd

−HRoW
bd

+Pcln ∗CLNs

(12)HRoW
bd

=�RoW
0

∗DRoW
s

(13)ΔrdRoW =�RoW
2

∗ΔrRoW

(14)CGRoW
b

= (ΔxrCHL)∗BbRoWs(−1)CHL

(15)FRoW
b

= rRoW
(−1)

∗BbRoW
d(−1)

−rRoW
d

∗DRoW
s(−1)

+rCHL
(−1)

∗BCHL
bRoWd(−1)

∗ xrCHL +CGRoW
b

−CLNs(−1)
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We adopt (c), in which numerical values for the parameters are individuated, basing the choices on 
the observation of stylized facts. We borrowed most parameters from Godley and Lavoie (2012). 
However, we added one sector and two assets13 to the original version of the model; we fill the gap for 
missing parameters by looking at empirical research. Also, shocks imposed to the model are replicated 
using data from stylized facts.

We make different assumptions—also grounded on empirical works—for the following elements 
of the model: (a) Marshall–Lerner (M–L) condition; (b) propensity to consume; (c) portfolio equa-
tions; and (d) Singer–Prebisch hypothesis.

1.	 An important consideration for SFC concerns the relationship describing the dynamic between 
RER and trade flows. The fulfilment of the Marshall–Lerner (M–L) condition implies a 
positive effect of RER depreciation on trade through. As a result, in the long run the model 
achieves a new steady-state equilibrium through the upward adjustment in exports favored 
by a competitive RER. The fulfillment of the ML condition in SFC models has been dis-
cussed in Godley and Lavoie (2012) and Carnevali et al. (2020). However, the empirical 
evidence for Chile (Bernat, 2015; Bussiere et al., 2020) points out for a relatively small real 
exchange rate pass-through on export prices, while the reverse holds true for import prices. 
Hence, we imposed them to be equal to 0.2 and 0.7, respectively.14

2.	 Developed and developing countries are unlikely to show the same propensity to consume out of 
income (Case et al., 2011; Funke, 2004; Gross et al., 2020) Marginal propensity to consume out 
of income appear to be higher in developing countries than in developed ones. For the former, it is 
around 0.6 (Funke, 2004), while for the latter 0.9 (Case et al., 2011).

3.	 With respect to portfolio composition, we model the initial distribution following a generic alloca-
tion that allocates more resources to safer assets (deposits, and bills) and less to more risky securi-
ties (structured notes). We follow this logic and we arbitrary set up the exogenous parameters of 
the RoW and CHL residents demand for assets. That is, all other things being equal, households’ 
preferences designate 50 percent of their wealth to bank deposit, 40 percent in safe domestic secu-
rities, and the remaining 10 percent to riskier assets.

4.	 The pattern of specialization of Latin America (and particularly Chile) has gone back in the last 
decades to a commodity-exporter model. While the boom in commodity prices can be blamed for 
it, several authors (Erten & Ocampo, 2013; Ocampo, 1986; Ocampo & Parra, 2003) have pointed 
out that a longer run tendency can be identified. The hypothesis of a heterogeneous and special-
ized Center versus homogeneous and diversified Periphery was first assessed by Singer (1950) and 
Prebisch (1949) observing the deteriorating trend of terms of trade of developing countries vis-a-
vis Britain since late 19th century. We decided to add more realism to the simulation by imposing 

 13The second asset is called DER which reflects the securitization that Chilean banks may perform on RoW bills. However, 
the price logic for this asset is not linked to commodity price, rather it only focuses on the international interest rate. We 
report the asset in the Appendix B.

 14It should be point out that the M–L condition is still verified with this setting, although to a weaker extent. In accordance 
with Carnevali et al. (2020), three conditions for a trade balance improvement following a devaluation may be identified in a 
SFC framework: (a) the original M–L condition, stating that the sum of the price elasticity of exports and imports must 
exceed unity (𝜂CHL + 𝜓CHL > 1); (b) the implicit M–L condition provided by Godley and Lavoie (2012) 
(𝜂CHL + 𝜓CHL > 𝜇CHL

1
− 𝜒CHL

1
); (c) the general case, (𝜂CHL ∗ (1 − 𝜒CHL

1
) + 𝜓CHL ∗ 𝜇CHL

1
> 𝜇CHL

1
− 𝜒CHL

1
). Since we have assigned 

the same values for the parameters �CHL, �CHL than the original OPENFLEX model (0,7 for both), either (a), (b) and (c) hold 
true, although (b) to a slighter margin. In our sensitivity analysis in the Appendices, we verify the consequences of dropping 
a), by assuming (�CHL + �CHL = 1).
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a modification on Godley (1999) and Godley and Lavoie (2012), by assuming away the similarities 
in the income elasticity of export and import and by setting them to 0.8 and 1.2, respectively.

5  |   SCENARIO ANALYSIS

The aim of this section is to run a simulation for 150 periods (years) where commodity export prices 
experience an initial positive shock after period 50, followed by a drop ten years later. A small, pe-
ripheral, commodity-export economy, such as Chile, is considered price taker with no power to influ-
ence commodity price.15 Thus, we impose a positive shock in the exogenous component of exports. 
This is replicated by increasing the parameter �CHL in Equation (4).16 To find the correct value for the 
percentage change in the autonomous demand for exports, we looked at data for the volume of exports 
of copper available in the Central Bank’s database. We consider the variation in the autonomous de-
mand as a long run change. We use the 5-year moving average of the series as a proxy for this value. 
We then calculate the percentage difference in December 2015 from one year later, which results in 9 
percent change in the long run (autonomous) demand for export and translates into a change from 
−1.18 to −1.08 in the parameter of �CHL. To simulate the terms of trade reversal in the second shock, 
we impose an (asymmetric) change from −1.08 to −1.28. This has important results on the outcome 
of the simulation and in the steady-state values of the series, as it will be shown in the next session. 
Nonetheless, they represent a good approximation of the commodity boom and bust cycle that took 
place in the last decade. An alternative scenario will be display in the Appendices, whereby the au-
tonomous demand of exports returns instead to its pre-shock level.

Figure 3 reports estimations for RER which is calculated as the nominal exchange rate multiplied 
the ratio between foreign and domestic prices. Being the model composed of only two countries, it 
goes alone that we are referring to the real bilateral exchange rate. We remind the reader that simula-
tion is carried over with fictional values. Hence, rather than interpreting the magnitude of the change, 
we focus on the direction of the response compared to a baseline scenario. That is, scenario analysis 
does not quantitively forecast reaction from macro variables, but rather the direction of their response 
to shocks.

Simulations show that the behavior of RER follows two elements, namely, terms of trade and 
gross financial inflows, suggesting the coexistence of real (Clark & MacDonald, 1999) and financial 
(Harvey, 2009) determinants of RER.

 15The model has been built using the package ‘sfcr’ provided by Macalos (2021). The code is available upon request. The 
equations used to build the figures can be found in the Appendix B. Note that in our model export prices in the CHL countries 
are not strictly exogenous, as in a two-country SFC model they will be determined by Equation (2). This is true as long as the 
absolute value of �CHL

1
 exceeds zero, otherwise export prices will be determined by the same local factors influencing pCHL

y
.

 16It would have been also possible to introduce the shock directly to the exogenous component of export prices, �CHL
0

. 
However, this would have implied to identify the causes of the commodity boom with a pure price shock. This is both 
misleading from the point of view of the stylized facts and from the sake of our simulation. While there is a wide consensus 
that the upward trend in commodities prices was influenced by the increase in demand for raw materials, in particular by 
China (Abeles et al., 2018), a price shock in the context of a demand-led models such as the SFC would have been short-lived 
given the assumption of adaptive expectations for the real disposable income (see Appendices). Note that through this device, 
the shock is channeled directly through the exchange rate which appreciates and thus increases (Equation 2) and indirectly 
through the income and expenditure mechanism which, given the exogenous increase of sales (Equations 24–35) and the 
constancy of both nominal wage and the mark-up determine an increase in sales prices via the labour demand channel 
(Equations 18–19, 46–47).
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5.1  |  Terms of trade improvement

As shown in Figure 4, terms of trade improved after the increase in the exogenous component of the 
demand for exports. The change in the price of CLNs through the exogenous component of Equation 
2, generates portfolio adjustments to new higher price of CLNs. Indeed, RoW households want to hold 
more CLNs as they represent the security of a country, CHL which is facing an economic expansion 
phase. To supply a greater number of CLNs and meet higher demand from domestic households, RoW 
financial intermediaries increase the demand for foreign bills—reducing their demand for domestic 
bills and deposits. A proportion of the new CHL bills held by financial households are securitized and 
offered to the RoW households. This also generates capital gains on both the CLN and Chilean bills, 
as it appears in Figure 4.

Figure 4 shows RER appreciated steadily throughout the ten year following the shock, starting 
from a steady state and reaching 1.3 at its peak. It remains appreciated for the next 4 years before the 
fall in commodity prices. The initial currency appreciation has a consequent impact on trade flows 
(Figure 3), specifically on the value and volume of exports and imports. The graph shows an initial 
spike in the trade balance and, in turn, in the current account. In the short run, RoW imports do not 
adjust to the new higher CHL export prices, as a result the current value of exports increases due to 
a positive revaluation of the current exports. Eventually, given the low sensitivity of Chilean export 
prices to the RER (Bernat, 2015; Bussiere et al., 2020), foreign demand adjusts to new higher prices 
in the following periods, and volume reduces consequently, as shown in the decrease from the initial 
spike.

F I G U R E  3   Results from the simulation. Source: own elaboration
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In addition, the government budget constraint relaxes as the economy experiences growth (Figure 
3). During the expansionary phase, income is increasing. Also, expectations—calculated as the aver-
age income received in the last two periods—improve. Higher income and expectations consent to the 
economy to enjoy a higher level of consumption. Ultimately, tax revenues are higher as well.

There are also positive implications for the country’s balance sheet due to the decrease in the value 
of stock from the liabilities expressed in the foreign currency. Looking at the debt-to-GDP ratio 
(Figure 5), the latter results to be lower when the currency is appreciating.17 Note, however, that the 
decrease in the ratio is only in nominal terms. That is, the currency stock of debt increases due to 
higher demand from foreign investors—an element that will cause problems as soon as the currency 
depreciates.

Lower debt and higher income generate a positive effect of wealth. Indeed, net wealth increases 
during this phase, as displayed in Figure 5. Expectations improve too, generating, together with higher 
stock of wealth, an increase in the share of consumption on GDP (Figure 3). Since the CHL economy 

 17As a matter of fact, in a small open economy the expansionary phase brings forth an increase in indebtedness, resulting not 
only from long-term purchase of sovereign debt such in our model, but also from short-term transactions in form of portfolio 
transactions or in non-conventional carry trade operations involving for instance a local company and its cross-border parent 
which can issue debt in foreign currency. Such practices have been widely used during the commodity bonanza of the last 
decade, especially in Brazil (Kaltenbrunner & Painceira, 2018) and they have led to an overall increase of external 
indebtedness which have largely outweighed the pace of debt repayment. Similarly, our model does not explicitly treat 
foreign direct investment (FDI) flows, which may also contribute at destabilizing the exchange rate and create a spiral of 
increasing external indebtedness and higher foreign currency outlays in form of interest payments, as shown by Botta et al. 
(2016)

F I G U R E  4   Results from the simulation. Source: own elaboration
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has a greater amount of wealth to allocate, a higher appetite in the private sector is generated by fi-
nancial assets. In this phase the net accumulation of financial assets (NAFA) of the private sector is 
positive, as reported in Figure 3.

5.2  |  Fall in the terms of trade

In the period 61 we impose a new shock on the model by introducing the fall in the exogenous pa-
rameter (�CHL) in demand for CHL exports, this time from 1.08 to 1.28. As a result, terms on trade 
overshoot their initial value.

This implies a negative shock in CLNs prices and portfolio adjustments of RoW financial sector 
toward safer securities, such as RoW domestic bills and deposits, as displayed in Figure 5. The ad-
justment in the demand for CHL bills from foreign investors generates RER depreciation from 1.29 
to 0.80 as well as capital losses on both the CLNs and the Chilean bills (Figure 4). Note that the long-
run equilibrium reached by RER after the shock is 20 percent lower than the initial equilibrium at 1. 
This is an important implication of the model. Commodity boom prices with portfolio adjustments 
can have long lasting effects on the trajectory of the exchange rate. The overall effect of depreciation 
is a hysteresis, that is, a permanent change in the series. Our results are in line with Duwicquet et al. 
(2018), who studied how the exchange rate behaves in face of shocks and conclude that it does not 
converge to the long run fundamental.

F I G U R E  5   Results from the simulation. Source: own elaboration
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Result emphasize how boom-bust financial cycles could end in a situation in which the foreign 
financial sector has less preference to hold domestic securities, in turn, RER does not reverse to its 
initial level. The effect of a shift in international investors’ preference for CHL securities is observed in 
gross financial outflow from CHL economy. This phenomenon follows the idea of Dornbusch (1976) 
and Perri, Kisselev et al. (2004) about the importance of overshooting—that is, the selloff of CHL 
domestic securities after currency start to depreciate, which brings further downward pressure on the 
exchange rate.

After currency depreciation, we observe corrections also in the trade balance, as it falls from 0.5 
to −2.5 percentage point due to lower level in the value of its exports. However, in the long run, the 
competitiveness of the currency slumps a recovery in exports, as they grow steadily in the long run.

In line with the hypothesis of the work, while the external sector benefits in the long-run, other sec-
tors do not, and stabilize at lower steady-state equilibrium levels—that is, they show long-lasting im-
balances in macroeconomic ratios. This is true for the consumption share, which falls at 86% of GDP.

Shortly, after the drop in TOT, government revenues decrease and primary (secondary) fiscal defi-
cit increase (−0.5%). As the government finances it by issuing new bills and increasing debt-to-GDP 
ratio, the latter peeks 160% from 154% before the shock.

Currency depreciation increases the value of CHL stock of bills issued in foreign currency (Figure 
5). This is a negative effect for the balance sheet of the country (Krugman, 1999), as it decreases the 
net stock of wealth, while increasing service on debt issued (Figure 4). Together they produce higher 
negative outflows for the government. The deficit is only marginally alleviated from higher benefit 
received from the central bank, as the latter experiences capital gains on the bills held as international 
reserve.

Moreover, while in the new steady state the trade balance does return to the first equilibrium level, 
the current account balance does not. This is the result of two factors, namely the negative the accu-
mulation of financial asset of the private sector and higher payments to foreign debt.

Ultimately, as consumption adjusts downward due to decreasing expectations, the wealth of house-
holds falls, too. Note that, in general, households have a target level of wealth they want to maintain 
(Brainard & Tobin, 1968; Tobin, 1969, 1982). As a result, they reduce their consumption and increase 
their saving to fill the gap created by devaluation.

The effect on the former could be described as the financial redistribution effect from domestic to 
the foreign sector, as it is clearly shown by Figure 5. The CHL economy ends up with lower value in 
stock of financial assets, thus reducing the possibility to increase their disposable income by increas-
ing financial benefits from investment, while the RoW economy experience the opposite effect, as it 
receives inflows and revaluation of financial assets.

To validate the theoretical implication of the model, we compare our theoretical results with real 
life data. Moreover, we compared the auto and cross-correlation of the simulated and observed series 
for consumption and GDP (Figure 6). We remind the reader again, that we should not be looking the 
model successfully predicts the magnitude of the change in a specific variable, but rather if it is accu-
rate the prediction if the response to specific macro-financial events (shocks). Tables 3 and 4 provides 
a summary of results and their comparison with real life data.

6  |   CONCLUSIONS

The aim of our work was to show how the presence of global, financial intermediaries shapes ex-
change rates and balance of payments in open economies dependent on commodities such as the one 
of Chile. To capture the various channels through which these influences could manifest, we adopt a 



18  |      NALIN et al.

SFC framework, building a two-economy model closely resembling the OPENFLEX model presented 
in Chapter 12 of Godley and Lavoie (2012).

Our main innovation has been to include explicitly a simplified financial sector in both economies: 
both economies are internationally financial integrated, but present asymmetrical financial sophis-
tication in their derivative markets. We introduced two securitized assets (CLN in CHL), issued by 
the international financial sector and backed by foreign bills, and we included them in the portfolio 
choice equation of households. The assumptions behind the definition of these assets were meant to 
capture the process of securitization carried out by transnational banks and investment funds on both 
commodities and liabilities of resource-dependent countries. In this sense, the intermediaries here 
represented are solely focused on ‘originate-to-distribute’ kind of operations, rather than the standard 
‘originate-to-hold’ ones. Finally, we simulated a scenario closely resembling the commodity boom 
(and bust) cycle that unfolded between 2003 and 2014—a rise in export prices that abruptly comes to 
an end coupled with the shifts in monetary policy by the United States. The main results for our paper 
are the following: (a) unfettered financial markets such as the ones depicted in our models lead our 
small world system to react more promptly when hit by shocks, both in terms of deviation from and 
convergence toward the long run steady state. Nevertheless, when compared with the OPENFLEX 
simulations, the external balances end up in a lower position, and remarkably the current account 
scores a deficit position, due to the increased interest payment on the foreign owned debt; (b) nominal 
exchange rates, as well as terms of trade, follows a ‘J’ dynamic: they first appreciate (depreciate) and 
then they slowly depreciate (appreciate), stabilizing at a new—and more devalued (overvalued)—
level than the baseline; (c) Although nominal and real output settle to higher steady state values with 
respect the baseline due to a permanently undervalued exchange rate, household wealth and consump-
tion tend to be permanently lower than before, even in presence of an increased debt/GDP ratio. This 
implies on one hand a transfer of wealth taking place from the commodity-led country toward the 
financial center and on the other a major reliance upon export performance. Our main results are in 
line with both the structuralist literature on export specialization and terms of trade deterioration in the 
long run (Ocampo et al., 2009; Prebisch, 1949; Rodriguez, 2006), as well as the post-Keynesian liter-
ature concerning the study of the exchange rate and its financial determinants (Harvey, 2001, 2009). 
Nevertheless, the result that relates a more depreciated long run real exchange rate with a higher level 
of GDP should not be (a) generalized to all developing countries and in particular Latin American 
ones and (b) ascribed entirely to the Structuralist tradition. While the empirical evidence on this point 
remains controversial (Ribeiro et al., 2020), the structuralist position contend that this relationship 
may be changing over time as it depends on the pattern of specialization of the economy (for a recent 
review of ongoing debate on this topic see Medeiros (2020)). From a development policy perspective, 
the stability of the currency is a crucial element for a small, peripheral country. Thus, in order to min-
imize exchange rate volatility foreign exchange interventions by the Central Bank are necessary but 
not sufficient tools and should be coupled with stricter regulations on cross-border financial flows and 
actors (Ffrench-Davis, 2018; Gallagher & Magalhães Prates, 2014). In the long-run, industrial poli-
cies should aim at elevating the technological content of exports (Cimoli & Porcile, 2014), to reduce 
the dependency on the external fluctuations of commodity markets.
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APPENDIX B

LIST OF EQUATIONS

Income and expenditure

Real and nominal values are in lower and upper case, respectively, while the superscripts depict the 
nationality. Equations (B33) and (B34) describe Haig Simmons disposable income, obtained from 
the first column of the transaction flows matrix and calculated as total income plus capital gains, plus 
returns on financial assets. Differently from Godley and Lavoie (2012), the equation is enlarged with 
new assets, CLNs and Derivatives. Wealth accumulation depends on end-of-period savings. Savings 
are the part of income not consumed and contribute to increase (or decrease) the stock of wealth at 
the end of each period (B35) and (B36). Households pay taxes to the government on their regular 
income (B37) and (B38). They imply a fixed tax rate, which is exogenously set by the government. 
Note that the government in this case does not tax capital gains. When government expenditures ex-
ceed revenues—that is, when there is a primary budget deficit—it issues more domestic bills (B39) 
and (B40). As we saw in rows 9 and 10 of the transaction-flows matrix, the stock of debt issued by 
the government generates outflows due to interest payments to the sectors that holds bills, namely, 
households, foreign sector, and domestic central banks. Real consumption (B6) and (B7) depends 
both on lagged real wealth (B1) and (B2) and real expected disposable income (B3) and (B4), which 
is assumed to be a simple average based on the past value of (B7) and (B8). Real sales (B9) and (B10) 
are the sum of the domestic sales, which in turn are composed of household and government con-
sumption (B17) and (B18), plus real exports. Prices are set with a mark-up over unit costs, according 
to Equations (B13) and (B14), which includes the wage bill and imports demand—which are critical 
to compound for a small open economy. Therefore, the domestic output (both real and nominal) is 
defined as sales minus imports (B21) and (B22), with the GDP deflator being simply the ratio between 
nominal and real output (B25) and (B26). Finally, employment is the inverse of labor productivity 
(B31) and (B32), which in this model is set exogenously. Finally, for convenience the identities repre-
senting the current and financial account in both economies are reported (B41) and (B42).

Basic  accounting identit ies  in an open economy

(B1)vCHL =
VCHL

pCHL
ds

(B2)vRoW =
VRoW

pRoW
ds

(B3)ydCHL =
YDCHL

pCHL
ds

− vCHL
(−1)

∗
ΔpCHL

ds

pCHL
ds

(B4)
ydRoW =

YDRoW

pRoW
ds

− vRoW
(−1)

∗
ΔpRoW

ds

pRoW
ds
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(B5)cCHL = �CHL
1

∗ ydCHL
e

+ �CHL
2

∗ vCHL
(−1)

(B6)cRoW = �RoW
1

∗ ydRoW
e

+ �RoW
2

∗ vRoW
(−1)

(B7)ydCHL
e

=
ydCHL + ydCHL

(−1)

2

(B8)ydRoW
e

=
ydRoW + ydRoW

(−1)

2

(B9)s CHL = cCHL+gCHL+xCHL

(B10)s RoW = cRoW+gRoW+xRoW

(B11)SCHL = s CHL ∗pCHL
s

(B12)SRoW = s RoW ∗pRoW
s

(B13)pCHL
s

=

(
1+�CHL

)
∗
(
WCHL ∗NCHL+ IMCHL

)

sCHL

(B14)pRoW
s

=

(
1+�RoW

)
∗
(
WRoW ∗NRoW+ IMRoW

)

sRoW

(B15)pCHL
ds

=

(
SCHL−XCHL

)

(
s CHL−xCHL

)

(B16)pRoW
ds

=

(
SRoW−XRoW

)

(
s RoW−xRoW

)

(B17)DSCHL =SCHL−XCHL

(B18)DSRoW =SRoW−XRoW



      |  27NALIN et al.

(B19)dsCHL = cCHL+gCHL

(B20)dsRoW = cRoW+gRoW

(B21)YCHL =SCHL− IMCHL

(B22)YRoW =SRoW− IMRoW

(B23)yCHL = s CHL−mCHL

(B24)yRoW = s RoW−mRoW

(B25)pCHL
y

=
YCHL

yCHL

(B26)pRoW
y

=
YRoW

yRoW

(B27)CCHL = cCHL ∗pCHL
ds

(B28)CRoW = cRoW ∗pRoW
ds

(B29)GCHL =gCHL ∗pCHL
ds

(B30)GRoW =gRoW ∗pRoW
ds

(B31)NCHL =
yCHL

prCHL

(B32)NRoW =
yRoW

prRoW
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Disposable income

Wealth

Taxes

Government budget  constraint

Current and capital  account

(B33)

YDRoW = (YRoW + FbRoW +rRoW
(−1)

∗BRoW
RoWd(−1)

+ rdRoW
(−1)

∗DRoW
d(−1)

+CLNd(−1)+CGRoW)∗ (1−�RoW)

(B34)
YDCHL = (YCHL + FbCHL +rCHL

(−1)
∗BCHL

LAd(−1)
+ rdCHL

(−1)
∗DCHL

d(−1)
+DERd(−1)+CGCHL)∗ (1−�CHL)

(B35)ΔVRoW =YDRoW−CRoW

(B36)ΔVCHL =YDCHL−CCHL

(B37)TRoW = (YRoW + FbRoW +rRoW
(−1)

∗BRoW
RoWd(−1)

+ rdRoW
(−1)

∗DRoW
d(−1)

+CLNd(−1))∗ (�RoW)

(B38)TCHL = (YCHL + FbCHL +rCHL
(−1)

∗BCHL
LAd(−1)

+ rdCHL
(−1)

∗DCHL
d(−1)

+DERd(−1))∗ (�CHL)

(B39)(ΔBRoW
s

)=GRoW−TRoW+r(−1)RoW ∗Bs(−1)RoW−FcbRoW

(B40)(ΔBCHL
s

)=GCHL−TCHL+r(−1)CHL ∗Bs(−1)CHL−FcbCHL

(B41)
CABCHL =XCHL − IMCHL − rCHL

(−1)
∗BCHL

bRoWs(−1)

+ rRoW
(−1)

∗BRoW
bCHLs(−1)

∗ xrRoW + rRoW
(−1)

∗BRoW
cbCHLs(−1)

∗ xrRoW

(B42)KABCHL = (ΔBbRoWCHL
s

)− (ΔBcbCHLRoW
s

)∗ xrRoW− (ΔBCHLRoW
s

)∗ xrRoW
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Financial  sector and portfol io  equations in the local  economy

We also consider some degree of asymmetry in financial products offered by the two financial sectors. 
CHL financial intermediaries offer the simpler financial product to CHL households DER. It is cre-
ated by simple securitization of bills, without considering any other factor that affects the price (such 
as commodity prices for CLN). The CHL financial sector buys bills, securitize them (without linking 
them to any commodity benchmark), and sell the new financial product to CHL household sector. We 
call this asset ‘derivative’ (DER).

CHL f inancial  sector

Asset  demand for CHL resident

(B43)
CABRoW =XRoW− IMRoW−rRoW

(−1)
∗BRoW

bCHL
+rCHL

(−1)
∗BCHL

bRoWs(−1)
∗ xrCHL+ rCHL

(−1)
∗BCHL

cbRoWs(−1)
∗ xrCHL

(B44)KABRoW = (ΔBbCHLsRoW)− (ΔBcbRoWsCHL)∗ xrCHL− (ΔBRoWsCHL)∗ xrCHL

(B45)BCHL
bd

=DCHL
s

−BRoW
bCHLd

−HCHL
bd

+Pder ∗DERs

(B46)HCHL
bd

=�CHL
0

∗DCHL
s

(B47)ΔrdCHL =�CHL
2

∗ΔrCHL

(B48)CGCHL
b

= (ΔxrRoW)∗BbCHLs(−1)RoW

(B49)FCHL
b

= rCHL
(−1)

∗BCHL
bd(−1)

−rCHL
d

∗DCHL
s(−1)

+rRoW
(−1)

∗BRoW
bCHLd(−1)

∗ xrRoW +CGCHL
b

−DERs(−1)

(B50)Pder =
1

rder

(B51)DPder
e =ΔPder∕Pder

(B52)

⎡
⎢
⎢
⎢
⎢
⎢
⎣

BCHL
CHLd

DCHL
d

Pder ∗DERs

⎤
⎥
⎥
⎥
⎥
⎥
⎦

=

⎡
⎢
⎢
⎢
⎢
⎣

�CHL
10

�CHL
20

�CHL
30

⎤
⎥
⎥
⎥
⎥
⎦

∗VCHL+

⎡
⎢
⎢
⎢
⎢
⎣

�CHL
11

�CHL
12

�CHL
13

�CHL
21

�CHL
22

�CHL
23

�CHL
31

�CHL
32

�CHL
33

⎤
⎥
⎥
⎥
⎥
⎦

∗

⎡
⎢
⎢
⎢
⎢
⎣

rCHL

rb

rfp+DPder
e

⎤
⎥
⎥
⎥
⎥
⎦

∗VCHL
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Capital  gains

Central  Banks,  assets  supply and exchange rate closure

The model assumes, in line with Godley and Lavoie (2012), that the supply of assets matches demand. 
Equations (B58) to (B71) show all the identities for the several asset classes used in the model. Central 
Bank profits are made up of the interest payment due on treasury bills (B54) and (B55) and they are 
redistributed back to local governments (B39) and (B40). Moreover, changes in central banks stocks 
of domestic Treasury bills are equal to changes in the liabilities of each central bank, as shown in 
Equation (B52) and (B53). Once again, the equation for the CHL central bank is enlarged with foreign 
bills held as reserves. Having defined all the equations for both countries, it is now possible to define 
the (floating) exchange rate closure (B72)–(B79).

Central  bank

Demand for cash

Supply of  stocks equals  demand

(B53)CGCHL = (Δpder)∗DERs(−1)

(B54)(ΔBRoW
cbRoWd

)= (ΔHRoW
s

)+ (ΔHRoW
bs

)

(B55)(ΔBCHL
cbCHLd

)= (ΔHCHL
s

)+ (ΔHCHL
bs

)− (ΔBRoW
cbCHLd

)∗ xrRoW

(B56)FCHL
cb

= rCHL
(−1)

∗BcbCHL
CHLd(−1)

+ rRoW
(−1)

∗BcbRoW
CHLs(−1)

∗ xrRoW

(B57)FRoW
cb

= rRoW
(−1)

∗BcbRoW
RoWd(−1)

(B58)HRoW
d

= VRoW − BRoW
RoWd

− DRoW
d

− Pcln ∗CLNd

(B59)HCHL
d

=VCHL − BCHL
LAd

−DCHL
d

−Pder ∗DERd

(B60)HRoW
s

= HRoW
d

(B61)HCHL
s

=HCHL
d
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Exchange rate closure

(B62)DRoW
s

=DRoW
d

(B63)DCHL
s

=DCHL
d

(B64)BRoW
RoWs

= BRoW
RoWd

(B65)BCHL
CHLs

=BCHL
CHLd

(B66)CLNs =CLNd

(B67)DERs =DERd

(B68)BRoW
bs

= BRoW
bd

(B69)BCHL
bs

=BCHL
bd

(B70)HRoW
bs

=HRoW
bd

(B71)HCHL
bs

=HCHL
bd

(B72)BRoW
cbRoWs

= BRoW
cbRoWd

(B73)BCHL
cbCHLs

=BCHL
cbCHLd

(B74)xrRoW =
1

xrCHL

(B75)BCHL
bRoWs

=BCHL
bRoWd

∗ xrRoW

(B76)ΔBRoW
cbCHLd

=ΔBRoW
cbCHLs

∗ xrRoW
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Redundant euqation

Addit ional  equation for f igures

(B77)BRoW
bCHLs

= BRoW
s

− BRoW
RoWs

− BRoW
cbd

− BRoW
cbCHLs

− BRoW
bs

(B78)BRoW
bCHLs

=
BRoW

bCHLd

xrRoW

(B79)BRoW
bCHLs

=
BRoW

bCHLd

xrRoW

(B80)RERCHL = xrCHL ∗

(
pCHL

y

pRoW
y

)

(B81)RERRoW = xrRoW ∗

(
pRoW

y

pCHL
y

)

(B82)Cchl=
cCHL

yCHL

(B83)CA=
CABCHL

YCHL

(B84)A=
XCHL−MCHL

YCHL

(B85)GB=
−ΔBRoW

s

YCHL

(B86)PB=CA−GB

(B87)
nipchl=

r(−1)CHL ∗Bs(−1)CHL

YCHL
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(B88)govdebchl=
BCHL

s

YCHL

(B89)

nwchl= (VCHL−BCHL
s

+ (BCHL
bd

−DCHL
s

+BRoW
bCHLd

+HCHL
bd

−Pder ∗DERs)+ (BRoW
cbCHLs

+BCHL
cbCHLs

−HCHL
d

)

(B90)shCHL
bRoWs

=
BCHL

bRoWs

BCHL
s

(B91)shCLN =
Pcln ∗CLNs

VRoW

(B92)BCHL
bRoWd

=�RoW
1

∗CLNs+�RoW
3

∗CGRoW
b

(B93)BRoW
bCHLd

=�CHL
1

∗DERs+�CHL
3

∗CGCHL
b
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APPENDIX C

QUALITATIVE COMPARISON: SIMULATION VERSUS OBSERVED DATA

T A B L E  C 1   Results from simulation compared with real life data, Period 2004–2014

Variables Simulation Data

RER Increase (appreciation) 2% appreciation from begging to end of the 
period (2005)

TB/Y Overall increase, only slightly adjust 
after 2009 crisis

Overall increase from 10% to 14 before 2008 
adjustment to 3%. Recovers to 8% after 2009, 
then progressively weakens to 0% in 2013

CAB/Y Overall increase, only slightly adjust 
after 2009 crisis

Increase from 2004 to 2007 from −0.17 to 3.5 % 
GDP. Then falls to −3.5 in 2008 and after a brief 
recovery averaging 1,5% in 2010/11 it slides into 
negative territory, scoring −4% in 2013

KAB/Y Decrease Decrease from −3 to −5 GDP from 2004 to 2007. 
After a spike in 2009, it slides into average −1% 
in 2010/11, and it bounces back to positive from 
2012 onward

(G-T)/Y Improvement Improvement from 2004 to 2007 (2 vs 7.8 PIB) 
After a drop in 2009 (−4.3) bounce back to 1.3, 
although tend to decrease

DEBT/Y Decrease Decrease from 2004 to 2007, from 10.6 to 3.9%. 
Increase from 2008 to 2014 from 5.1% to 15.1%

NAFA/Y Increase Decrease from −0.5% to −6.3% Jumps to 5.2 
in 2009 but then returns into negative territory 
from 2011 on.

C/Y Increase after a small drop Remained stable around the average of 60 of 
GDP

WEALT/Y Higher Increase from 2004 to 2007 from 0.9 to 7.3 GDP. 
Then falls to −10 in 2008 and after a brief 
recovery averaging 3% 2009/11 it slide into 
negative territory, scoring −0.8% in 2013

Y/P Increase Average increase of 6 per year during the period, 
with a drop of 2 in 2009, with a slowdown in 
2013 (4%)

Source: Own elaboration.
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APPENDIX D

MODEL VALIDATION

T A B L E  C 2   Wrapping up of the different positions on the RER, period 2015–2018

Variables Simulation Data

RER Depreciation 7% depreciation

TB/Y Decrease; stabilizes to lower steady-state level Initially, in 2014 fall to −1%. Then 
stabilized around 0.5%

CAB/Y Overall increase, slightly adjust after 2009 crisis Fall from 2014 to 2015 (−1.7 to −2.5). Then 
remained stable around −1.5%

KAB/Y Increase; stabilizes to higher steady state level Remains stable around 3/2%

(G-T)/Y Worsening Worsened from −1.6% to −2.75% in 2017

DEBT/Y Increase; stabilizes to higher steady state level Increased From 15.5 to 25 GDP % point

NAFA/Y Decrease; stabilizes to lower steady state level Increase from −0.16% to 1.3%

C/Y Decrease; stabilizes to lower steady state level Stabilized around 63% of GDP from 2014 
to 2019

WEALT/Y Decrease; stabilizes to lower steady state level Deteriorates from 0.8 to 6.9 and 4.2% in 
2014, 2015 and 2016, then it stabilizes 
around 0.6%

Y/P Decrease; stabilizes to lower steady state level Weaker growth (in the 2% to 1% range)

Source: Own elaboration.

F I G U R E  D 1   Output auto correlation and Output-Consumption cross-correlation. Source: Own elaboration. 
Series were detrended using a Hodrick-Prescott filter and are expressed in logarithms. Both observed data and 
simulations refers to the 2000–2018 period
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APPENDIX E

PARAMETERS AND INITIAL VALUES

Table E1 

Variables and parameters of the two open economies Symbols Baseline
Scenario 
1

Marginal propensity to consume out of income CHL �CHL
1

0.9

Marginal propensity to consume out of income RoW �RoW
1

0.6

Marginal propensity to consume out of wealth CHL �CHL
2

0.0534

Marginal propensity to consume out of wealth RoW �RoW
2

0.2134

Autonomous demand of Exports CHL �CHL
0

− 1.18

Price elasticity of exports CHL �CHL 0.7

Income elasticity of exports CHL �CHL 0.8

Autonomous demand of CHL bills of residents CHL �CHL
10

0.4

Portfolio parameter of demand for CHL bills �CHL
11

0.5

Portfolio parameter of demand for CHL deposits �CHL
12

0.25

Portfolio parameter of demand for CHL derivatives �CHL
13

0.25

Autonomous demand of deposits CHL �CHL
20

0.4

Portfolio parameter of demand for CHL bills �CHL
21

0.25

Portfolio parameter of demand for CHL deposits �CHL
22

0.5

Portfolio parameter of demand for CHL derivatives �CHL
23

0.25

Autonomous demand of assets of DER �CHL
30

0.1

Portfolio parameter of demand for CHL bills �CHL
31

0.25

Portfolio parameter of demand for CHL deposits �CHL
32

0.25

Portfolio parameter of demand for CHL derivatives �CHL
33

0.5

Autonomous demand of assets of RoW Bills �RoW
10

0.4

Portfolio parameter of demand for RoW bills �RoW
11

0.5

Portfolio parameter of demand for RoW deposits �RoW
12

0.25

Portfolio parameter of demand for RoW CLNs �RoW
13

0.25

Autonomous demand of deposits CHL �RoW
20

0.5

Portfolio parameter of demand for RoW bills �RoW
21

0.25

Portfolio parameter of demand for RoW deposits �RoW
22

0.5

Portfolio parameter of demand for RoW CLNs �RoW
23

0.25

Autonomous demand of CLN �RoW
30

0.1

Portfolio parameter of demand for RoW bills |�RoW
31

0.25

Portfolio parameter of demand for RoW deposits �RoW
32

0.25

Portfolio parameter of demand for RoW CLNs �RoW
33

0.5

Autonomous demand of imports CHL �CHL − 2.1 − 3.015

Price elasticity of imports CHL �CHL 0.7

income elasticity of imports CHL �CHL 1.2
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Variables and parameters of the two open economies Symbols Baseline
Scenario 
1

Shock to import price CHL �CHL
0

− 0.00001

Shock to export price CHL �CHL
0

−0.00001

RER elasticity of import prices CHL �CHL
1

0.7

RER elasticity of export prices CHL �CHL
1

0.5

CHL mark up �CHL 0.2381

RoW mark up �RoW 0.2381

CHL marginal Tax Rate �CHL 0.2

RoW Marginal Tax Rate �RoW 0.2

Fractional Reserve of RoW intermediaries �RoW
0

0.03

Fraction of Foreign Bills in RoW Banks’ portfolio �RoW
1

2.7

Spread between RoW deposit rate and Bills �RoW
2

0.9

Fractional Reserve of CHL intermediaries �CHL
0

0.03

Fraction of Foreign Bills in CHL Banks’ portfolio �CHL
1

2.7

Spread between CHL deposit rate and Bills �CHL
2

0.9

Foreign Reserves CHL BRoW
cbCHLs

0.02031

Real Government Expenditure CHL gCHL 16

Real Government Expenditure RoW gRoW 16

Labour Productivity CHL prCHL 1,3333

Labour Productivity RoW prRoW 1,3333

Interest Rate on CHL Bills rCHL 0.03

Interest Rate on RoW Bills rRoW 0.03

Deposit Rate RoW rRoW
d

0.01

Deposit Rate CHL rCHL
d

0.01

Interest Rate on CLN rcln 0.16

Price of CLN Pcln 6.25

Interest Rate on DER rder 0.16

Price of DER Pder 6.25

Wage rate CHL WCHL 1

Wage rate RoW WRoW 1

CHL Banks’ sensitivity to CG �CHL
3

1

RoW Banks’ sensitivity to CG �CHL
3

1
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APPENDIX F

SENSITIVITY ANALYSIS

We have carried out six different sensitivity analysis to assess the conclusions of our experiment.18 In 
particular, in the first four alternative baseline we considered alternative values for the selected exog-
enous variables. The fifth baseline encompass a different specification for Equation 8, while the sixth 
analysis perform only one positive shock to �CHL

1
, spanning 10 periods.

As expected, all the alternative specifications do confirm the results of our original experiment, 
since the selected variables do not display a slightly different behaviour once they are subject to 
the shock explained in 5, besides the deviation to the starting baseline. Conversely, the alternative 
shock does show some differences, in particular with respect of the lack of the hysteresis in xrCHL. 
Nonetheless, it should be pointed out that our experiment concerned the dynamic of an economy sub-
ject to exogenous and asymmetric price fluctuations. Hence, as long as we are looking at these stylized 
facts, the external validity of our model should be granted.

 18again, the equations used to build the figures can be found in the Appendix B.

F I G U R E  F 1   Sensitivity analysis: fractional Reserve of RoW intermediaries. Source: Own elaboration. The new 
value is 0.05
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F I G U R E  F 2   Sensitivity analysis: fraction of Foreign Bills in RoW Intermediaries’ portfolio. Source: Own 
elaboration. The new value is 1.35
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F I G U R E  F 3   Sensitivity analysis: spread between CHL deposit rate and Bills. Source: Own elaboration. Note: 
the new value is 0.45
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F I G U R E  F 5   Sensitivity analysis: different demand for CHL assets for intermediaries, with the inclusion of 
capital gains. Source: Own elaboration
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F I G U R E  F 4   Sensitivity analysis: dropping M–L condition. Source: Own elaboration

92
94
96
98
100

yc
hl

84.0%
86.0%
88.0%
90.0%

C
ch
l

−1.00%
−0.50%
0.00%
0.50%
1.00%

C
A

−0.50%
−0.25%
0.00%
0.25%

G
B

0.50
0.75
1.00
1.25

R
ER
ch
l

−0.2
−0.1
0.0
0.1

G
C
cl
n

5.6
5.8
6.0
6.2
6.4

pC
LN

4.600%
4.700%
4.800%
4.900%
5.000%

ni
pc
hl

150.0%

155.0%

160.0%

165.0%

go
vd
eb
ch
l

−10

−5

0

5

nw
ch
l

4.0%
6.0%
8.0%
10.0%

sh
_b
br
ow
ch
l

15.00%
15.50%
16.00%
16.50%

0 50 100 150 0 50 100 150 0 50 100 150

0 50 100 150 0 50 100 150 0 50 100 150

0 50 100 150 0 50 100 150 0 50 100 150

0 50 100 150 0 50 100 150 0 50 100 150
sh
_c
ln



      |  41NALIN et al.

F I G U R E  F 6   Sensitivity analysis: simmetric shock in the scenario. Source: Own elaboration
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