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I.   INTRODUCTION 

This paper develops a small open economy model with a rich credit market set-up where 

global and domestic liquidity is intermediated to the corporate sector through two financial 

processes. In particular, global liquidity is intermediated by investment banks to entrepreneurs 

through interlinked credit contracts, which allow asymmetric information and bankruptcies to 

play a role, and give rise to interest rates and balance sheet relations through which cross-

border financial intermediation and the real economy interact. On the other hand, commercial 

banks intermediate domestic liquidity to cash-in-advance constrained final good producers. 

Hence, production within the small open economy depends on both financial intermediation 

processes to enable funding and development of key production inputs.  

 

The objective of this paper is to shed light on the interactions in small open economies 

between cross-border banking flows, domestic credit and liquidity extension, and aggregate 

production. In particular, with regard to the multifaceted macrofinancial linkages through 

which various financial shocks work their way across balance sheets and borders, the real 

economy, and the financial sector.  

 

The paper is related to different strands of the literature. One strand is the renewed focus on 

global liquidity, cross-border banks, and international spillovers following the recent global 

financial crisis (International Monetary Fund (IMF), 2011a, Committee on the Global 

Financial System, 2011, Rey, 2013, McCauley et al., 2015). This literature emphasizes the 

importance of capital flows in general (Borio and Diyatat, 2011, Obstfeld, 2012a, b) and 

banking flows, in particular (IMF, 2011b, 2015a, McGuire and von Peter, 2012, Shin, 2012, 

Hahm et al., 2013, Cerutti et al., 2017, and Merrouche and Nier, 2017). It aims to expose the 

main determinants of net and gross capital flows (Forbes and Warnock, 2012, Broner et al., 

2013, Ahmed and Zlate, 2014, Ghosh et al., 2014, and Tarashev et al., 2016) and analyze their 

interactions with domestic credit developments and the build-up of macroeconomic and 

financial stability risks (Mendoza and Terrones, 2008, Borio et al., 2011, Lane and McQuade, 

2013, Caballero, 2014, Igan and Tan, 2015, and Ghosh et al., 2016). For instance, Shin 

(2012), Bruno and Shin (2015a), and Hofmann et al. (2016) emphasize the role of the United 

States (U.S.) investment banks’ procyclical leverage (first identified by Adrian and Shin, 

2009, 2010, 2011a) in determining the ease of funding in global markets and the capacity of 

currency movements to shift the supply between countries through the so-called risk-taking 

channel of currency appreciation.2  

 

The model developed in this paper neither attempts to account for the determinants of global 

liquidity nor does it allow exchange rate fluctuations to play a role. Instead, the emphasis is 

on providing a dynamic stochastic general equilibrium (DSGE) framework that is able to 

capture important interlinkages between cross-border banking flows, domestic credit, and the 

real economy. This represents an uncommon endeavor as the modeling approach with regard 

to cross-border banks has mainly consisted of deriving partial equilibrium models (Bruno and 

Shin, 2015a and Hofmann et al., 2016). The paper also provides motivation for modeling 

interactions between cross-border and domestic credit developments by utilizing banking 

statistics from the Bank of International Settlements (BIS) for a sample of fifty countries. 

 

                                                 
2 Shin (2013), Turner (2014), and Chui et al. (2016) analyze the so-called second phase of global liquidity where 

bond flows replaced banking flows. The model developed in this paper is silent on such developments. 
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Another strand of literature that this paper is related to is the financial accelerator literature, 

especially its segment that makes use of Townsend’s (1979) costly state verification 

framework, which was first introduced into a general equilibrium model in Bernanke et al. 

(1999). The literature traditionally emphasizes the role of financial frictions in credit demand 

due to balance sheet constrained non-financial borrowers (Bernanke and Gertler, 1989, 

Kiyotaki and Moore, 1997, Carlström and Fuerst, 1997, and Bernanke et al., 1999). The key 

ingredient in these models is the so-called external finance premium, which lenders charge 

non-financial borrowers due to asymmetric information and bankruptcy risk. The premium 

depends inversely on the strength of borrowers’ balance sheets as lenders’ potential losses are 

greater when borrowers’ net worth and collateral values are lower.3  

 

A shortcoming of traditional financial accelerator models is that they typically assume that 

firms effectively borrow directly from households and treat financial intermediaries simply as 

a veil, deeming them to play a passive role in business cycle dynamics. The recent global 

financial crisis, however, has provoked renewed interest into the importance of financial 

institutions in macroeconomic dynamics (Adrian and Shin, 2011b and Claessens and Kose, 

2017), echoing early advocates for an important role for banks in macroeconomic models 

(Gurley and Shaw, 1955, Brunner and Meltzer, 1963, and Tobin and Brainard, 1963). In some 

ways, the financial accelerator approach extends naturally to financial institutions, which face 

constraints on their ability to obtain funds, however, there are important differences in the 

composition of their balance sheet which need to be taken into account, for instance, their 

greater reliance on leverage.  

 

Hirakata et al. (2009, 2011, 2013, 2016), and Ueda (2012) expand the framework in Bernanke 

et al. (1999) by introducing credit constrained financial institutions, in addition to credit 

constrained entrepreneurs. Hence, their framework applies the costly state verification 

structure to two stages in credit intermediation and can account for a wider variety of 

macrofinancial linkages than the traditional models.  

 

The model developed in this paper is a small open economy DSGE model where there are two 

financial intermediation processes with the former applying the Hirakata et al. (2009, 2016) 

framework of interlinked credit contracts to cross-border credit intermediation, while the 

latter process involves domestic liquidity provision to fund working capital costs. This is 

important as the significance of global spillovers and interrelations between financial systems 

has risen as global financial integration has increased. Due to the presence of working capital 

and domestic money markets, the final strands of literature that this paper is related to are on 

working capital in macroeconomic models (Christiano et al. 1995, Christiano, Motto, and 

Rostagno, 2010, Fernandez-Corugedo et al., 2011, Kim and Shin, 2012, 2013, Bruno et al., 

2018) and the role of money market liquidity shocks and contagion across markets 

(Brunnermeier 2009, Brunnermeier et al. 2009, Ashcraft et al. 2011, IMF 2015b).  

 

The model will be shown to be qualitatively capable of producing important macrofinancial 

behavior, such as procyclical leverage by investment banks, domestic money-market 

pressures, and global liquidity spillovers. The model represents a more complicated financial 

intermediation structure than in both Hirakata et al. (2009, 2016), which has no role for 

working capital, domestic money-market pressures, nor global liquidity shocks, and the 

above-mentioned working capital models, although they often include nominal and real 

frictions which are excluded here. Hence, the contribution of the paper is to provide a general 

                                                 
3 Gertler, Gilchrist and Natalucci (2007), Devereux et al. (2006), Elekdag et al. (2004, 2006), Céspedes et al. 

(2004), and Aghion et al. (2004) extended the traditional financial accelerator framework to the open economy. 
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equilibrium modelling framework which is capable of providing qualitative insight into the 

importance of interconnectedness within the financial system and the multidimensional 

macrofinancial linkages that can transmit shocks both within the financial system, across 

borders, and throughout the real economy. This is assessed to be a more innovative exercise 

than adding a nominal side to models with simpler forms of financial frictions. The aim at this 

stage is therefore not to use the model for quantitative purposes, which would call for even 

more complicated structures, including introducing a nominal side.   

 

The rest of the paper is structured as follows: Section 2 provides some empirical motivation 

for modeling the interactions between cross-border and domestic credit developments. The 

model is developed in Section 3 with special emphasis on the two financial intermediation 

processes. Section 4 describes the applied parameterization and presents the results of 

economic analysis of various shocks. Section 5 concludes.  

 

II.   EMPIRICAL MOTIVATION 

This paper emphasizes the interactions between the financial system and the real economy 

operating through cross-border banking flows, domestic credit and liquidity extension, and 

aggregate production. For motivational purposes, some empirical evidence is provided in this 

section on cross-border banking flows and domestic credit extension by utilizing BIS statistics 

on international and domestic banking activities. 

 

A.   The Data 

The country sample includes 43 small open economies, in addition to seven large economies. 

To expose important differences in cross-border and domestic credit developments across 

different country groups, the sample is divided into groups with regard to income levels, 

geography, and financial system characteristics (i.e., with regard to whether each country’s 

financial system is more bank- or market-based, as explained below). Table 1 gives an 

overview of the country sample and its division into different groups. 

 

The source of data on cross-border credit and banking flows is the BIS locational banking 

statistics, which provide a comprehensive picture of cross-border exposures (i.e., loans, 

securities, and other claims) for a wide range of countries over a rather extensive time span. It 

is compiled following principles consistent with the balance of payments and is reported in 

U.S. dollars. Here, the exchange rate adjusted data is used to capture changes in the actual 

underlying positions of bank claims rather than effects of exchange rate movements. In 

particular, quarterly data covering the period from 1985Q1−2013Q4 is used. 

 

Three different measures of cross-border credit are compiled. The first measure is domestic 

banks’ gross cross-border liabilities, which captures the banks’ overall reliance on funding 

from abroad. The approach follows Borio et al. (2011) and uses claims held by the rest of the 

world against banks in each country as a proxy for countries that do not report to the BIS 

(with claims on banks being given by the difference between claims on all sectors and claims 

on nonbanks in each country). 

 

The second measure of cross-border credit is domestic banks’ net cross-border liabilities, 

which represent the difference between banks’ cross-border liabilities and their cross-border 

claims. Focus is limited to cases where this variable is positive to capture banks’ use of cross-

border credit to fund domestic credit. Hence, this measure can be referred to as indirect (or 

domestic bank-intermediated) cross-border credit. 
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The third measure is direct cross-border credit to domestic nonbanks, which represents cross-

border claims held by the rest of the world on nonbanks in each country (including on the 

government and domestic non-banking financial institutions). The aim is to compare the 

characteristics of such credit flows that by-pass domestic banks with the aforementioned 

bank-intermediated cross-border flows. 

 

To capture domestic credit developments, the BIS statistics for domestic banks’ credit to the 

non-financial private sector is used. As in Borio et al. (2011) and Tarashev et al. (2016) the 

published data is converted to constant 2013Q4 U.S. dollar exchange rate to ease the 

comparison with cross-border credit developments. As the BIS domestic credit statistics do 

not cover as many countries over such a long time span as the cross-border credit data, focus 

is for the most part limited to domestic credit developments in advanced small-open 

economies and they compared to the evolution of cross-border bank funding. 

 

Crisis indicator variables from the Laven and Valencia (2013) database and GDP data from 

the IMF World Economic Outlook database are used to highlight developments in the run-up 

to and the aftermath of some financial distress and GDP contractionary episodes. 

 

Finally, World Bank Development indicators are used, as in Demirguc-Kant et al. (2013), to 

construct a financial structure ratio for each country in the sample to split them into countries 

with market- and bank-based financial systems. The financial structure ratio is given by the 

mean ratio of private credit (i.e., deposit money bank credit to the private sector) to stock 

value traded over the sample period (as data availability allows). This categorization allows 

for further insight into the interactions between cross-border banking flows and domestic 

credit extension with regard to the relative importance of the banking system in domestic 

financial intermediation. 
 

B.   Cross-Border and Domestic Credit Developments in Small Open Economies 

Table 2 summaries key properties of the three cross-border credit measures for the whole 

sample period and for two subsamples, which roughly divide the data into two equally long 

periods. The former subsample covers the period of global liberalization of financial markets, 

beginning in the mid-1980s, as well as the run-up to and aftermaths of financial crises in 

Scandinavia and East Asia in the 1990s. The latter subsample, however, covers the period 

leading up to the recent financial crisis and the subsequent years when the crisis unfolded and 

a weak recovery took place. Key statistics on domestic banks’ gross and net cross-border 

funding, as well as direct cross-border credit to domestic nonbanks, are provided for the 

whole country sample and different country groups, i.e., advanced (also split into bank- and 

market-based) and emerging market small open economies.  

 

As Table 2 shows, banks in small−advanced open economies have increased their cross-

border funding more than their emerging market counterparts. This holds particularly for the 

degree to which banks make use of cross-border liabilities to fund their domestic assets 

(including credit) although there is evidence of increased tendencies to do the same among 

emerging market banks in the latter half of the period. Banks’ cross-border funding seems to 

be more volatile (especially net liabilities) than cross-border credit extended directly to 

domestic nonbanks. Finally, banks’ overall reliance on cross-border funding seems to have 

grown more rapidly and be more volatile in bank-based advanced countries than among small 

open economies that rely to a larger extent on financial markets.  
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Table. 1. Country Sample 

Countries 

Argentina Finland Latvia Singapore 
Australia France Lithuania South Africa 
Austria Germany Luxembourg Slovakia 
Belgium Greece Malta Slovenia 
Brazil Hong Kong Malaysia Spain 
Bulgaria Hungary Mexico Sweden 
Canada Iceland Netherlands Switzerland 
Chile Indonesia New Zealand Thailand 
Croatia Ireland Norway Turkey 
Cyprus Israel Poland United Kingdom 
Czech Republic Italy Portugal United States 
Denmark Japan Romania  
Estonia Korea Russia  
    

Different Country Groups 
Advanced economies  
 Australia, Austria, Belgium, Canada, Denmark, Finland, France, Germany, Greece, 

Hong Kong, Iceland, Ireland, Israel, Italy, Japan, Korea, Luxembourg, Netherlands, 
New Zealand, Norway, Portugal, Spain, Sweden, Switzerland, United Kingdom, United 
States. 

  
Emerging market economies 
 Argentina, Brazil, Bulgaria, Chile, Croatia, Cyprus, Czech Republic, Estonia, Hungary, 

Indonesia, Latvia, Lithuania, Malaysia, Malta, Mexico, Poland, Romania, Russia, 
Singapore, South Africa, Slovakia, Slovenia, Thailand, Turkey. 

  
Small open economies  
 Argentina, Australia, Austria, Belgium, Brazil, Bulgaria, Canada, Chile, Croatia, Cyprus, 

Czech Republic, Denmark, Estonia, Finland, Greece, Hong Kong, Hungary, Iceland, 
Indonesia, Ireland, Israel, Korea, Latvia, Lithuania, Luxembourg, Malaysia, Malta, Mexico, 
Netherlands, New Zealand, Norway, Poland, Portugal, Romania, Russia, Singapore, 
Slovakia, Slovenia, South Africa, Sweden, Switzerland, Thailand, Turkey. 

  
Advanced small open economies with bank-based financial systems 
 Austria, Belgium, Finland, Greece, Iceland, Ireland, Israel, Luxembourg, New Zealand, 

Norway, Portugal. 
 
Advanced small open economies with market-based financial systems 
 Australia, Canada, Denmark, Hong Kong, Korea, Netherlands, Sweden, Switzerland.  
  
A few geographical country groups  
 (i) Central and Eastern European (CAEE) countries: Bulgaria, Croatia, Czech Republic, 

Estonia, Hungary, Latvia, Lithuania, Poland, Romania, Russia, Slovakia, Slovenia; 
(ii) South-East Asian countries: Hong Kong, Indonesia, Korea, Malaysia, Singapore, 
Thailand; (iii) Scandinavian countries: Denmark, Finland, Norway, Sweden; (iv) Latin 
American countries: Argentina, Brazil, Chile, Mexico. 

 

    Source: Author’s assessment. 
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Table 2. Summary Statistics for Cross-Border Credit 
 

 Total Sample 
(1985Q1-2013Q4) 

 First Half  
(1985Q1-1999Q4) 

 Second Half  
(2000Q1-2013Q4) 

         
 Mean St.dev.  Mean St.dev.  Mean St.dev. 

         
 Gross cross-border bank funding 

Country sample 0.038 0.044  0.040 0.041  0.035 0.059 
Advanced SOEs 0.042 0.046  0.042 0.047  0.040 0.051 
Emerging market SOEs 0.025 0.059  0.019 0.029  0.037 0.074 
Advanced bank-based 
SOEs 0.049 0.062  0.044 0.047  0.054 0.074 
Advanced market-based 
SOEs 0.036 0.046  0.038 0.050  0.032 0.047 
         
 Net cross-border bank funding 

Country sample 0.034 0.068  0.031 0.069  0.042 0.088 
Advanced SOEs 0.044 0.092  0.050 0.093  0.042 0.093 
Emerging market SOEs 0.003 0.123  0.001 0.062  0.035 0158 
Advanced bank-based 
SOEs 0.050 0.118  0.047 0.146  0.056 0.115 
Advanced market-based 
SOEs 0.050 0.136  0.045 0.141  0.057 0.128 

 
 Direct cross-border credit to domestic nonbanks 

Country sample 0.038 0.038  0.038 0.038  0.038 0.045 
Advanced SOEs 0.039 0.039  0.034 0.033  0.051 0.048 
Emerging market SOEs 0.032 0.047  0.033 0.050  0.021 0.059 
Advanced bank-based 
SOEs 0.045 0.049  0.042 0.036  0.056 0.060 
Advanced market-based 
SOEs 0.037 0.040  0.032 0.041  0.047 0.046 

 
   Source: Author’s calculations.  

 

 

Figure 1 provides a graphical representation of cross-border credit developments in different 

groups of small open economies over the sample period. The upper-panel shows the 

expansion of domestic banks’ gross and net cross-border liabilities. The prolonged expansion 

and subsequent deleveraging by emerging market banks in the run-up to and aftermath of the 

East Asian financial crisis during the 1990s is evident, as well as the even more extreme 

evolution in advanced economies with regard to the recent global financial crisis. During the 

recent post-crisis era, banks’ cross-border funding recovered swiftly in emerging markets and 

market-based advanced economies, but continued to contract for years in bank-based 

advanced economies. 

 

The lower-panel of Figure 1 shows cross-border banking for specific geographical groups (1c) 

and selected individual countries (1d). There is a notable difference in the intensity and 

volatility of banks’ cross-border liabilities developments between different geographical 

country groups. For instance, South-East Asian countries had just reached their pre-East-

Asian-crisis peak in gross cross-border funding when the recent global crisis caused a swift, 

but short-lived, decline. Central and Eastern European countries, however, experienced an 
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even more rapid increase in the run-up to the recent crisis and gross cross-border banking 

flows did not stage a lasting recovery during the rest of the sample period. 

 

 

Figure 1. Cross-Border Banking Flows in Small Open Economies1 

 

 

 

 

; 

 

 

Sources: BIS locational banking statistics, author's calculations, and Laeven and Valencia (2013). 

 

1/ Difference between cross-border liabilities of banks and their cross-border claims where the difference is positive. For non-
BIS-reporting countries, banks' cross- border liabilities are proxied by claims held by BIS-reporting countries on those banks 
(where claims on banks are given by the difference between claims on all sectors and claims on non-banks) and in a similar 
fashion, the banks' cross-border claims are proxied by cross-border liabilities of BIS-reporting countries.  

 
 

Figure 1d provides evidence of increased domestic banks’ reliance on cross-border funding 

for domestic credit purposes in the run-up to various financial crises in selected small open 

economies. Korea is a noticeable example as net cross-border funding increased and 

subsequently declined during the bursting of the asset price bubble in Japan, the East Asian 

financial crisis, and the recent global crisis. The increase in net cross-border funding was also 

dramatic in the case of Ireland and Iceland, with Icelandic banks reaching a net cross-border 
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funding position similar (in U.S. dollars) as banks in Sweden during the country’s financial 

crisis in the early 1990s.4 

 

Figure 2. Cross-Border Credit and Domestic Bank Credit to  
the Domestic Non-Financial Private Sector in Advanced Small Open Economies1 

 

 

 

 

 

 

 
 

Sources: BIS Locational banking statistics; BIS credit data; IMF WEO database; Laeven, L. and F. Valencia 

(2013), Systemic Banking Crisis Database, IMF Economic Review, Vol. 61, pp. 225−270; author’s own 

calculations. 

 
1/ Domestic bank credit is in constant billion USD at 2013Q4. Cross- border credit is split into direct cross-border 

claims held by rest of the world on non-banks and indirect cross-border credit, i.e., domestic banks' net cross-

border funding, which is given by the difference between their cross-border liabilities and cross-border claims (if 

the difference is positive). Also shows is the domestic banks' gross cross-border funding. Crisis dates are from 

Laven and Valencia (2013). Black lines indicate start of contraction in annual GDP.  

 

Figure 2 shows the developments in the three measures of cross-border credit, as well as 

domestic bank credit to the nonfinancial private sector in advanced small open economies. 

The upper-panel provides evidence of contrasting developments in both cross-border and 

                                                 
4 A historical account of Icelandic banks’ reliance on foreign funding and its financial and macroeconomic 

implications is provided in Einarsson et al. (2015, 2016). 
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domestic bank credit between the two groups of advanced economies with regard to whether 

their financial intermediation is chiefly bank- or marked-based. The difference between cross-

border banking flows in the two groups was discussed above, but Figure 2 reveals that this 

distinction also applies to domestic bank credit, which has contracted in bank-based 

economies but expanded in market-based economies.5 The figure also implies that there is 

something special about the part of cross-border credit, which is intermediated by domestic 

banks, as there is no clear difference between direct cross-border credit developments in the 

two country groups: in both cases foreign banks’ credit extension to domestic nonbanks 

stagnates during the post-crisis era. 

 

The lower-panel of Figure 2 portrays cross-border and domestic credit developments in two 

prominent examples, Ireland and Korea, with the former belonging to the bank-based group 

while the latter has a market-based financial system. Domestic banks’ cross-border liabilities 

expanded rapidly in Ireland in the pre-crisis era, to the extent that a considerable net liability 

position had built-up as result of the banks’ use of foreign funds to fuel the ongoing domestic 

credit boom. What followed was a severe systemic banking crisis with dramatic declines in 

cross-border banking flows (which were replaced by official flows) and a prolonged and 

severe contraction in domestic credit and economic activity. Again, the decline in direct cross-

border credit to nonbanks is less severe compared to cross-border banking flows. Similar 

developments, although less severe in terms of magnitude and endurance of contraction in 

domestic credit took place in Korea in the East Asian crisis, but the country managed to 

escape from experiencing a banking crisis in the recent global crisis (although not necessarily 

currency crisis, Ólafsson and Pétursson, 2011), but nevertheless opted to introduce prudential 

measures to limit domestic banks’ cross-border liabilities (Kim, 2014 and Bruno and Shin, 

2014). 

 

In short, the empirical evidence provided in this section suggest that there may be value in 

further analysis into the interactions between cross-border banking flows, on the one hand, 

and domestic credit and macroeconomic developments, on the other. In the next section, a 

small open economy DSGE model will be introduced that allows for some interactions of this 

kind, in particular by enabling shocks to be transmitted through domestic and cross-border 

credit intermediation, across balance sheets, and over to the real economy.  

 

III.   THE MODEL 

In this section, a small open economy model is developed with the key element that funding 

and development of production inputs relies on both cross-border credit intermediation by 

investment banks and domestic liquidity provision by commercial banks.  

 

A.   Overview of the Model 

Cross-border credit frictions and domestic liquidity constraints, with the former operating 

through an investment channel and the latter trough a working capital channel, play a pivotal 

role in the model and other types of market imperfections are excluded from the analysis. 

Hence, a credit market set-up with two financial intermediation processes is introduced into 

an otherwise standard version of the small open economy real business cycle model 

(Mendoza, 1991, and Schmitt-Grohé and Uribe, 2003). 

 

                                                 
5 This difference is still present if countries experiencing a systemic banking crisis is excluded from both groups. 
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As in the standard version, the model includes a single homogenous final good, single one-

period internationally traded bond, and neither money nor other nominal variables. In the 

standard version, households accumulate capital and put capital to work in a completely 

straightforward manner. Furthermore, borrowers and lenders are implicitly assumed to be the 

same people and with no conflict of interest between them. In contrast, in this model, putting 

capital to work involves a special kind of creativity that only entrepreneurs possess and the 

transformation of new installed (raw) capital into effective capital services is risky. 

Importantly, entrepreneurs are assumed to have insufficient equity to finance their 

investments such that they borrow from domestic investment banks, who again need to 

borrow from global banks, as discussed below. This gives rise to interlinked debt contracts 

that are designed to mitigate the assumed asymmetry with regard to information on payoffs 

and the presence of bankruptcy risk. In addition, the model includes another financial 

intermediation process where commercial banks channel domestic savings to liquidity 

constrained final good producers. The combination of these two financial intermediation 

processes is at the heart of the nexus between the financial system and the real economy.6  

 

There are 10 types of agents in the model: households, final good producers, entrepreneurs, 

capital producers, a government, a central bank, saving funds, investment banks, commercial 

banks, and global banks. The good market is assumed frictionless, i.e., input and output 

markets are fully competitive and nominal rigidities are absent. Final good producers use 

rented effective capital from entrepreneurs and labor from households, domestic financial 

institutions, and entrepreneurs to produce final goods using Cobb-Douglas technology. 

Importantly, final good producers are assumed to be liquidity constrained as they have to pay 

for their wage bill in advance. Commercial banks provide them with working capital loans, by 

intermediating domestic savings in the form of non-interest bearing household deposits and 

interest bearing certificates of deposits, which are purchased by saving funds in the money 

market. Commercial banks need to fulfil reserve requirements set by the central bank. Final 

goods are consumed domestically by households and the government, abroad, or used for 

investment. Capital producers possess the technology to transform final goods into new 

installed capital but their activities are subject to adjustment costs. Entrepreneurs use their 

own net worth and borrowed funds from investment banks to purchase new installed capital 

from capital good producers and provide effective capital services to the final good producers.  

 

The transformation of new installed capital into effective capital is risky as the success of 

projects requires a combination of talent and good fortune. Hence, some entrepreneurs will go 

bankrupt, while others experience sufficient returns to repay their debt. This is taken into 

consideration in the design of the loan contract between investment banks and entrepreneurs. 

Domestic investment banks are both lenders and borrowers as they intermediate funds from 

the global banks to entrepreneurs but this intermediation is assumed risky, not only due to 

entrepreneurial credit risk, but also due to risk to the investment banks’ capacity to manage 

their balance sheet given various (un-modeled) liquidity, market, and operational risk. This is 

taken into account in the design of the loan contract between global banks and the domestic 

investment banks. Figure 3 provides a bird’s eye view of the model. 

 

                                                 
6 As is common in models with financial frictions, this model does neither allow for substitution between bank 

credit and bonds, nor maturity transformation in financial intermediation. 
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      Source: Author’s modeling. 

 

B.   Credit Market 

This section describes the credit market of the model, which gives rise to various interest rate 

spreads and balance sheet relations, that play an important role in allowing developments in 

the credit market and the real economy to interact. This holds true in general for financial 

friction models, but the particular framework developed here provides an unusually high 

number of credit market participants and spreads compared to most other models. It can 

therefore include a number of shocks, originating both domestically and in global financial 

markets, and analyze their transmission across various macrofinancial linkages.  

 

There are eight types of participants in the credit market: global banks, investment banks, 

entrepreneurs, commercial banks, saving funds, final good producers, the central bank, and 

households. The focus is on credit intermediation to the corporate sector (entrepreneurs and 

final good producers). Households are assumed to borrow to smooth consumption in a 

relatively frictionless manner and the dynamics of their borrowing plays a minor role within 

the model. They are for simplicity reasons assumed to borrow solely from global banks. The 

role of the central bank is also limited to liquidity regulation in the form of setting reserve 

requirements, which give rise to a spread between commercial banks’ lending and funding 

rates. 

 

This section is split into four parts: first, the base interest rate determination within the 

economy is established; second, the cross-border credit intermediation underpinning 

entrepreneurial investment activity is developed; third, the domestic liquidity provision to 

fund working capital is described, and finally, a graphical representation of the key 

macrofinancial linkages in the model is provided.  

Figure 3. Bird’s Eye View of the Model 
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Domestic base interest rate 

 

The domestic base interest rate determination reflects the assumption that the small open 

economy faces a risk premium on top of the constant global risk free rate, �̅�. In particular, the 

model set-up follows Schmitt-Grohé and Uribe (2003) to introduce independence of the 

model’s steady state from initial conditions by assuming that the small open economy faces a 

debt-elastic interest rate premium, which is subjected to an exogenous shock, 𝜇𝑡
𝑔

 (similar to 

the set-up in Garcia-Cicco et al., 2010): 

 

 

 

 

𝑅(𝑠𝑡) = �̅� +  𝜓𝑔(𝑒[(𝑑(𝑠𝑡)−�̅�)] − 1) + 𝑒𝜇𝑡
𝑔

−1 − 1 (1) 

 

 

 

where 𝑅 represents the base interest rate within the domestic economy, 𝑠𝑡 is the state in period 

𝑡, 𝜓𝑔 is a debt elastic interest rate parameter, 𝑑 is foreign debt, �̅� is its steady state level. The 

domestic base interest rate therefore already includes one spread, which is affected by a global 

liquidity shock. As discussed in Garcia-Cicco et al. (2010), this shock can either be 

interpreted as a country specific risk premium shock, possibly reflecting domestic financial 

imperfections, or as a global liquidity shock, which is uncorrelated with the state of domestic 

fundamentals. Here the latter interpretation is applied as the model includes domestic 

financial frictions that give rise to country-specific interest rate spreads. The role of the shock 

is therefore to allow changes in global liquidity conditions to affect the base interest rate 

within the small open economy, which will again produce spillover effects on investment and 

overall production through the two financial intermediation processes (as described below). 

 

Intermediation process number 1: Cross-border credit intermediation by investment 

banks 

 

This part of the credit market describes the former financial intermediation process within the 

model. It relies on Hirakata et al. (2009, 2016), but as this model includes an additional 

financial intermediation process there are important departures from their model, for instance, 

including the presence of domestic liquidity constraints, a working capital channel, and 

commercial banks, which may face money market pressures and are subjected to regulatory 

restrictions. The model developed here therefore gives rise to macrofinancial linkages 

between aggregate production and a number of balance sheets, spreads, and shocks—both 

domestically and across borders. This will be discussed in more detail below. 

 

This former financial intermediation process relates global banks, investment banks, and 

entrepreneurs through interlinked credit contracts. It is assumed that a continuum of risk 

neutral entrepreneurs invest in domestic projects transforming new installed capital into 

effective capital services. The entrepreneurs’ net worth is insufficient to cover the cost of their 

investments and they therefore make one-period credit contracts with domestic investment 

banks. The investment banks have their own net worth but it is insufficient to finance their 

portfolio of entrepreneurial loans and they therefore make one-period credit contracts with 

global banks, which are assumed to accumulate deposits from households across the globe in 

a frictionless manner.  

 

Country risk premium 
Domestic base 

interest rate 

Constant global risk-free rate Global liquidity shock 
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The costly state verification framework applies to both contracts in this credit intermediation. 

Hence, both investment banks and entrepreneurs are assumed to be subjected to exogenous 

idiosyncratic productivity shocks and their assets returns assumed to be unobservable to their 

lenders except at a cost, interpretable as bankruptcy or monitoring cost. The entrepreneurs’ 

idiosyncratic shock is a substitute for more complicated real life processes, such as the 

stochastic quality or success level of projects, and reflects the riskiness of corporate 

investments. The investment banks’ idiosyncratic “productivity” shock is also a substitute for 

more complex actual processes, such as shocks to bankruptcy costs, technology of funding 

short-term assets and liabilities, and the overall quality and riskiness of their investments. The 

cost of funds for both investment banks and entrepreneurs are therefore set above the 

domestic base rate due to these information asymmetries and their associated bankruptcy 

costs. These interest rate spreads will then interact through the interlinked credit contracts. 

 

Uncertainty in entrepreneurial return is modeled such that each entrepreneur is assumed to 

independently draw a random variable, 𝜔𝐸, assumed independent and identically distributed 

(i.i.d.) across entrepreneurs, which represents an idiosyncratic disturbance to each firm's 

return. The draw is assumed to be from a continuous and once differentiable cumulative 

distribution function (c.d.f.), 𝐹𝐸(𝜔𝐸), over a non-negative support and with a mean of unity. 

More precisely, the c.d.f. is assumed to be log-normal and its key property is captured by its 

standard deviation, which is denoted by 𝜎𝑡
𝐸 . Entrepreneurs, which draw 𝜔𝐸 ≥ �̅�𝐸 , experience 

sufficient returns to repay their debt, while those drawing 𝜔𝐸 < �̅�𝐸 go bankrupt. The 

realization of 𝜔𝐸 is unknown at the time of credit extension and is afterwards only freely 

observable to the entrepreneur while the lender has to pay a monitoring cost to attain such 

information. The cross-sectional dispersion of 𝜔𝐸 is controlled by the risk parameter, 𝜎𝑡
𝐸 , 

referred to as riskiness. As described in Section C, innovations to this risk parameter are 

mean-preserving shocks and a negative risk shock makes the left tail of the distribution fatter, 

causing to more bankruptcies, and result in higher spreads and less borrowing. The 

uncertainty among investment banks is modeled in a parallel manner but with a different risk 

parameter, 𝜎𝑡
𝐹. 

 

As in Hirakata et al. (2009, 2016), but different from Bernanke et al. (1999), investment banks 

are assumed to be monopolistic lenders of entrepreneurs that maximize profits and determine 

the borrowing rates of both contracts in this intermediation process, ensuring that the 

participation constraints of entrepreneurs and global banks are satisfied. More precisely, each 

investment bank, for instance a type 𝑖, makes loans agreements with a specific segment of 

entrepreneurs, say group 𝑗𝑖, which are attached to the bank. Each investment bank is assumed 

to be able to diversify the credit risk associated with each segment of entrepreneurs, ensuring 

a return on their loan portfolio equal to 𝑅𝐹(𝑠𝑡). 

 

As in Hirakata et al. (2016), the investment banks and the entrepreneurs are both at the heart 

of the nexus between credit frictions and investment activity in the model, while 

entrepreneurs are alone in that role in the simpler set-up in Bernanke et al. (1999). The 

borrowing rates in the interlinked credit contracts change with fluctuations in riskiness and 

leverage of both investment banks and entrepreneurs, as well as due to various other shocks 

and spread changes in the model. In contrast to Hirakata et al. (2016), however, another 

financial intermediation takes place within the model and give rise to more macrofinancial 

linkages within the small open economy.   
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FE contracts 

 

The loan contracts between investment banks and entrepreneurs are standard loan contracts 

specifying both the amount of debt borrowed and the interest rate. Or, equally, contracts 

provide a menu of leverage and cut-off values of idiosyncratic disturbances to its real return 

on capital, �̅�𝐸(𝑠𝑡), where the cut-off values reflect when entrepreneurs can repay their debt. 

Hence, the cut-off value equalizes entrepreneurial profit and full loan repayment, reflecting 

that entrepreneurs with a lower 𝜔𝐸 will default: 

 

 

 

�̅�𝑗𝑖

𝐸(𝑠𝑡+1|𝑠𝑡)(1 + 𝑅𝐸(𝑠𝑡+1|𝑠𝑡))𝑄(𝑠𝑡)𝐾(𝑠𝑡)

= [1 + 𝑍𝑗𝑖

𝐸 (𝑠𝑡+1|𝑠𝑡)](𝑄(𝑠𝑡)𝐾(𝑠𝑡) − 𝑁𝑗𝑖

𝐸(𝑠𝑡)) 

 

 

(2) 

 

where 𝑍𝑗𝑖

𝐸(𝑠𝑡+1|𝑠𝑡) is the lending rate. Hence, there is a direct relation between the cut-off 

value and the lending rate and it will prove to be easier to work with the cut-off value in 

solving the maximization problem of investment banks. Here, the focus is on cases where 

entrepreneurs' participation constraint is fulfilled such that they demand credit. This implies 

that their share of investment returns is equal to what they would have received from only 

investing their equity: 

 

 

 

 

{(1 − Г𝑡
𝐸(�̅�𝑗𝑖

𝐸(𝑠𝑡+1|𝑠𝑡))}(1 + 𝑅𝐸(𝑠𝑡+1|𝑠𝑡))𝑄(𝑠𝑡)𝐾(𝑠𝑡)

≥ (1 + 𝑅𝐸(𝑠𝑡+1|𝑠𝑡))𝑁𝑗𝑖

𝐸(𝑠𝑡) ∀𝑗𝑖, 𝑠𝑡+1|𝑠𝑡 

 

(3) 

 

 

 

In the expression above, {(1 − Г𝑡
𝐸(�̅�𝑗𝑖

𝐸(𝑠𝑡+1|𝑠𝑡))}, is the expected share of entrepreneurial 

earnings kept by the entrepreneurs, and, Г𝑡
𝐸 (�̅�𝑗𝑖

𝐸(𝑠𝑡+1|𝑠𝑡)) the gross share of entrepreneurial 

earnings received by the investment banks, given by: 

 

 

Г𝑡
𝐸 (�̅�𝑗𝑖

𝐸(𝑠𝑡+1|𝑠𝑡)) = 𝐺𝑡
𝐸 (�̅�𝑗𝑖

𝐸(𝑠𝑡+1|𝑠𝑡)) +  �̅�𝑗𝑖

𝐸(𝑠𝑡+1|𝑠𝑡) ∫ 𝑑𝐹𝑡
𝐸(𝜔𝐸)

∞

�̅�𝑗𝑖
𝐸 (𝑠𝑡+1

|𝑠𝑡
)

 

 

(4) 

  

where 𝐺𝑡
𝐸 (�̅�𝑗𝑖

𝐸(𝑠𝑡+1|𝑠𝑡)) ≡  ∫ 𝜔𝐸𝑑𝐹𝑡
𝐸(𝜔𝐸)

�̅�𝑗𝑖
𝐸 (𝑠𝑡+1

|𝑠𝑡
)

0
 represents the part of the c.d.f. where 

entrepreneurs default if they draw from that segment. The net share of entrepreneurial 

earnings going to the monopolistic investment banks is given by 

 

 

Average return from the investment with 

borrowed funds and own equity Cut-off value 

Amount borrowed Borrowing rate 

Share of entrepreneurial earnings 

kept by the entrepreneur 

Average return from the investment 

with borrowed funds and own equity 

Average return from only 

investing for own equity 
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Ф𝑗𝑖,𝑡

𝐸 (�̅�𝑗𝑖

𝐸(𝑠𝑡+1|𝑠𝑡)) ≡  Г𝑡
𝐸 (�̅�𝑗𝑖

𝐸(𝑠𝑡+1|𝑠𝑡)) − 𝜇𝐸𝐺𝑡
𝐸 (�̅�𝑗𝑖

𝐸(𝑠𝑡+1|𝑠𝑡)) 

 
(5) 

 

where 𝜇𝐸  represents the fixed share of entrepreneurial bankruptcy costs as a ratio of 

entrepreneurial total assets. Hence, entrepreneurial bankruptcy costs represent a deadweight 

loss to society due to the financial frictions and the costs are given by: 

 

 

𝜇𝐸�̅�𝑗𝑖

𝐸(𝑠𝑡+1)(1 + 𝑅𝐸(𝑠𝑡+1|𝑠𝑡))𝑄(𝑠𝑡)𝐾(𝑠𝑡). (6) 

 

 

where 0 < 𝜇𝐸 < 1. This allows for expressing the investment banks' expected earnings (from 

each FE contract) as the net share of average aggregate return on capital: 

 

 

Ф𝑗𝑖,𝑡

𝐸 (�̅�𝑗𝑖

𝐸(𝑠𝑡+1|𝑠𝑡))(1 + 𝑅𝐸(𝑠𝑡+1|𝑠𝑡))𝑄(𝑠𝑡)𝐾(𝑠𝑡) (7) 

 

 

which also allows for defining the expected return on the loans to entrepreneurs, [1 +
𝑅𝐹(𝑠𝑡+1|𝑠𝑡)] , as: 

 

 

Ф𝑗𝑖,𝑡

𝐸 (�̅�𝑗𝑖

𝐸(𝑠𝑡+1|𝑠𝑡))(1 + 𝑅𝐸(𝑠𝑡+1|𝑠𝑡))𝑄(𝑠𝑡)𝐾𝑖(𝑠𝑡) 

 

= (1 + 𝑅𝐹(𝑠𝑡+1|𝑠𝑡))(𝑄(𝑠𝑡)𝐾(𝑠𝑡) − 𝑁𝑖
𝐸(𝑠𝑡)), ∀𝑠𝑡+1| 𝑠𝑡 

(8) 

 

Where: 

𝐾𝑖(𝑠𝑡) ≡ ∫ 𝐾𝑗𝑖
(𝑠𝑡)𝑑𝑗𝑖

𝑗𝑖

 (9) 

 

𝑁𝑖
𝐸(𝑠𝑡) ≡ ∫ 𝑁𝑗𝑖

𝐸(𝑠𝑡)𝑑𝑗𝑖
𝑗𝑖

 (10) 

 

Global Commercial Banks (GCB) contracts 

 

The investment banks act as intermediaries of funds from global banks to the entrepreneurs. 

Hence, they borrow from global banks according to the GF contract, which has the same 

standard debt contract form resulting from the costly state verification framework as the FE 

contract. In a sense, the monopolistic investment banks split their share of the earnings 

resulting from the Commercial Bank Entrepreneurs (CBE) contract with global banks to 

obtain funding to finance their investment. Just as in the FE contract, there is a cut-off value, 

�̅�𝐹(𝑠𝑡), where the investment banks can repay their loans to global banks: 

 

�̅�𝑖
𝐹(𝑠𝑡+1|𝑠𝑡)(1 + 𝑅𝐹(𝑠𝑡+1|𝑠𝑡))(𝑄(𝑠𝑡)𝐾𝑖(𝑠𝑡) − 𝑁𝑖

𝐸(𝑠𝑡))
= [1 + 𝑍𝑖

𝐹(𝑠𝑡+1|𝑠𝑡)](𝑄(𝑠𝑡)𝐾𝑖(𝑠𝑡) − 𝑁𝑖
𝐹(𝑠𝑡) − 𝑁𝑗𝑖

𝐸(𝑠𝑡)) 

 

(11) 
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where 𝑍𝑖
𝐹(𝑠𝑡+1|𝑠𝑡) is the interest rate on the investment banks’ loan and [𝑄(𝑠𝑡)𝐾𝑖(𝑠𝑡) −

𝑁𝑖
𝐹(𝑠𝑡) − 𝑁𝑗𝑖

𝐸(𝑠𝑡)] the amount borrowed from global banks. As before, it is possible to 

interchange between the borrowing rates and the cut-off value. The participation constraint of 

global banks reflects that their earnings from the GF contract must equal their opportunity 

cost of lending: 

 

{Г𝑡
𝐹 (�̅�𝑖

𝐹(𝑠𝑡+1|𝑠𝑡)) − 𝜇𝐹𝐺𝑡
𝐹 (�̅�𝑖

𝐹(𝑠𝑡+1|𝑠𝑡))} (1 + 𝑅𝐹(𝑠𝑡+1|𝑠𝑡))[𝑄(𝑠𝑡)𝐾𝑖(𝑠𝑡)

− 𝑁𝑖
𝐸(𝑠𝑡)] ≥ (1 + 𝑅(𝑠𝑡))[𝑄(𝑠𝑡)𝐾𝑖(𝑠𝑡) − 𝑁𝑖

𝐸(𝑠𝑡) − 𝑁𝑖
𝐹(𝑠𝑡)] 

 

(12) 

Optimal contracts 

 

The monopolistic investment banks solve a maximization problem subjected to the two 

participation constraints given by equations (3) and (12):  

 

maxω̅F, ω̅̅̅E,   K ∑ π(st+1|st)[1

s𝑡+1

− ГF(ω̅F(st+1|st))][1 + RF(st+1|st)][Q(st)Ki(st) − Ni
E(st)]  

 

 

  

(13) 

where π(st+l|st) is the probability weight for state st+l given state st, [1 − ГF(ω̅F(st+1|st))]  
represents the share of the investment banks' earnings kept by the institutions themselves, 

[1 + RF(st+1|st)] is the average return on the FE contracts, and [𝑄(𝑠𝑡)𝐾𝑖(𝑠𝑡) − 𝑁𝑖
𝐸(𝑠𝑡)] the 

amount lent to entrepreneurs. It is beneficial when solving this maximization problem to use 

equation (8) to replace [1 + RF(st+1|st)][Q(st)Ki(st) − Ni
E(st)] with the equal expression 

Ф𝑗𝑖,𝑡

𝐸 (�̅�𝑗𝑖

𝐸(𝑠𝑡+1|𝑠𝑡))(1 + 𝑅𝐸(𝑠𝑡+1|𝑠𝑡))𝑄(𝑠𝑡)𝐾𝑖(𝑠𝑡). Appendix 1 provides details on the 

solution of the problem.7 The combined first-order-conditions are given by: 

 

0 = ∑ 𝜋(st+1|st) 

 

{[1 − Г𝑡
𝐹 (�̅�𝑖

𝐹(𝑠𝑡+1|𝑠𝑡))] Ф𝑖,𝑡
𝐹 (𝑠𝑡+1|𝑠𝑡)[1 + 𝑅𝐸(𝑠𝑡+1|𝑠𝑡)]} 

 

+
Г𝑡

′𝐹(�̅�𝑖
𝐹(𝑠𝑡+1|𝑠𝑡))

Ф𝑖,𝑡
′𝐹 (�̅�𝑖

𝐹(𝑠𝑡+1|𝑠𝑡))
Ф𝑖,𝑡

𝐹 (𝑠𝑡+1|𝑠𝑡)Ф𝑖,𝑡
𝐸 (𝑠𝑡+1|𝑠𝑡)[1 + 𝑅𝐸(𝑠𝑡+1|𝑠𝑡)] 

 

−
Г𝑡

′𝐹 (�̅�𝑖
𝐹(𝑠𝑡+1|𝑠𝑡))

Ф𝑖,𝑡
′𝐹 (�̅�𝑖

𝐹(𝑠𝑡+1|𝑠𝑡))
[1 + 𝑅(𝑠𝑡)] 

 

+
[1 − Г𝑡

𝐹 (�̅�𝑖
𝐹(𝑠𝑡+1|𝑠𝑡))] Ф𝑖,𝑡

′𝐸(𝑠𝑡+1|𝑠𝑡)

Г𝑡
′𝐸(�̅�𝑗𝑖

𝐸(𝑠𝑡+1|𝑠𝑡))
[1 − Г𝑡

𝐸 (�̅�𝑗𝑖

𝐸(𝑠𝑡+1|𝑠𝑡))][1

+ 𝑅𝐸(𝑠𝑡+1|𝑠𝑡)] 
 

(14) 

                                                 
7 Analytical expressions for the variables appearing in equation (14) are available in Dynare and are listed in 

Hirakata et al. (2009). 
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+
Г𝑡

′𝐹(�̅�𝑖
𝐹(𝑠𝑡+1|𝑠𝑡))Ф𝑖,𝑡

𝐹 (𝑠𝑡+1|𝑠𝑡)Ф𝑖,𝑡
′𝐸(𝑠𝑡+1|𝑠𝑡)

Ф𝑖,𝑡
′𝐹 (�̅�𝑖

𝐹(𝑠𝑡+1|𝑠𝑡)) Г𝑡
′𝐸(�̅�𝑗𝑖

𝐸(𝑠𝑡+1|𝑠𝑡))
[1 − Г𝑡

𝐸 (�̅�𝑗𝑖

𝐸(𝑠𝑡+1|𝑠𝑡))] [1

+ 𝑅𝐸(𝑠𝑡+1|𝑠𝑡)], ∀𝑗𝑖. 
 

 

Equation (14) represents the efficiency condition for the interlinked credit contracts 

underpinning the cross-border and domestic credit intermediation in the model.  

 

The two participation constraints can be rewritten to provide a pivotal relation between the 

excess return on domestic investment over the base rate needed for those investment activities 

to be funded (i.e., the external finance premium) given the set-up of the credit market, on the 

one hand, and the net worth in the investment banking and entrepreneurial sectors, 

respectively, on the other. Equation (3) can be rewritten as Ф𝑖,𝑡
𝐹 (𝑠𝑡+1|𝑠𝑡)Ф𝑖,𝑡

𝐸 (𝑠𝑡+1|𝑠𝑡)[1 +

𝑅𝐸(𝑠𝑡+1|𝑠𝑡)] = [1 + 𝑅(𝑠𝑡)][1 −
𝑁𝐹(𝑠𝑡)

𝑄(𝑠𝑡)𝐾(𝑠𝑡)
−

𝑁𝐸(𝑠𝑡)

𝑄(𝑠𝑡)𝐾(𝑠𝑡)
] and equation (12) as [(1 −

Г𝑡
𝐸(�̅�𝐸 (𝑠𝑡+1|𝑠𝑡))]𝑄(𝑠𝑡)𝐾(𝑠𝑡) =

𝑁𝐹(𝑠𝑡)

𝑄(𝑠𝑡)𝐾(𝑠𝑡)
  such that  

 

[1 + 𝑅𝐸(𝑠𝑡+1|𝑠𝑡)]

[1 + 𝑅(𝑠𝑡)]
=  [Ф𝑡

𝐹(�̅�𝐹)]−1  [Ф𝑡
𝐸(�̅�𝐸)]−1[1 −

𝑁𝐹(𝑠𝑡)

𝑄(𝑠𝑡)𝐾(𝑠𝑡)
−

𝑁𝐸(𝑠𝑡)

𝑄(𝑠𝑡)𝐾(𝑠𝑡)
] 

 

(15) 

 

Hence, the external finance premium is inversely related to the share of investment banks' 

earnings going to global banks (the first term on the right-hand-side), inversely related to the 

share of entrepreneurs' earnings that is received by the investment banks (the second-term), 

and positively dependent on the ratio of entrepreneurs' and investment banks' combined debt 

to aggregate capital (the third term). It seems straightforward that the cost of funds is lower 

when the lenders' share of the profits increases as reflected in the two first terms.  

 

Furthermore, that bankruptcy costs increase in line with rising total debt, which should, given 

all else being equal, lead to higher exposed debt and hence higher credit spreads. However, it 

is interesting that equation (15) indicates that the distribution of net worth between the two 

borrowing sectors is an important determinant of the cost of funds. This reflects the important 

differences in the degree of leverage between firms (entrepreneurs) and financial institutions. 

Hirakata et al. (2016) analyze the quantitative importance of this distribution in greater detail. 

 

This expression can be rewritten to relate cross-border banking flows to the domestic spread 

confronted by entrepreneurs and the share of their entrepreneurial profits going to lenders 

through the interlinked credit contracts: 

 

 

 

 

 

 

 

 [𝑄(𝑠𝑡)𝐾𝑖(𝑠𝑡) − 𝑁𝑖
𝐸(𝑠𝑡) − 𝑁𝑖

𝐹(𝑠𝑡)] =
[1+𝑅𝐸(𝑠𝑡+1

|𝑠𝑡
)]

[1+𝑅(𝑠𝑡)]
[Ф𝑡

𝐹(�̅�𝐹)]  [Ф𝑡
𝐸(�̅�𝐸)]  

 

(16) 

Cross-border banking flows 

Excess return of domestic 

investment over base rate 

needed to be funded 

Share of profit 

going to global 

banks in the GE 

contract 

Share of profit 

going to 

investment banks 

in the FE contract 
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Entrepreneurs and investment banks build-up net worth through earnings from entrepreneurial 

projects split between them by the credit contract. Furthermore, both receive labor income 

from providing labor input to final good producers. In order to prevent entrepreneurs and 

investment banks from accumulating sufficient equity to fund their investments without 

borrowing I follow standard procedure and assume that a fraction of them dies each period 

and consumes their net worth. Hence, the law of motion for net worth is given by: 

 

𝑁𝐹(𝑠𝑡) = 𝛾𝐹𝑉𝐹(𝑠𝑡) +  𝑊𝐹(𝑠𝑡) + ∆𝑛𝐹(𝑠𝑡)  
 

(17) 

 

 

𝑁𝐸(𝑠𝑡) = 𝛾𝐸𝑉𝐹(𝑠𝑡) +  𝑊𝐸(𝑠𝑡) + ∆𝑛𝐸(𝑠𝑡)  
 

(18) 

 

 

where 𝛾𝐹 and 𝛾𝐸 are the survival rates, ∆𝑛𝐹(𝑠𝑡) and ∆𝑛𝐸(𝑠𝑡) are exogenous shocks defined 

below, and: 

 

𝑉𝐹(𝑠𝑡) = [1 − Г𝑡
𝐹(�̅�𝐹(𝑠𝑡+1|𝑠𝑡))]Ф𝐸(�̅�𝐸(𝑠𝑡+1|𝑠𝑡))[1

+ 𝑅𝐸(𝑠𝑡+1|𝑠𝑡)] 𝑄(𝑠𝑡)𝐾(𝑠𝑡) 

 

(19) 

 

 

𝑉𝐸(𝑠𝑡) = [1 − Г𝑡
𝐸(�̅�𝐸(𝑠𝑡+1|𝑠𝑡))][1 + 𝑅𝐸(𝑠𝑡+1|𝑠𝑡)] 𝑄(𝑠𝑡)𝐾(𝑠𝑡) 

 

(20) 

 

 

Intermediation process number 2: domestic liquidity provision by commercial banks 

 

This section describes the latter financial intermediation process in the model where 

commercial banks channel domestic savings to liquidity constrained final good producers. 

The set-up here does not rely on the costly state verification framework, hence there are 

neither any agency problems, a role for net worth, nor bankruptcies, as in the previously 

described cross-border intermediation process involving investment banks. However, the 

commercial banks involved in the process are assumed to operate within the scope of a central 

bank’s liquidity regulation such that they, in contrast to the unregulated investment banks, are 

required to hold unremunerated reserves at the central bank. This latter intermediation process 

adds four participants, two interest rate spreads, and one shock, to the credit market in the 

model.  

 

Liquidity constrained final good producers 

 

Final good producers combine rented effective capital and labor inputs to produce the final 

good within the economy, as will be described in more detail in Section 3.3. Here the focus is 

on their need for liquidity from commercial banks. The producers are assumed to be cash-in-

advance liquidity constrained as they need to pay for their labor inputs prior to receiving 

revenue from sales. Producers therefore attain working capital loans from commercial banks 

in the beginning of each period, pay for their wage bill, and need to save part of their sale 

revenue in the form of non-interest bearing deposits between periods to repay their loans. The 

constraint therefore implies the following for end-of-period deposits: 

 

𝐷(𝑠𝑡) = [1 + 𝑅𝑊(𝑠𝑡)] 𝐿(𝑠𝑡) 

 

(21) 
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where 𝐷(𝑠𝑡) are end-of-period deposits, 𝑅𝑊(𝑠𝑡) the lending rate on the working capital loans, 

and 𝐿(𝑠𝑡) the amount borrowed. There are no profits (as discussed in Section 3.3) and the 

liquidity constraint therefore implies that producers borrow just exactly to fund their wage 

bill: 

 

𝐿(𝑠𝑡) = 𝑊(𝑠𝑡)𝐻(𝑠𝑡) + 𝑊𝐹(𝑠𝑡)𝐻𝐹(𝑠𝑡) + 𝑊𝐸(𝑠𝑡)𝐻𝐸(𝑠𝑡) 

 

(22) 

 

 

The composition of labor inputs is described in Section 3.3 where the final good producers’ 

maximization problem is set up. 

 

Saving funds 

 

The source of funds in this intermediation process is, on the one hand, the non-interest bearing 

producers’ deposits, but, on the other hand, it is assumed that there exist domestic saving 

funds who invest in interest-bearing certificates of deposits issued by commercial banks in 

domestic money markets. The use of funds in this process are, on the one hand, working 

capital loans to producers, and, on the other hand, bank reserves at the central bank (discussed 

below):  

 

𝑆(𝑠𝑡) = 𝐿(𝑠𝑡) − 𝐷(𝑠𝑡) +  𝑅𝑅(𝑠𝑡)  
 

(23) 

 

where is 𝑆(𝑠𝑡) the amount invested by saving funds in commercial banks’ certificates of 

deposits and 𝑅𝑅(𝑠𝑡) represent unremunerated required reserves. The saving funds are for 

simplicity reasons assumed to be domestic money market participants that have the resources 

to invest in these certificates of deposits and the willingness to do so, given that they receive 

an interest rate above the domestic base interest rate level (TED spread). However, it is also 

assumed that domestic money market conditions can change. Hence, there is a money market 

spread over the domestic base interest rate, which is affected by a so-called domestic money 

market shock, which impacts the part of commercial banks’ liabilities that are funded on that 

market: 

 

𝑅𝑆(𝑠𝑡) = 𝑅(𝑠𝑡) +  𝜓𝐷(𝑒[((𝐿(𝑠𝑡)−�̅�)] − 1) + 𝑒𝜇𝑡
𝑆−1 − 1 (24) 

 

where 𝑅𝑆(𝑠𝑡) is the money market rate on certificates of deposits, 𝜓𝐷 is a balance sheet 

elastic interest rate parameter, 𝐿(𝑠𝑡) debt, �̅� is its steady state level.   

 

Central bank 

 

The role of the central bank in the model is to serve as a liquidity regulator to commercial 

banks (which traditionally have access to central bank liquidity services and even lender-of-

last-resort loans). The investment banks as well as the saving funds, however, are assumed to 

be unregulated. The liquidity regulation takes the form of requiring commercial banks to hold 

unremunerated reserves at the central bank. The reserve requirement is set as a (fixed) ratio of 

commercial banks’ total liabilities: 

  

𝑅𝑅(𝑠𝑡) = φ𝑅𝑅[𝑆(𝑠𝑡) + 𝐷(𝑠𝑡)] 
 

(25) 

 

where φ𝑅𝑅 is the reserve requirement ratio. This has the importance implication that a spread 

arises between the lending and funding rate of the commercial banks, as explained below. 
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Commercial banks 

 

The role of commercial banks in the model is to intermediate domestic savings to liquidity 

constrained final good producers, as well as to fulfil the reserve requirements set by the 

central bank. The model assumes complete competition in commercial banking and there is 

no role for net worth (i.e., bank capital). Hence, the representative commercial bank’s total 

assets are given by the sum of working capital loans, 𝐿(𝑠𝑡), and unremunerated reserves, 

𝑅𝑅(𝑠𝑡), while their total liabilities are given by the sum of non-interest bearing producers’ 

deposits, 𝐷(𝑠𝑡), and money market funding, 𝑆(𝑠𝑡). Hence, their balance sheet constraint 

implies that the interest rate on working capital loans is given by: 

 

[1 + 𝑅𝑊(𝑠𝑡)]  = [[1 + 𝑅𝑆(𝑠𝑡)] 𝑆(𝑠𝑡) + 𝐷(𝑠𝑡) − 𝑅𝑅(𝑠𝑡)]/𝐿(𝑠𝑡) 

 

(26) 

 

such that there is a spread between the lending and funding rate (i.e., money market rate) of 

the commercial banks. 

 

This concludes the development of the credit market in the model. Given the focus on 

financial intermediation, the rest of the model is kept as simple as possible, as described in the 

next section.  

 

C.   The Rest of the Model 

Final good producers 

 

The representative final good producer faces perfectly competitive input and output markets 

and produces a tradable homogenous final good, 𝑌(𝑠𝑡). Technology is assumed to exist that 

can be used to convert the homogeneous final good one-for-one into a private or public 

consumption good, 𝐶(𝑠𝑡) or 𝐺(𝑠𝑡), while the transformation into new installed capital, 𝐾(𝑠𝑡), 

is subjected to adjustment costs, as explained below. The key element of the model is that 

production within this small open economy relies on corporate credit being extended to fund 

production inputs. Credit constrained entrepreneurs supply effective capital services to the 

representative final producer for a rental price, 𝑅𝐸(𝑠𝑡). The final producer also hires labor 

from households, 𝐻(𝑠𝑡), the domestic financial institutions 𝐻𝐹(𝑠𝑡), and entrepreneurs 

𝐻𝐸(𝑠𝑡), but importantly he/her is assumed to be liquidity constrained as the wage bill has to 

be paid in advance resulting in working capital loans from commercial banks, as described 

above.  

 

Other details with regard to the final goods producer is that his technology is represented by a 

relatively standard Cobb-Douglas production function, adapted to the composition of labor 

inputs (which for simplicity reason exclude participants in the financial intermediation of 

domestic savings). It is assumed that at the end of each period, the un-depreciated capital is 

sold back to entrepreneurs at price 𝑄(𝑠𝑡). Note that capital is assumed to depreciate during 

the production process within each period. This assumption regarding the reselling of the un-

depreciated capital is used to make the net worth of entrepreneurs well-defined at the end of 

each period, as they sell the un-depreciated capital further on to capital producers for the same 

price. The representative final producer's maximization problem is then given by: 

 

max𝑌(𝑠𝑡),𝐾(𝑠𝑡−1),𝐻(𝑠𝑡),𝐻𝐹(𝑠𝑡),𝐻𝐸(𝑠𝑡),𝐿(𝑠𝑡),𝐷(𝑠𝑡)  

 

= 𝑌(𝑠𝑡) + 𝑄(𝑠𝑡−1)𝐾(𝑠𝑡−1)(1 − 𝛿) 

(27) 

Revenue from selling 

undepreciated capital back 
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−[1 + 𝑅𝐸(𝑠𝑡)]𝑄(𝑠𝑡−1)𝐾(𝑠𝑡−1) 

 

 

 

−𝑊(𝑠𝑡)𝐻(𝑠𝑡) − 𝑊𝐹(𝑠𝑡)𝐻𝐹(𝑠𝑡) − 𝑊𝐸(𝑠𝑡)𝐻𝐸(𝑠𝑡) 

 

 

 

−[1 + 𝑅𝑊(𝑠𝑡−1)]𝐿(𝑠𝑡−1) + [𝐿(𝑠𝑡) − 𝐿(𝑠𝑡−1)] + 𝐷(𝑠𝑡−1) − 𝐷(𝑠𝑡) 

 

 

 

 

s.t. 

 

 

𝑌(𝑠𝑡) = e𝑎(𝑠𝑡)𝐾𝛼(𝑠𝑡)(𝐻(𝑠𝑡))
(1−𝛺𝐹−𝛺𝐸)(1−𝛼)

(𝐻𝐸(𝑠𝑡))𝛺𝐸(1−𝛼)(𝐻𝐹(𝑠𝑡))𝛺𝐹(1−𝛼) 

 

 

 

𝐷(𝑠𝑡−1) = [1 + 𝑅𝑊(𝑠𝑡−1)]𝐿(𝑠𝑡−1) 

 

 

 

 

 

𝐷(𝑠𝑡−1) − [1 + 𝑅𝑊(𝑠𝑡−1)]𝐿(𝑠𝑡−1) + 𝐿(𝑠𝑡)
= 𝑊(𝑠𝑡)𝐻(𝑠𝑡) + 𝑊𝐹(𝑠𝑡)𝐻𝐹(𝑠𝑡) + 𝑊𝐸(𝑠𝑡)𝐻𝐸(𝑠𝑡) 

 

 

 

 

where 𝑎(𝑠𝑡), 𝛿, 𝛼, 𝛺𝐹 , and 𝛺𝐸  are the economy-wide level of total factor productivity, the 

capital depreciation rate, the capital share, the share of domestic financial institutions' labor 

input, and the share of entrepreneurial labor input, respectively. The assumed stationary 

stochastic process for 𝑎(𝑠𝑡) is defined below. 𝐿(𝑠𝑡), 𝐷(𝑠𝑡), and 𝑅𝑊(𝑠𝑡) are the working 

capital loans from commercial banks, the final good producer’s non-interest-bearing deposits, 

and the lending rate, respectively. 

 

The first-order conditions for the representative final good producer are straightforward, 

equalizing the marginal benefit of adding one extra unit of factor input to its marginal cost, 

taking the need for liquidity provision, and its associated deposits, to fund the wage bill into 

account: 

 

𝛼
𝑌(𝑠𝑡)

𝐾(𝑠𝑡−1)
− [1 + 𝑅𝐸(𝑠𝑡)]𝑄(𝑠𝑡−1) + 𝑄(𝑠𝑡−1)(1 − 𝛿) = 0 (28) 

Aggregate production function 

Rental cost of capital 

Wage costs 

Cost of liquidity provision 

from commercial banks 

Funds from net new 

liquidity provisions from 

commercial banks 

End-of-last-period’s deposits to repay 

liquidity provision in the beginning of 

current period; needed end-of-current-

period’s deposits to repay in beginning 

of next period 

Liquidity constraint ensuring end-of-period deposits to repay liquidity provision  

provided to fund the wage bill in advance in the beginning of the next period 

Combination of no-profits and the liquidity constraint  

ensures exact liquidity provision to fund the wage bill 
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(1 − 𝛼)(1 − 𝛺𝐹 − 𝛺𝐸)
𝑌(𝑠𝑡)

𝐻(𝑠𝑡)
= 𝑊(𝑠𝑡)[1 + 𝑅𝑊(𝑠𝑡)] (29) 

 

(1 − 𝛼)𝛺𝐹
𝑌(𝑠𝑡)

𝐻𝐹(𝑠𝑡)
= 𝑊𝐹(𝑠𝑡)[1 + 𝑅𝑊(𝑠𝑡)] (30) 

 

(1 − 𝛼)𝛺𝐸
𝑌(𝑠𝑡)

𝐻𝐸(𝑠𝑡)
= 𝑊𝐸(𝑠𝑡)[1 + 𝑅𝑊(𝑠𝑡−1)] (31) 

 

𝐿(𝑠𝑡) = 𝑊(𝑠𝑡)𝐻(𝑠𝑡) + 𝑊𝐹(𝑠𝑡)𝐻𝐹(𝑠𝑡) + 𝑊𝐸(𝑠𝑡)𝐻𝐸(𝑠𝑡) 

 
(32) 

 

𝐷(𝑠𝑡) = [1 + 𝑅𝑊(𝑠𝑡)][𝑊(𝑠𝑡)𝐻(𝑠𝑡) + 𝑊𝐹(𝑠𝑡)𝐻𝐹(𝑠𝑡) + 𝑊𝐸(𝑠𝑡)𝐻𝐸(𝑠𝑡)] 
 

(33) 

 

Capital producers 

 

The technology applicable to transform the final good of the small open economy into new 

installed capital is assumed to be in the hands of a single, perfectly competitive, representative 

capital producer. The capital producer buys 𝐼(𝑠𝑡) amount of final goods from the final good 

producer and combines it with the un-depreciated capital (1 − 𝛿)𝐾(𝑠𝑡−1)  it bought from the 

entrepreneurs at price 𝑄(𝑠𝑡−1). It then produces new installed capital, 𝐾(𝑠𝑡), from these 

inputs using technology subjected to adjustment costs, that are increasing in the rate of 

investment growth as defined below, and sells the new installed capital to entrepreneurs in a 

competitive market at price 𝑄(𝑠𝑡). This paper follows Bernanke et al. (1999) in assuming that 

the price of new and used capital is the same (to the first order) and hence I can disregard the 

un-depreciated capital when setting up the maximization problem of the capital producer 

 

max𝐼𝑡+𝑙
∑ 𝜋(𝑠𝑡+𝑙|𝑠𝑡)𝛥(𝑠𝑡+𝑙) 

∞

𝑙=0

 

 

∗  [𝑄(𝑠𝑡) (1 − 𝐹𝐼(𝐼(𝑠𝑡+𝑙), 𝐼(𝑠𝑡+𝑙−1))) 𝐼(𝑠𝑡+𝑙) − 𝐼(𝑠𝑡+𝑙)] 

  

(34) 

 

where the production technology is given by 𝐹𝐼(𝐼𝑡+𝑙(𝑠𝑡+𝑙), 𝐼𝑡+𝑙−1(𝑠𝑡+𝑙−1)) ≡

 
𝜅

2
(

𝐼𝑡+𝑙(𝑠𝑡+𝑙)

𝐼𝑡+𝑙−1(𝑠𝑡+𝑙−1)
− 1)

2

 and 𝛥(𝑠𝑡) is the capital producer's subjective discount factor. Note that 

the parameter, 𝜅, determines the investment adjustment cost, and that those costs do not 

affects the steady state of the model where the relative price of capital goods in terms of the 

final good, or Tobin's 𝑄(𝑠𝑡), is unity. Investment adjustment costs are typically included in 

small open economy models to avoid excessive investment fluctuations in response to 

changes in domestic productivity or foreign interest rates. Furthermore, they are useful when 

introducing financial frictions into real business cycle models to attain a decline in the price of 

capital and hence net worth in the case of a negative risk shock. The first-order-condition of 

the capital producer's maximization problem is given by: 
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𝑄(𝑠𝑡) [1 −
𝜅

2
(

𝐼(𝑠𝑡)

𝐼(𝑠𝑡−1)
− 1)

2

] − 𝑄(𝑠𝑡) ⌊𝜅 (
𝐼(𝑠𝑡)

𝐼(𝑠𝑡−1)
) (

𝐼(𝑠𝑡)

𝐼(𝑠𝑡−1)
− 1)⌋ − 1 

 

= 𝐸𝑡 {𝛽
𝐶(𝑠𝑡)

𝐶(𝑠𝑡+1)
𝑄(𝑠𝑡+1)𝜅 (

𝐼(𝑠𝑡+1)

𝐼(𝑠𝑡)
)

2

(
𝐼(𝑠𝑡+1)

𝐼(𝑠𝑡)
− 1)} 

(35) 

 

where I have made use of the assumption that the capital producers are assumed to be owned 

by the households and hence have the same subjective discounting factor. The law of motion 

for capital is traditional and reflects the presence of investment adjustment costs: 

 

 

𝐾(𝑠𝑡) = (1 − 𝐹𝐼(𝐼(𝑠𝑡), 𝐼(𝑠𝑡−1))) 𝐼(𝑠𝑡) + (1 − 𝛿)𝐾(𝑠𝑡−1). (36) 

 

Households 

 

The small open economy is assumed to be populated by a continuum of infinitely lived 

households and the representative households maximizes its expected utility subject to its 

budget constraint:  

 

max𝐶(𝑠𝑡),𝐻(𝑠𝑡),𝑑(𝑠𝑡) ∑ 𝛽𝑡+𝑙𝐸𝑡 {log𝐶(𝑠𝑡+𝑙) −  𝜒
𝐻(𝑠𝑡+𝑙)

1+
1
𝜂

1 +
1
𝜂

}

∞

𝑙=0

 (37) 

 

s.t. 

 

𝐶(𝑠𝑡+𝑙) + (1 + 𝑅(𝑠𝑡+𝑙))𝑑(𝑠𝑡+𝑙) + 𝑇(𝑠𝑡+𝑙) = 𝑑(𝑠𝑡+𝑙+1) + 𝑊(𝑠𝑡+𝑙)𝐻(𝑠𝑡+𝑙)  

 

The budget constraint reflects that period 𝑡 expenditures (use of funds)—reflecting 

consumption, debt repayments, and lump-sum taxes—need to be funded by new loans, 

𝑑(𝑠𝑡+1), and (after-tax) labor income earned from working for the final good producer. Note 

that profits of the capital producers are zero by assumption and do therefore not affect the 

households' budget constraint. Households borrow funds to smooth consumption at the 

domestic base interest rate, 𝑅(𝑠𝑡), that includes a country risk premium as defined above. The 

household's optimality conditions are standard: 

 
1

𝐶(𝑠𝑡)
=  𝛽𝐸𝑡 {

1

𝐶(𝑠𝑡+1)
𝑅(𝑠𝑡)} (38) 

 

𝑊(𝑠𝑡) =  𝜒𝐻(𝑠𝑡)
1
𝜂 𝐶(𝑠𝑡) (39) 

 

Government 

 

The government plays a passive role in the model and simply collects a lump-sum tax from 

households, 𝑇(𝑠𝑡), and maintains a balanced budget in each period: 

 

𝐺(𝑠𝑡) =  𝑇(𝑠𝑡)  , ∀𝑡 (40) 
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Net Exports and the Economy’s Aggregate Resource Constraint 

 

The key distinction between closed and open economies is that they have different constraints 

as there is international trade and capital flows in an open economy. The credit market set-up 

also implies that the aggregate resource constraint has to reflect the deadweight loss due to 

bankruptcy costs in the entrepreneurial and domestic financial sector, in addition to 

accounting for the domestic financial institutions’ and entrepreneurs' consumption. Hence, the 

final goods produced in the small open economy that are neither spent on domestic 

consumption by households, entrepreneurs, the domestic financial institutions, and the 

government, investment by the capital producers, nor monitoring costs, are the country's net 

exports:  

 

𝑁𝑋 (𝑠𝑡) = 𝑌(𝑠𝑡) − 𝐶(𝑠𝑡) − 𝐶𝐸(𝑠𝑡) − 𝐶𝐹(𝑠𝑡) − 𝐼(𝑠𝑡) − 𝐺 (𝑠𝑡) − 𝑑𝐸(𝑠𝑡)
− 𝑑𝐹(𝑠𝑡) 

(41) 

 

where entrepreneurial and the domestic financial institutions' consumption reflect that 

entrepreneurs and domestic financial institutions that fail to survive in period 𝑡 consume their 

net worth: 

 

𝐶𝐸(𝑠𝑡) = (1 − 𝛾𝐸) (1 − Г𝐸(�̅�𝐸(𝑠𝑡+1))) [1 + 𝑅𝐸(𝑠𝑡+1)]𝑄(𝑠𝑡)𝐾(𝑠𝑡) (42) 

 

𝐶𝐹(𝑠𝑡) = (1 − 𝛾𝐹)(1
− Г𝐹(�̅�𝐹(𝑠𝑡+1)))Ф𝐸(�̅�𝐸(𝑠𝑡+1|𝑠𝑡))[1 + 𝑅𝐸(𝑠𝑡+1)]𝑄(𝑠𝑡)𝐾(𝑠𝑡) 

(43) 

 

Monitoring costs were defined above. 

Exogenous shocks 

 

The small open economy model includes seven exogenous shocks: a global liquidity shock, 

commercial banks’ funding shock, two risk shocks, two net worth (leverage) shocks, and a 

total factor productivity shock. I follow Garcia-Cicco et al. (2010) in assuming that the global 

liquidity shock follows a first-order autoregressive process: 

 

log𝜇𝑡+1
𝑔

= 𝜌𝜇𝑔log𝜇𝑡
𝑔

+ 휀𝑡+1
𝜇𝑔

  ;     휀𝑡
𝜇𝑔

 ~ 𝑁(0, 𝜎𝜇𝑔
2 ) (44) 

 

The domestic funding shock affecting commercial banks is also assumed to follow a 

stationary first-order autoregressive process: 

 

log𝜇𝑡+1
𝑑 = 𝜌𝜇𝑑log𝜇𝑡

𝑑 + 휀𝑡+1
𝜇𝑑

  ;     휀𝑡
𝜇𝑑

 ~ 𝑁(0, 𝜎
𝜇𝑑
2 ) (45) 

 

The risk shocks are associated with idiosyncratic disturbances to the investment banks' and 

entrepreneurs' productivities, 𝜔𝐹(𝑠𝑡) and 𝜔𝐸(𝑠𝑡). As discussed above, 𝜔𝐹(𝑠𝑡) and 𝜔𝐸(𝑠𝑡), 

are assumed to be log-normally distributed with unit mean and time-varying standard 

deviation - 𝜎𝐹(𝑠𝑡) and 𝜎𝐸(𝑠𝑡) - referred to as riskiness. The innovations to these standard 

deviations are the risk shocks, 𝜎𝜎𝐹
2  and 𝜎𝜎𝐸

2 :  
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log (
𝜎𝐹(𝑠𝑡)

𝜎𝐹
) = 𝜌𝜎𝐹

log (
𝜎𝐹(𝑠𝑡−1)

𝜎𝐹
) + 휀𝜎𝐹(𝑠𝑡) ;  휀𝜎𝐹(𝑠𝑡)~ i. i. d.  𝑁(0, 𝜎𝜎𝐹

2 ) (46) 

  

  

log (
𝜎𝐸(𝑠𝑡)

𝜎𝐸
) = 𝜌𝜎𝐸

log (
𝜎𝐸(𝑠𝑡−1)

𝜎𝐸
) + 휀𝜎𝐸(𝑠𝑡) ;  휀𝜎𝐸(𝑠𝑡) ~ i. i. d.   𝑁(0, 𝜎𝜎𝐸

2 ) (47) 

 

where 𝜎𝐹 and 𝜎𝐸  are the steady state values of the standard deviations. The economy-wide 

level of total factor productivity is assumed to follow a stationary first-order autoregressive 

process: 

 

𝑎(𝑠𝑡) = 𝜌𝐴𝑎(𝑠𝑡−1) + 휀𝑎(𝑠𝑡)  ;     휀𝑎(𝑠𝑡) ~ i. i. d.   𝑁(0, 𝜎𝑎
2) (48) 

 

The net worth shocks in the entrepreneurial sector and in investment banking are also 

assumed to follow a first-order autoregressive process: 

 

∆𝑛𝐸(𝑠𝑡) = 𝜌𝑛𝐸
𝑛𝐸(𝑠𝑡−1) + 휀𝑛𝐸

(𝑠𝑡)  ;     휀𝑛𝐸
(𝑠𝑡)  ~ i. i. d.   𝑁(0, 𝜎𝑛𝐸

2 ) 

 
(49) 

 

∆𝑛𝐹(𝑠𝑡) = 𝜌𝑛𝐹
𝑛𝐹(𝑠𝑡−1) + 휀𝑛𝐹

(𝑠𝑡)  ;     휀𝑛𝐹
(𝑠𝑡)  ~ i. i. d.   𝑁(0, 𝜎𝑛𝐸

2 ) 

 
(50) 

 

Equilibrium 

 

An equilibrium consists of a set of prices: {𝑅(𝑠𝑡), 𝑅𝐸(𝑠𝑡), 𝑅𝐹(𝑠𝑡), 𝑅𝑆(𝑠𝑡), 𝑅𝑊(𝑠𝑡),  
𝑊(𝑠𝑡), 𝑊𝐸(𝑠𝑡), 𝑊𝐹(𝑠𝑡), 𝑄(𝑠𝑡), 𝑅𝐸(𝑠𝑡+1|𝑠𝑡), 𝑅𝐹(𝑠𝑡+1|𝑠𝑡), 𝑍𝐸(𝑠𝑡+1|𝑠𝑡), 𝑍𝐹(𝑠𝑡+1|𝑠𝑡)}𝑡=0

∞  and 

the allocations  {{𝜔𝑗𝑖

𝐸(𝑠𝑡+1|𝑠𝑡)}𝑗𝑖=1
∞ }𝑡=0

∞ , {{𝜔𝑖
𝐹(𝑠𝑡+1|𝑠𝑡)}𝑖=1

∞ }𝑡=0
∞ , {{𝑁𝑗𝑖

𝐸(𝑠𝑡)}𝑗𝑖=1
∞ }𝑡=0

∞ ,, 

{{𝑁𝑖
𝐹(𝑠𝑡)}𝑖=1

∞ }𝑡=0
∞ , {𝐿(𝑠𝑡), 𝐷(𝑠𝑡), 𝑆(𝑠𝑡), 𝑅𝑅(𝑠𝑡), 𝑌(𝑠𝑡), 𝐶(𝑠𝑡), 𝐶𝐸(𝑠𝑡), 𝐶𝐹(𝑠𝑡), 𝐼(𝑠𝑡), 𝑁𝑋(𝑠𝑡),   

𝑑(𝑠𝑡), 𝐾(𝑠𝑡), 𝐻(𝑠𝑡), 𝐻𝐸(𝑠𝑡), 𝐻𝐹(𝑠𝑡)}𝑡=0
∞  for a given fiscal policy {𝐺(𝑠𝑡), 𝑇(𝑠𝑡)}𝑡=0

∞ , 

realization of exogenous variables 

{휀𝑡
𝜇𝑔

(𝑠𝑡), 휀𝑡
𝜇𝑑

(𝑠𝑡), 휀𝑎(𝑠𝑡), 휀𝜎𝐸(𝑠𝑡), 휀𝜎𝐹(𝑠𝑡), 휀𝑁𝐸(𝑠𝑡), 휀𝑁𝐹(𝑠𝑡)}𝑡=0
∞ , and initial conditions 

𝑁−1
𝐸 , 𝑁−1

𝐹 , 𝐾−1, such that for all 𝑡, 𝑖, 𝑗𝑖:  
 

i. the household maximizes its utility given the prices; 

ii. the investment banks maximize their profits given the prices; 

iii. the entrepreneurs maximize their profits given the prices; 

iv. the commercial banks maximize their profits given the prices; 

v. the final goods producers maximize their profits given the prices; 

vi. capital goods producers maximize their profits given the prices; 

vii. the saving funds buy issued certificates of deposits given the prices; 

viii. the central bank enforces its reserve requirements; 

ix. the government budget constraint holds; and 

x. markets clear. 
 

IV.   ECONOMIC ANALYSIS 

Solving for the steady state represents a substantial challenge in this model. Christiano et al. 

(2003, 2010, 2012) provide a method to solve a model with the traditional financial 
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accelerator credit market set-up, but this is far more complicated in a framework combing 

interlinked credit contracts and domestic liquidity provision. Here the Dynare software is used 

to compute the steady state and linearize the model around the steady state. The computations 

are based on calibrating the model using traditional parameter values from the literature, as 

well to attain sensible interest rate spreads and shocks to those spreads. 

 

The calibration follows Hirakata et al. (2009, 2016) and Bernanke et al. (1999) for many of 

the parameter values (Table 3). These include parameter values related to the real economy, 

such as the discount factor, capital depreciation rate, capital share, risk free interest rate, 

elasticity of labor, utility weight on leisure, investment adjustment costs, and most of the 

autoregressive parameters associated with the shocks. The calibration also follows Hirakata et 

al. (2009, 2016) to calibrate six parameters associated with the two credit contracts in the 

former financial intermediation process, i.e., the standard deviation of the idiosyncratic 

disturbances to investment banks' and entrepreneurs' productivity in steady state, the 

monitoring costs, and the two survival rates. The steady state value for household debt, �̅�, is 

set such that the household debt as a ratio to GDP is in line with the average for small open 

economies included in Cecchetti et al. (2011). The debt elastic interest rate parameter is taken 

from Schmitt-Grohé and Uribe (2003). The standard deviation of shocks to the global 

liquidity shock is based on Garcia-Cicco et al. (2010). 

 

Parameters for the domestic money market are chosen to attain roughly the average historical 

quarterly interest rate spread between 3-month interbank rates and 3-month treasury bills (Ted 

spread), which is roughly 60 basis points (bps.) over the period 1986−2016. The money 

market shock is calibrated to produce a roughly 200−250 bps. increase in the TED spread, as 

has been the case in a few episodes over this period. The Central Bank’s reserve requirement 

ratio is set to produce a roughly 300 bps. spread between commercial banks’ lending and 

funding rate. This implies a high value for the ratio, but its main role within the model is to 

produce a lending to funding spread of reasonable value. 

 

Before analyzing the equilibrium responses of the model economy to some of the exogenous 

shocks, Figure 4 provides a graphical representation of the model’s key macrofinancial 

linkages, which will serve as a useful roadmap for the interpretation of the impulse responses 

in Section 4. 
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   Source: Author’s modeling. 
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Figure 4. Overview of the Model’s Key Macrofinancial Linkages 
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Table 3. Parameterization of the Model 

   

Parameter Value Description Source 

𝛽 0.99 Discount factor Hirakata et al. (2009) 

𝛿 0.025 Capital depreciation rate Hirakata et al. (2009) 

𝛼 0.35 Capital share in final goods production Hirakata et al. (2009) 

𝑅 0.99-1 Risk-free rate Hirakata et al. (2009) 

𝜂 3 Elasticity of leisure Hirakata et al. (2009) 

𝜒 0.3 Utility weight on leisure Hirakata et al. (2009) 

𝜅 2.5 Investment adjustment cost Hirakata et al. (2009) 

𝜌𝑎, 𝜌𝜎𝐹 , 𝜌𝜎𝐸 0.85 Persistence of productivity and risk 
shocks 

Hirakata et al. (2009) 

𝜎𝐹 0.107366 Standard deviations of risk shocks in 
investment banking at steady state 

Hirakata et al. (2009) 

𝜎𝐸 0.312687 Standard deviations of entrepreneurial 
sector risk shocks at steady state 

Hirakata et al. (2009) 

𝜎𝑎 0.0098 Standard deviations of total factor 
productivity shocks 

Hirakata et al. (2011) 

𝜇𝐹 0.033046  Bankruptcy costs in investment banking Hirakata et al. (2009) 

𝜇𝐸 0.013123 Bankruptcy costs in the entrepreneurial 
sector 

Hirakata et al. (2009) 

𝛾𝐹 0.963286 Survival rate in investment banking Hirakata et al. (2009) 

𝛾𝐹 0.983840 Survival rate in the entrepreneurial sector Hirakata et al. (2009) 

Ω𝐹 0.01 Investment banks’ share of labor input Ueda (2012) 

Ω𝐸  0.01 Entrepreneurs’ share of labor input Ueda (2012) 

𝜓𝑔 0.0001 Debt elastic interest rate parameter for the 
domestic base interest rate level 

Schmitt-Grohé and Uribe 
(2003) 

�̅� 0.007 Household debt to GDP ratio at steady 
state 

Cecchetti et al. (2011) 

𝜌𝜇𝑔 0.85 Persistence of the global liquidity shock  

𝜎𝜇𝑔 0.056 Standard deviation of the global liquidity 
shock 

Garcia-Cicco et al. (2010) 

𝜎𝑁𝐹 0.01 Standard deviation of net worth shock in 
investment banking 

 

𝜎𝑁𝐸 0.01 Standard deviation of net worth shock in 
the entrepreneurial sector 

 

𝜌𝜎𝑁𝐹 , 𝜌𝜎𝑁𝐸 0.85 Persistence of net worth shock in 
investment banking and the 
entrepreneurial sector 

Same persistence as for others. 

𝜓𝑑 0.2 Balance sheet elastic interest rate 
parameter for the commercial banks 

Average quarterly historical 
TED spread of roughly 60 bps.  

�̅� 3.00 Commercial bank assets at steady state  

𝜌𝜇𝑑 0.85 Persistence of the money market shock Same persistence as for others. 

𝜎𝜇𝑑 0.1 Standard deviation of the money market 
shock 

250 bps. TED spread increase. 

φ𝑅𝑅 0.75 Required reserve ratio 300 bps. lending to funding 
spread. 

 
Sources: Various (mentioned above). 
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A.   Risk Shock in the Entrepreneurial Sector 

Figures 5 portrays the equilibrium responses (i.e., deviations from steady state) to increased 

risk in the domestic entrepreneurial sector. The first thing to note is that the domestic base 

interest rate level declines, which plays an important role in causing consumption to increase 

and mitigate the otherwise contractionary effects of this shock. At first, this is surprising, but 

actually this reflects a common feature of real business cycle models with financial frictions. 

When financial shocks are transmitted in such models, they interfere with intertemporal 

substitution and due to the simple and frictionless set-up of the real economy, current 

consumption relative to future consumption (i.e., the real interest rate) declines, inducing 

increased consumption. This would not necessarily take place in a more realistic set-up with 

nominal rigidities and monetary policy based on a traditional Taylor rule, as these factors 

would dampen the real interest rate response. However, the focus in this paper is on the 

interaction between credit intermediation to the corporate sector through two processes 

including a number of interest rate spreads, on the one hand, and investment and production, 

on the other. 

 

Figure 5 shows that as riskiness in the entrepreneurial sector increases, entrepreneurs’ 

borrowing rate goes up, as investment banks’ increase the spread on those loans relative to 

their own funding costs. This reaction is due to the fact that as riskiness increases, 

bankruptcies among entrepreneurs increase as a larger share of investment projects fail to 

attain sufficient returns to repay debt. As a result, the price of capital falls, entrepreneurs’ net 

worth declines, and their leverage increases, resulting in a higher external finance premium. 

Hence, entrepreneurial investment activity falls, leading to further decreases in the price of 

capital, and tightening of credit constraints through the aforementioned dynamics. This 

amplification of shocks through credit frictions is why models with such features were 

generally referred to as financial accelerator models.  

 

This shock originates in the entrepreneurial sector, and works its way through the former 

financial intermediation process to affect investment, and thereby production. Looking at the 

reaction in the latter financial intermediation process, movements in commercial banks’ 

funding and lending rate seem to be reflect the fall in the domestic base interest rate level 

(discussed above), and the reaction in interest rate spreads is very muted. However, working 

capital loans decrease as demand for labor decreases alongside less investment and 

production. Hence, this is an example of the interaction between the two processes of 

financial intermediation, which in this case seem to first and foremost work their way through 

real economy linkages in aggregate production. Other types of macrofinancial linkages, 

through which the two intermediation processes will interact, will become apparent when 

other shocks will be discussed below. 

 

Finally, a positive shock would have had the opposite effects, making the model able to 

produce qualitative boom-bust behavior around the steady state, although coming short from 

having the capacity to yield truly destabilizing dynamics. 
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Figure 5. Impulse Responses to a Risk Shock in the Entrepreneurial Sector 
 

Panel A. The Shock and Effects on Domestic Liquidity Provision 

 

 
Panel B. The Effects on Cross-Border Credit Intermediation 
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Figure 5. Impulse Responses to a Risk Shock in the Entrepreneurial Sector 
(concluded) 

 

Panel C. The Effects on the Real Economy 

Source: Author’s own model simulations. 

 

B.   Risk Shock in Investment Banking 

The effects of a risk shock taking place in investment banking is shown in Figure 6. There are 

three important interrelated differences between the effects of a risk shock in investment 

banking compared to its previously discussed entrepreneurial counterpart. 

 

First, in contrast to the increase in entrepreneurs’ borrowing rate as a result of a risk shock in 

their own sector, investment banks’ funding rate decreases after they experience a negative 

sectoral risk shock. This reflects that the investment banks’ funding rate reaction is dominated 

by the decline in the base interest rate level. This again reflects that the investment banks 

receive their funds from global banks at a spread over the base interest rate, while 

entrepreneurs’ borrowing cost include an additional spread due to the extra step of 

intermediating the funds through the investment banks. 

 

Second, as the effects of increased riskiness in investment banking work their way across the 

credit market and interact with the real economy (Figure 6), investment banks’ leverage 

declines instead of increasing as in the case of entrepreneurs in Figure 5. This also reflects the 

difference positions of the two sectors in the intermediation process, as well as their specific 

balance sheet characteristics. Investment banks are the main actors in this former 

intermediation process in the model, such that they can affect key parameters in the 

interlinked credit contracts, resulting in a redistribution of losses across sectors. 

Entrepreneurs, however, are the ultimate borrowers in this credit process and are not in a 

position to mitigate the effects of a negative shock in the same manner. As a result of a 

negative risk shock, investment banks increase the spread between their lending and funding 
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rate, which supports their own net worth (also helped by the direct decline in their funding 

rate which dominates their increased funding spread), but undermines the financial position of 

entrepreneurs. As a result, the investment banks deleverage, which is particularly important 

for them as they operate with more leverage than the entrepreneurs. The model’s capacity to 

produce sectoral leverage dynamics of this kind, is discussed further below.    

 

A final important distinction between the two risk shocks is that the macroeconomic effects of 

a shock originating in investment banking are considerably larger compared to when they 

originate in the corporate sector. Hence, the effects that work their way across the real 

economy and towards commercial banks’ domestic liquidity provision is also stronger, as 

reflected in a larger drop in working capital loans. This sizeable difference in macroeconomic 

effects also reflects the aforementioned interrelated characteristics that investment banks are 

highly leverage institutions that due to their importance in the credit intermediation process 

can strongly affect the propagation and acceleration of negative shocks, both across sectors, 

aggregate production, and the other financial intermediation process. 

 

These two risk shocks therefore provide important insight into the workings of model. Clearly 

there are important differences and interactions between the two sectors, providing 

preliminary evidence supportive of the modeling approach takin with regard to the credit 

market. In particular, it seems promising that the model gives raise to procyclical leverage 

dynamics resulting from investment bank behavior within the model. This feature has been 

emphasized in a number of papers, in particular, by Adrian and Shin (2009, 2010, 2011).   

 

Figure 6. Impulse Responses to a Risk Shock in Investment Banking 
 

Panel A. The Shock and Effects on Domestic Liquidity Provision 
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Panel B. The Effects on Cross-Border Credit Intermediation 

 

Panel C. The Effects on the Real Economy 

 
   Source: Author’s own model simulations. 
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C.   Domestic Money Market Shock 

Figure 7 shows the effects of an adverse domestic liquidity shock in money markets, affecting 

the terms of commercial bank funding. Indeed, the banks’ funding spread on the market 

increases and they respond by increasing their lending to funding spread (more than one-to-

one for their balance sheet constraint to hold). This results in balance sheet deleveraging in 

the sense that the commercial banks’ assets and liabilities shrink. Importantly, working capital 

loans decrease, as do labor usage and aggregate production through this working capital 

channel.  

 

The dynamic response in the other financial intermediation process is interesting, especially in 

light of the discussion above in relation to risk shocks in the two credit market participants’ 

sectors. The shock considered here originated in the domestic money market where neither 

investment banks nor entrepreneurs are assumed to participate. Hence, the effects of the 

shocks reach these sectors through the effect that the working capital channels has on 

investment via its effect on aggregate production. This is different from the risk shock 

scenarios where the effects were first transmitted across the interlinked credit contracts, and 

then affected the real economy. As shown in Figure 7, entrepreneurs respond to the 

contractionary effects on investment activity by deleveraging, which leads to a decrease in the 

investment banks’ lending to funding spread, causing their net worth to decline. Therefore, 

the fall in investment demand from entrepreneurs causes problems for the leveraged 

investment banks and, in contrast to the risk shocks, their capacity to propagate their problems 

onto the entrepreneurs is not the same. 

 

D.   Global Liquidity Shock 

Figure 8 shows the impulse responses to a global liquidity shock, which is the only shock that 

directly affects the domestic base interest rate level. In contrast to the fall in the base interest 

rate level observed in previous domestic shocks, it increases following an adverse global 

liquidity shock, and now both financial intermediation processes are affected at once. 

Interestingly, both the commercial and investment banks’ funding spread actually fall on 

impact, such that the raise in the base interest rate is not fully transmitted into their funding 

rate, which is somewhat puzzling. These banks are therefore to some extent guarded against 

global shocks, but nevertheless, both intermediary types respond to this adverse shock by 

increasing their lending to funding spreads. The result is hence that contractionary 

macroeconomic effects work their way across both intermediation processes, and onwards 

through the working capital and investment channels.  

 

In case of a shock where the ease of financing in global financial system is enhanced, the 

opposite result would arise, with production being supported by enhanced financial 

intermediation on both parts of the credit market. Hence, the model captures some parts of 

possible risks associated with international capital flows and domestic financial conditions 

(Jeanne and Korinek, 2010, Korinek, 2011, Rey, 2013, Cerutti et al., forthcoming, 

Brunnermeier and Sannikov, 2015, and Central Bank of Iceland, 2017). 
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Figure 7. Impulse Responses to a Domestic Money Market Shock 
 

Panel A. The Shock and Effects on Domestic Liquidity Provision 

 
Panel B. The Effects on Cross-Border Credit Intermediation 
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Figure 7. Impulse Responses to a Domestic Money Market Shock 
 

Panel C. The Effects on the Real Economy 
 

   Source: Author’s own model simulations. 
 
 

 

Figure 8. Impulse Responses to a Global Liquidity Shock  
 

Panel A. The Shock and Effects on Domestic Liquidity Provision 
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Figure 8. Impulse Responses to a Global Liquidity Shock (concluded)  
 

Panel B. The Effects on Cross-Border Credit Intermediation 
 

 
Panel C. The Effects on the Real Economy 

 
   Source: Author’s own model simulations. 
 
 

V.   CONCLUSIONS 

In this paper, a small open economy DSGE model is developed where investment banks and 

commercial banks intermediate global and domestic liquidity to the corporate sector through 

two financial intermediation processes. In particular, global liquidity is intermediated by 

investment banks to entrepreneurs through interlinked credit contracts, that allow for 

asymmetric information and bankruptcies which give rise to interest rates and balance sheet 

relations through which the financial intermediation and the real economy interact. On the 

other hand, commercial banks intermediate domestic liquidity to cash-in-advance constrained 

final good producers. Hence, production within the economy depends on both financial 

intermediation processes as they enable funding and development of key production inputs. 

The richness of the credit market framework is reflected in the number of market participants, 

interest rate spreads, and shocks, as well as the diverse feedback and propagation mechanisms 

which the set-up gives rise to between the financial system and the real economy. 
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The economic analysis of the model served to illuminate in a qualitative manner how the 

interconnectedness within the financial system and the macrofinancial linkages transmit 

shocks within the financial sector and across the real economy. The analysis showed that the 

model is qualitatively capable of producing a number of features in this regard, which have 

been emphasized in the literature.  

 

First, the model has financial accelerator characteristics as risk shocks can give rise to boom-

bust investment dynamics that are strengthened by the presence of investment banks and the 

interlinked credit contracts. This is unsurprising as the Hirakata et al. (2009, 2016) is used as 

the underlying framework for one of the financial intermediation processes.  

 

Second, in contrast to Hirakata et al. (2009, 2016), the model also includes another 

intermediation process, where on the one hand, there is a role for specific domestic money 

market pressures that propagate through the working capital channel to the rest of the model. 

On the other hand, there is also an important role for shocks of various kinds to interact across 

the two financial intermediation processes, which is a relatively rare feature in financial 

friction models. This can reflect common shocks (i.e., the global liquidity shock) affecting 

both investment and commercial banks, but also shocks originating in either of the two 

intermediation processes (e.g., risk shocks or domestic money market shocks) that propagate 

across the two processes via the real economy. Hence, the model provides a richer framework 

than many other financial friction models, including Bernanke et al. (1999) and Hirakata et al. 

(2009, 2016), both with regard to linkages within the financial system, global spillovers to the 

domestic financial system, and the macrofinancial linkages between the real and financial 

sectors.  

 

Third, there is a role for a central bank as a liquidity regulator in the model in the sense that 

commercial banks are assumed to be regulated, while investment banks and saving funds are 

unregulated. This is a realistic assumption for many small advanced economies. Another 

difference between commercial and investment banks in the model is that the costly state 

verification framework is applied to the riskier investment banking activity that operates 

across borders and involves funding risky entrepreneurial investments, while a simpler 

approach is applied to model the more traditional and purely domestic liquidity services of 

commercial banks. 

 

The qualitative capacity of the model to produce and analyze important macrofinancial 

features, such as procyclical leverage dynamics of investment banks, money market pressures, 

global liquidity spillovers, and a wide range of financial and macroeconomic interlinkages 

(including through investment and working capital channels), indicates that this approach may 

deserve further examination and extensions. This would include analyzing its capacity to 

provide reasonable quantitative dynamics and guidance on implementation of macroeconomic 

and financial sector policies, as well as even capital flow management measures.   
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Appendix I. Solution to the Investment Banks’ Maximization Problem 

 

The monopolistic domestic investment bank maximizes its expected profits: 

 

maxω̅F, ω̅̅̅E,   K ∑ π(st+1|st)[1

s𝑡+1

− ГF(ω̅F(st+1|st))][1 + RF(st+1|st)][Q(st)Ki(st) − Ni
E(st)]  

  

(A1.1) 

 

where π(st+l|st) is the probability weight for state st+l given state st+l−1, [1 −

ГF(ω̅F(st+1|st))] represents the share of investment banks’ earnings kept by the institutions 

themselves, [1 + RF(st+1|st)] is the average return on the FE contracts, and [𝑄(𝑠𝑡)𝐾𝑖(𝑠𝑡) −
𝑁𝑖

𝐸(𝑠𝑡)] the amount lent to entrepreneurs. This maximization is solved subject to the 

participation constraints of the entrepreneurs and the global banks, respectively: 

 

{(1 − Г𝑡
𝐸(�̅�𝑗𝑖

𝐸(𝑠𝑡+1|𝑠𝑡))}(1 + 𝑅𝐸(𝑠𝑡+1|𝑠𝑡))𝑄(𝑠𝑡)𝐾𝑗𝑖
(𝑠𝑡)

≥ (1 + 𝑅𝐸(𝑠𝑡+1|𝑠𝑡))𝑁𝑗𝑖

𝐸(𝑠𝑡) ∀𝑗𝑖, 𝑠𝑡+1|𝑠𝑡 

 

 

(A1.2) 

 

{Г𝑡
𝐹 (�̅�𝑖

𝐹(𝑠𝑡+1|𝑠𝑡)) − 𝜇𝐹𝐺𝑡
𝐹 (�̅�𝑖

𝐹(𝑠𝑡+1|𝑠𝑡))} (1 + 𝑅𝐹(𝑠𝑡+1|𝑠𝑡))[𝑄(𝑠𝑡)𝐾𝑖(𝑠𝑡)

− 𝑁𝑖
𝐸(𝑠𝑡)] ≥ (1 + 𝑅(𝑠𝑡))[𝑄(𝑠𝑡)𝐾𝑖(𝑠𝑡) − 𝑁𝑖

𝐸(𝑠𝑡) −  𝑁𝑖
𝐹(𝑠𝑡)] 

 

 

(A1.3) 

Here the focus is on the case where these participation constraints hold with equality. For the 

entrepreneurs, this implies that their share of returns from investing their net equity and 

borrowed funds are equal to what they would receive from investing only their equity. In 

equation (A1.2) above, {(1 − Г𝑡
𝐸(�̅�𝑗𝑖

𝐸(𝑠𝑡+1|𝑠𝑡))}, represents the expected share of 

entrepreneurial earnings kept by the entrepreneurs according to the FE contract, and 

Г𝑡
𝐸(�̅�𝑗𝑖

𝐸(𝑠𝑡+1|𝑠𝑡)), represents the gross share of entrepreneurial earnings received by the 

investment banks according to the same contract. The participation constraint of the global 

banks (equation A1.3) reflects that their net earnings from the GF contract must equal their 

opportunity cost of lending, (1 + 𝑅(𝑠𝑡)). The expression {Г𝑡
𝐹 (�̅�𝑖

𝐹(𝑠𝑡+1|𝑠𝑡)) −

𝜇𝐹𝐺𝑡
𝐹 (�̅�𝑖

𝐹(𝑠𝑡+1|𝑠𝑡))} ≡ Ф𝐹(�̅�𝐹(𝑠𝑡+1|𝑠𝑡) represents the net share of investment banks’ 

earnings going to global banks according to the GF contract. Making use of the definition of 

the expected return on the loans to entrepreneurs, (1 + 𝑅𝐹(𝑠𝑡+1|𝑠𝑡)) in equation (8) to rewrite 

the investment banks’ expected profits as:  

 

maxω̅F, ω̅̅̅E,   K ∑ π(st+1|st)[1

s𝑡+1

− ГF(ω̅F(st+1|st))]Ф𝑗𝑖,𝑡

𝐹 (�̅�𝑗𝑖

𝐹(𝑠𝑡+1|𝑠𝑡))(1

+ 𝑅𝐸(𝑠𝑡+1|𝑠𝑡))𝑄(𝑠𝑡)𝐾𝑖(𝑠𝑡)   
 

  

(A1.4) 

where Ф𝑗𝑖,𝑡

𝐸 (�̅�𝑗𝑖

𝐸(𝑠𝑡+1|𝑠𝑡)) represents the net share of entrepreneurial earnings going to the 

investment banks according to the FE contract. The global banks’ participation constraint is 

rewritten by replacing (1 + 𝑅𝐹(𝑠𝑡+1|𝑠𝑡)) and using Ф𝐹(�̅�𝐹(𝑠𝑡+1|𝑠𝑡) instead of 

{Г𝑡
𝐹 (�̅�𝑖

𝐹(𝑠𝑡+1|𝑠𝑡)) − 𝜇𝐹𝐺𝑡
𝐹 (�̅�𝑖

𝐹(𝑠𝑡+1|𝑠𝑡))}. Hence, the Lagrangian function becomes: 
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L(ω̅F,  ω̅̅̅E,   K)

= ∑ π(st+1|st)[1 − ГF(ω̅F(st+1|st))]Ф𝑗𝑖,𝑡

𝐸 (�̅�𝑗𝑖

𝐸(𝑠𝑡+1|𝑠𝑡))(1 + 𝑅𝐸(𝑠𝑡+1|𝑠𝑡))𝑄(𝑠𝑡)𝐾𝑖(𝑠𝑡) 
 

s𝑡+1

 

 

+𝜆1 {Ф𝐹(�̅�𝐹(𝑠𝑡+1|𝑠𝑡)Ф𝑗𝑖,𝑡

𝐸 (�̅�𝑗𝑖

𝐸(𝑠𝑡+1|𝑠𝑡))(1 + 𝑅𝐸(𝑠𝑡+1|𝑠𝑡))𝑄(𝑠𝑡)𝐾𝑖(𝑠𝑡) − (1

+ 𝑅(𝑠𝑡))[𝑄(𝑠𝑡)𝐾𝑖(𝑠𝑡) − 𝑁𝑖
𝐸(𝑠𝑡) −  𝑁𝑖

𝐹(𝑠𝑡)]} 

 

  

 

+𝜆2[{(1 − Г𝑡
𝐸(�̅�𝑗𝑖

𝐸(𝑠𝑡+1|𝑠𝑡))}𝑄(𝑠𝑡)𝐾(𝑠𝑡) − 𝑁𝐸(𝑠𝑡)]  

 

(A1.5) 

 

 

The first-order-conditions of the maximization problem with regard to ω̅F,  ω̅̅̅E and K, 

respectively, are given by: 

 

𝜆1 =
∑ π(st+1|st)Г′F(ω̅F(st+1|st))  s𝑡+1

Ф′𝐹(�̅�𝐹(𝑠𝑡+1|𝑠𝑡)
 

 

  

(A1.6) 

 

∑ π(st+1|st)[1 − ГF(ω̅F(st+1|st))]Ф𝑗𝑖,𝑡

′𝐸 (�̅�𝑗𝑖

𝐸(𝑠𝑡+1|𝑠𝑡))(1 + 𝑅𝐸(𝑠𝑡+1|𝑠𝑡)) 
 

s𝑡+1

 

 

  

(A1.7) 

+𝜆1Ф𝐹(�̅�𝐹(𝑠𝑡+1|𝑠𝑡)Ф𝑗𝑖,𝑡

′𝐸 (�̅�𝑗𝑖

𝐸(𝑠𝑡+1|𝑠𝑡))(1 + 𝑅𝐸(𝑠𝑡+1|𝑠𝑡) 

−𝜆2Г′F(ω̅F(st+1|st)) = 0 

 

∑ π(st+1|st)[1 − ГF(ω̅F(st+1|st))]Ф𝑗𝑖,𝑡

𝐸 (�̅�𝑗𝑖

𝐸(𝑠𝑡+1|𝑠𝑡))(1 + 𝑅𝐸(𝑠𝑡+1|𝑠𝑡)) 
 

s𝑡+1

 

 

+𝜆1 [Ф𝐹(�̅�𝐹(𝑠𝑡+1|𝑠𝑡)Ф𝑗𝑖,𝑡

𝐸 (�̅�𝑗𝑖

𝐸(𝑠𝑡+1|𝑠𝑡)) (1 + 𝑅𝐸(𝑠𝑡+1|𝑠𝑡)) − (1 + 𝑅(𝑠𝑡))] 

 

  

(A1.8) 

+𝜆2 [1 − ГF(ω̅F(st+1|st))] = 0 

 

Inserting (A1.6) into (A1.7) and simplifying yields: 

 

𝜆2 = 

 

∑ π(st+1|st)[1 − ГF(ω̅F(st+1|st))]Ф𝑗𝑖,𝑡

′𝐸 (�̅�𝑗𝑖

𝐸(𝑠𝑡+1|𝑠𝑡))(1 + 𝑅𝐸(𝑠𝑡+1|𝑠𝑡)) 
 s𝑡+1

Г′F(ω̅F(st+1|st))
 

 

  

(A1.9) 

+

∑ π(st+1|st))]Г′F(ω̅F(st+1|st))Ф𝐹(�̅�𝐹(𝑠𝑡+1|𝑠𝑡)Ф𝑗𝑖,𝑡

′𝐸 (�̅�𝑗𝑖

𝐸(𝑠𝑡+1|𝑠𝑡))(1 + 𝑅𝐸(𝑠𝑡+1|𝑠𝑡)) 
 

s𝑡+1

Г′F(ω̅F(st+1|st))Ф′𝐹(�̅�𝐹(𝑠𝑡+1|𝑠𝑡)
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Inserting into (A1.8) yields equation (14) in the main text, i.e.: 

 

0 = ∑ 𝜋(st+1|st) 

 

{[1 − Г𝑡
𝐹 (�̅�𝑖

𝐹(𝑠𝑡+1|𝑠𝑡))] Ф𝑖,𝑡
𝐹 (𝑠𝑡+1|𝑠𝑡)[1 + 𝑅𝐸(𝑠𝑡+1|𝑠𝑡)]} 

 

+
Г𝑡

′𝐹(�̅�𝑖
𝐹(𝑠𝑡+1|𝑠𝑡))

Ф𝑖,𝑡
′𝐹 (�̅�𝑖

𝐹(𝑠𝑡+1|𝑠𝑡))
Ф𝑖,𝑡

𝐹 (𝑠𝑡+1|𝑠𝑡)Ф𝑖,𝑡
𝐸 (𝑠𝑡+1|𝑠𝑡)[1 + 𝑅𝐸(𝑠𝑡+1|𝑠𝑡)] 

 

−
Г𝑡

′𝐹 (�̅�𝑖
𝐹(𝑠𝑡+1|𝑠𝑡))

Ф𝑖,𝑡
′𝐹 (�̅�𝑖

𝐹(𝑠𝑡+1|𝑠𝑡))
[1 + 𝑅(𝑠𝑡)] 

 

+
[1 − Г𝑡

𝐹 (�̅�𝑖
𝐹(𝑠𝑡+1|𝑠𝑡))] Ф𝑖,𝑡

′𝐸(𝑠𝑡+1|𝑠𝑡)

Г𝑡
′𝐸(�̅�𝑗𝑖

𝐸(𝑠𝑡+1|𝑠𝑡))
[1 − Г𝑡

𝐸 (�̅�𝑗𝑖

𝐸(𝑠𝑡+1|𝑠𝑡))][1

+ 𝑅𝐸(𝑠𝑡+1|𝑠𝑡)] 
 

+
Г𝑡

′𝐹(�̅�𝑖
𝐹(𝑠𝑡+1|𝑠𝑡))Ф𝑖,𝑡

𝐹 (𝑠𝑡+1|𝑠𝑡)Ф𝑖,𝑡
′𝐸(𝑠𝑡+1|𝑠𝑡)

Ф𝑖,𝑡
′𝐹 (�̅�𝑖

𝐹(𝑠𝑡+1|𝑠𝑡)) Г𝑡
′𝐸(�̅�𝑗𝑖

𝐸(𝑠𝑡+1|𝑠𝑡))
[1 − Г𝑡

𝐸 (�̅�𝑗𝑖

𝐸(𝑠𝑡+1|𝑠𝑡))] [1

+ 𝑅𝐸(𝑠𝑡+1|𝑠𝑡)], ∀𝑗𝑖. 

(A1.10) 
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