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Abstract 

This thesis proposes a different explanation than the common finance literature on the 

observation of increasing gold reserves of central banks and nations. Instead of arguing gold’s 

hedging capabilities, we explain this phenomenon by the nation’s rational to reduce its equity 

financing costs. The mechanism behind is that gold reserves signal monetary credibility, 

thereby influencing investors’ perception on the nation’s domestic currency value. Adopting 

Bolton and Huang’s (2018) paper “The Capital Structure of Nations”, we derive under which 

circumstances the acquisition of gold is beneficial as well as its implications on the nation’s 

optimal capital structure. 
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1. Introduction 

Whether it is the excessive money printing by the four greatest central banks in the last decade 

(Reuters, 2018), China’s biggest ever international bond sale of $6 billion in 2019 (Reuters, 

2019/09), or the most recent plan of the ECB to print €1 trillion in 2020 to stem the coronavirus’ 

impacts and losses (Reuters, 2020), they all share a common ground – the capital structure of 

nations. 

Similar to firms, countries have different financing options at their disposal to fund public 

investments, support domestic economic sectors and ensure the standard of living of their 

citizens. Nation’s either fall back on internal funding via taxes or use external channels by 

means of foreign currency debt (bond sales) and domestic currency debt (money issuances).  

But what are the country’s considerations behind the respective financing decisions and which 

factors need to be taken into account? To give perspective to these more and more pressing 

questions in light of the aforementioned developments, Bolton and Huang (2018) published the 

paper “The Capital Structure of Nations”, which forms the basis of our thesis. 

An important idea Bolton and Huang (2018) put forward is to draw comparisons between 

countries’ and firms’ capital structure. In particular, they use the analogy first been made by 

Sims (2001) and Cochrane (2005) that fiat money of nations is treated as equivalent to equity 

of companies. This concept allows to transfer basic corporate finance theories to nations’ 

investment decisions. First, fiat money is issued by countries in exchange for investments or 

expenditures, similar to the principle of shares in firms. Second, what dilution costs are to firms, 

inflation costs are to nations. While the former occurs when undervalued stocks are issued, 

current fiat money holders suffer from the latter when the additional output through the 

monetary financed investment leads to a loss in purchasing power. 

Turning to the theoretical model, Bolton and Huang (2018) establish a framework comprising 

three periods in which a representative nation is run by a risk neutral agent that maximises the 

utility of residents’ life time consumption. To enhance the consumption level, the nation has 

the opportunity to undertake an investment in period 0 which improves the productivity of 

companies. Financed is the investment by either the issuance of domestic currency claims in 

period 0 or by foreign currency debt which translates into an output obligation in period 2. In 

period 1, consumers and firms are equipped with goods and fiat money respectively. As 
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production requires the residents’ initial endowment of goods, firms purchase the latter which 

in turn enables the consumers to buy the final product in period 2. Hence, money serves two 

purposes, as a store of value and as a medium of exchange. Finally, Bolton and Huang (2018) 

include uncertainty to the model setup by including a stochastic process to the nation’s realised 

output. 

Commencing the analysis under the assumption of a frictionless economy, Bolton and Huang 

(2018) prove that the Modigliani-Miller Theorem holds for nations. Meaning, irrespective of 

the financing method, the same expected consumer utility is obtained (see Modigliani and 

Miller, 1958). Given the economic setting, this irrelevance theorem combines in a reduced-

form framework the concepts of Ricardian Equivalence (Barro, 1974) and of the Fiscal Theory 

of the Price Level (Sims, 2001 and Cochrane, 2005). The former states that consumers are 

forward-looking, and hence internalise the budget constraint of the government when making 

consumption decisions. As a result, the method of financing for a given governmental spending 

pattern does not affect consumers’ decision making. In contrast, the Fiscal Theory of the Price 

Level formulates the dependency between monetary policies and their effect on prices. In this 

context, Bolton and Huang (2018) show that the Modigliani-Miller Theorem for nations directly 

implies the classical quantity theory of money, stating that the price level in an economy is 

proportional to the money supply. 

After illustrating the general dynamics in a perfect market setting, Bolton and Huang (2018) 

allow for a more realistic analysis of the nation’s funding choices by introducing two frictions. 

First, the nation faces suboptimal costs when relying on foreign currency funding because of 

the classic limited willingness to repay problem. In detail, sovereigns may prefer to default on 

their debt obligations and even incur expected default costs rather than repay obligations if the 

realised output is too low. The second friction is the presence of dilution costs when the nation 

uses money printing to repay foreign investors. These costs materialise as foreign investors and 

residents have different beliefs on future inflation, and thus on the value of the domestic 

currency. In general, foreign investors become more sceptical about future currency 

debasements the more the representative nation relies on monetary financing. It follows that, in 

case foreign investors fear inflation, they may demand higher domestic currency claims than 

residents deem appropriate for a given investment. 

The lack of investors’ confidence in currencies due to excessive monetary policies describes a 

relevant issue of nations in the real world. In 2013, for example, the United States’ overly use 
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of money printing led to a Chinese official asking the USA to slow down the program as 

otherwise the world would lose confidence in the US-Dollar (Reuters, 2013).  

In light of the two frictions, Bolton and Huang (2018) derive the representative nation’s optimal 

capital structure by trading off dilution costs stemming from equity financing versus expected 

default costs that are associated with foreign currency debt. The idea of balancing financing 

costs is similar to the Trade-off Theory proposed by Kraus and Litzenberger (1973). In their 

paper, companies decide on the optimal debt ratio by comparing deadweight costs of 

bankruptcy with tax saving benefits. 

Lastly, Bolton and Huang (2018) examine the impact of inherited debt on the investment 

decision per se, i.e. does outstanding debt distort the nation’s efficient investment decision such 

that debt overhang occurs. 

Regarding the capital structure of countries, another development that attracts attention 

nowadays are the excessive gold purchases by nations in the last years (Reuters, 2019/01 and 

European Central Bank, 2019/11). Different economies are part of this trend, ranging from 

emerging nations like Kazakhstan to the rising superpower China. While the finance literature 

reasons the accumulation of gold reserves by its hedging capabilities, we use the framework of 

Bolton and Huang (2018) to propose a different explanation. Namely, countries purchase gold 

to reduce their equity financing costs. The mechanism behind is that investors perceive gold 

holdings as an indicator of stability, monetary credibility and solvency (e.g. Deutsche 

Bundesbank & Thiele, 2019 or Dutch National Bank, 2019). Under this assumption, foreign 

investors are less cautious about future inflation, and thus demand less domestic currency for a 

given investment. 

Adapting the framework of Bolton und Huang (2018), we expand the model’s timeline to four 

periods, where in period -1 the representative nation now buys an exogenous amount of gold. 

While the basic economic set up is equivalent to Bolton and Huang (2018), the gold purchase 

is financed via an absolute tax on residents’ initial endowment. Therefore, the final production 

of the gold-holding nation is smaller compared to the standard nation. 

Following the benchmark paper, we proof that the Modigliani-Miller Theorem as well as the 

quantity theory of money remains valid in our model adaptation. Given the gold expense, 

however, it is straightforward that in a perfect market setting gold acquisition is suboptimal. 
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Proceeding with the inclusion of frictions, the model is now not only enriched by the limited 

willingness to repay problem and the willingness to inflate problem but also introduces the 

sensitivity of foreign investors towards nations’ gold reserves. As mentioned, gold reserves 

increase the trust in the nation’s monetary system, and hence elevate the value of the domestic 

currency. Taking investors’ belief formation into account, the representative nation can trade 

off gold purchasing costs ex-ante against a reduction in dilution costs. 

After deriving the impact of gold on the nation’s financing costs, we establish a benchmark 

case with realistic values. This approach allows us to highlight the different dynamics involving 

the gold acquisition and facilitates the analysis on the optimal capital structure of nations. 

Specifically, we show that a gold purchase can increase the consumer payoff under an equity 

financed investment, whereas the nation is worse off when financing the investment via foreign 

currency debt. The reason behind this finding is that gold reserves in our model only serve the 

purpose of reducing dilution costs but have no effect on expected default costs. Continuing the 

analysis on mixed financing strategies, not only do our findings on gold’s optimality hold but 

also allow for the deduction of the nation’s optimal capital structure. 

Finally, we consider the possibility of inherited debt and its impact on the nation’s incentive to 

acquire gold. If the nation decides to finance the investment via foreign currency debt, the 

representative nation is better off to disregard gold reserves. In contrast, under an equity 

financed investment, we find that debt overhang and the purchase of gold are two separate 

issues the nation faces. 

This thesis contributes to the existing literature by adding a different perspective to the 

worldwide accumulation of gold reserves of countries in the recent years. Instead of focussing 

on the gold’s property of being a “safe haven” asset (e.g. Baur & Lucey, 2010), we explain the 

increase in gold purchases by nations’ rational to reduce investment financing costs. 

Furthermore, we examine the implications this dynamic has on the optimal capital structure of 

nations. In other words, in which situations and for what financing choice is a gold purchase 

advisable. Referring to our results, we find that especially emerging nations fit the attributes 

that make gold acquisitions favourable. 

The paper proceeds as follows. Section 2 provides a comprehensive review of literature on 

capital structure and investor behaviour. Section 3 presents the theoretical model and key 

findings of Bolton and Huang (2018). Section 4 gives a brief introduction into the value of gold. 
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Section 5 shows the underlying idea of our adaption and its implementation. Section 6 

introduces the benchmark case to highlight and evaluate arising dynamics. Section 7 discusses 

gold and its impact on potential debt overhang. Finally, section 8 shows the model’s limitation 

and highlights further research areas. A summary and concluding remarks are provided in 

section 9. 
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2. Literature Review 

Optimal capital structure is a widely and often discussed topic in the finance literature, 

addressing the perfect mix between equity and debt to finance investments. Contributions such 

as Modigliani and Miller (1958) or Myers and Majluf (1984) have had a lasting influence and 

are frequently quoted until today.  

In their first seminal article, Modigliani and Miller (1958) consider a fully efficient market that 

comprises neither taxes, nor transaction and bankruptcy costs, nor asymmetric information. 

Given these conditions, they claim that a company’s value is independent of its capital structure. 

Basis of the latter theory is that the worth of a company is just the sum of its future present cash 

flows. Furthermore, Modigliani and Miller (1958) argue that tax-deductible benefits are 

irrelevant, and instead, asset profitability and riskiness dictate firm value. Combining the above 

findings, they state their first proposition which is also known as the capital structure 

irrelevance theorem. Besides, they formulate a second proposition which claims that the cost 

of equity is an increasing function of debt. The explanation is that lowering capital costs by 

issuing cheaper debt does not work as riskiness, and thus equity costs increase. Lastly, 

Modigliani and Miller (1958) add an extension to their first proposition by claiming that the 

form of financing is independent of the profitability. However, while the first proposition refers 

to an institution, the third proposition only relates to distinct investments. 

Being closely related to Modigliani and Miller (1958), our paper demonstrates that the payoff 

of a nation’s investment is irrelevant to its financing form in a frictionless world. 

Another significant contribution in corporate finance that is related to our paper is the Pecking 

Order Theory, being initially proposed by Donaldson (1961). Later modified, it states that a 

company follows a hierarchy of financing sources to fund investments (Myers & Majluf, 1984 

and Myers, 1984). Specifically, companies prefer to use internal financing (retained earnings) 

to external financing, in which debt strictly dominates equity. The cornerstone of this claim is 

the concept of information asymmetry, which implies that the cost of financing increases with 

uncertainty. In general, company managers possess more information about performance, risk 

and prospects than external investors. Being aware of this gap in knowledge, external investors 

claim compensation for the lack of information by demanding rates of return proportional to 

the uncertainty of future events. Under the assumption that financing methods serve as a signal 

to the market, it follows that retained earnings are the cheapest source of financing. The reason 
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behind is that external funding, contrary to internal funding, involves suboptimal costs. On the 

one hand, debt issuances signal undervalued shares but come with the cost of financial distress. 

On the other hand, the issuance of equity sends the signal of overvalued stocks, and thus induces 

dilution of firm shares. Therefore, firms compare financial distress costs of debt financing with 

dilution costs arising from equity financing. While numerous papers test the Pecking Order 

Theory, findings are not conclusive. For example, the results of Shyam-Sunder and Myers 

(1999) suggest that the Pecking Order Theory is a fitting guideline for firms’ financing methods. 

In contrast, Frank and Goyal (2003) find evidence for inconsistencies of the Pecking Order 

Theory, especially for small firms. 

Similarly, our paper addresses the optimal capital structure of nations by laying focus on the 

interaction between the choice of financing and its influence on foreign investor compensations. 

Considering the overall consumption level of residents, we establish a hierarchy of funding 

strategies for given levels of investment. 

The vast majority of studies discuss the optimal capital structure on a company level, like those 

mentioned above. However, countries and firms display similarities regarding their capital 

structure such that corporate equity and fiat money may be treated analogously (Bolton & 

Huang, 2018). The first literature that draws this link was in papers of the Fiscal Theory of the 

Price Level (Sims, 2001 and Cochrane, 2005). By allowing the comparison, classical theories 

concerning capital structure are not only applicable to firms, but also to sovereigns (Bolton, 

2016). For example, Bolton (2016) highlight the parallelism between dilution costs and 

inflation costs. By definition, dilution costs occur when a company issues stocks below their 

intrinsic value and current shareholders subsequently experience dilution of their ownership. In 

terms of sovereigns, domestic residents encounter a loss of purchasing power when issuances 

of domestic currency exceed the resulting output increase. Therefore, dilution costs and 

respectively inflation costs are nothing other than wealth transfer. 

Although Sims (2001) and Cochrane (2005) make comparisons between corporate equity and 

fiat money in their respective work, they do not touch upon optimal financing of nations. 

Eichengreen, Hausmann and Panizza (2003), however, examine sovereign foreign currency 

debt issues. Introducing the term “original sin” that describes a nation’s inability to borrow 

money from international investors in its domestic currency, they conclude that developing 

countries are especially prone to such phenomenon. In this context, Bolton (2016) compares 

start-ups to developing countries dealing with the “original sin” in his presidential address. He 



12 

 

mentions that these companies face similar problems, as they are restricted to external debt as 

their primary source of funding. Only with the passage of time and rising creditworthiness, 

other funding options become available. 

Connecting to Eichengreen, Hausmann and Panizza (2003), another paper which explores the 

borrowing capabilities of developing countries in the international environment is Eaton and 

Gersovitz (1981). In their setting, borrowers do not face direct costs when repudiating their 

debt. However, defaulting and bankruptcy may eventually result in a permanent exclusion from 

capital markets. This uncertainty of repayment limits the ability of governments, especially 

poor ones, to borrow. Nevertheless, Kovrijnykh and Szentes (2007) find that lenders have an 

incentive to let borrowers regain access to the capital market under certain conditions. 

Furthermore, Bulow and Rogoff (1989) show that small countries need to face direct sanctions 

in case of defaulting since they simply cannot establish a reputation of repayment. 

In our framework, the above-mentioned issues are captured by allowing for the limited 

willingness to repay problem when nations issue foreign currency debt as well as for potential 

dilution costs that arise from equity financing. Moreover, we emphasise the importance for 

emerging countries to reduce equity financing costs as their ability to borrow in foreign 

currency is limited. 

Since countries’ economic performance and growth are dependent on liquidity (Stulz, 2005), 

the final subject relevant to our paper is how nations lay incentives and stand out to foreign 

investors. 

Kharas (1984) finds evidence that the creditworthiness of developing countries is strongly 

correlated with the ratio of obligations to their respective GDP. In other words, the nation’s 

output has a direct impact on its ability to raise funds internationally. Therefore, the economic 

force of the nation is a crucial determinant to investors. 

Furthermore, there is extensive literature on the influence of institutional quality on private 

investments, implicating effects on the composition of countries’ capital structure (e.g. Mauro, 

1995; Porta et al., 1997; Stulz, 2005 or Tong & Wei, 2011). For example, Porta et al. (1997) 

show that property rights and legal rules, which ensure investor protection, play a vital role in 

capital markets. Specifically, they observe in a sample of 49 countries that both equity and debt 

markets draw fewer funds if people are exposed to legal and institutional risks. 

Regarding the determinants of investors’ decision making, studies have also recognised the 

importance of cognitive processes. On the one hand, the groundbreaking work of Von Neumann 
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and Morgenstern (1944) establishes the Expected Utility Theory, thereby assuming that people 

are strictly acting rationally. On the other hand, more recent studies like Kahnemann and 

Tversky (1979) find evidence on behavioural anomalies. In order to explain inconsistent 

preferences, they establish an alternative model, the Prospect Theory. In detail, they analyse 

decision-making under risk and create a setting to account for certainty- and isolation effects. 

While distortions are caused by a range of cognitive and emotional processes, their 

understanding of belief formation gave rise to numerous papers on perceived probabilities and 

probability distributions (e.g. Benartzi & Thaler, 1995). 

One problem that arises due to irrational behaviour is, for example, the “self-fulfilling 

prophecy”. For nations, latter translates into self-fulfilling debt crises when trying to borrow 

foreign currency debt (e.g. Calvo, 1988; Cole & Kehoe, 2000; Burnside et al., 2001; Grauwe & 

Ji, 2013 or Cohen & Villemot, 2015). In principle, the self-fulfilling debt crisis occurs when 

investors have an excessive fear of nations’ default such that resulting irrational investment 

decisions increase this very default. 

On a related note, market participants presumably share common misconceptions regarding 

financials. Hirshleifer, Subrahmanyam and Titman (2006) state that a large number of investors 

apply methods that are neither based on empirical findings nor conceptual frames. 

In consideration of belief formation, we suppose different expectations of market participants, 

as already laid out by various papers in finance literature (e.g. Scheinkman & Xiong, 2003; 

Hong et al., 2006 or Dittmar & Thakor, 2007). Moreover, we take irrational behaviour into 

account by assuming that foreign investors perceive nations’ gold reserves as a symbol of 

monetary credibility and currency stability. 
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3. Standard Model 

Referring to the original model of Bolton and Huang (2018), the framework is a nation with an 

open economy comprising a continuum of identical consumers and firms which act in a 

perfectly competitive market environment. Sphere of action is captured in three distinct periods, 

constituting the life-cycle of an indefinitely living nation. 

 

 

 

 

 

 

At the beginning (𝑡 = 0), the nation has the opportunity to increase its productivity, and thus 

final output by means of an investment 𝑘 >  0. Moreover, consumers and firms are equipped 

with an initial endowment of goods and fiat money, respectively, opening up the possibility of 

future trading. 

In the subsequent period (𝑡 = 1), the resources mentioned above are allocated between 

consumption and inputs for production. Specifically, consumers and companies face the 

decision of either hanging on to their endowments or coming to an agreement where consumers 

sell their goods to firms against cash. 

Finally (𝑡 = 2), the output is realised and can be purchased by consumers via money gained 

through trades in the intermediate period. 

Taking a closer look at the economy in periods 1 and 2, suppose for now that no investment k 

has been made. According to Bolton and Huang (2018), consumers are presumably risk-neutral 

and maximise total lifetime consumption. Normalising minimum subsistence consumption per 

period to zero, the representative consumer utility function is represented by: 

𝑈(𝑐1, 𝑐2) = 𝑐1 + 𝑐2 , 

where consumption preferences lie in the future, i.e.  ≤  1. As pointed out, consumers possess 

an initial endowment of goods 𝑤, which can either be stored or sold off to firms in period 1. 

𝑡 = 0 𝑡 = 1 𝑡 = 2 

Nation 

invests 𝑘 

Allocation between 

consumption and input 
Output realised 

and consumed  
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However, the former case is associated with depreciation costs of 𝑑 <  1, leading to an overall 

resource amount of 𝑑𝑤 in period 2.1 

In contrast, companies use consumption goods as input for production. The representative 

production function denotes: 

𝑦 ≡ 𝑓(𝑥) , 

with 𝑓′ > 0 and 𝑓′′ < 0, where the quantity of inputs is given by 𝑥 and a productivity shock is 

represented by  ∈ [𝐿 , 𝐻] with 𝐻 > 𝐿 > 0. To allow for a working economy, firms may use 

their initial endowment of fiat money 𝑚 > 0 to purchase consumers’ resources at date 1. In 

turn, consumers are then able to buy the final product provided by companies in period 2. 

Besides, firms are owned by entrepreneurs whose main objective is to maximise the final 

output. The explanation for this maximisation rationale is the assumption that entrepreneurs’ 

consumption in period 2 is a fraction of their production volume. However, to simplify the 

model with respect to the parameters, it is presumed that 𝑓(𝑥) is the net output brought onto 

the market. 

Given these economic dynamics, the central planner’s intertemporal optimisation problem is 

formally expressed by: 

max
𝑥≥0

[ (𝑤 − 𝑥) + 𝜃𝑓(𝑥)] , 

with 𝜃 =  𝐸(𝜃). 

To find a solution to this optimisation problem, Bolton and Huang (2018) introduce the first 

fundamental assumption: 

Assumption A1 

𝑥𝑓′(𝑥) ≥ 𝑓(𝑥) for all 𝑥 ≤ 𝑤 , 

 

thereby establishing an optimum in which 𝑥 = 𝑤. Verbalised, period 1 is entirely used for 

production while all of the consumption occurs in period 2. To ensure a competitive market 

equilibrium, firm’s optimal choice necessitates the condition that all money 𝑚 is used to 

purchase the entire consumer endowment 𝑤 in period 1, whereas consumers have to spend their 

entire earnings to buy companies’ whole output 𝑓(𝑤) in period 2. Letting the price of goods 

 
1 Without loss of generality, 𝑑 = 𝛽 for further analysis. 
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in period 1 be given by 𝑝1 = 𝑚/𝑤 and in period 2 by 𝑝2( ) = 𝑚/[𝑓(𝑤)], the condition of a 

competitive market equilibrium is indeed fulfilled. 

To prove this finding, Bolton and Huang (2018) consider first the case where consumers sell 

𝑥 < 𝑤, and thus consume a fraction of their goods with 𝑐1 = 𝑤 − 𝑥. The expected lifetime 

payoff denoted by: 

 (𝑤 − 𝑥) + 𝐸 [
1

𝑝2( )
] 𝑝1x =  (𝑤 − 𝑥) +

𝜃𝑓(𝑤)𝑥

𝑤
< 𝜃𝑓(𝑤) , 

highlights that consuming part of the endowment in period 1 is a suboptimal choice, where the 

inequality is directly derived from Assumption A1. 

In the second case, suppose that the representative firm purchases fewer inputs in the first 

period, and hence holds on to some cash. As a consequence, the company is only able to produce 

𝜃𝑓(𝑥), and the value of its overall cash stock in period 2 is given by: 

(𝑚 − 𝑝1𝑥) + 𝐸[𝑓(𝑥)𝑝2( )] . 

Formulating the choice of firms differently, for any 𝑥 ≤ 𝑤, companies can at the margin either 

hold 𝑝1 in money or purchase an additional unit of input. In the latter scenario, the resulting 

incremental expected output 𝜃𝑓′(𝑥) can be sold at an expected price 𝐸[𝑝2( )] in period 2. 

Therefore, purchasing all of the consumers’ endowments is optimal for the firm if: 

𝐸[ 𝑝2( )]𝑓′(𝑥) ≥ 𝑝1, for all 𝑥 ≤ 𝑤 . 

Substituting for 𝑝1 and 𝑝2 leads to: 

𝐸 [
𝑚

𝑓(𝑥)
 ] 𝑓′(𝑥) ≥

𝑚

𝑤
 , 

which is fulfilled under Assumption A1 for all 𝑥 ≤ 𝑤. 

Therefore, the equilibrium constitutes that companies use their whole endowment 𝑚 for 

acquiring all resources in period 1 while consumers spend the entire saving 𝑚 to purchase all 

of the output produced in period 2. 

Moreover, Bolton and Huang (2018) illustrate that the quantity theory of money holds in this 

particular set up, i.e. the price level is proportional to the quantity of money in its economy 

(Friedman, 1969). On closer inspection of the value of money in period 2: 
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1

𝑝2( )
=

𝑓(𝑤)

𝑚
 , 

it is apparent that doubling the quantity of money 𝑚 results in twice the prices for goods in 

period 1, and thus halves the value of money in the second period. 

 

3.1 The Modigliani-Miller Theorem for Nations 

After establishing a general framework, Bolton and Huang (2018) continue by deriving the first 

vital theorem of the model: The Modigliani-Miller Irrelevance Theorem for nations. This 

theorem can be regarded as a combination of the Ricardian Equivalence (Barro, 1974) and the 

Fiscal theory of the price level (Cochrane, 2005) in a reduced-form solution. 

Unlike in the previous section, this theorem is developed by enabling the representative nation 

to undertake an investment 𝑘 at date 0 which increases firms’ output by a factor 𝑄(𝑘) with  

𝑄(0) = 1, 𝑄′ > 0 and 𝑄′′ < 0. To avoid triviality of the investment, Bolton and Huang (2018) 

add the restriction of a positive net present value (NPV): 

[𝑄(𝑘) − 1]𝜃𝑓(𝑤) > 𝑘 . 

Note that throughout the analysis, they simplify the notation to 𝑄(𝑘)𝑓(𝑤) =  (𝑘, 𝑤). 

The nation finances 𝑘 via international capital markets at a world price normalised to 1, which 

is a standard assumption in analyses of open economies. Investors are compensated for funding 

𝑘 by either being promised part of firms’ final output in period 2 or by receiving domestic 

currency claims at date 0. While the former case represents debt in foreign currency, the latter 

case can be seen as equity financing and is associated with a money issuance of 0𝑚. In this 

context, Bolton and Huang (2018) formulate their second important assumption: 

Assumption A2 

𝜃𝐿 > 𝑘 . 

 

Put into words, the nation is always able to meet its foreign currency obligations regardless of 

the state of the world. Moreover, Bolton and Huang (2018) postulate for this section that the 

nation can commit not to increase its money base after issuance 0𝑚 as well as not to default 

on its foreign currency obligations. Thus, suboptimal equilibria which may arise due to 
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commitment problems are avoided. Taking these premises into account, Bolton and Huang 

(2018) develop the first theorem: 

Theorem 1 

When there are no frictions in international capital markets it is equivalent to finance the 

investment k with either a domestic currency debt or money issue, a foreign currency debt issue, 

or any combination of foreign and domestic debt and money financing. 

 

To illustrate this statement, consider first the foreign currency debt case in which the 

representative nation raises 𝑘 from risk-neutral investors against an output compensation of 

𝐷 = 𝑘 at date 2. The resulting reduction in final output brought onto the market then changes 

the price level in period 2 to: 

𝑝2( ) =
𝑚

[ − 𝑘]
 . 

Evaluating the utility of debt financing, the representative consumer problem in period 1 is 

formally expressed by: 

max
𝑥≥0

{ (𝑤 − 𝑥) + 𝑝1𝑥𝐸 [
1

𝑝2( )
]} = max

𝑥≥0
{ (𝑤 − 𝑥) + 𝑥

𝜃 − 𝑘

𝑤
} . 

Given the fact that 𝑄(𝑘) > 1, it is evident that the optimal choice of the consumer is to set  

𝑥 = 𝑤 such that the consumer payoff reduces to: 𝜃 − 𝑘. 

Proceeding with the equity case, namely paying domestic currency claims via issuance of 

money 0𝑚 in period 0, the necessary condition is that foreign investors are sufficiently 

compensated for capital 𝑘. On this account, Bolton and Huang (2018) state that foreign 

investors in expectation must at least be able to purchase a fraction of firms’ final output equal 

to the provided funds, i.e.: 

0𝑚 = 𝐸[𝑝2( )]𝑘 . 

Taking the increase of the money base into consideration, the period 2 price level is: 

𝑝2( ) =
𝑚(1 + 0)


 , 

and the consumer problem in period 1 can be described by: 
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max
𝑥≥0

{ (𝑤 − 𝑥) + 𝑝1𝑥𝐸 [
1

𝑝2( )
]} = max

𝑥≥0
{ (𝑤 − 𝑥) + 𝑥 [



𝑓(𝑤)(1 + 0)
]

𝜃𝑓(𝑤)

𝑤
} . 

As verified later, suppose for now that the positive net present value condition can be rearranged 

to: 



𝑓(𝑤)(1 + 0)
≥ 1 . 

It is then straightforward that the optimal choice of the representative consumer is again to set  

𝑥 = 𝑤. Therefore, the consumer payoff simplifies to: 

𝜃

1 + 0
 . 

Reasoned by the fact that the nation is supposedly indifferent concerning the form of financing, 

payoffs of the representative consumer have to be equal: 

𝜃

1 + 0
= 𝜃 − 𝑘 , 

or: 

0 =
𝑘

𝜃 − k
 . 

To affirm this equivalence, reconsider the incentive constraint of foreign investors: 

0𝑚

𝐸[𝑝2( )]
= 𝑘 , 

and substitute for the expected price level in period 2: 

𝐸[𝑝2( )] =
𝑚(1 + 0)

𝜃
 . 

Indeed, the substitution also leads to: 

0 =
𝑘

𝜃 − k
 . 

As a final step, they verify that the condition: 



𝑓(𝑤)(1 + 0)
≥ 1 , 
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subject to 0, is equivalent to the positive NPV condition of [𝑄(𝑘) − 1]𝜃𝑓(𝑤) > 𝑘. 

Confirming the Modigliani-Miller Irrelevance Theorem for nations, one can apply this logic to 

any combination of foreign currency debt and monetary financing. Moreover, the result 

illustrates that a determining factor of the increase in money supply 0 in period 0 is the ratio 

of investment 𝑘 to the total expected net output 𝜃 − k. In other words, the growth in money 

supply is proportional to the growth in real output. 

Furthermore, Bolton and Huang (2018) show that the Modigliani-Miller Theorem for nations 

directly implies the validity of the quantity theory of money. Latter becomes evident by 

allowing for the fact that 𝑝2 and 𝐸[𝑝2] are linear functions of 𝑚, and that 0 is independent of 

𝑚. Identical to the case without investment, doubling the amount of money 𝑚 in the economy 

leads to twice the price of goods in period 1 and halves the value of money in period 2. Thus, 

the nation would be required to print 20𝑚 in period 0 to compensate foreign investors for a 

given investment 𝑘. 

Corollary 1 

When there are no frictions in capital markets, the classical quantity theory of money holds. 

 

However, it is worth highlighting that the optimal quantity of money in period 1 and 2 is 

indeterminate as goods are invested productively in period 1, and hence the value of money 

rises over time. 

 

3.2 Optimal Capital Structure for Nations 

Examining the optimal financing strategy of the representative nation further, Bolton and 

Huang (2018) proceed by expanding the framework of an open economy by two imperfections. 

First, the commonly known limited willingness to repay problem is adopted. Caused by the 

incentive to only meet foreign currency obligations in case default costs are higher than 

outstanding claims, the nation may not be able to credibly promise repayments to foreign 

investors. In turn, foreign investors anticipate the potential risk of financial loss and demand 

higher compensation per unit invested ex-ante. As a consequence, the representative nation is 
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ultimately constrained in the total amount of funding as well as faces higher costs when relying 

on foreign currency debt. 

The second imperfection introduced is the so-called “nation’s willingness to inflate problem”. 

Similar to the first friction, the nation is not able to credibly promise to limit inflation once 

foreign investors receive domestic currency claims. In regards to corporate finance literature, 

the arising problem is best described with dilution costs where shareholders suffer from new 

issuances as existing shares decrease in value. Analogously, foreign investors fear future 

currency debasement when holding domestic currency obligations. As investors expect the 

representative nation to print money later on, this eventually forces the nation to issue 

undervalued domestic currency claims ex-ante. 

Considering these frictions, the nation trades off the cost of foreign currency debt caused by the 

limited willingness to repay problem against the cost of undervalued domestic currency 

issuances stemming from the perceived risk of money debasement. 

 

3.21 Equity Financing and Inflation Costs 

Examining the case where the nation finances investment 𝑘 with domestic currency claims 

through money issuance, it is straightforward that investors demand more or less money 

depending on the probability of future inflation. However, Bolton and Huang (2018) assume 

that at the time of the investment, it is uncertain whether a monetary-dove or a monetary-hawk 

government controls the nation at the end of period 1.2 

 

 

 

 

 

 

To fund future domestic consumption, a monetary-dove government increases the money 

supply at the end of period 1 by 1(1 + 0)𝑚. While price levels in period 1 remain unchanged, 

this money increase results in higher nominal prices in period 2, and therefore is regarded as a 

 
2 For coherence, this thesis changes the timeframe of Bolton and Huang (2018) on governmental decisions. Instead 

of period 2, and without loss of validity, the policy on potential money expansion is assumed to be implemented 

at the end of period 1. 

𝑡 = 0 𝑡 = 1 𝑡 = 2 

Money issuance 0 

and belief formation 

 

Maximisation and 

policy on 1 

 

Output realised 

and consumed  
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pure transfer to domestic residents. In contrast, the monetary-hawk government chooses  

1 = 0 such that the money base stays untouched until the end of the life-cycle. 

Laying focus on the expectation of investors, Bolton and Huang (2018) continue with the 

assumption that belief formation on future government policies varies. Reason for this lies in 

the argument that domestic residents are likelier to be familiar with local affairs, whereas 

international investors are presumably more aware of global trends. As a consequence, 

domestic residents and foreign investors may have different perceptions concerning the risk of 

future inflation. Acknowledging the aforementioned informational advantages not only allows 

for a more realistic model but also enables a more tractable examination. On this account, let 

𝜆 ∈ (0, 1) be the probability by which domestic residents expect the government to be 

monetary-dove. In contrast, international investors associate the encounter of a monetary-dove 

government with the conditional probability of 𝜇(𝛿0) ∈ (0, 1) where 𝜇′ > 0. Intuitively, 

foreign investors perceive an increase in money supply 0 in period 0 as a signal of excessive 

monetary policies, and hence place higher probability on the risk of future currency 

debasement. For simplicity and without loss of generality, domestic residents are assumed not 

to display such responsiveness. Furthermore, Bolton and Huang (2018) narrow down the 

analysis to the scenario where: 

𝜇(0) = 𝜇 < 𝜆 and 𝜇(𝛿0) > 𝜆 , 

for a sufficiently large 𝛿0. 

Commencing with the simplest case, suppose that both domestic residents as well as foreign 

investors are unresponsive to changes in the money base in period 0, i.e. 𝜇′ = 𝜆′ = 0. Costs 

and benefits from monetary financing are then deducted by merely comparing the different 

belief probabilities. From the perspective of domestic residents, perceived benefits are realised 

when 𝜇 <  𝜆. The increase in the perceived purchasing power is caused by overly optimistic 

foreign investors demanding less compensation for investment 𝑘 than domestic residents deem 

appropriate. However, in case 𝜇 > 𝜆, domestic residents incur suboptimal costs reasoned by 

international investors’ seemingly excessive demand for inflation risk compensation.  

In consideration of these dynamics, Bolton and Huang (2018) formulate the following lemma: 
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Lemma 1 

When  >   , domestic residents perceive a loss in expected purchasing power from financing 

the investment k with a money issuance of: 

( − )1𝑘

1 + (1 − )1
 . 

 

To proof Lemma 1, consider the situation in which the representative nation utilises money 

issuance 0𝑚 in period 0 to finance investment 𝑘. For any realisation of , the price level in 

period 2 under a monetary-dove government is then given by: 

�̂�2( ) =
𝑚(1 + 0)(1 + 1)


 , 

and the price level in period 2 under a monetary-hawk government denotes: 

𝑝2( ) =
𝑚(1 + 0)


 . 

Accordingly, international investors claim payment for their initial investment 𝑘 such that: 

[


𝐸[�̂�2( )]
+

1 − 

𝐸[𝑝2( )]
] 0𝑚 = 𝑘 . 

Substituting price levels and rearranging yields: 

𝜃
0

1 + 0
(1 −  +



1 + 1
) = 𝑘 , 

which implies: 

0 =
𝑘(1 + 1)

[1 + (1 − )1]𝜃 − 𝑘(1 + 1)
 . 

In comparison, domestic residents value the nation’s money issuance 0𝑚 at: 

[


𝐸[�̂�2( )]
+

1 − 

𝐸[𝑝2( )]
] 0𝑚 , 

where the substitution for price levels results in: 

𝜃
0

1 + 0
(1 −  +



1 + 1
) . 
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In light of the different perceptions on money issuance 0𝑚 and given  >  , the perceived 

loss of domestic residents in purchasing power when financing investment 𝑘 via domestic 

currency claims is thus expressed by: 

( − )
𝜃0

1 + 0

1

1 + 1
 . 

Substituting 0 from above eventually leads to the equation stated in Lemma 1: 

( − )1𝑘

1 + (1 − )1
 . 

On closer inspection of this term, it is apparent that the perceived loss of purchasing power is 

lowest when there is no expansion in money supply, i.e. 1 = 0. Recalling the equation for 0 

from the proof above, money issuance in period 0 reaches its lower bound for 1 = 0 and is 

equivalent to the Modigliani-Miller Irrelevance case with no frictions: 

0 =
𝑘

𝜃 − 𝑘
 . 

In contrast, domestic residents experience the highest loss when  approaches 1, amounting to 

(1 − )1𝑘.  

 

3.22 Debt Financing and Deadweight Costs of Default 

Instead of relying on domestic currency issues, suppose now that the representative nation funds 

investment 𝑘 by borrowing in foreign currency at fair terms. Having a face value of 𝐷, this 

obligation corresponds to a promised payment in output at date 2. Nevertheless, in consideration 

of the limited willingness to repay problem, the nation can choose to default on its debt ex-post 

if feasible. According to Bolton and Huang (2018), the nation then suffers from a percentage 

loss in final output  > 0 as a consequence of associated unspecified sanctions. Therefore, the 

nation would be restricted in its production and consumption to (1 − ). 
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Formally given by:  

 − 𝐷 < (1 − ) , 

the representative nation decides to default in case the cost of punishment is smaller than its 

obligation of output to foreign investors. Rearranging this incentive constraint yields the range 

of non-credible debt: 

𝐷 >  . 

Thus, let 𝐷 ∈ (𝐿 , 𝐻) be the threshold: 

𝐷 =
𝐷


 , 

where the nation defaults for any realised  < 𝐷 and payment 𝐷 be the necessary obligation 

to just be able to raise investment 𝑘: 

𝑃𝑟( ≥ 𝐷) 𝐷 = 𝑘 . 

Subject to the above probability interval, the expected deadweight cost of foreign currency debt 

financing then denotes: 

𝑃𝑟( < 𝐷) 𝐸[ | < 𝐷] . 

Bolton and Huang (2018) recapitulate these results in the following lemma: 

Lemma 2 

When the nation finances its investment 𝑘 by issuing foreign currency debt 𝐷 it incurs expected 

deadweight default costs: 

𝑃𝑟( < 𝐷) 𝐸[ | < 𝐷] , 

where: 

𝑡 = 0 𝑡 = 1 𝑡 = 2 

Investment 𝑘 and 

promise to repay 𝐷  

 

Maximisation and 

policy on 1 

 

𝜃 realised:  

Repay 𝐷 or  

incur default costs 
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𝐷 =
𝑘

𝑃𝑟( ≥ 𝐷) 
 . 

 

Despite borrowing at fair terms, the representative nation cannot avoid deadweight costs when 

relying on foreign currency obligations due to its lack of commitment capabilities. However, it 

is essential to mention that the potential monetary expansion 𝛿1𝑚 has no impact on the nation’s 

default decision, since real output remains unchanged. Besides, an increase in money supply 

does not cause a redistribution of wealth from domestic residents to foreign investors as long 

as there are no outstanding domestic currency claims. 

 

3.23 Debt versus Equity Financing 

To facilitate the comparison between financing forms, Bolton and Huang (2018) proceed by 

limiting the productivity shock  to two distinct values with  ∈ {𝐿 , 𝐻}. In this context, let  

be the probability that a high productivity shock 𝐻 occurs such that Pr( = 𝐻) =  ∈ (0, 1), 

and thus 𝜃 ≡ 𝐻 + (1 − )𝐿.3 

Suppose for now that funds for investment 𝑘 can only be raised by either purely relying on 

equity or foreign currency obligations. On that account, optimality of the respective financing 

form is determined by simply comparing expected costs of inflation with expected costs of 

default for all possible scenarios. 

Theorem 2 

Equity is the only feasible source of financing when 𝐻 <  𝑘. When 𝐻 ≥ 𝑘 equity 

financing is always better than debt financing when  > . When  ≤  and:  

     𝐻 ≥ 𝑘 > 𝐿 ,                                                          (1) 

equity financing dominates debt financing if: 

( − )1𝑘

1 + (1 − )1
< (1 − )𝐿 .  

 

 
3 Note that closed-form solutions can be obtained under the assumption that  is uniformly distributed. However, 

reasoned by the complexity and lack of transparency, Bolton and Huang (2018) abstain from this approach. 
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To proof this finding, visualise that there are only two possible outcomes when the nation 

borrows 𝑘 using foreign currency debt: Either the nation restricts itself on the amount of 

obligations such that it is always optimal to repay foreign investors, or it takes on so much debt 

that a default is inevitable if 𝐿 is realised. 

In the former situation, the nation’s maximum credible debt promise to foreign investors 

denotes 𝐷 = 𝐿 (𝑘, 𝑤), thereby implying a necessary and sufficient condition for safe debt: 

𝐿 ≥ 𝑘 . 

However, if the above condition is not fulfilled, the nation’s debt promise to foreign investors 

necessitates 𝐷 = 𝑘/, and the condition for risky debt is given by: 

𝐻 ≥
𝑘


 . 

Note that for 𝐻 < 𝑘/ , foreign investors cannot be persuaded to hold foreign currency 

obligations as the representative nation would default with a probability of 1. 

Given the risky debt scenario, i.e. foreign currency debt is feasible but not safe, the nation risks 

the chance of default, and thus incurs expected default costs of: 

(1 − )𝐿 . 

Turning to equity, remember that the costs and benefits of monetary financing is determined by 

the perceived probability of domestic residents and foreign investors to suffer from future 

currency debasement. Therefore, foreign currency debt is only optimal in case of  ≥  with 

expected dilution costs of domestic currency issuance 𝛿0𝑚 denoting: 

( − )1𝑘

1 + (1 − )1
 . 

As a final step, the equation from Theorem 2 is obtained by a comparing the respective costs of 

debt and equity financing: 

( − )1𝑘

1 + (1 − )1
< (1 − )𝐿 . 

By closer inspection of this inequality, Bolton and Huang (2018) observe three comparative 

statics: 
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Corollary 2 

(a) Nations that have an undeserved reputation for being monetary-doves — that is, nations for 

which ( − ) is large and 1 is large — are better off financing investments through foreign 

currency denominated debt; (b) nations that face larger deadweight costs of default , or high 

investment return , are better off financing their investments by printing money or by issuing 

domestic currency claims; (c) the lower is the productivity 𝐿 in a crisis, the less the nation has 

to lose from a default; the higher is the probability of a good state, , the more likely it is that 

the nation will be able to service its foreign debt. 

 

Concerning point (b), deadweight costs of default may be exorbitantly high as default on 

sovereign debt potentially leads to a breakdown of the banking system. This is reasoned by the 

fact that, in general, banks hold a significant part of sovereign debt, and hence latter crisis 

consequently reduces the affected nation’s final output by great margin. Therefore, nations 

might fear this outcome to the extent that foreign currency debt becomes self-limited. 

In contrast, (c) highlights that for a low productivity shock 𝐿, the nation might be incentivised 

to issue risky debt. While such issuance enables the nation to achieve some consumption 

smoothing, it only involves low deadweight default costs. 

Finally, note that when  <  the nation prefers equity over debt financing, as domestic 

residents benefit at the expense of foreign investors. 

 

3.24 The Optimal Debt-Equity Ratio 

The nation also has the possibility to finance investment 𝑘 with a mix of equity and debt. Thus, 

the following section analyses the optimal combinations of domestic currency claims and 

foreign currency obligations. Furthermore, only the situation of  >  is considered. If this 

would not be the case, it would mean that the nation purely relies on monetary financing in 

order to benefit from the perceived increase in the purchasing power of domestic residents. 

 

i) Unresponsive Beliefs: 

Bolton and Huang (2018) start the examination under the assumption of unresponsive beliefs, 

i.e. ′ = ′ = 0. Given the situation of  > , it is strictly optimal for the nation to rely on as 
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much safe foreign currency debt as possible, where the maximum amount denotes 𝐷𝐿 =  𝐿 . 

Once the capacity of default-free debt is reached, the nation then has to compare expected costs 

of default with expected dilution costs from monetary financing. 

The first proposition defines the optimal debt-equity ratio for cases in which condition (1) of 

Theorem 2, namely 𝐻  ≥ 𝑘 > 𝐿 , holds: 

Proposition 1 

When  >  and condition (1) holds, it is optimal to issue a combination of safe foreign 

currency debt 𝐷𝐿 = 𝐿 and domestic currency debt [(1 + 0)(𝑘 − 𝐿 ) − 1]𝑚,  

where: 

0 =
(𝑘 − 𝐿 )(1 + 1)

[1 + (1 − )1]𝜃 − (𝑘 − 𝐿  )(1 + 1)
 , 

if: 

( − )(𝑘 − 𝐿 )1

1 + (1 − )1
≤ (1 − )𝐿 . 

Otherwise, it is optimal to finance the investment entirely with a foreign currency debt issue of 

𝐷𝐻 = 𝑘/. 

 

The proof is straightforward: Given  > , domestic currency liabilities are always associated 

with dilution costs. In contrast, as long as 𝐷 ≤ 𝐿 , the nation can entirely avoid expected 

deadweight costs of default when relying on foreign currency debt. Therefore, funding the 

investment by borrowing foreign currency until 𝐷𝐿 = 𝐿 is strictly optimal. However, in 

case safe foreign currency debt is not sufficient to finance 𝑘, and the nation is not willing to 

take on risky debt, domestic currency claims of (1 + 0)(𝑘 − 𝐿 ) need to be included. By 

netting the safe foreign currency debt from investment 𝑘, Bolton and Huang (2018) find 0 

analogue to Lemma 1: 

                                      0 =
(𝑘 − 𝐿 )(1 + 1)

[1 + (1 − )1]𝜃 − (𝑘 − 𝐿 )(1 + 1)
 .                                  (2) 

Hence, expected dilution costs of the nation on the equity financed fraction (𝑘 − 𝐿 ) denote: 

𝜃
0

1 + 0

( − )1

1 + 1
=

( − )(𝑘 − 𝐿 )1

1 + (1 − )
1

 . 
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If the nation chooses not to issue domestic currency claims but considers risky debt to finance 

𝑘, it only incurs expected default costs of (1 − )𝐿. On this account, a combination of both 

funding methods is optimal, i.e. safe debt 𝐷𝐿 = 𝐿   and monetary financing of  

[(1 + 0)(𝑘 − 𝐿 ) − 1]𝑚, when: 

( − )(𝑘 − 𝐿 )1

1 + (1 − )1
≤ (1 − )𝐿 . 

However, in case 𝑘 > 𝐻, the nation cannot rely entirely on foreign-currency financing as 

it is not able to credibly promise foreign investors to repay obligations. As a consequence, the 

representative nation has to finance part of the investment 𝑘 via domestic currency claims, and 

thus cannot avoid to face some dilution costs. Given such a scenario, the nation prefers safe 

over risky foreign currency debt subject to the following proposition: 

Proposition 2 

When   >  and 𝑘 > 𝐻, it is optimal to issue a combination of safe foreign currency debt 

𝐷𝐿 = 𝐿  and domestic currency debt [(1 + 0)(𝑘 − 𝐿 ) − 1]𝑚, where 0 is given by 

equation (2) if: 

( − )(𝑘 − 𝐿 )1

1 + (1 − )1
≤ (1 − )𝐿 . 

Otherwise, it is optimal to finance the investment with a foreign currency debt issue of  

𝐷𝐻 = 𝐻   and domestic currency debt [(1 + 0)(𝑘 − 𝜋𝐻 ) − 1]𝑚, where: 

0 =
(𝑘 − 𝐻 )(1 + 1)

[1 + (1 − )1]𝜃 − (𝑘 − 𝐻 )(1 + 1)
 , 

if: 

( − )(𝑘 − 𝐻 )1

1 + (1 − )1
≤ (1 − )𝐻 . 

 

While the first part of Proposition 2 is found analogue to Proposition 1, the second part is proven 

as follows: Consider the situation where the nation issues 𝐷𝐻 = 𝐻, thereby facing expected 

default costs of (1 − )𝐿. Given the fact that 𝑘 > 𝐻, domestic residents then also 

suffer from a perceived loss of purchasing power of: 
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( − )(𝑘 − 𝐻 )1

1 + (1 − )1
 . 

Hence, the representative nation chooses a combination of foreign currency debt 𝐷𝐻 = 𝐻  

and domestic currency claims [(1 + 0)(𝑘 − 𝐻 ) − 1]𝑚, when: 

( − )(𝑘 − 𝐻 )1

1 + (1 − )1
≤ (1 − )𝐻 , 

with: 

0 =
(𝑘 − 𝐻 )(1 + 1)

[1 + (1 − )1]𝜃 − (𝑘 − 𝐻 )(1 + 1)
 . 

Keeping in mind that 𝐿 < 𝐻, it is optimal to issue foreign currency debt 𝐷𝐿 = 𝐿  if: 

( − )(𝑘 − 𝐿 )1

1 + (1 − )1
≤ (1 − )𝐿 , 

and foreign currency debt 𝐷𝐻 = 𝐻 , if: 

( − ) (
𝑘

𝐿 − 1) 1

1 + (1 − )1
> 1 −  ≥

( − ) (
𝑘

𝐻 − 1) 1

1 + (1 − )1
 . 

In regards to Proposition 1 and 2, Bolton and Huang (2018) infer three points that influence the 

nation’s decision to avoid the risk of default by issuing a maximum level of safe foreign 

currency debt 𝐷𝐿. First, the probability of default (1 − ) for the issuance of  

𝐷𝐻 = 𝑚𝑖𝑛{𝑘/ ; 𝐻 }. Second, the unit cost of dilution ( > ). Last, the nation’s foreign 

currency debt capacity 𝜋𝐻 . However, in a case of 𝑘 > 𝐻 , meaning the nations’ debt 

capacity is exceeded, dilution costs are inevitable. Under these circumstances, the nation tends 

to circumvent default by relying less on foreign currency debt. 

 

ii) Responsive Beliefs: 

In the following, foreign investors form beliefs on facing a monetary-dove government 

depending on the amount of domestic currency claims the nation issues in period 0. In detail, 

Bolton and Huang (2018) specify foreign investors’ fear of future inflation (0) as: 

(0) =  + 0 , 

with  > 0. 
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Accordingly, the higher the domestic currency claims issued in period 0, the more foreign 

investors fear an expansion in money supply at the end of period 1. The reason is that an 

increased holding of domestic currency debt likely coincides with the nation’s intention to 

dilute these very claims via money printing in the future. However, as foreign investors 

anticipate latter motive, monetary financing in period 0 is done at the expense of the nation. 

Hence, higher responsiveness of beliefs implies higher costs borne by the representative nation. 

Putting this into a different perspective, there exists a threshold of responsiveness to money 

issuance in period 0, such that it is optimal to finance investment 𝑘 solely with foreign currency 

debt. 

Proposition 3 

When foreign investors have responsive beliefs (0) =  + 0 such that  >  and  

condition (1) holds, it is optimal to issue risky foreign currency debt 𝐷 = 𝑘/ when  ≥  ̂, 

where  ̂ is given by: 

( +  ̂0 − )(𝑘 − 𝐿 )1

1 + (1 −  −  ̂0)1
= (1 − )𝐿 . 

 

Assuming condition (1) is met, the nation ideally finances the investment by either 𝐷𝐿 = 𝐿  

or 𝐷𝐻 = 𝑘/, depending on dilution costs versus expected costs of default. Granted that the 

nation faces foreign investors with responsive beliefs, dilution costs that arise when issuing safe 

foreign currency debt 𝐷𝐿 denote: 

( − )(𝑘 − 𝐿 )1

1 + (1 − )1
=

( + 0 − )(𝑘 − 𝐿 )1

1 + (1 −  + 0)1
 , 

where 

𝜃
0

1 + 0
(1 −  − 0 +

 + 
0

1 + 1
) = (𝑘 − 𝐿 ) . 

For further proof, recall that issuing risky foreign currency debt 𝐷𝐻 = 𝑘/𝜋 is associated with 

expected default costs of (1 − )𝐿 . Given  =  ̂, the nation is then indifferent between 𝐷𝐻 

and 𝐷𝐿 with: 
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( +  ̂0 − )(𝑘 − 𝐿 )1

1 + (1 −  −  ̂0)1
= (1 − )𝐿 . 

Accordingly, risky foreign currency debt is preferred when  >  ̂. 

Hitherto, Bolton and Huang (2018) assume that beliefs of foreign investors are responsive to 

monetary financing whereas domestic residents’ expectations remain fixed. Consider now the 

situation where both parties are equally responsive to changes in money supply: 

(0) =  + 0 and (0) =  + 0 , 

with  > . Rearranging yields: 

(0) − (0) =  −  . 

As beliefs are constant, Proposition 1 still applies with the exception of replacing ( > ) with 

( > ). 

Nonetheless, one crucial aspect has to be taken into consideration regarding responsive beliefs. 

That is, domestic currency financing might not be viable at a sufficiently high level of 

responsiveness. To illustrate this issue, consider the extreme case where (0) = 1 for a 

sufficiently large increase in the money base in period 0. In order to finance the investment 

(𝑘 − 𝐿 ), domestic currency needs to be issued such that: 

𝐸 [
1

�̂�2( )
] 0𝑚 ≥ 𝑘 − 𝐿 , 

with: 

𝐸[�̂�2( )] =
𝑚(1 + 0)(1 + 1)

 (𝜃 − 𝐿)
 . 

Substituting yields: 

 ( 𝜃 − 𝐿)
0

1 + 0
≥ (𝑘 − 𝐿 )(1 + 1) . 

Note that this condition does not apply in case 1 is too large. 

The above discussion is summarised in the following proposition: 
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Proposition 4 

When foreign investors have responsive beliefs such that (0) = 1 for a finite 0, it is not 

possible to issue sufficient domestic currency liabilities to fund 𝑘 − 𝐿 , when 1 is 

sufficiently large. 

 

Overall, Bolton and Huang (2018) illustrate two fundamentally different economic forces in 

conjunction with equity financing. On the one hand, the representative nation and its residents 

may incur inflation costs due to a wealth transfer to foreign investors. On the other hand, the 

nation suffers from credibility issues linked to the ability to depreciate domestic currency claims 

as well as financial constraints. 

 

3.3 Debt Overhang 

Finalising the summary, Bolton and Huang (2018) examine whether the representative nation 

has an incentive to raise funds for investment 𝑘 in case there are already foreign currency 

obligations 𝐷0 in period 0 in place. 

 

i) Equity Financing: 

To commence with the simplest case, suppose that the outstanding debt 𝐷0 is sufficiently low 

such that the nation is strictly better off repaying its foreign currency obligations regardless of 

the state of the world. Given no investment, the nation’s expected payoff is: 

𝜃 (0, 𝑤) − 𝐷0 . 

In contrast, the expected payoff under the assumption of investing 𝑘 via equity equals: 

[1 −  ()]𝜃 − 𝐷0 , 

where  () denotes: 

0

1 + 0
(1 −

1

1 + 1
) =

𝑘

𝜃
 . 

When comparing both payoffs, it is straightforward that the nation prefers an equity financed 

investment to no investment if: 
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[1 −  ()]𝜃 (𝑘, 𝑤) ≥ 𝜃 (0, 𝑤) . 

The result shows that the investment decision is independent of the inherited debt 𝐷0. 

However, given that outstanding debt 𝐷0 is large enough to cause a default in case of a low 

productivity shock, the nation’s investment decision is specified in the following: 

Lemma 3 

Suppose that 
𝐻

 (0, 𝑤) > 𝐷0 > 𝐿 (0, 𝑤), and that 𝐷0 ≤ 𝐿 (𝑘, 𝑤). Then 𝐷0 is so 

large that the nation may prefer to not invest in 𝑘 for some parameter values. 

 

The subsequent proof elaborates on this statement by examining the various payoffs associated 

with the specified conditions. In case 
𝐻

 > 𝐷0 > 𝐿 , the expected payoff under no 

investment is: 

(𝐻 (0, 𝑤) − 𝐷0) + (1 − )𝐿(1 − ) (0, 𝑤) . 

In addition, recall that when inherited debt 𝐷0 ≤ 𝐿 (𝑘, 𝑤), the nation’s expected payoff 

under an equity financed investment denotes: 

[1 −  ()]𝜃 − 𝐷0 . 

Thus, the investment decision depends on: 

[1 −  ()]𝜃 ≥ 𝜃 (0, 𝑤) + (1 − )(𝐷0 − 𝐿 (0, 𝑤)) . 

However, considering that 𝐷0 > 𝐿 (0, 𝑤), there exist parameter values for which: 

[1 −  ()]𝜃 ≥ 𝜃 (0, 𝑤) , 

such that: 

[1 − ()]𝜃 < 𝜃 (0, 𝑤) + (1 − )(𝐷0 − 𝐿 (0, 𝑤)) . 

Under these circumstances, the level of 𝐷0 is large enough that it is optimal not to undertake 

investment 𝑘 as the nation would be worse off. Note that the case where 𝐷0 > 
𝐻

 (0, 𝑤) is 

straightforward, as the outstanding debt is so substantial that the nation would default with a 

probability of 1. 
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ii) Debt Financing: 

Consider first the scenario with a debt level of 𝐷0 < 𝐿 (0, 𝑤). Given no investment, the 

expected payoff is given by: 

𝜃 (0, 𝑤) − 𝐷0 . 

Suppose now that the nation issues additional debt 𝐷1 to finance the investment such that  

𝐷1 + 𝐷0 > 
𝐿
 (𝑘, 𝑤). The nation’s expected payoff is then: 

 [𝐻 (𝑘, 𝑤) − 𝐷1 − 𝐷0] + (1 − )(1 − )𝐿 (𝑘, 𝑤) , 

with 𝐷1 = 𝑘/. Hence, the nation’s condition to prefer a debt-financed investment to no 

investment is formally expressed by: 

 [𝐻 (𝑘, 𝑤) −
𝑘


− 𝐷0] + (1 − )(1 − )𝐿 (𝑘, 𝑤) ≥ 𝜃 (0, 𝑤) − 𝐷0 , 

which simplifies to: 

𝜃[ (𝑘, 𝑤) −  (0, 𝑤)] − 𝑘 ≥ (1 − )[𝐿 (𝑘, 𝑤) − 𝐷0] . 

Note that for 𝐿 (𝑘, 𝑤) > 𝐿 (0, 𝑤) > 𝐷0, an amount of safe inherited debt 𝐷0 with: 

𝐷0 > 
𝐿
 (𝑘, 𝑤) −

𝑘


 , 

can cause debt-overhang. 

In contrast to monetary financing, even presumably safe debt has the potential to lead to debt-

overhang for sufficiently high levels of 𝐷0. The reason behind is that the addition of new debt  

𝐷1 may force the representative nation into risky debt. As a consequence, the nation suffers 

from expected deadweight costs of default which can be regarded as a tax on investment. 

Consider next the situation where 𝐷0 > 𝐿 (0, 𝑤). The condition under which the nation 

prefers the debt-financed investment to no investment is now: 

 [𝐻 (𝑘, 𝑤) −
𝑘


− 𝐷0] + (1 − )(1 − )𝐿 (𝑘, 𝑤) ≥ 

      [𝐻 (0, 𝑤) − 𝐷0] + (1 − )(1 − )𝐿 (0, 𝑤) , 

which can be simplified to: 

[𝐻 + (1 − )(1 − )𝐿][ (𝑘, 𝑤) −  (0, 𝑤)] ≥ 𝑘 . 



37 

 

As the condition is independent of any outstanding debt 𝐷0, debt overhang is of no concern. 

Proposition 5 

Under a debt-financed investment there is no debt overhang if inherited debt is risky, while 

under an equity financed investment there is no debt overhang if and only if inherited debt is 

safe. 

 

However, the above finding is not entirely robust. Specifically, the occurrence of debt overhang 

is ambiguous when debt has a positive recovery value after default. In latter scenario, the 

addition of new debt implies a dilution of inherited debt, and thus leads to a wealth transfer 

from investors to the nation. As a consequence, the nation may be incentivised to invest 

irrespective of the net present value. 

Furthermore, in case of outstanding risky debt 𝐷0, domestic residents may not want to reduce 

indebtedness since debt holders would be the main beneficiaries. Instead, domestic residents 

may prefer to fund important investments by raising the indebtedness of the nation, and thus 

increase the risk of default.  

In the further course of the paper, Bolton and Huang (2018) address the interaction between 

debt monetisation and monetary policies as well as nations’ foreign exchange reserve 

management. However, the latter topics are of little importance regarding the consecutive parts 

of this thesis. 
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4. Historical Value of Gold 

As is well-known, gold is one of the most unique metals in the world. It is a constant factor 

throughout human history as a mean of exchange or store of value. The purpose of this section 

is to briefly elucidate the role of gold in the global financial system as well as its impacts, in 

the past and present. 

Before 1870, the Bimetallic Standard was the prevailing monetary system, in countries such as 

the United States, Great Britain and other parts of Europe. During this time, a unit of currency 

was backed by a fixed ratio of gold or silver, which also served as legal tender for the currency 

(Kumar, 2014). For example, people had the opportunity to exchange their gold and silver 

holdings against fiat money at their local banks. 

From the late 19th century until the early 20th century, the Bimetallic Standard was followed by 

the Gold Standard. In this era, the value of countries’ currency confined to a direct linkage to 

gold. Gold and currencies could be exchanged at a fixed ratio, meaning the value of a currency 

was tied to the physical asset of gold. As each country had fixed the price of one unit of currency 

to a specific gold value, exchange rates between countries were also fixed. However, as 

countries printed money extensively to finance war costs during World War 1, nations detached 

from the Gold Standard (Kumar, 2014). 

The Gold Standard was replaced by the Bretton Woods System in 1944. Under this system, 

every participating country pegged its currency to the US-Dollar. Nevertheless, the basis of the  

US-Dollar remained gold, as the United States were the only country that was able to back its 

currency with gold due to their large reserves (Kumar, 2014). The Bretton Wood Agreement 

was accompanied by the creation of two new institutions, the World Bank and the International 

Monetary Fund (IMF). Their role was to provide a framework for cooperation and development 

that stimulates a stable economy (International Monetary Fund, 2020). Over time, the US 

accumulated a large household deficit, giving rise to concerns about the US’ ability to convert 

US-Dollars into gold. In 1971, it was declared that the US-Dollar could no longer be exchanged 

for gold, which eventually led to the fall of the Bretton Woods System (Melvin & Norrbin, 

2017). 

Since the abolishment of the Bretton Woods Arrangement, major currencies are free-floating 

in the market, and the central role of gold in the global monetary systems has shifted. 
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Nonetheless, gold keeps playing a vital role in reserves of nations and central banks, as well as 

in portfolios of individual or organisational investors. 

First, gold is traditionally considered as a hedging instrument against inflation or a falling 

dollar. As gold is quoted in US-Dollars, a decrease in value of the US currency leads to a higher 

nominal price of gold (inflation) while the real value of the commodity perpetuates. Among 

others, evidence on its inflation-hedging characteristic is given by Wang, Lee and Nguyen 

(2011). By this means, gold has the potential to serve as a hedge for exchange-rate risks for 

investors with dollar holdings. Reboredo (2013) or Capie, Mills and Wood (2005) illustrate the 

latter aspect in their respective work. The reason is that gold as a homogeneous asset is traded 

in a continuously open market and is not directly influenced by administrative controls on 

money supply. 

Moreover, gold is often referred to as a “safe haven”. Specifically, gold has the property to 

move contrary or uncorrelated to other assets/ portfolios in times of market stress and turmoil 

(Baur & Lucey, 2010). Given such characteristic, maintaining a significant fraction of gold 

enables investors to mitigate exposure during times of crisis. Simply put, gold diversifies. 

Further evidence for gold being a “safe haven” asset is brought forward by Baur and McDermott 

(2010), laying particular emphasis on daily data in developed markets. Under extreme shocks, 

their results showcase that investors turn to gold acquisitions as a sort of panic buy. 

Lastly, gold is a physical asset with an intrinsic value unlike fiat money. Foundation is its 

limited existence as well as its use for production in the jewellery and industrial sector. Unlike 

other financial products, gold’s value is independent of future earnings and exhibits no risk of 

default when investing (Baur & McDermott, 2010). 

Reasoned by the many factors that contribute to the image of gold, there is no denying of its 

significance in the international monetary system in the last two centuries. In fact, the 

aforementioned different properties may be the leitmotif for increasing gold reserves of central 

banks around the globe (European Central Bank, 2019/11). 
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5. Gold Model 

The standard model of Bolton and Huang (2018) illustrates how a nation optimally funds an 

investment 𝑘 by relying on a capital structure that consists of foreign currency denominated 

debt and domestic currency claims. In a frictionless world, the Modigliani-Miller Theorem for 

nations shows that it is equivalent to finance the investment 𝑘 by money issuance 0𝑚 or by 

means of foreign currency debt 𝐷 paid in output. 

However, by introducing two imperfections in international capital markets, Bolton and Huang 

(2018) highlight that a nation faces suboptimal costs when raising investments via 

aforementioned channels. First, the nation’s limited willingness to repay foreign currency 

obligations is leading to higher debt claims to foreign investors as well as constraining 

maximum debt capacity ex-ante. Second, foreign investors are concerned about currency 

debasement when holding domestic currency claims since the nation cannot credibly promise 

to limit inflation (see Eichengreen et al., 2003). Therefore, the nation incurs dilution costs by 

issuing undervalued domestic currency claims to such investors. Taking these dynamics into 

account, Bolton and Huang (2018) derive a nation’s optimal capital structure for given levels 

of investment. Furthermore, they illustrated scenarios in which debt-overhang potentially 

influences the representative nation’s investment decision per se. 

Having the concept of an optimal capital structure in mind, nations’ pattern of dedicating a 

significant fraction of their assets to gold reserves has been predominant for the past decades, 

especially in developing countries (European Central Bank, 2019/11). Moreover, Aizenman 

and Inoue (2013) state that nations maintain passive stocks of gold independent of real gold-

price movements, indicating an investment strategy with a long-term horizon. While the 

majority of literature explains this phenomenon by a nation’s incentive to diversify against the 

US-Dollar (e.g. Gisimundo et al., 2019), permanent gold holdings may also be optimal in case 

investors’ decision-making is affected (Monnet & Puy, 2019). 

In regards to gold’s historic and intrinsic value, the foundation of this theory can be established 

by considering behavioural models which argue that only specific information is taken into 

account in a decision-making process (Gennaioli & Shleifer, 2010). Given that personal 

experience is a determinant factor in belief formation as well as the assumption of not fully 

rational beliefs (e.g. Hong et al., 2006 or Dittmar & Thakor, 2007), gold reserves have the 

potential to induce behavioural changes, and thus persuade creditors. 
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For example, Aizenman and Inoue (2013) suggest a correlation between the intensity of gold 

holdings and global power. The idea behind their theory is that nations signal economic might 

through gold reserves. Since this implies improved credibility of the respective nation, investors 

may perceive gold stocks as an attribute of political and monetary stability. 

This dynamic goes hand in hand with the gold purchase reasoning of national banks, stating 

that in case of a system collapse, gold reserves provide collateral to start over (e.g. Deutsche 

Bundesbank & Thiele, 2019 or Dutch National Bank, 2019). In fact, they view gold as a major 

anchor providing confidence in the solvency of financial systems, and thereby creating a sense 

of security. 

Considering above-mentioned aspects, gold acquisitions are not necessarily caused by the 

rationale of using gold as a “safe haven” asset or hedging tool against US-Dollar debasements 

but may also be justified by an influencing-strategy. 

Specifically, our model assumes that international investors are sensitive to nations’ gold 

reserves by assigning lower probabilities to the risk of facing monetary-dove governments in 

the future. While the purchase of gold is bound to a payment of inputs, and hence a reduction 

in final output, it enables the representative nation to lower dilution costs when raising capital 

via domestic currency issuances. Simply put, the nation trades off lower monetary financing 

costs against a reduction in final production. 

In general, gold and its associated decrease of foreign investors’ inflation fear should be 

suboptimal in case of no frictions or if investment 𝑘 can be funded by safe debt only. However, 

if the representative nation faces commitment problems and has to rely on risky debt or equity 

due to the size of its required capital 𝑘, the gold acquisition might be optimal. Thus, allowing 

for gold purchases, the nation may not only consider equity and debt but also the impact of gold 

on financing costs when forming its optimal capital structure. 

 

5.1 Model Framework 

Following the characteristics of Bolton and Huang (2018), assume a nation with an open 

economy consisting of a continuum of identical consumers and firms which act in a perfectly 

competitive market environment. However, by including the possibility of gold acquisition 𝑔 
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in period -1, the framework for action is now captured in four distinct periods that represent the 

life-cycle of an indefinitely living nation.4 

 

 

 

 

 

 

In the first period (𝑡 = −1), consumers and firms are equipped with an initial endowment of 

goods and fiat money, respectively, allowing for the possibility of future trading. Moreover, the 

nation has the binary option to purchase an exogenous amount of gold 𝑔, which can be funded 

by an absolute tax on resident’s resources. 

In 𝑡 = 0, the nation can undertake an investment 𝑘 > 0 to increase its productivity, and thus 

final output. 

After the investment (𝑡 = 1), the endowments mentioned above are allocated between 

consumption and inputs for production. In detail, consumers and firms can decide whether to 

keep their residual resources or trade, i.e. consumers’ reduced goods can be acquired by 

companies against cash. 

In the final period (𝑡 = 2), the output is realised and can be purchased by consumers via money 

received through trades in the intermediate period. 

 

i) No investment: 

To examine the impact on the economy in case the nation buys an exogenous amount of gold, 

assume for now that no investment 𝑘 has been made. The representative nation funds the 

acquisition of gold by levying an absolute tax 𝜏𝑔 on resident’s endowment 𝑤. For reasons of 

simplification, we normalise the gold price to 1 such that the absolute tax equals the amount of 

gold, i.e. 𝜏𝑔 = 𝑔. Moreover, assume that once purchased, the nation maintains its gold reserves 

until the end of its life cycle, safeguarding the assumption of nation’s credibility for further 

analysis. The assumption of passive gold holdings is supported by the fact that nations hold on 

to parts of their gold reserves independent of gold price movements (Aizenman & Inoue, 2013). 

 
4 To allow for easier comparison and consistency, the model starts in the past, i.e. 𝑡 = −1. 

𝑡 = −1 𝑡 = 0 𝑡 = 1 𝑡 = 2 

Nation buys 

gold 𝑔 

Nation 

invests 𝑘 

Allocation between 

consumption and input 

Output realised 

and consumed  



43 

 

Besides, for subsequent iterations, i.e. multiple life-cycles, the acquisition of gold can be seen 

as sunk cost while associated benefits would preserve. 

Nevertheless, a direct consequence of the gold expense is a reduction of consumer resources to 

𝑤 − 𝑔 in period 0, translating into lesser potential inputs for production, and thus lower final 

output in period 2. While the consumer utility function of Bolton and Huang (2018) is adopted 

such that: 

𝑈(𝑐1, 𝑐2) = 𝑐1 + 𝑐2 , 

with  ≤  1, note that the company’s production function: 

𝑦 ≡ 𝑓(𝑥) , 

with 𝑓′ > 0 and 𝑓′′ < 0 is now input constrained by 𝑥 ≤ 𝑤 − 𝑔. 

Recalling both, the above-mentioned production function as well as the representative 

consumer utility function, the intertemporal optimisation problem of the central planner to 

solve is: 

max
𝑥≥0

[(𝑤 − 𝑔 − 𝑥) + 𝜃𝑓(𝑥)] . 

In light of Bolton and Huang’s (2018) applicable Assumption A1: 

Assumption A1 Gold 

𝑥𝑓′(𝑥) ≥ 𝑓(𝑥) for all 𝑥 ≤ 𝑤 − 𝑔 , 

 

it is then optimal to set 𝑥 = 𝑤 − 𝑔, leading to a pure production period in 𝑡 = 1 while 

consumption is occurring in 𝑡 =  2.5 

Considering market clearing, it is worth highlighting that the price of goods in period 1 now 

denotes 𝑝1,𝑔 = 𝑚/(𝑤 − 𝑔) whereas the price in period 2 is given by  

𝑝2,𝑔( ) = 𝑚/[𝑓(𝑤 − 𝑔)]. The reason behind this dynamic is comparable to inflation: Fewer 

resources, and hence less output is circulating in the economy while the quantity of money 

remains constant. As a result, prices increase. With respect to the value of money in period 2: 

1

𝑝2,𝑔( )
=

𝑓(𝑤 − 𝑔)

𝑚
 , 

 
5 The adopted proof of Bolton and Huang’s (2018) endowment allocation is shown in Appendix A1. 
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the classical quantity theory of money still holds, meaning that doubling the money stock 𝑚 

results in halving money’s value in period 2. 

 

ii) Investment: 

Describing the effects of gold expenditures on a frictionless economy in its entirety, consider 

now the case in which the gold-holding nation invests 𝑘 > 0 in period 0, and thereby increases 

its productivity by a factor 𝑄(𝑘). To ensure sufficient incentive to invest, suppose that the 

nation’s investment underlies a positive net present value restriction: 

[𝑄(𝑘) − 1]�̅�𝑓(𝑤 − 𝑔) > 𝑘 , 

where we account for the gold tax on consumer endowment. In this connection, it is important 

to mention that the nation’s maximum positive net present value investment decreases 

compared to the standard model due to lesser inputs into production. 

To simplify notation for further analysis, let 𝑄(𝑘)𝑓(𝑤 − 𝑔) = 𝑔. 

Analogue to Bolton and Huang (2018), the nation in our model raises capital for the investment 

from international capital markets at world price normalised to 1, for which the nation pays 

either in the form of output in period 2 or by printing money 𝛿0,𝑔𝑚 in period 0. To stylise a 

perfect economy for this section, our model adopts the premises of the nation’s ability to 

credibly commit not to default, not to expand its money base after issuance 𝛿0,𝑔𝑚 as well as to 

issue only default-free foreign currency debt. While the latter assumption ensures that foreign 

currency obligation 𝐷𝑔 is equivalent to the raised capital 𝑘, note that default-free debt for gold-

holding nations now denotes: 

Assumption A2 Gold 

𝜃𝑙𝑔 > 𝑘. 

 

Hence, the gold-holding nation is constrained by a lower maximum debt funding level 

compared to the standard model due to gold acquisition’s negative effect on the production. 
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Nevertheless, subject to these conditions, we can show that Theorem 1 of Bolton and Huang 

(2018) still holds.6 Specifically, the nation stays indifferent between financing investment 𝑘 via 

foreign currency debt paid in output or through a domestic currency issuance of 𝛿0,𝑔𝑚 with: 

0,𝑔 =
𝑘

𝜃𝑔 − k
 . 

Concluding that the Modigliani-Miller Irrelevance Theorem remains valid, note the difference 

in money issuances 0,𝑔 > 0 for a given investment 𝑘. In other words, investors seek higher 

domestic claims in period 0 from a gold-holding nation ceteris paribus reasoned by its lower 

final output. 

More importantly, on closer examination of the representative consumer’s payoff, it becomes 

evident that the acquisition of gold in period -1 is suboptimal in a frictionless economy. To 

illustrate this finding, consider the representative consumer problem in period 1 in the foreign 

currency debt case: 

max
𝑥≥0

{ (𝑤 − 𝑥 − 𝑔) + 𝑥𝑝1,𝑔𝐸 [
𝑔 − 𝑘

𝑝2,𝑔( )
]} . 

Given the price levels 𝑝1,𝑔 = 𝑚/(𝑤 − 𝑔) and 𝑝2,𝑔( ) = 𝑚/[𝑔 − 𝑘)] as well as the optimal 

choice of setting 𝑥 = 𝑤 − 𝑔 under Assumption A1 Gold, the consumer’s payoff reduces to: 

𝜃𝑔 − 𝑘 . 

In comparison to the standard model’s payoff of 𝜃 − 𝑘, it is clear that the lack of resources 

for production ultimately leads to a lower total payoff of the representative consumer. 

Exploiting the fact that the Modigliani-Miller Theorem holds, this result also implies that the 

consumer is strictly worse off in case the nation funds the investment via domestic currency 

issuances. 

  

 
6 The adopted proof of Bolton and Huang’s (2018) Modigliani-Miller theorem for nations is shown in  

Appendix A2. 
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5.2 Gold’s Impact on the Financing Strategy 

After demonstrating that in a frictionless economy, the nation is strictly better off not buying 

gold and that the Modigliani-Miller Irrelevance Theorem remains valid despite the gold 

purchase, we introduce three imperfections now. 

Analogue to Bolton and Huang (2018), the model is enriched by the limited willingness to repay 

problem as well as the nation’s willingness to inflate problem. Regarding the former, consider 

the fact that a sovereign will only repay its debt if the cost of default exceeds the costs of 

obligations (see Eaton & Gersovitz, 1981). As investors are aware of this incentive constraint, 

the nation suffers from a limited debt capacity ex-ante and has to pay higher debt claims for a 

given investment. In respect of the latter problem, foreign investors are worried about currency 

debasement since the sovereign cannot credibly promise to limit inflation (see Eichengreen et 

al., 2003). On this account, the nation incurs dilution costs by issuing undervalued domestic 

currency claims to such investors. 

The third friction is referred to as the sensitivity of foreign investors towards nations’ permanent 

gold reserves and is directly linked to the aforementioned dilution costs. In light of gold’s 

historical value and despite the abolishment of the Gold Standard, international investors 

perceive gold holdings as characteristic of a growing and stable nation, also with respect to 

currency value (see Aizenman & Inoue, 2013 and Deutsche Bundesbank & Thiele, 2019). 

Accordingly, gold reserves increase the trust in the nation’s monetary system and elevate the 

value of the domestic currency. In our model, the latter translates into foreign investors lowering 

their expectation to face monetary-dove policies in the future, and consequently demanding less 

domestic currency claims. Implying a reverse effect to the willingness to inflate problem, the 

nation can trade off gold purchasing costs ex-ante, and thus less final production in period 2 

against a reduction in dilution costs. 

 

5.21 Equity Financing and Inflation Costs 

Following the approach of Bolton and Huang (2018), consider the case where the gold-holding 

nation solely relies on equity, and thus finances investment 𝑘 by printing money 𝛿0,𝑔 in  

period 0. At this point, it is not known whether the future government decides to be monetary-

hawk with 𝛿1 = 0 or expands its money supply by 𝛿1(1 + 𝛿0,𝑔)𝑚 at the end of  
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period 1 (see Myers and Majluf, 1984). Nevertheless, international investors demand higher 

domestic currency claims in period 0, depending on the perceived likelihood of dealing with 

future inflation. 

 

 

 

 

 

 

Subject to the premise that beliefs are not fully rational and differ (e.g. Hong et al., 2006), 

expectations of domestic and foreign investors on future monetary policies do not concur. 

Specifically, domestic residents assign probability 𝜆 ∈ (0, 1) to a monetary-dove government 

whereas foreign investors expect to encounter further money expansion with the conditional 

probability of 𝜇𝑔(𝛿0,𝑔, 𝑔) ∈ (0, 1). Latter probability contains two mechanisms: First, and in 

accordance with Bolton and Huang (2018), international investors place weight on the risk of 

future currency debasement depending on money claims issued in period 0. The reason is that 

investors perceive excessive money issuances as a signal of future currency debasement. Thus, 

expectations on inflation increase with higher money base expansions 𝛿0,𝑔. Second, foreign 

investors perceive gold reserves as an indicator of nations’ future growth and stability. Working 

in the opposite direction to the fear of currency debasement, the nation leaves foreign investors 

less sceptical about the possibility of future monetary expansion in period 1 when holding a 

substantial amount of gold. Illustrated by the dependency between 𝜇𝑔 and 𝑔, higher levels of 

gold reserves lead to foreign investors’ increasing trust in the nation’s monetary credibility, 

which eventually leads to a higher perceived value of domestic currency. 

Note, however, we assume that domestic residents do not display such responsiveness. The 

reason behind this difference in belief formation of investors can be argued by a lack of 

familiarity of foreign investors with local affairs, forcing them to put higher weights on key 

figures as opposed to domestic ones.7 

Above discussion is recapitulated in the following assumption: 

  

 
7 Without loss of generality, domestic investors’ sensitivity towards money issuances and gold is assumed to be 0. 

𝑡 = −1 𝑡 = 0 𝑡 = 1 𝑡 = 2 

Nation buys 

gold 𝑔 

Money issuance 0,g 

and belief formation 

Output realised 

and consumed 
Maximisation and 

policy on 1 
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Assumption A3 Gold 

Foreign investors’ perceived risk of facing a monetary-dove government depends on the 

monetary expansion in period 0 as well as on the nation’s gold reserves with: 

𝜕𝜇𝑔

𝜕𝛿0,𝑔
> 0 , 

and: 

𝜕𝜇𝑔

𝜕𝑔
< 0 . 

 

Starting the equity analysis with the simple case of unresponsive investor beliefs with respect 

to money issuance and gold, i.e. 
𝜕𝜇𝑔

𝜕𝛿0,𝑔
=

𝜕𝜇𝑔

𝜕𝑔
= 𝜆′ = 0, the adaptation of Bolton Huang’s (2018) 

Lemma 1 on dilution costs in case of gold acquisition is straightforward.8 

Since international investors demand domestic currency claims dependent on the expected price 

level in period 2, we find that the compensation value in exchange for the investment denotes: 

𝜃g

0,𝑔

1 + 0,𝑔
(1 − 𝜇𝑔 +

𝜇𝑔

1 + 1
) , 

where the monetary issuance in period 0 is given by: 

0,𝑔 =
𝑘(1 + 1)

([1 + (1 − 
𝑔

) 1]) 𝜃𝑔 − 𝑘(1 + 1)
 . 

Presuming that the nation expands its money base in period 0 sufficiently such that 

𝜇𝑔(𝛿0,𝑔, 𝑔) > 𝜆, we can further show that domestic residents then perceive an expected loss of 

purchasing power from monetary financing of: 

(𝜇𝑔 − )1𝑘

1 + (1 − 𝜇𝑔)1

 . 

Generally speaking, domestic residents incur an abnormal cost of monetary financing when 

𝜇𝑔 > 𝜆. Regarding the fact that international investors demand compensation proportional to 

 
8 The adopted proof of Bolton and Huang’s (2018) Lemma 1 on dilution costs is shown in Appendix A3. 

Responsive beliefs where 
𝜕𝜇𝑔

𝜕𝑔
< 0 and 

𝜕𝜇𝑔

𝜕𝛿0,𝑔
> 0 are addressed in the “The Optimal Debt-Equity Ratio” section. 
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the expected risk of currency-debasement, domestic residents evaluate the claims of foreign 

investors as too pricy. In contrast, residents benefit from money issuances at the expense of 

unduly optimistic foreign investors when 𝜇𝑔 < 𝜆. The reason is that foreign investors perceive 

the value of the domestic currency higher than the nation’s inhabitants. It follows that for a 

given investment, less domestic currency is paid, which ultimately leads to a wealth transfer 

towards residents. 

Taking the domestic currency compensation of foreign investors and the potential dilution costs 

into account, the representative consumer payoff in period 1 is given by: 

𝜃g [1 −
0,𝑔

1 + 0,𝑔
(1 − 𝜇𝑔 +

𝜇𝑔

1 + 1
)] −

(
𝑔

− ) 1𝑘

1 + (1 − 
𝑔

) 1

 , 

where the nation’s money issuance in period 0 denotes: 

0,𝑔 =
𝑘(1 + 1)

([1 + (1 − 
𝑔

) 1]) 𝜃𝑔 − 𝑘(1 + 1)
 . 

 

To examine whether it can be optimal for the nation to acquire an exogenous amount gold 𝑔 in 

period -1, assume for the subsequent section that the sensitivity of international investors to 

gold reserves is sufficiently large such that 𝜆 < 𝜇𝑔(𝛿0,𝑔, 𝑔) < 𝜇(𝛿0, 0).9 

 

i) Monetary-Dove Government: 

Given a monetary expansion with 1 > 0 visualise that the representative nation decides to 

acquire gold in period -1 if and only if: 

𝜃g [1 −
0,𝑔

1 + 0,𝑔
(1 − 𝜇𝑔 +

𝜇𝑔

1 + 1
)] −

(
𝑔

− ) 1𝑘

1 + (1 − 
𝑔

) 1

≥ 

𝜃 [1 −
0

1 + 0
(1 − 𝜇 +

𝜇

1 + 1
)] −

(𝜇 − )1𝑘

1 + (1 − 𝜇)1
 

where 0 and 0,𝑔 can be substituted for. 

 
9 The case where investors display a sufficiently high sensitivity towards gold such that 𝜇𝑔(𝛿0,𝑔, 𝑔) < 𝜆 is 

addressed in “The Optimal Debt-Equity Ratio” section. 
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Elaborating on the inequality, a nation’s decision to purchase gold in 𝑡 = −1 becomes more 

attractive for higher values of future monetary expansion 1 and investment level 𝑘. Two 

dynamics cause these positive payoff effects: 

First, foreign investors demand less domestic currency claims in period 0 from the gold-holding 

nation such that 0,𝑔 < 0 for sufficiently high levels of 1 or 𝑘. Taking the potential period 2 

price levels into account: 

�̂�2,𝑔( ) =
𝑚(1 + 0)(1 + 1)

𝑔
 , 

it is apparent that the negative impact of gold expenses on consumption level can be partially 

absorbed by a reduction of fiat money, and thus lower period 2 prices in the economy.10 It 

follows that the value of money in the gold-holding nation, despite smaller economic power, 

can be higher compared to the standard nation. 

The second mechanism is the nation’s ability to diminish dilution costs significantly. The 

fraction of wealth redistribution from domestic residents to international investors declines 

because foreign investors’ perceived probability of facing a monetary-dove government is now 

lower. In other words, gold holdings become more valuable for increasing increments of 1 and 

𝑘. 

In addition, the nation’s gold acquisition gains feasibility for decreasing expected productivity 

shocks 𝜃, i.e. for a fixed amount gold 𝑔, lower levels of money expansion 1, larger perceived 

probabilities of foreign investors to suffer from currency debasement 𝜇𝑔, smaller investments 

𝑘 or higher costs of gold 𝜏𝑔 are possible to consider gold optimal. The reason behind this 

behaviour is that 𝜃 only impacts consumption level in period 2 but has no effect on dilution 

costs. As the weight of perceived losses in purchasing power within the representative consumer 

payoff increases with lower 𝜃 and given that 𝜇𝑔 < 𝜇, this ultimately leads to the representative 

nation’s increasing incentive to purchase gold. 

Considering the preceding discussion, our model adaption provides an explanation for the 

significant gold purchases of nations in the past decade, especially for developing countries 

(European Central Bank, 2019/11). To understand the line of thought, visualise that, in our 

 
10 Considering that 𝜇𝑔 depends on 0,𝑔, this would also imply a second-order reduction of 𝜇𝑔. This interaction is 

discussed in “The Optimal Debt-Equity Ratio” section for responsive foreign investor beliefs. 
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framework, the basic conditions leading to the incentive of gold-holdings are perfectly in line 

with fundamental attributes of emerging nations: 

First, inflation is an expected risk for any type of investor focusing on emerging nations. The 

fact that these countries are not only more likely to print money but also to expand their money 

supply by higher margins to fund resident’s consumption implies a presumably large 1. 

Furthermore, developing nations are reliant on significant amounts of capital from foreign 

investors in proportion to their final production. Given lower resource levels as well as lower 

production efficiency than developed countries, emerging nations would consequently require 

higher levels of investment 𝑘. 

Finally, developing countries suffer from lower expectations to realise high productivity 

shocks. In fact, not only the probability but also the magnitude of booms and recession from 

emerging nations, i.e. low highs and low downs, are translating into lower 𝜃. 

On this account, reducing the fear of future currency-debasement, and hence increasing the 

value of its domestic currency in the eyes of foreign investors may be one of the emerging 

nation’s fundamental motives for gold reserves. 

 

ii) Monetary-Hawk Government: 

Concerning the governmental decision of being monetary-hawk at the end of period 1 with 

1 = 0, the representative consumer payoff comparison reduces to: 

𝜃g (1 −
0,𝑔

1 + 0,𝑔
) < 𝜃 (1 −

0

1 + 0
) , 

where the money issuances in period 0 now reach their respective lower bounds with: 

0,𝑔 =
𝑘

𝜃𝑔 − 𝑘
 , 

and: 

0 =
𝑘

𝜃 − 𝑘
 . 

In consideration of the fact that no dilution costs are present if there is no monetary expansion 

in period 1, the representative consumer payoffs are equivalent to the Modigliani-Miller case 
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of no frictions. As already highlighted, the representative nation is then strictly better off not 

purchasing gold ex-ante. 

 

5.22 Debt Financing and Deadweight Costs of Default 

For the subsequent section, suppose that the nation only raises capital through borrowing in 

foreign currency denominated debt. Analogue to Bolton and Huang (2018), the nation funds 

investment 𝑘 by promising to compensate international investors by payment 𝐷𝑔 in the form of 

output in period 2. However, based on the limited willingness to repay friction, the nation may 

default on its obligation if it is in its interest ex-post. In this particular case, the nation incurs 

default costs in terms of a percentage loss in final output 𝜙 > 0. As a consequence, the nation 

is only capable of producing and consuming (1 − 𝜙)𝜃𝑔. 

In consideration of the premise of permanent gold reserves to safeguard credibility, and thus 

impact on belief formation, assume that the nation does not liquidate its gold stock 𝑔 in any 

scenario. Referring to the Greek government-debt crisis and the related absence of gold sales 

to repay investors despite vast reserves, the latter assumption arguably holds (Trading 

Economics, 2020).11 

 

 

 

 

 

 

Formally, the nation chooses to default on its obligation 𝐷𝑔 if: 

𝑔 − 𝐷𝑔 < (1 − )𝑔 , 

or: 

𝐷𝑔 > 𝑔 . 

 
11 The possibility to use gold reserves as a mean of security to meet foreign currency obligation is addressed in the 

“Limitations and Further Research” section. 
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Rearranging to display the threshold of nation’s default, i.e. bankruptcy for any  < 𝐷,𝑔, let  

𝐷,𝑔 ∈ [𝐿 , 𝐻] be: 

𝐷,𝑔 =
𝐷𝑔

𝑔
 , 

and 𝐷𝑔 the promised debt repayment such that the nation is just able to raise 𝑘: 

                                                                   Pr( ≥ 𝐷,𝑔) 𝐷𝑔 = 𝑘 .                                                         (3) 

Adopting Lemma 2 of Bolton and Huang (2018), the expected deadweight cost of foreign 

currency denominated debt financing is: 

Pr( < 𝐷,𝑔) 𝐸[ | < 𝐷,𝑔]𝑔 , 

where: 

𝐷,𝑔 =
𝑘

Pr( ≥ 𝐷,𝑔) 𝑔

 . 

Intuitively, the representative nation incurs expected default costs when relying on foreign 

currency funding despite being able to borrow at fair terms. This friction cost is present as the 

nation does not know whether it is able or willing to repay upcoming obligations at the time of 

the promise. Interestingly, these deadweight costs are no consequence of excessive foreign 

investor demands but only occur due to the commitment problems. 

Compared to the standard model of Bolton and Huang (2018), note that the reduced output 𝑔 

leads to higher incentives of the nation to default on its foreign currency debt. Holding 

investment 𝑘 and debt obligation 𝐷𝑔 = 𝐷 fix, we see that the gold-holding nation has a higher 

default cut-off value such that 𝐷,𝑔 > 𝐷. The reason lies in the fact that the punishment of 

default has less impact on the already reduced final output of the gold-holding nation. 

Nevertheless, the comparison between expected deadweight default costs: 

Pr( < 𝐷) 𝐸[ | < 𝐷] >=<  Pr( < 𝐷,𝑔) 𝐸[ | < 𝐷,𝑔]𝑔 , 

is undeterminable. As apparent from the above equation, the probability of default 

Pr( < 𝐷,𝑔) is working in the opposite direction to the reduced 𝑔 such that the two foreign 

currency funding costs cannot be ranked. 

Therefore, the period 1 consumer payoff comparison: 
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𝜃 − 𝐷 − Pr( < 𝐷) 𝐸[ | < 𝐷] > = < 

𝜃𝑔 − 𝐷𝑔 − Pr( < 𝐷,𝑔) 𝐸[ | < 𝐷,𝑔]𝑔 , 

displays the identical problem. 

On a final note, the nation’s payoff when relying on foreign currency is independent of a 

potential increase in money supply 1𝑚. In light of the fact that foreign investors do not hold 

domestic currency claims, any change in the money base does not result in a wealth 

redistribution. Thus, domestic residents remain indifferent to either monetary policy. 

 

i) Model Specification 

For the further course of the analysis, the model is specialised to the case where the production 

shock can only take on two distinct values with  ∈ {𝐿 , 𝐻}. On this account, let 𝜋 be the 

probability that 𝐻 is realised such that Pr( = 𝐻) = 𝜋 ∈ (0, 1). The expected productivity 

shock then denotes: 

𝜃 ≡ 𝜋𝐻 + (1 − 𝜋)𝐿 . 

To simplify further, suppose that economic booms 𝐻 and recessions 𝐿 are substantial in 

magnitude such that: 

Assumption A4 Gold 

𝐿 < 𝐷 < 𝐷,𝑔 < 𝐻 . 

 

Under this assumption, it is clear that the probabilities of default, and thus the amount of foreign 

currency debt for both models are equivalent. To illustrate this finding, recall condition (3) 

which expresses 𝐷𝑔 as the debt amount necessary to just be able to raise  

capital 𝑘. Given the fact that  is restricted to an upper and lower productivity shock, the 

condition is: 

Pr( ≥ 𝐷,𝑔) 𝐷𝑔 = 𝑘 , 

where: 

 Pr( ≥ 𝐷) =  Pr( ≥ 𝐷,𝑔) . 
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As investment 𝑘 is exogenous and the probabilities of defaulting are identical, the representative 

nation then has to repay obligations to foreign investors to an extent irrespective of the gold 

acquisition, i.e. 𝐷 = 𝐷𝑔.12 

Besides, Assumption A4 Gold implies that the nation is now strictly better off not to acquire 

gold when financing the investment via foreign currency debt. 

To proof this finding, consider the period 1 consumer payoff comparison: 

𝜃 − 𝐷 − Pr( < 𝐷) 𝐸[ | < 𝐷] > 

𝜃𝑔 − 𝐷𝑔 − Pr( < 𝐷,𝑔) 𝐸[ | < 𝐷,𝑔]𝑔 . 

Given that Pr( ≥ 𝐷) =  Pr( ≥ 𝐷,𝑔), it follows that 𝐸[ | < 𝐷] = 𝐸[ | < 𝐷,𝑔]. On 

this account, the consumer payoff comparison simplifies to: 

 > 𝑔 , 

where it is straightforward that the gold expense leads to a lesser payoff. 

Regarding the above discussion, higher final production implies more credibility, and thus 

better circumstances for foreign currency denominated debt. On this account, the nation is 

strictly better off not to purchase gold when funding the investment via foreign currency 

obligations. 

  

 
12 In fact, there exist two ranges of investment where the obligations of the respective nations differ due to 

credibility problems. These cases are addressed in the “Pure Financing: Standard Nation versus Gold Nation” 

section. 
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6. Benchmark Case 

The subsequent section introduces a benchmark case with realistic parameter values. Despite 

the theoretical nature of this thesis, our approach of developing a benchmark case enables the 

opportunity to highlight dynamics, and thus facilitates the evaluation of a potential gold 

purchase. 

Commencing with the specification of functions, suppose that the production function denotes: 

𝑦 ≡ 𝜃𝑓(𝑥) , 

with: 

𝑓(𝑥) = 𝑥𝛼  . 

Note that the production input is constrained by 𝑥 ≤ 𝑤 for the standard nation while the gold 

purchase tightens the constraint to 𝑥 ≤ 𝑤 − 𝑔. 

Having the shape of a conventional production function from basic economic literature 

(Blanchard & Illing, 2014), this specification not only seems reasonable as well as fulfils the 

requirements of 𝑓′ > 0 and 𝑓′′ < 0 but also allows for a straightforward interpretation. 

Specifically, an increase in input of 1% would lead to an approximately 𝛼% increase in output 

when abstracting from any productivity shocks. 

For simplification purposes, we further assume that the investment factor 𝑄(𝑘) is given by: 

𝑄(𝑘) = 1 + 𝑘𝛼 . 

Satisfying the condition of 𝑄(0) = 1, 𝑄′ > 0 and 𝑄′′ < 0, this specification also implies an 

identical marginal return of capital and goods. 

In terms of parameter implementation, suppose that: 

Parameter Symbol Value 

Production Function Parameter 𝛼 = 0.3 

Initial Endowment of Goods 𝑤 = 10  

Initial Endowment of Fiat Money 𝑚 = 1.0 

Gold Acquisition 𝑔 = 0.5 
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Monetary Policy at the End of Period 1 𝛿1 = 0.3 

Perceived Inflation Risk, Domestic 𝜆 = 0.2 

Perceived Inflation Risk, Foreign (Standard) 𝜇 = 0.7 

Perceived Inflation Risk, Foreign (Gold) 𝜇𝑔 = 0.5 

High Productivity Shock 𝐻 = 1.5 

Low Productivity Shock 𝐿 = 0.5 

Probability of High Productivity Shock 𝜋 = 0.7 

Percentage Loss in Final Output after Default  = 0.5 

Table 1: Parameters of the Benchmark Case; Unresponsive Beliefs 

where the values displayed in Table 1 are chosen as follows: 

First, the production function parameter alpha of 0.3 is a standard economic textbook 

proposition which, in our framework, translates into a 3% rise in output given a 1% increase in 

goods or capital (see Blanchard & Illing, 2014). Nevertheless, note that higher returns on input 

would imply rising costs of gold per unit as the difference in final output between the standard 

and gold-holding nation widens. 

Regarding the initial endowments of goods 𝑤 and money 𝑚, numbers are chosen for reasons 

of simplicity and are without loss of generality. 

The value of the gold acquisition 𝑔, then again, is set to mimic a significant purchase of the 

representative nation, amounting to a 5% expense on total consumer endowment in  

period -1. The reason behind the magnitude of this purchase is to safeguard the assumption that 

nations are able to benefit from foreign investors’ increased confidence in their monetary 

system and currency stability. As most of the proceeding analysis focuses on unresponsive 

investor beliefs under the condition that 𝜆 < 𝜇𝑔(𝛿0,𝑔, 𝑔) < 𝜇(𝛿0, 0), it is straightforward that 

an increase in gold reserves 𝑔 would only lead to higher costs, and thus reduce gold’s 

optimality. 

On a related note, perceived risks of investors to encounter future currency debasement, namely 

𝜆 = 0.2, 𝜇 = 0.7 and 𝜇𝑔 = 0.5, are set to satisfy above condition as well as to portray relevant 

responsiveness of foreign investors to gold reserves and domestic currency issuances in  

period 0. 
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In regards to the potential money expansion 𝛿1 at the end of period 1, recall that gold is never 

optimal in case a monetary-hawk government with 𝛿1 = 0 is in charge. However, as the model 

is best suited for developing countries, an increase in the money supply of 𝛿1 = 0.3 to fund 

future residents’ consumption seems appropriate. Besides, for any 𝛿1 > 0, our results and 

implications remain valid. 

The productivity shocks 𝐻 = 1.5 and 𝐿 = 0.5 are selected to demonstrate a realistic gap 

between economic booms and recessions while having an even impact on final production, 

respectively. In this context, the associated probability 𝜋 = 0.7 of ending up in the good state 

of the world is chosen to maintain a proper balance between the risk of default on foreign 

currency obligations and the nation’s upcoming dilution costs. While higher (lower) chances of 

ending up in an economic high in period 2 imply better (worse) conditions for the nation to 

fund investment 𝑘 via foreign currency debt, the underlying dynamics of the gold purchase 

remain unchanged. 

Finally, a percentage loss in final output of  = 0.5 is selected to impose a substantial 

punishment on the representative nation in case of a foreign currency debt default. Considering 

inflicted trade sanctions, and thus a potential imminent banking crisis, severe consequences of 

the default appear reasonable. 

Given the function specifications above as well as the parameter selection in Table 1, it is 

important to mention that the condition of a positive net present value investment: 

[𝑄(𝑘) − 1]𝜃𝑓(𝑥) > 𝑘 . 

is now definite. In case the representative nation chooses to purchase gold, the positive NPV 

condition is satisfied for investments 𝑘 ≤ 3.405. In contrast, the standard nation may invest in 

a range of 𝑘 ≤ 3.481. However, to cover all conceivable scenarios that may not apply to our 

benchmark case, we extend the analysis until consumer payoffs reach zero.13 

For convenience of the reader, most of the following theory is shown for the gold-holding nation 

only. Thus, note that the same logic applies to the standard nation. 

  

 
13 The representative consumer payoff under Modigliani-Miller is shown in Appendix A4. 
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6.11 Pure Financing: Standard Nation versus Gold Nation 

To evaluate whether the gold acquisition 𝑔 can be optimal for consumers, this section addresses 

the optimal capital structure of nations subject to the standard and gold model. Allowing for a 

more tractable description of the underlying mechanics, suppose for now that nations are under 

the restriction that investment 𝑘 can only be funded by either relying on equity or foreign 

currency denominated debt. 

 

i) Equity Comparison 

For convenience of the reader, recall that the comparison between both nations’ representative 

consumer payoffs under an equity financed investment is formally expressed by: 

𝜃g [1 −
0,𝑔

1 + 0,𝑔
(1 − 𝜇𝑔 +

𝜇𝑔

1 + 1
)] −

(
𝑔

− ) 1𝑘

1 + (1 − 
𝑔

) 1

 >=< 

 𝜃 [1 −
0

1 + 0
(1 − 𝜇 +

𝜇

1 + 1
)] −

(𝜇 − )1𝑘

1 + (1 − 𝜇)1
 , 

where 0,𝑔 denotes: 

0,𝑔 =
𝑘(1 + 1)

[1 + (1 − 
𝑔

) 1] 𝜃𝑔 − 𝑘(1 + 1)
 , 

and 0 is given by: 

0 =
𝑘(1 + 1)

[1 + (1 − )1]𝜃 − 𝑘(1 + 1)
 . 

 

Subject to above equity payoffs as well as the benchmark case parameters, Figure 1 illustrates 

total representative consumer payoffs in period 1 for given levels of investment 𝑘. 

We start the examination at the investment level 𝑘 = 0, where the standard nation has a 

consumer payoff of 2.394. Since the gold acquisition reduces the consumer endowment in 

period -1, the payoff of the gold-holding nation denotes 2.358. With progressing investment, 

the two payoffs rapidly increase. This sharp incline is reasoned by the fact that for minor equity 

funded investment 𝑘, associated dilution costs play only a subordinate role in total consumer  
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payoffs. In contrast, investment factor 𝑄(𝑘) increases final output with 𝑄′ > 0 and 𝑄′′ < 0, 

thus generating considerable benefits for small levels of 𝑘. Bearing in mind that the gold-

holding nation trades off lesser final output against a reduction in dilution costs, it is 

straightforward that the representative consumer of the standard nation is better off for low 

required capital. 

Nevertheless, note that in our benchmark case domestic currency claims to foreign are smaller 

for the gold-holding nation for any 𝑘 > 0 such that 0,𝑔 < 0. As gold reserves significantly 

reduce the risk premia of domestic currency claims under Assumption A3 Gold, foreign 

investors demand less compensation from the gold-holding nation ex-ante despite its lesser final 

output. 

Turning back to Figure 1, consumer payoffs eventually reach their respective maximum. 

Specifically, the consumer of the standard nation has a maximum payoff of 3.771 at an 

investment level 𝑘 = 0.518 while the consumer of the gold-holding nation has a slightly higher 

maximum payoff of 3.735 at an investment level 𝑘 = 0.548. The reason for the occurring 

maxima is that the investment has marginal decreasing returns on final output, whereas 

domestic currency claims and dilution cost increase continuously. 

More importantly, Figure 1 highlights that for investments 𝑘 ≥ 1.279, which translates into a 

payoff of 3.517, it becomes optimal for the nation to acquire gold 𝑔. The reason that gold gains 

feasibility for larger equity funded capital is that gold reserves mitigate the perceived loss of 

purchasing power of domestic residents. The underlying dynamic is not only the smaller 

fraction of inflicted dilution costs (
𝑔

− ) but also the widening difference in money issuances 

to repay foreign investors ex-ante. 

In this context, recall that due to the expense of gold, period 2 prices of the gold-holding nation 

are initially larger, which results in less consumption in period 2. However, as foreign investors 

perceive the domestic currency of the gold-holding nation higher in value, and hence demand 

lower claims, the gold expense can be completely absorbed. On this account, note that  

�̂�2 ≥ �̂�2,𝑔 for investments 𝑘 ≥ 1.21. 

Finally, recall that the positive NPV condition holds for the gold-holding nation at investments 

𝑘 ≤ 3.405, while it applies to the standard nation at investment levels 𝑘 ≤ 3.481. Considering 

consumer payoffs of the standard and gold-holding nation irrespective of a violation of the NPV 

condition, however, we consider gold optimal for any investment amount 𝑘 ≥ 1.279. 
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ii) Debt Comparison 

Given that the representative nation solely relies on foreign currency debt to repay foreign 

investors, recall that there exist only two potential debt scenarios. 

On the one hand, the representative nation may limit the amount of foreign currency debt to the 

extent where it is always optimal to repay foreign investors. For the gold-holding nation, latter 

implies a maximum credible debt promise denoting 𝐷𝑔 = 𝜃𝐿𝜙g. Therefore, safe debt is 

formally expressed by the necessary and sufficient condition: 

𝜃𝐿𝜙g ≥ 𝑘 , 

under which the nation does not suffer from any expected deadweight costs and pays obligations 

𝐷𝑔 = 𝑘. 

On the other hand, the nation may choose to take on so much debt that a default is inevitable in 

case the low productivity shock 𝐿 in period 2 is realised. Violating the above condition on safe 

debt, foreign investors then demand a foreign currency debt payment of 𝐷𝑔 = 𝑘/𝜋. On this 

account, a necessary condition for risky debt is given by: 

𝜃𝐻𝜙g ≥
𝑘

𝜋
 , 

where the gold-holding nation now incurs expected deadweight default costs of: 

(1 − 𝜋)𝜃𝐿𝜙g . 

Finally, note that foreign currency is not feasible when: 

𝜃𝐻𝜙g <
𝑘

𝜋
 , 

since the nation would then default with a probability of 1. 

Having above discussion in mind, the consumer payoff comparison between the standard and 

gold-holding nation in the safe debt scenario denotes: 

𝜃 − 𝐷 > 𝜃g − 𝐷𝑔 , 

with 𝐷 = 𝐷𝑔 = 𝑘, whereas the consumer payoff comparison in the risky debt scenario is given 

by: 

𝜃 − 𝐷 − (1 − 𝜋)𝜃𝐿𝜙 > 𝜃g − 𝐷𝑔 − (1 − 𝜋)𝜃𝐿𝜙g , 
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with 𝐷 = 𝐷𝑔 = 𝑘/𝜋. 

Note, however, that the threshold from safe to risky debt as well as from risky to unfeasible 

debt decreases with the gold acquisition 𝑔. Therefore, there are two remaining debt cases in 

which foreign currency obligations of the two nations differ. First, there exists the range of 

investment: 

𝜃𝐿𝜙g < 𝑘 ≤ 𝜃𝐿𝜙 , 

where the standard nation is able to rely on safe debt, while the gold-holding nation is already 

forced to take on risky debt. Thus, foreign currency obligations denote 𝐷 = 𝑘 and 𝐷g = 𝑘/𝜋, 

whereby the gold-holding nation now suffers from expected default costs (1 − 𝜋)𝜃𝐿𝜙g. 

Second, there is the investment interval: 

𝜋𝜃𝐻𝜙g < 𝑘 ≤ 𝜋𝜃𝐻𝜙 , 

in which the standard nation can issue risky debt 𝐷 = 𝑘/𝜋, but the gold-holding nation cannot 

credibly promise investors to repay output claims in period 2. 

 

Turning to the graphical analysis of pure debt financing subject to the established benchmark 

case, Figure 2 depicts the representative consumer payoffs of the two nations for given levels 

of investment 𝑘. 

Starting with the investment level of 𝑘 = 0, it is straightforward that the representative 

consumer payoff is identical to the equity financing case. Namely, the gold-holding nation has 

a payoff of 2.358, whereas the standard nation’s payoff is 2.394.  

Proceeding with the investment range of safe debt, Figure 2 illustrates that the payoffs of the 

representative consumers first substantially increase before gradually reaching their respective 

maximum. In detail, the consumer of the standard nation has a maximum payoff of 3.849 at an 

investment of 0.623, whereas the consumer of the gold-holding nation has a maximum payoff 

of 3.781 at an investment level of 0.61. Interestingly and despite no friction costs, consumers 

of both nations reach their payoff maximum before nations’ safe debt capacities are exhausted. 

While the reason for the sharp increase in both payoffs is equivalent to the equity case, the 

aforementioned maxima and the eventual payoff decreases are no result of incurring friction 

costs. Instead, consumer payoffs start declining because the increment of capital 𝑘 and its  
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associated output obligation exceed the product of the marginal return of capital on the final 

output and the expected productivity shock. This dynamic translates into the payoff peak not 

being at the threshold of safe debt, but within. In this context, it is worth mentioning that the 

safe debt condition for the standard nation holds for 𝑘 ≤ 0.997 while the safe debt condition 

for the gold-holding nation is satisfied for 𝑘 ≤ 0.979. 

For larger amounts of required capital, nations then have to issue risky debt instead. As risky 

debt implies the nation’s default with probability (1 − 𝜋), residents now not only have to pay 

foreign investors an obligation amount proportional to the default risk but also incur expected 

default costs due to sanctions. Given the fact that the latter costs are applied to the total 

investment sum, Figure 2 illustrates the drastic drop in the respective consumer payoffs. 

Therefore, note that the payoff of the gold-holding nation (standard nation) decreases from 

3.722 (3.789) to 3.007 (3.062) when entering the territory of risky debt to fund the investment. 

Moreover, output obligations in combination with expected default costs are so high that 

consumer payoffs decrease substantially for any additional unit of 𝑘. 

Finally, at an investment level above the threshold of risky debt, nations are not able to credibly 

promise foreign investors to repay their foreign currency obligations. Caused by the lower level 

of final output due to the gold expense, the unfeasible debt range of the gold-holding nation is 

given by investment levels larger 𝑘 > 2.367. In contrast, the standard nation is not able to raise 

foreign currency debt for investments 𝑘 > 2.411. The associated payoff of the gold-holding 

nation (standard nation) at the cut-off point to unfeasible denotes 1.691 (1.723). 

In this context, note that the representative nation is not able to finance larger investments 

despite satisfying the positive NPV condition. 

Overall, Figure 2 affirms our theoretical results that the acquisition of gold, and thus the lack 

of final output is never optimal in a pure foreign currency financing scenario. 

 

iii) Pure Financing Overview 

To compare the pure financing choices, Figure 3 depicts the overview of nations’ consumer 

payoffs for given levels of investment. 

Starting the graphical analysis for investment levels within the respective conditions of safe 

debt, it is apparent that foreign currency debt is better than equity financing irrespective of the 

potential gold purchase. Reason for this lies in the fact that the representative consumers do not  
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incur any friction costs related to foreign currency obligations. Recall, however, that debt 

financing without the acquisition of gold is superior to the case with the purchase, regardless 

the underlying investment amount. Accordingly, Figure 3 shows that the highest consumer 

payoff for investment levels up until the threshold of safe debt belongs to the pure debt 

financing scenario of the standard nation. 

Continuing the graphical examination for investments that satisfy the respective conditions of 

risky debt, both financing methods now involve friction costs. Looking at Figure 3, we see that 

the consumer payoffs under foreign currency financing immediately drop beneath the level of 

equity payoffs at investment levels of 𝑘 = 0.997. At this investment level, the equity payoff of 

the standard nation is at 3.652, while the debt payoff decreases to 3.062. The underlying 

dynamic for the drop in debt payoff is that risky debt, due to the magnitude and probability of 

output loss , is pricier than the inflicted dilution costs. Connected to this, foreign currency 

payoffs exhibit a steeper decline for any additional unit of investment compared to equity 

financing. On this account, both nations are strictly better off utilising domestic currency claims 

to fund investment levels that exceed the range of safe debt. Despite the reliance on equity, 

however, consumer payoffs of the standard nation remain higher compared to the gold-holding 

nation for investments 𝑘 < 1.279. 

Eventually, Figure 3 highlights that it is optimal for the nation to acquire gold 𝑔 in period -1 

for any required capital 𝑘 ≥ 1.279. In line with our results from Section 5.21, gold reserves 

gain in importance with increasing investments as the accumulation of dilution costs otherwise 

becomes too large. Besides, we observe that contrary to foreign currency debt, equity enables 

the possibility to undertake the entire range of investments that fulfil the positive NPV 

conditions. 

Summary Pure Financing 

Within the range of safe debt, that is 𝑘 ≤ 0.997, it is optimal for the representative nation to 

finance the investment via foreign currency obligations. The argument for this financing choice 

is that the nation is able to avoid friction costs. Furthermore, the gold acquisition is considered 

suboptimal since a trade-off between lesser final output and lower equity financing costs is not 

relevant. 

For investment levels which satisfy the condition of risky debt, the representative nation 

compares expected default costs with dilution costs. As risky debt is associated with substantial 
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expected default costs, equity financing is superior. Nevertheless, the acquisition of gold 

remains suboptimal as the associated loss in output impacts consumer payoffs more than the 

reduction in dilution costs. Accordingly, the nation is best off to finance the investment via 

equity and disregard gold for 0.997 < 𝑘 < 1.279. 

As the equity financed investment level progresses, however, dilution costs accumulate 

significantly, and thus gold gains in importance. On this account, it is optimal for the 

representative nation to purchase gold for investment levels 𝑘 ≥ 1.279. 

On a final note, equity financing enables the nation the possibility to finance all investments 

that satisfy the positive NPV condition. In contrast, foreign currency funding is limited to the 

maximum credible debt amount such that the representative nation cannot undertake 

investments 𝑘 > 2.412. 

 

6.12 Mixed Financing: Standard Nation versus Gold Nation 

After discussing the optimal capital structure of the representative nation in a pure financing 

scenario for given levels of investment, the proceeding analysis addresses the optimal mixed 

financing strategy. 

Recall from the previous findings, that consumers are strictly better off when nations fund their 

required capital by first relying on safe debt. On this account, there only exist two potential 

mixed financing cases: Either the nation limits itself to only issue safe debt, or chooses to take 

on risky debt before repaying foreign investors via domestic currency claims. 

 

i) Safe Debt and Equity Comparison 

Referring to the gold-holding nation for illustration purposes, the mixed financing strategy of 

safe debt and equity comprises the following: 

Investments are financed via safe debt until the maximum credible debt amount of 𝐷𝑔 = 𝜃𝐿𝜙g 

is reached. In case the required capital is sufficiently large such that 𝑘 > 𝜃𝐿𝜙g, the nation 

then has to issue money claims on the remaining investment fraction (𝑘 − 𝜃𝐿𝜙g). Following 

the adopted proof of Lemma 1, it is straightforward that the nation’s money issuance in  

period 0 now denotes: 

0,𝑔 =
(𝑘 − 𝜃𝐿𝜙g)(1 + 1)

[1 + (1 − 
𝑔

) 1] 𝜃𝑔 − (𝑘−𝜃𝐿𝜙g)(1 + 1)
 , 
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to meet foreign investors’ domestic currency claims. As a result, residents incur expected 

dilution costs of: 

(
𝑔

− )(𝑘 − 𝜃𝐿𝜙g)1

1 + (1 − 
𝑔

)1
 . 

Taking above dynamics into account, the representative consumer payoff in period 1 subject to 

the safe debt scenario remains: 

𝜃g − 𝐷𝑔 , 

where 𝐷𝑔 = 𝑘. 

Given that the investment amount exceeds the condition of safe debt, however, the consumer 

payoff now comprises two parts. On the one hand, the nation pays foreign currency debt 

obligations. On the other hand, domestic currency claims on the remaining investment fraction 

have to be considered, whereby residents then also incur dilution costs. Thus, the total 

representative consumer payoff in period 1 is given by: 

g [𝜃 [1 −
0,𝑔

1 + 0,𝑔
(1 − 𝜇𝑔 +

𝜇𝑔

1 + 1
)] − 𝜃𝐿𝜙] −

(𝜇𝑔 − )(𝑘 − 𝜃𝐿𝜙g)1

1 + (1 − 𝜇𝑔)1

 , 

with: 

0,𝑔 =
(𝑘 − 𝜃𝐿𝜙g)(1 + 1)

[1 + (1 − 
𝑔

) 1] 𝜃𝑔 − (𝑘−𝜃𝐿𝜙g)(1 + 1)
 , 

and where the debt obligation 𝐷𝑔 is substituted with the maximum credible safe debt amount. 

 

Turning to the benchmark case, Figure 4 illustrates the nations’ consumer payoffs under the 

mixed financing strategy of safe debt and equity for given levels of investment. 

Starting with investment levels that satisfy the conditions of safe debt, it is straightforward that 

consumer payoffs are equivalent to the ones illustrated in the pure debt financing scenario. It 

follows that consumer payoffs are higher for the standard nation. 

For larger investments, however, nations now fall back on domestic currency claims to finance 

the remaining fraction of capital 𝑘. Recalling that consumers only benefit from the total output 

brought to the market, Figure 4 shows that consumer payoffs gradually decrease with advancing  
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investment. The reason is that the marginal return of capital on consumer payoff is smaller than 

the combination of inflicted dilution costs and safe debt foreign currency obligations. Besides, 

we observe that compared to the pure equity financing scenario, the investment range where 

the nation is better off without gold acquisition extends to 𝑘 < 2.628, which corresponds to a 

payoff of 2.764. The latter result stems from two dynamics. First, the safe debt capacities of 

nations increase with capital 𝑘 as the production in both states of the world improves. Given 

the higher production level of the standard nation, it is clear that less investment has to be 

financed via equity, ultimately leading to less friction costs. Second, recall that equity financing 

costs originate through a wealth transfer from domestic residents to foreign investors when 

there is a money issuance at the end of period 1. Since domestic currency claims, and thus 

dilution costs are only minor for investment levels near the threshold of safe debt, the 

representative nation prefers larger output to reduced equity costs.  

Nonetheless, Figure 4 illustrates that the trade-off between lesser final production and smaller 

dilution costs eventually becomes viable. Thus, the gold acquisition 𝑔 is optimal for 

investments 𝑘 ≥ 2.628. In line with our theoretical results, dilution costs become so large with 

advancing investment that the mitigation of foreign investors’ fear to encounter currency 

debasement is more important than the final output. 

In this connection, it is worth highlighting that lower domestic currency claims to foreign 

investors due to the gold expense can lead to lower period 2 prices, and thus to a higher value 

of fiat money in the gold-holding nation. On this account, note that the impact of lesser output 

on the domestic currency value is absorbed for investments 𝑘 ≥ 2.913 such that �̂�2 ≥ �̂�2,𝑔. 

 

ii) Risky Debt and Equity Comparison 

Suppose now that the representative nation decides to fund investment 𝑘 with the mixed 

financing strategy of issuing as much foreign currency debt as possible before relying on equity. 

We take the gold-holding nation again for illustration purposes. Given above financing strategy, 

foreign currency debt is used until the maximum credible obligation amount of 𝐷𝑔 = 𝜃𝐻𝜙g 

is reached. In case of raising higher investments such that 𝑘 > 𝜋𝜃𝐻𝜙g, the nation then cannot 

avoid issuing domestic currency claims for any increment of required capital. 



72 

 

Using domestic currency claims to compensate foreign investors on the remaining investment 

fraction (𝑘 − 𝜋𝜃𝐻𝜙g), the gold-holding nation has to expand its money supply in  

period 0 by: 

0,𝑔 =
(𝑘 − 𝜋𝜃𝐻𝜙g)(1 + 1)

[1 + (1 − 
𝑔

) 1] 𝜃𝑔 − (𝑘 − 𝜋𝜃𝐻𝜙g)(1 + 1)
 . 

As a consequence, residents incur a perceived loss in purchasing power of: 

(
𝑔

− )(𝑘 − 𝜋𝜃𝐻𝜙g)1

1 + (1 − 
𝑔

)1
 . 

Recapitulating the above discussion, the representative consumer payoff in period 1 under the 

mixed financing strategy of risky debt and equity is determined by three possible scenarios. 

First, in case the investment amount satisfies the condition of safe debt, consumers of the gold-

holding nation receive a payoff of: 

𝜃g − 𝐷𝑔, 

with 𝐷𝑔 = 𝑘. 

The second payoff situation occurs when the nation requires capital that fulfils the condition of 

risky debt such that 𝜃𝐿𝜙g < 𝑘 ≤ 𝜋𝜃𝐻𝜙g. Leading to the representative consumer payoff in 

period 1 of: 

𝜃g − 𝐷𝑔 − (1 − 𝜋)𝜃𝐿𝜙g , 

foreign currency denominated debt is now given by 𝐷𝑔 = 𝑘/𝜋. 

In the last case, the gold-holding nation requires capital 𝑘 > 𝜋𝜃𝐻𝜙g, and thus falls back on 

equity financing. It follows that the total representative consumer payoff is given by: 

g [𝜃 [1 −
0,𝑔

1 + 0,𝑔
(1 − 𝜇𝑔 +

𝜇𝑔

1 + 1
)] − 𝜃𝐻𝜙 − (1 − 𝜋)𝜃𝐿𝜙] −

(𝜇𝑔 − )(𝑘 − 𝜋𝜃𝐻g)1

1 + (1 − 𝜇𝑔)1

 , 

with domestic currency issuance: 

0,𝑔 =
(𝑘 − 𝜋𝜃𝐻𝜙g)(1 + 1)

[1 + (1 − 
𝑔

) 1] 𝜃𝑔 − (𝑘 − 𝜋𝜃𝐻𝜙g)(1 + 1)
 , 

and where debt 𝐷𝑔 is substituted with the maximum credible foreign currency amount. 
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Regarding our benchmark case, Figure 5 shows the representative consumer payoffs subject to 

the mixed financing strategy of risky debt and equity for given levels of investment. Looking 

at investment levels up until the threshold of risky debt, it is straight forward that consumer 

payoffs are equivalent to the pure debt funding scenario. Accordingly, it is optimal for the 

nation not to purchase gold ex-ante. 

For higher investment levels, that is 𝑘 > 2.411 for the standard nation and 𝑘 > 2.367 for the 

gold-holding nation, foreign investors are then compensated via domestic currency claims 

issued in period 0. Contrary to the pure debt financing case, the financing strategy of risky debt 

and equity consequently avoids the range of investment that is unfeasible due to commitment 

problems. Referring to Figure 5, consumer payoffs exhibit a small kink upwards and decrease 

slightly lesser for any additional investment unit. The reason is that the inflicted dilution costs 

on the remaining fraction of investment are smaller than the debt obligation would be under a 

risky debt scenario. However, consumers benefit from equity financing only to a limited extent 

as the size of the investment is considerable, and hence marginal returns on the investment are 

low. Nonetheless, the standard nation has higher payoffs compared to the gold-holding nation 

until the respective positive NPV conditions are reached. 

Abstracting from the NPV condition, note that gold eventually becomes optimal for investments 

𝑘 ≥ 3.818. Coinciding with a payoff of 0.496, the reason for gold’s optimality is that the 

wealth transfer from domestic residents to foreign investors is otherwise too large. 
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iii) Mixed Financing Overview 

To determine the optimal capital structure in a mixed financing strategy setting and to evaluate 

the gold purchase, Figure 6 illustrates the overview of the above funding choices for given 

levels of investment. 

Commencing the graphical analysis with investment levels that satisfy the condition of safe 

debt, both mixed strategies comprise the strictly optimal decision of issuing foreign currency 

obligations. The respective strategies are hence equivalent. Moreover, the standard nation has 

higher payoffs since the gold expense only lowers the final production but has no positive 

payoff effects under foreign currency financing. 

In regards to required capital that is within the range of risky debt, the nation’s optimal 

financing strategy is now dependent on the difference between dilution and foreign currency 

funding costs. Referring to Figure 6, it becomes evident that paying foreign investors via 

domestic currency claims is superior to risky debt issuances such that the financing mix of safe 

debt and equity is best. The reason behind this superiority lies in two underlying dynamics.  

First, the financing mix of safe debt and equity enables the nation to issue more safe debt, as 

the threshold of credible safe debt increases with the investment. Therefore, the nation can avoid 

suboptimal financing costs for larger investment levels. Second, foreign currency obligations 

that incorporate the risk of default combined with the expected default costs are higher than the 

inflicted dilution costs. 

Nevertheless, the gold acquisition remains suboptimal because the sacrifice of output impacts 

consumer payoffs more than the resulting reduction in equity financing costs. 

Proceeding with the range of investments in which the respective nations have to issue domestic 

currency claims regardless of the mixed financing strategy, we observe that gold in combination 

with the safe debt and equity strategy eventually becomes optimal for 𝑘 ≥ 2.628. Recall that 

with advancing investment levels, the marginal return on final production decreases while the 

impact of constant dilution cost gain in weight. Hence, the more the nation relies on equity 

financing, the higher the incentive to purchase gold ex-ante and mitigate the wealth 

redistribution from residents to foreign investors. 

Besides, Figure 6 illustrates that the financing mix of risky debt and equity, despite the small 

upward knit in consumer payoffs due to equity financing, is never optimal. 
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Summary Mixed Financing 

Within the range of safe debt, that is 𝑘 ≤ 0.997, both financing strategies comprise the optimal 

decision to finance the investment via foreign currency obligations. The argument for this 

choice is that the nation is able to avoid friction costs. Furthermore, the gold acquisition is 

considered suboptimal since a trade-off between lesser final output and lower equity financing 

costs is not relevant. 

For investment levels which satisfy the condition of risky debt, the representative nation then 

decides to either fund the investment via risky debt or with the combination of safe debt and 

equity. As risky debt is associated with substantial expected default costs, domestic currency 

financing is superior. Nevertheless, the acquisition of gold remains suboptimal as the 

associated loss in output impacts consumer payoffs more than the reduction in dilution costs. 

Accordingly, the mixed financing strategy of safe debt and equity is optimal for investments 

𝑘 < 2.628. 

With advancing investment levels, however, dilution costs accumulate significantly. On this 

account, the mixed financing strategy of safe debt and equity in combination with gold is 

optimal for investment levels 𝑘 ≥ 2.628. 

 

iv) Responsive Beliefs 

As outlined, the nation’s ability to finance investments using domestic currency claims is 

strongly reliant on the credibility of its monetary policies (e.g. Ball, 1992). 

In line with Bolton and Huang (2018), investors have grounds to suspect that a sovereign is 

more likely to be monetary dove at the end of period 1 when relying heavily on equity financing 

in period 0. The reason behind is that nations’ incentive to print money rises with higher 

domestic currency claims to foreign investors. In turn, foreign investors anticipate the 

government’s behaviour by adjusting their perceived probability to encounter future inflation, 

and thus demanding higher compensation ex-ante. 

However, the nation can increase the credibility of its monetary system by holding a substantial 

amount of gold in period -1. The argument is that significant gold reserves are a quality 

characteristic of growth and stability in the eyes of foreign investors. In our model, this dynamic 

translates into foreign investors being less sceptical about the nation’s monetary policy at the 

end of period 1 for given domestic currency issuances in period 0. 
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Capturing the more realistic investor behaviour in a simple way, suppose now that: 

𝜇(𝛿0, 𝑔) = {

𝜇 + 𝛿0𝛾𝑠 ,             𝑓𝑜𝑟 𝑔 = 0         

𝜇 + 𝛿0,𝑔𝛾𝑠 ,          𝑓𝑜𝑟 𝑔 > 𝑔 > 0 

𝜇 + 𝛿0,𝑔𝛾𝑔 ,         𝑓𝑜𝑟 𝑔 ≥ 𝑔         

 
 

    

with responsiveness parameter 𝛾 ∈ [𝛾𝑔, 𝛾𝑠] and 𝛾𝑠 > 𝛾𝑔 > 0, and where 𝑔 denotes the minimum 

required gold amount that triggers foreign investor beliefs. Intuitively, foreign investors change 

their perception on the nation’s monetary credibility at some gold reserve threshold such that 

the responsiveness to domestic currency issuances then switches from 𝛾𝑠 to 𝛾𝑔.14 

Given above belief formation, the interaction between the perceived probability to a dove-

government and the associated domestic currency claim is straightforward. Instead of using the 

exogenous parameter 𝜇𝑔 (𝜇), we now allow for above interdependency by deriving the 

respective values of 𝜇(𝛿0,𝑔, 𝑔) (𝜇(𝛿0, 0)) and domestic currency issuance 𝛿0,𝑔 (𝛿0) for any 

investment level 𝑘 simultaneously. 

For illustration purposes, consider the gold-holding nation in the safe debt and equity financing 

scenario.15 Given investment levels that exceed the condition of safe debt, recall that the  

period 1 consumer payoff denotes: 

g [𝜃 [1 −
0,𝑔

1 + 0,𝑔
(1 − 𝜇𝑔 +

𝜇𝑔

1 + 1
)] − 𝜃𝐿𝜙] −

(𝜇𝑔 − )(𝑘 − 𝜃𝐿𝜙g)1

1 + (1 − 𝜇𝑔)1

 . 

The difference to the case with unresponsive investors beliefs is the corresponding two-

equation system that comprises the domestic currency issuance: 

0,𝑔 =
(𝑘 − 𝜃𝐿𝜙g)(1 + 1)

[1 + [(1 − 𝜇(𝛿0,𝑔, 𝑔)) 1]] 𝜃𝑔 − (𝑘−𝜃𝐿𝜙g)(1 + 1)
 , 

and the perceived probability of foreign investors to face inflation: 

𝜇(𝛿0, 𝑔) = 𝜇 + 𝛿0,𝑔𝛾𝑔 . 

 
14 It is obvious that a gold purchase of 𝑔 > 𝑔 > 0 is strictly suboptimal since the representative nation would only 

lower its final production but not reduce its equity financing costs. For the subsequent analysis, assume that the 

exogenous gold purchase fulfils 𝑔 ≥ 𝑔 . 
15 As the methodology is identical for any financing strategy that involves equity, the logic applies to the risky 

debt and equity mix as well as to the pure equity financing scenario. 
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The solution to the two-equation system is shown in Appendix A5. 

Looking at the two-equation system, it is apparent that the more the nation relies on domestic 

currency claims to finance its investment, the higher the overall fear of foreign investors to face 

future currency debasement. In fact, not only the amount of monetary financing in 

period 0 but also the responsiveness of foreign investors to equity claims is leading to a 

widening gap between 𝜇(𝛿0,𝑔, 𝑔) and . It follows that depending on the responsiveness of 

foreign investors, equity financing becomes either more or less attractive compared to the cases 

with unresponsive investor beliefs. 

In this context, it is worth highlighting that there exist two extreme cases when introducing 

responsive investor beliefs. First, note that there is no solution to 0,𝑔 and 𝜇(𝛿0,𝑔, 𝑔) for 

sufficiently large values of 𝑘, 1 or 𝛾𝑔. This lies in the fact that foreign investors are eventually 

too concerned about the value of their domestic currency claims. Consequently, the nation is 

unable to persuade foreign investors to hold equity in exchange for the investment. In the second 

scenario, foreign investors might be so irresponsive such that 𝜇𝑔(𝛿0,𝑔, 𝑔) < 𝜆. Under the latter 

condition, domestic residents perceive an increase in purchasing power with monetary 

financing as foreign investors seemingly claim too little compensation. Given the subsequent 

wealth transfer from foreign investors to residents, the nation then not only strictly prefers 

equity over debt but also has an incentive to print more money than the investment requires. 

When drawing a comparison between the standard nation and the gold-holding nation, it is 

evident that the reduction of 𝛾𝑠 to 𝛾𝑔 now induces the previously mentioned second-order effect. 

Specifically, the reduced 𝜇(𝛿0,𝑔, 𝑔) not only has a decreasing effect on foreign investors’ 

domestic currency claims but vice versa. On this account, the acquisition of gold gains 

significance. Besides, this interaction implies the case where 𝜇𝑔(𝛿0,𝑔, 𝑔) < 𝜆 <  𝜇(𝛿0, 0) for a 

sufficiently high responsiveness to gold reserves, i.e. 𝛾𝑔 ≪ 𝛾𝑠. In this particular scenario, the 

representative nation not only strictly prefers monetary financing over foreign currency debt 

but also strictly prefers to purchase gold. 
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To illustrate the implications of responsive beliefs, we expand our benchmark case by: 

Parameter Symbol Value 

Initial Perceived Inflation Risk, Foreign 𝜇 = 0.2 

Responsiveness Parameter, Foreign (Standard) 𝛾𝑠 = 1.0 

Responsiveness Parameter, Foreign (Gold) 𝛾𝑔 = 0.5 

Table 2: Parameters of the Benchmark Case; Responsive Beliefs 

where the values displayed in Table 2 are chosen without loss of generality. It is straightforward 

that with lesser impact of gold on the perception of foreign investors, i.e. with a smaller 

difference between 𝛾𝑠 and 𝛾𝑔, the nation’s incentive to acquire gold reduces. Besides, with 

increasing values of the base parameter 𝜇, gold reserves become optimal for lower levels of 

investment. The reason behind is that the weight of dilution costs within consumer payoffs rise, 

and hence the trade-off between final production and a reduction in dilution costs becomes more 

favourable. 

Incorporating responsiveness, and hence an investor behaviour which is closer to reality,  

Figure 7 shows the consumer payoffs of the representative nations for the mixed financing 

strategies. In line with our theoretical analysis, Figure 6 and Figure 7 exhibit an almost identical 

payoff patterns for small equity financed investments. With progressing monetary financing, 

however, consumer payoffs now display a sharper decrease compared to the unresponsive 

cases. In detail, the sovereign’s reliance on domestic currency issuances in period 0 leads to the 

rising scepticism of foreign investors on the monetary policies at the end of period 1. The higher 

assigned probability of facing currency debasement, in turn, induces the second order effect of 

demanding even higher equity claims. It follows that dilution costs scale up substantially. 

Considering that gold reserves can mitigate these costs, Figure 7 highlights that the acquisition 

of gold is optimal for investment levels 𝑘 ≥ 2.565, which corresponds to a payoff of 2.849. In 

this connection, the gold-holding nation can offset the negative effect of lesser final output on 

its currency value for investments 𝑘 ≥ 2.647 such that �̂�2 ≥ �̂�2,𝑔. 

Lastly, note that equity funded investments may be so large that foreign investors do not accept 

domestic currency claims in exchange for investment 𝑘 ex-ante. While the latter occurs for the 

gold-holding nation at an investment level of 𝑘 > 4.117, the standard nation is not able to rely  
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on the safe debt and equity combination for investments 𝑘 > 3.378. Thus, there exists a range 

of investment 3.378 < 𝑘 ≤ 3.481 where the positive NPV condition holds, but the standard 

nation is not able to use the optimal financing mix. 

Focussing on the risky debt and equity financing strategy, note that the gold acquisition is 

optimal for investment levels 𝑘 ≥ 4.042. 

 

6.13 Central Points and Empirical Predictions 

In light of our findings on the benchmark case, there are several important takeaways.  

First, when 𝜇 > 𝜇𝑔 > 𝜆, foreign currency debt in the range of safe debt is the financing method 

that yields the model’s highest consumer payoff as no friction costs are present. Due to the 

limited willingness to repay problem, however, note that the nation’s safe debt capacity is bound 

to its final production realised in the bad state of the world. Accordingly, for an investment 

amount that satisfies 𝑘 ≤ 𝜃𝐿𝜙, the nation relies on foreign currency debt and disregard the 

gold purchase. 

Second, the nation’s decision to use risky debt is greatly dependent on the probability of default  

(1 − 𝜋) and the severity of the potential output loss 𝜙 due to sanctions. It is straightforward 

that with a larger probability of default and a higher punishment, the nation rather limits its 

foreign currency debt obligations to safe debt. Besides, the nation is constrained in the 

investment amount to the risky debt capacity of 𝑘 ≤ 𝜋𝜃𝐻𝜙. In case the investment satisfies 

the condition of risky debt and expected default costs are lower than dilution costs, the nation 

prefers to issue risky foreign currency debt and the gold acquisition is not expedient. 

Third, the use of equity financing relies on the belief difference on inflation between residents 

and foreign investor, the credibility of the nation’s monetary system and the required investment 

amount. In general, the larger the difference in the assigned probability to inflation between 

residents and foreign investors, the higher the inflicted dilution costs, and hence the higher the 

incentive of the nation to depend on risky debt instead. Furthermore, the monetary credibility 

is crucial to the nation’s equity financing as foreign investors may not accept domestic currency 

in exchange for the investment in the first place. Concerning the investment amount, the 

representative nation cannot avoid paying foreign investors at least partially via domestic 

currency claims if the investment exceeds the maximum credible risky debt amount. 
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Given the underlying dynamics of equity financing, the acquisition of gold provides benefits to 

all determinants affecting the nation’s decision to fund the investment via domestic currency. 

On the one hand, gold reserves decrease foreign investors’ fear of future inflation such that the 

wealth transfer from residents to foreign investors is substantially reduced. Therefore, equity 

financing becomes more favourable compared to risky debt. On the other hand, the reduction 

of foreign investors’ fear of currency debasement also implies a larger feasible equity funded 

investment. Finally, gold has the largest beneficial impact on consumer payoffs for large 

required capital since equity financing, and thus dilution costs accumulate. 

In consideration of the key aspects above, it is interesting to turn to the empirical predictions of 

our model adaptation. 

To begin with nations that rely heavily on domestic currency and use almost no foreign currency 

financing, our model suggests that residents assign higher probabilities to future inflation than 

foreign investors such that 𝜇 < 𝜆. Implying that foreign investors perceive the value of the 

domestic currency higher than the nation’s citizens, equity financing causes a wealth transfer 

from foreign investors towards residents. As 𝜇 > 𝜇𝑔, the nation can consequently increase the 

consumer payoffs even more by acquiring gold. Accordingly, we expect that such nations have 

large gold reserves. 

Furthermore, we find that the higher the required capital, the more the nation is forced to rely 

on domestic currency. Since equity financing costs heavily depend on the monetary credibility 

of the nation, we expect that with a larger ratio of public investments to GDP and excessive 

monetary financing, gold reserves should increase. 

Finally, we predict that with larger gold reserves, the share of foreign investors holding 

domestic currency claims rise compared to domestic investors. 
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7. Gold and Debt Overhang 

Until now, our gold model is limited to the scenario where the representative nation has no 

outstanding debt in period -1, and thus debt overhang is of no concern. To understand the line 

of thought, recall that the underlying motive of gold reserves established in this paper fits best 

for emerging nations. Bearing this fact in mind, developing countries generally have 

disincentives to invest when being indebted. Citizens fear that a resource shift from 

consumption to investments may be motivated by the government to serve investor obligations 

instead of aiding its population. It follows that the higher the outstanding debt, the more difficult 

it is for the sovereign to justify expenses (Deshpande, 1997). Since gold may be seen as a 

wasteful investment to residents in case the nation has substantial inherited debt, the nation may 

have no incentive to acquire gold whilst dealing with debt-overhang issues. 

For completion purposes, however, suppose that the nation has outstanding foreign currency 

debt 𝐷0 in 𝑡 = −1. The nation then not only has to decide on the acquisition of gold but also 

whether to undertake the investment 𝑘 per se. 

 

i) Equity Financing 

Consider the situation where the inherited debt 𝐷0 is sufficiently low such that it is always 

optimal for the nation to repay foreign investors. 

Turning to the consumer payoff under no investment, the nation has no incentive to acquire 

gold, since the associated trade-off between reduced equity costs and lesser final output is not 

profitable. Therefore, the representative consumer payoff in period 1 without investment 

denotes: 

𝜃 (0, 𝑤) − 𝐷0 . 

When investing 𝑘, however, the nation has to decide whether the gold acquisition is feasible. 

Hence, recall that the nation chooses to purchase gold in period -1 if and only if: 

𝜃g [1 −
0,𝑔

1 + 0,𝑔
(1 − 𝜇𝑔 +

𝜇𝑔

1 + 1
)] −

(
𝑔

− ) 1𝑘

1 + (1 − 
𝑔

) 1

− 𝐷0 ≥ 

𝜃 [1 −
0

1 + 0
(1 − 𝜇 +

𝜇

1 + 1
)] −

(𝜇 − )1𝑘

1 + (1 − 𝜇)1
− 𝐷0 

 , 
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where 0,𝑔 denotes: 

0,𝑔 =
𝑘(1 + 1)

(1 + (1 − 
𝑔

) 1) 𝜃𝑔 − 𝑘(1 + 1)
 , 

and 0 is given by: 

0 =
𝑘(1 + 1)

[1 + (1 − )1]𝜃 − 𝑘(1 + 1)
 . 

Summarising the above possibilities formally, the nation decides to undertake the equity 

financed investment and acquire gold when: 

𝜃g [1 −
0,𝑔

1 + 0,𝑔
(1 − 𝜇𝑔 +

𝜇𝑔

1 + 1
)] −

(
𝑔

− ) 1𝑘

1 + (1 − 
𝑔

) 1

 ≥ 

 𝜃 [1 −
0

1 + 0
(1 − 𝜇 +

𝜇

1 + 1
)] −

(𝜇 − )1𝑘

1 + (1 − 𝜇)1
 ≥  𝜃 (0, 𝑤) , 

where 0 and 0,𝑔 can be substituted for and the inherited debt 𝐷0 cancels out. As can be seen, 

the decision to purchase gold as well as to undertake the investment per se is independent of 

the outstanding debt in 𝑡 = −1. 

Note that, contrary to Bolton and Huang (2018), we do not disregard potential dilution costs 

involving equity financing.16 

In case the outstanding debt is associated with the possibility of default in the bad state of the 

world, however, an overhang of investments may occur under equity financing. 

To show this finding, consider next the situation where the inherited debt satisfies  

𝜃𝐻𝜙 (0, 𝑤) > 𝐷0 > 𝜃𝐿𝜙 (0, 𝑤) and 𝐷0 < 𝜃𝐿𝜙g  < 𝜃𝐿𝜙. While the payoffs are 

equivalent to the ones above when investing 𝑘, the possibility of default under no investment 

changes the nation’s payoff to: 

𝜋(𝜃𝐻 (0, 𝑤) − 𝐷0) + (1 − 𝜋)(1 − 𝜙)𝜃𝐿 (0, 𝑤) , 

which yields: 

𝜃 (0, 𝑤) − 𝜋𝐷0 − (1 − 𝜋)𝜃𝐿𝜙 (0, 𝑤) . 

 
16 As shown in Appendix A6, Bolton and Huang (2018) abstract from equity friction costs in their “Debt Overhang” 

section. 
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Addressing the debt overhang issue, the nation chooses to invest and purchases gold if: 

𝜃g [1 −
0,𝑔

1 + 0,𝑔
(1 − 𝜇𝑔 +

𝜇𝑔

1 + 1
)] −

(
𝑔

− ) 1𝑘

1 + (1 − 
𝑔

) 1

− 𝐷0  ≥ 

 𝜃 (0, 𝑤) − 𝜋𝐷0 − (1 − 𝜋)𝜃𝐿𝜙 (0, 𝑤) , 

which simplifies to: 

𝜃g [1 −
0,𝑔

1 + 0,𝑔
(1 − 𝜇𝑔 +

𝜇𝑔

1 + 1
)] −

(
𝑔

− ) 1𝑘

1 + (1 − 
𝑔

) 1

 ≥ 

 𝜃 (0, 𝑤) + (1 − 𝜋)(𝐷0 − 𝜃𝐿𝜙 (0, 𝑤)) . 

Recalling the outstanding debt condition 𝐷0 > 𝜃𝐿𝜙 (0, 𝑤), it is clear that the last term of the 

above inequality is positive. On this account, there may exist some parameter values for which 

the nation initially has the incentive to invest: 

𝜃g [1 −
0,𝑔

1 + 0,𝑔
(1 − 𝜇𝑔 +

𝜇𝑔

1 + 1
)] −

(
𝑔

− ) 1𝑘

1 + (1 − 
𝑔

) 1

 ≥  𝜃 (0, 𝑤) , 

but the substantial inherited debt distorts the nation’s investment decision such that: 

𝜃g [1 −
0,𝑔

1 + 0,𝑔
(1 − 𝜇𝑔 +

𝜇𝑔

1 + 1
)] −

(
𝑔

− ) 1𝑘

1 + (1 − 
𝑔

) 1

 < 

 𝜃 (0, 𝑤) + (1 − 𝜋)(𝐷0 − 𝜃𝐿𝜙 (0, 𝑤)) . 

Note that the proof for the standard nation is analogue. 

Given above findings, we conclude that debt overhang may occur when the inherited debt is 

considered risky under no investment. Nevertheless, it is important to mention that the 

consumer payoff comparison when undertaking the investment can satisfy: 

𝜃g [1 −
0,𝑔

1 + 0,𝑔
(1 − 𝜇𝑔 +

𝜇𝑔

1 + 1
)] −

(
𝑔

− ) 1𝑘

1 + (1 − 
𝑔

) 1

 ≥ 

 𝜃 [1 −
0

1 + 0
(1 − 𝜇 +

𝜇

1 + 1
)] −

(𝜇 − )1𝑘

1 + (1 − 𝜇)1
 , 

while: 
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𝜃g [1 −
0,𝑔

1 + 0,𝑔
(1 − 𝜇𝑔 +

𝜇𝑔

1 + 1
)] −

(
𝑔

− ) 1𝑘

1 + (1 − 
𝑔

) 1

 <  

𝜃 (0, 𝑤) + (1 − 𝜋)(𝐷0 − 𝜃𝐿𝜙 (0, 𝑤)) . 

It follows that the nation’s decision on the acquisition of gold and the problem of debt overhang 

are two separate issues under equity financing. 

On a final note, the situation of 𝐷0 > 𝜃𝐻𝜙 (0, 𝑤) is not addressed since the inherited debt 

would be so large that the representative nation defaults with a probability of 1. Since foreign 

investors are aware of this incentive constraint, they are not willing to finance any investment 

in period 0. 

 

ii) Debt Financing 

Following Bolton and Huang (2018), we can show that the nation’s decision making on the 

acquisition of gold is not affected by inherited debt. In fact, not only do gold reserves remain 

suboptimal for the nation when financing its investment via foreign currency but lead to a higher 

potential of debt overhang. 

To illustrate these findings, suppose first the situation where 𝐷0 < 𝜃𝐿𝜙 (0, 𝑤) such that the 

nation’s expected payoff under no investment denotes: 

𝜃 (0, 𝑤) − 𝐷0 . 

Assume further that the addition of new debt 𝐷1 leads to 𝐷0 + 𝐷1 > 𝜃𝐿𝜙 > 𝜃𝐿𝜙𝑔 such that 

the expected payoff of the gold-holding nation denotes: 

𝜋[(𝜃𝐻𝑔) − 𝐷1 − 𝐷0] + (1 − 𝜋)(1 − 𝜙)𝜃𝐿𝑔 , 

and the payoff of the standard nation is given by: 

𝜋[(𝜃𝐻 ) − 𝐷1 − 𝐷0] + (1 − 𝜋)(1 − 𝜙)𝜃𝐿  , 

where 𝐷1 = 𝑘/𝜋.17 

Turning to the concern of debt overhang, the gold-holding nation prefers to take on additional 

debt 𝐷1 via foreign currency if and only if: 

 
17 The cases where 𝜃𝐿𝜙 > 𝜃𝐿𝜙𝑔 > 𝐷0 + 𝐷1 and 𝜃𝐿𝜙 > 𝐷0 + 𝐷1 > 𝜃𝐿𝜙𝑔 are not of interest as the standard 

nation is able to issue safe debt, implying that inherited debt has no impact on consumer payoffs. 
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𝜋[(𝜃𝐻𝑔) − 𝑘/𝜋 − 𝐷0] + (1 − 𝜋)(1 − 𝜙)𝜃𝐿𝑔 ≥ 𝜃 (0, 𝑤) − 𝐷0 , 

which simplifies to: 

𝜃[𝑔 −  (0, 𝑤)] − 𝑘 ≥ (1 − 𝜋)[𝜃𝐿𝜙𝑔 − 𝐷0] . 

Under the assumption that 𝐷0 < 𝜃𝐿𝜙 (0, 𝑤) < 𝜃𝐿𝜙 , however, there exists a range of 

outstanding safe debt 𝐷0 with: 

𝐷0 > 𝜃𝐿𝜙𝑔 −
𝑘

𝜋
 . 

On this account, safe debt has the potential to overhang the nation’s investment decision. 

Considering that this proof is analogue to Bolton and Huang (2018), recall that the range of safe 

inherited debt leading to investment overhang of the standard nation is: 

𝐷0 > 𝜃𝐿𝜙 −
𝑘

𝜋
 . 

Since the gold expense reduces final production, it is straightforward that the range of 

outstanding safe debt 𝐷0 under which debt overhang may occur expands. 

 

Suppose next that the initial debt satisfies 𝐷0 > 𝜃𝐿𝜙 > 𝜃𝐿𝜙𝑔 such that the nation’s payoff 

without investment is given by: 

𝜋[(𝜃𝐻 (0, 𝑤) − 𝐷0] + (1 − 𝜋)(1 − 𝜙)𝜃𝐿 (0, 𝑤) . 

Adopting the proof of Bolton and Huang (2018), the gold-holding nation undertakes the 

investment if: 

𝜋[(𝜃𝐻𝑔) − 𝑘/𝜋 − 𝐷0] + (1 − 𝜋)(1 − 𝜙)𝜃𝐿𝑔 ≥ 

𝜋[(𝜃𝐻 (0, 𝑤) − 𝐷0] + (1 − 𝜋)(1 − 𝜙)𝜃𝐿 (0, 𝑤) 

which reduces to: 

[𝜋𝜃𝐻 + (1 − 𝜋)(1 − 𝜙)𝜃𝐿][ −  (0, 𝑤)] ≥ 𝑘 . 

Given these finding, the outstanding risky debt 𝐷0 has no impact on the representative nation’s 

investment decision irrespective of a potential gold purchase. 

Nevertheless, note that the representative nation would only acquire gold if: 

𝜋[(𝜃𝐻𝑔) − 𝐷1 − 𝐷0] + (1 − 𝜋)(1 − 𝜙)𝜃𝐿𝑔 > 
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𝜋[(𝜃𝐻 ) − 𝐷1 − 𝐷0] + (1 − 𝜋)(1 − 𝜙)𝜃𝐿  . 

Since above inequality, however, reduces to: 

 > 𝑔 , 

it is clear that consumers are strictly better off if the nation does not purchase gold when relying 

on a pure foreign currency funded investment. 

Given the above results, it seems counterintuitive that safe inherited debt may overhang the 

nation’s foreign currency funded investment while risky debt does not. In regards to the existing 

literature on corporate finance, however, this phenomenon can be related to “risk-shifting”. 

Under financial distress, the latter explains the motive of shareholders not to reduce a firm’s 

leverage but to borrow further. The reason is that equity holders’ worst-case scenario is not 

affected by the issuance of further debt such that their focus narrows down to the good state of 

the world. In contrast, existing debt holders participate on the downside risk of additional debt 

with 100%. In other words, the limited liability of equity holders leads to the incentive of raising 

further debt, ultimately resulting in a risk transfer from shareholders to debt holders. 

  



90 

 

8. Limitations and Further Research 

Given the theoretical nature of our paper, the model framework is subject to several limitations 

and simplifications that need a more thorough elaboration. 

First, for our model to hold, it is assumed that consumers have the preference for late rather 

than early consumption, i.e. 𝛽 > 0. This assumption ensures market clearing such that 

consumers choose to sell all their endowment to firms in period 1, which in turn leads to the 

maximum possible final output in the economy in period 2. However, setting consumer 

preferences to the future is not consistent with the common stance of the economic and finance 

literature. Fishburn and Rubinstein (1982) proof that for a finite time horizon, impatience is a 

necessary and logical consequence of people’s underlying utility function. 

The discounting of positive outcomes would in our model translate into consumption 

smoothing. In particular, residents not only consider the growth in utility from their initial 

endowment to the final product but also take their impatience into account. As a consequence, 

consumers may choose to consume part of their endowment in period 1 for sufficiently large 

discount factors. 

Since the choice of consumer preference only affects the model in absolute terms, however, and 

does not alter its dynamics, the simplification of setting 𝛽 > 0 is justifiable. 

Furthermore, we narrow our focus down to the behavioural influence of gold reserves and its 

impact on the nation’s optimal financing strategy. However, gold can also be used as collateral, 

meaning that in the case of default, nations liquidate their reserves. As a real-world example, 

Venezuela sold a substantial amount of gold reserves as it was not able to pay back its debt in 

2016 (Bloomberg, 2016). 

Liquidation would enrich our model by the nation’s option to use gold reserves as a 

commitment device. Recalling the incentive constraint, the representative nation chooses to 

default when the final production after debt repayments is smaller than the final production 

after inflicted sanctions. Taking gold as collateral into account, the nation’s incentive to default 

on 𝐷𝑔 is then formally expressed by: 

𝑔 − 𝐷𝑔 < (1 − )𝑔 − 𝑔 . 

Intuitively, the nation has less incentive to default since its gold reserves would be seized to 

meet foreign investor obligations. Implying that foreign investors are less exposed to the risk 
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of default and receive at least partial reimbursements, foreign currency financing becomes 

cheaper for the nation ex-ante. Therefore, the framework condition in which gold acquisition is 

optimal expands dependent on the value of gold. 

In light of this fact, the gold price ought to be accounted for. The immediate sale of large 

amounts of gold may result in significant price drops such that gold loses power as collateral. 

This price-drop phenomenon was addressed by the “Central Bank Gold Agreement” from 1999 

to 2019, which ensured the stability of the gold price by limiting the number of gold sales in 

the market (European Central Bank, 2019/07). 

Another topic that could be of further interest is the optimal gold amount of nations. Instead of 

assuming an exogenous value of the gold acquisition, future research could solve for the optimal 

level endogenously. In our model, one potential approach is not to assume a binary 

responsiveness parameter 𝛾 ∈ [𝛾𝑔, 𝛾𝑠], but a continuous function. Consequently, higher gold 

reserves lead to lower responsiveness to domestic currency issuances. It is then possible to 

maximise consumer payoffs subject to the gold purchase. 

Related, the majority of literature investigates the direct benefits of investments, meaning their 

proceeding cash flows. Having said that, investments may involve signalling effects to market 

participants which ultimately lead to the distortion of optimal investment decisions and funding 

choices. While we suggest an equity cost reducing motive to explain gold purchases of 

emerging nations, the logic of asset purchases and their potential influence on the capital 

structure could be applied to different settings. 

In general, there is little literature on the subject of nations’ capital structure, neither on its 

composition (fiat money, domestic and foreign currency debt) nor what purpose the 

composition serves. While some studies investigate countries’ capital structure in theory and 

its similarities to firms, empirical studies are even rarer, and hence provide great potential for 

future research. 

Connecting this to gold reserves of countries, there are only few papers that thoroughly examine 

the subject of nations’ gold holdings. Given our strong emphasis on the theory, an empirical 

analysis on the model’s findings goes beyond the scope of this paper. On this account, future 

research could test our model’s predictions in an advanced statistical analysis and add new 

insights into nations’ funding choices and the role of gold within. 

To conduct the analysis, panel data about countries’ money supply, inflation rate as well as gold 

reserves is necessary. Furthermore, specific information about the debt composition is required, 
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i.e. foreign currency debt and domestic currency debt as well as the respective amount held by 

international and domestic investors. Eventually, the relationship between gold holdings and 

debt composition can be examined after adjusting for disturbing factors, 

Likewise, further research could also investigate whether gold reserves and their “real value” 

have an influence on the strength of nations’ currencies.  

Finally, we make no differentiation between nations’ governments and central banks as well as 

between public and private investments. In most countries, however, there is a clear distinction 

between them. On the one hand, central banks operate independently from the sovereign– with 

limited control. Regarding our adaptation, gold reserves of nations are also usually owned by 

the respective central bank rather than the government. On the other hand, we assume that 

investments are government controlled. However, by suppressing the uncoordinated financing 

decisions of public and private sectors, our model disregards crucial aspects of the real-world 

economy. Therefore, the collaboration between governments and central banks as well as the 

interactions involving public and private sectors are essential determinants worth considering 

in future work. 
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9. Conclusion 

In this paper, we use Bolton and Huang (2018) as the cornerstone to establish a model that 

sheds light on the rational of nations to accumulate gold and the impact this behaviour has on 

their optimal capital structure. 

Essentially, we find that the purchase of gold is unattractive for nations that rely purely on 

foreign currency obligations or use only minor domestic currency claims to finance 

investments. This way of funding, however, is constrained in the investment amount due to the 

limited willingness to repay problem. In contrast, nations that raise external funding via 

domestic currency claims or require large amounts of capital such that equity financing cannot 

be avoided, may increase consumer payoffs by acquiring gold. The underlying dynamic is that 

equity financing costs are heavily dependent on the sovereign’s monetary credibility, which can 

be strengthened by gold reserves. 

Our model not only highlights that gold reserves are beneficial for nations that require higher 

capital but also expect lower productivity shocks or implement greater monetary-dove policies 

in the future. As developing countries satisfy all of these attributes, this paper is especially 

suited to explain the observation of rising gold reserves of emerging nations (European Central 

Bank, 2019/11). On the one hand, these countries are in need of major external funding to 

finance infrastructure projects, establish public health systems or support their economic sectors 

to compete on the international market. On the other hand, developing countries are severely 

constrained in their capability to fund investments via foreign currency due to their generally 

low production levels. On this account, these nations have to raise capital via monetary 

financing while not giving the impression to foreign investors that their domestic currency 

devaluates in the near future. Therefore, developing countries may acquire substantial amounts 

of gold to signal monetary credibility, and hence persuade foreign investors to accept reasonable 

domestic currency claims in exchange for their investment. 

Moreover, this thesis allows for analogies between firms’ and nations’ capital structure such 

that parallels to different models of the corporate finance literate can be drawn. In line with 

Bolton and Huang (2018), we show that the Modigliani-Miller Irrelevance Theorem is 

applicable to countries. That is, nations are indifferent whether to finance their investment by 

means of foreign currency, domestic currency or a combination of both when no friction costs 

are present. Furthermore, we see elements of fundamental corporate finance concepts like the 
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Trade-off Theory or the Pecking Order Theory in our model with regard to the balancing of 

funding costs. Instead of evaluating the tax benefits and financial distress costs like in the Trade-

off Theory, nations consider expected default costs, dilution costs and the responsiveness of 

foreign investors towards substantial gold reserves when forming their optimal capital structure. 

In consideration of the Pecking Order Theory, we find that nations prefer safe debt over equity 

when foreign investors assign higher probabilities to the encounter of future monetary-dove 

policies than residents. 

In light of the fact that we demonstrate the optimal composition of nations’ capital structure for 

given investments, our framework further allows to draw conclusions on monetary systems per 

se. For example, what are the consequences of monetary unions and what do countries have to 

consider before joining these collaborations. Generally, monetary unions involve specific 

commitments such as giving up the sovereignty of freely using monetary financing. As a 

consequence, member states may be forced to change their financing strategies from domestic 

currency claims to foreign currency debt when funding external investments. In regards to gold 

reserves, another potential side effect is that not only the individual states but the entire 

monetary union as a group has to hold substantial gold amounts to uphold a reputation of 

monetary credibility. 

Since the topic of capital structure and foreign reserves of nations is relatively little explored, 

it offers a lot of potential for further research. Among many topics, studies could address what 

other impact gold reserves have on nations’ financing methods as our work narrowed down the 

focus to behavioural influences. Furthermore, our thesis provides a theoretical model that serves 

as a basis for empirical research on gold reserves and their effects on capital structures. 
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Appendix 

A1: Adopted Proof of the Endowment Allocation 

First, suppose that consumers sell 𝑥 < 𝑤 − 𝑔, and hence consume a fraction of their residual 

endowment such that 𝑐1 = 𝑤 − 𝑔 − 𝑥. Due to the acquisition of gold, price level in period 1 

now denotes 𝑝1,𝑔 = 𝑚/(𝑤 − 𝑔) whereas the price in period 2 is given by  

𝑝2,𝑔( ) = 𝑚/[𝑓(𝑤 − 𝑔)]. 

The expected lifetime payoff: 

 (𝑤 − 𝑔 − 𝑥) + 𝐸 [
1

𝑝2,𝑔( )
] 𝑝1,𝑔x =  (𝑤 − 𝑔 − 𝑥) +

𝜃𝑓(𝑤 − 𝑔)𝑥

𝑤 − 𝑔
< 𝜃𝑓(𝑤 − 𝑔) , 

then clearly shows that consuming part of the endowment in period 1 is suboptimal where the 

inequality is directly implied under Assumption A1 Gold. 

Second, suppose that the representative firm purchases less inputs in the first period, and hence 

holds on to some cash. As a consequence, the company is only able to produce 𝜃𝑓(𝑥) and the 

value of its overall cash stock in period 2 is given by: 

(𝑚 − 𝑝1,𝑔𝑥) + 𝐸[𝑓(𝑥)𝑝2,𝑔( )] . 

Formulating the choice of firms differently, for any 𝑥 ≤ 𝑤 − 𝑔, companies can at the margin 

either hold 𝑝1 in money or purchase an additional unit of input. In latter scenario, the resulting 

incremental expected output 𝜃𝑓′(𝑥) can be sold at an expected price 𝐸[𝑝2,𝑔( )] in period 2. 

Therefore, purchasing all of consumers’ endowments is optimal for the firm if: 

𝐸[ 𝑝2,𝑔( )]𝑓′(𝑥) ≥ 𝑝1,𝑔, for all 𝑥 ≤ 𝑤 − 𝑔 . 

Substituting for 𝑝1,𝑔 and 𝑝2,𝑔 leads to: 

𝐸 [
𝑚

𝑓(𝑥)
 ] 𝑓′(𝑥) ≥

𝑚

𝑤 − 𝑔
 , 

which is fulfilled under Assumption A1 Gold for all 𝑥 ≤ 𝑤 − 𝑔. 

On this account, the equilibrium constitutes that firms use their entire endowment 𝑚 for 

acquiring all resources in period 1 while consumers spend all of their saving 𝑚 to purchase all 

of the output produced in period 2.  
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A2: Adopted Proof of the Modigliani-Miller Theorem for Nations 

First, consider the foreign currency debt case in which the representative nation raises capital 

𝑘 from risk-neutral investors against an output compensation of 𝐷𝑔 = 𝑘 at date 2. The resulting 

reduction in final output brought onto the market then changes the price level in period 2 to: 

𝑝2,𝑔( ) =
𝑚

[𝑔 − 𝑘]
 . 

The representative consumer problem in period 1 is then formally expressed by: 

max
𝑥≥0

{ (𝑤 − 𝑔 − 𝑥) + 𝑝1,𝑔𝑥𝐸 [
1

𝑝2,𝑔( )
]} = max

𝑥≥0
{ (𝑤 − 𝑔 − 𝑥) + 𝑥

𝜃𝑔 − 𝑘

𝑤 − 𝑔
} . 

Taking the condition 𝑄(𝑘) > 1 into account, it is straightforward that the optimal choice of the 

consumer is to set 𝑥 = 𝑤 − 𝑔 such that the consumer payoff is reduced to: 𝜃𝑔 − 𝑘. 

Second, consider the equity case where the nation pays domestic currency claims via money 

issuance of 0,𝑔𝑚 in period 0 to foreign investors. Investment 𝑘 is then subject to the necessary 

condition that foreign investors are sufficiently compensated. Therefore, foreign investors in 

expectation must at least be able to buy a fraction of firms’ final output equal to the provided 

capital such that: 

0𝑚 = 𝐸[𝑝2,𝑔( )]𝑘 . 

Taking the increase of the money base into consideration, the period 2 price level is: 

𝑝2,𝑔( ) =
𝑚(1 + 𝛿0,𝑔)

𝑔
 , 

and the consumer problem in period 1 can be described by: 

max
𝑥≥0

{ (𝑤 − 𝑔 − 𝑥) + 𝑝1,𝑔𝑥𝐸 [
1

𝑝2,𝑔( )
]} = 

max
𝑥≥0

{ (𝑤 − 𝑔 − 𝑥) + 𝑥 [
𝑔

𝑓(𝑤 − 𝑔)(1 + 𝛿0,𝑔)
]

𝜃𝑓(𝑤 − 𝑔)

𝑤 − 𝑔
} . 

Suppose, as verified later, that the positive net present value condition can be rearranged such 

that: 

𝑔

𝑓(𝑤 − 𝑔)(1 + 𝛿0,𝑔)
≥ 1 . 



102 

 

It is then straightforward that the optimal choice of the representative consumer is again to set  

𝑥 = 𝑤 − 𝑔. Thus, the consumer payoff reduces to: 

𝜃𝑔

1 + 𝛿0,𝑔
 . 

As the nation is presumably indifferent regarding the form of financing, payoffs of the 

representative consumer have to be equal: 

𝜃𝑔

1 + 𝛿0,𝑔
= 𝜃𝑔 − 𝑘 , 

or: 

𝛿0,𝑔 =
𝑘

𝜃𝑔 − k
 . 

To confirm this equivalence, recall the incentive constraint of foreign investors: 

𝛿0,𝑔𝑚

𝐸[𝑝2,𝑔( )]
= 𝑘 , 

and substitute for the expected price level in period 2: 

𝐸[𝑝2,𝑔( )] =
𝑚(1 + 𝛿0,𝑔)

𝜃𝑔

 . 

Indeed, the substitution also leads to: 

𝛿0,𝑔 =
𝑘

𝜃𝑔 − k
 . 

As a final step, it is verified that the condition: 

𝑔

𝑓(𝑤 − 𝑔)(1 + 𝛿0,𝑔)
≥ 1 , 

subject to 𝛿0,𝑔 is equivalent to: 

[𝑄(𝑘) − 1]𝜃𝑓(𝑤 − 𝑔) > 𝑘 . 
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A3: Adopted Proof of Dilution Costs 

Suppose that the representative nation uses money issuance 0𝑚 in period 0 to finance 

investment 𝑘. For any realisation of , the price level in period 2 under a monetary-dove 

government then denotes: 

�̂�2,𝑔( ) =
𝑚(1 + 0,𝑔)(1 + 1)

𝑔
 , 

and the price level in period 2 under a monetary-hawk government is given by: 

𝑝2,𝑔( ) =
𝑚(1 + 0,𝑔)

𝑔
 . 

Since international investors demand compensation subject to the perceived risk of inflation, 

the domestic currency claim in exchange for the investment 𝑘 has the value of: 

[
𝜇𝑔

𝐸[�̂�2,𝑔( )]
+

1 − 𝜇𝑔

𝐸[𝑝2,𝑔( )]
] 0,𝑔𝑚 = 𝑘 . 

Substituting price levels and rearranging yields: 

𝜃𝑔

0,𝑔

1 + 0,𝑔
(1 − 𝜇𝑔 +

𝜇𝑔

1 + 1
) = 𝑘 , 

which implies: 

0,𝑔 =
𝑘(1 + 1)

[1 + (1 − 𝜇𝑔)1]𝜃𝑔 − 𝑘(1 + 1)
 . 

In comparison, domestic residents value the nation’s money issuance 0,𝑔𝑚 at: 

[


𝐸[�̂�2,𝑔( )]
+

1 − 

𝐸[𝑝2,𝑔( )]
] 0,𝑔𝑚 , 

where the substitution for price levels results in: 

𝜃𝑔

0,𝑔

1 + 0,𝑔
(1 −  +



1 + 1
) . 

Given different perceptions on money issuance 0,𝑔𝑚 and 𝜇𝑔  >  , the perceived loss of 

domestic residents in purchasing power when financing investment 𝑘 via domestic currency 

claims is thus expressed by: 
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(𝜇𝑔 − )
𝜃𝑔0,𝑔

1 + 0,𝑔

1

1 + 1
 . 

Substituting 0,𝑔 from above eventually leads to the dilution cost equation: 

(𝜇𝑔 − )1𝑘

1 + (1 − 𝜇𝑔)1
 . 
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A4: Representative Consumer Payoff in period 1 under Modigliani-Miller 
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A5: Solution to the Two-Equation System 

For any investment level 𝑘, there is: 

0,𝑔1,2
=

(1 + 1 − 𝜇1 −
(𝑘 − 𝜃𝐿𝜙g)(1 + 1)

𝜃𝑔

)

2𝛾𝑔1
 

± 

√(𝜇1 +
(𝑘 − 𝜃𝐿𝜙g)(1 + 1)

𝜃𝑔

− 1 − 1)

2

− 4𝛾𝑔1

(𝑘 − 𝜃𝐿𝜙g)(1 + 1)

𝜃𝑔

2𝛾𝑔1
 , 

where we can re-substitute in: 

𝜇(𝛿0, 𝑔) = 𝜇 + 𝛿0,𝑔𝛾𝑔 . 

 

Note that for sufficiently large values of 𝑘, 1 or 𝛾𝑔, the above square root turns negative, and 

thus 0,𝑔 and 𝜇(𝛿0, 𝑔) have no solutions. The interpretation is that foreign-investors are too 

concerned about the value of their domestic-currency claims such that monetary financing 

cannot be achieved. 
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A6: Debt Overhang under Equity Financing in Bolton and Huang (2018) 

To show that Bolton and Huang (2018) do not consider equity friction cost in their “Debt 

Overhang” section, recall that they define the expected payoff under an equity financed 

investment as: 

[1 −  ()]𝜃 − 𝐷0 , 

where  () is given by: 

0

1 + 0
(1 −

1

1 + 1
) =

𝑘

𝜃
 . 

Substituting for  ()gives: 

(1 −
𝑘

𝜃
) 𝜃 − 𝐷0 , 

which simplifies to: 

𝜃 − 𝑘 −  𝐷0 . 

Given that 𝜃 − 𝑘 is equivalent to the foreign currency debt payoff under the Modigliani-

Miller Theorem for Nations, i.e. there are no frictions present, we conclude that the perceived 

loss in purchasing power of residents is not accounted for. 
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