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A B S T R A C T   

We study the effectiveness of helicopter money, once a thought experiment that is now a feasible option given 
new digital technologies. We consider the effects of central bank digital currencies (CBDC) from a theoretical 
point of view, by means of a stock-flow consistent model of a growing open economy. We compare the effec-
tiveness of this tool with that of traditional fiscal and monetary policies. We find that issuing a CBDC by 
expanding the central bank’s balance sheet can have a durable impact on GDP and crucially, it allows for the 
activation of a new transmission channel, which depends on the sensitivity of investment and of the interest rate 
to firms’ leverage. But it might reduce the demand for bank deposits, and even more crucially for bank loans, 
thus creating challenges for financial stability.   

1. Motivation 

Technological progress in the field of digital technologies, and spe-
cifically the development of blockchain, have finally made “helicopter 
money” a real policy option for central banks and not anymore a mere 
thought experiment. As Buetzer (2022) puts it, “Outright Monetary 
Transfers” would now be feasible, in the sense of a direct transfer of 
resources from the central bank to firms and households. Such a policy 
would be engendered in the issuance of central bank Digital Currencies 
(CBDCs), namely “a digital form of central bank money that is widely 
available to the general public” (Federal Reserve, 2022a). In this work 
we reflect on the implications of such a new tool of monetary (or 
possibly hybrid fiscal) policy, and use a stock-flow consistent (SFC) 
model to assess its cons and pros vis-à-vis more traditional tools of fiscal 
or monetary stimulus. 

Over the past fifteen years, policy makers have faced a number of 
large shocks that have forced them to devise and use exceptional eco-
nomic policy instruments (Eichacker, 2022). Among these, the so-called 
unconventional monetary policy, that is, policies that attempt at con-
trolling the monetary base and/or money supply rather than an interest 
rate (see next section for a more detailed explanation) – which after 
several years of Quantitative Easing (QE) cannot really be referred to as 
“unconventional” anymore. Legislators and economic institutions have 
sometimes found themselves unprepared to the side effects that these 

new instruments have had on the economic system; for example, a wide 
ranging debate has developed, on the possible redistributive impact of 
QE measures, only after these measures had been implemented. From 
some points of view, the future may have similarly challenging times in 
store, and our work should thus be seen as a purely theoretical attempt 
to understand what are likely to be the main potentialities and risks, 
should central banks see themselves in need of starting to use CBDCs as a 
new monetary policy tool. 

For our aims here, the attribute “digital” in the name could cause 
misunderstandings. That a CBDC must necessarily be a digital asset is a 
technical requirement – it’s what makes it finally possible to implement 
a helicopter money policy on a large scale (Shah et al., 2020) – but it is 
not an economic requirement, and will not be further discussed here. 
Households, firms, and financial intermediaries already hold currency 
primarily in a digital form: for example, bank deposits are typically 
considerably larger than physical cash. The difference between a CBDC 
and electronic bank money is that a CBDC would be a direct liability of 
the central bank toward households and/or businesses, possibly even 
without the intermediation of banks or financial corporations (simpli-
fying, one could say that households or firms might begin holding re-
serves with the central bank). 

This tool has been increasingly discussed by commentators and 
central banks especially in light of fast innovation in the private finan-
cial sector (fintech), and it has often been presented as a defensive move 
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against market movements or experimentation from other central banks 
(Auer and Bohme, 2020; Bank of Canada et al., 2020; BIS, 2020 ; Federal 
Reserve, 2022a; Soderberg et al., 2022). By contrast, we consider here 
the possible positive contribution of CBDCs, as a way of enlarging and 
differentiating central banks’ toolkit (Meaning et al., 2018; Bordo and 
Levin, 2017; Chen and Siklos, 2022; Federal Reserve, 2022a). The main 
stated purpose of central banks, for the moment, is to conceive of CBDCs 
as an instrument to improve the efficiency of the wholesale and/or retail 
payments system (Panetta 2022). However, the implications for mone-
tary policy and financial stability are multiple and need to be studied 
carefully; any instrument, and thus CBDCs, might become a tool of 
monetary policy even if they were not originally intended for that aim. 

In this context, we compare the effectiveness of traditional fiscal 
stimulus (with monetary financing), and of QE, with the introduction of 
a CBDC. Given our primarily theoretical aims, we adapt a stock-flow 
consistent (SFC) model that was already proposed in this journal by 
Sawyer and Passarella (2021). This model was designed with the aim to 
provide a comprehensive comparison of fiscal and monetary policies, 
including QE. It especially suits our aims here because, differently from 
other contributions in this literature, it has not been designed to mimic 
the dynamics of any specific country, but rather to approximate those of 
a generic advanced capitalist economy. In our simulations, we too 
calibrate the model to roughly reproduce conditions of “secular stag-
nation” in an advanced economy.1 

Moreover, that model is especially useful to clarify that even in a 
post-Keynesian model in which private (bank) money is endogenously 
supplied, the central bank can exogenously change the supply of at least 
some monetary aggregates. In Sawyer and Passarella (2021) this is the 
case of QE, in our work it is also the case with the issuance of CBDC. In 
order to preserve the comparability of our results with those by Sawyer 
and Passarella, we have modified the original structure of their model as 
little as possible – evidently, except for the introduction of the CBDC. 
Crucially, although central banks currently consider CBDCs as a means 
of payment, our SFC framework allows us to clarify that – by being a 
liability of the central bank – this tool might nonetheless become a store 
of value. 

A prime advantage of CBDCs emerges from our analysis: their acti-
vation of a new and different transmission channel, different from those 
activated by the other currently available monetary policy tools. This 
new channel crucially depends on households’ propensity to spend the 
CBDC, and on the sensibility of private investment and of bank loans to 
firms’ financial leverage. 

Yet, extant literature has highlighted a possibly crucial risk of CBDCs: 
that they might reduce the demand for banks’ deposits, thus posing 
challenges for financial stability in so far as deposits constitute a reliable 
source of funding at relatively low cost for banks (Meaning et al., 2018; 
Bordo and Levin, 2017; Keister and Monnet, 2020; Kim and Kwon, 2022; 
Federal Reserve, 2022a). Our analysis shows that a reduction of the 
demand for banks’ loans might be an even more serious issue, due to its 
negative impact on bank profitability. This both vindicates the cautious 
approach of most Western central banks, and calls for more research on 
the specific design of this policy tool. 

In order to investigate the theoretical potential of CBDC for the 
implementation of helicopter money policy, the rest of the paper de-
velops as follows: Section 2 qualifies what precisely we mean by heli-
copter money, and why this term is sometimes used improperly; Section 
3 contextualises the CBDC in the world of cryptocurrencies and provides 
a short review of the literature on this topic; Section 4 describes the 
baseline model and explains the different treatments we tested. The fifth 

section reports our main results, and Section 6 draws some conclusions. 

2. Helicopter money and fiscal monetization 

Among the different types of anti-deflationary policies proposed by 
mainstream economists following the Great Financial Crisis and the 
European sovereign debt crisis, some have been labelled as helicopter 
money (e.g. Gali, 2020; Grenville, 2013; Ryan-Collins and Van Lerven, 
2018). Then, in the wake of the pandemic too, several proposals have 
been referred to as helicopter money policy (e.g., Benigno and Nisticò, 
2020; Goodhart et al., 2021). 

The term “helicopter money” was introduced by Friedman (1969) to 
describe a one-off increase in the money supply. In today’s context, the 
rationale for this proposal could lay in a perception of limited effec-
tiveness and/or drawbacks of QE (Turner, 2015). Some authors argue 
that the net acquisition of financial assets, acquired by issuing new 
money, does not generate significant direct benefits for low-income 
households in the short run, but only in the medium term (e.g. 
Kappes 2021). Even before the recent move towards more restrictive 
monetary stances (ostensibly caused by inflation spikes), mainstream 
economists were already questioning the effectiveness of persistent 
“unconventional” monetary stimulus and widely recognized some of its 
drawbacks, such as the negative impact on income inequality (most 
recently and in connection to CBDCs, see Buetzer, 2022; for a review see, 
Kappes, 2021). Indeed, both mainstream and heterodox contributions 
have found evidence of negative side effects of QE (e.g. Bernanke 2015; 
Cui and Steck 2021; Gornemann et al., 2012; Kappes 2021; Palley 2011). 

Post-Keynesian economists have argued that fiscal policy is a more 
effective policy tool than monetary policy (e.g. Lavoie, [2014] 2022), 
and several authors highlighted that, already before Covid hit, advanced 
economies were already mired in stagnation (e.g. Fàtas and Summers, 
2017). 

In contrast to QE, helicopter money could be able to generate an 
immediate increase in households’ wealth. However, this proposal has 
been commonly framed as a fiscal expansion financed by an irredeem-
able loan from the central bank to the government. This way, despite the 
fact that it permanently expands the central bank’s balance sheet, he-
licopter money is more akin to fiscal than to monetary policy (Buiter, 
2014; Fullwiler, 2013). This is true even if helicopter money were 
implemented through a CBDC that the central bank could issue by 
directly crediting households’ and/or firms’ bank accounts (with the 
central bank itself, or with financial intermediaries). This option might 
have been possible in the past, but until modern computing capabilities 
and digital technologies (including security standards) evolved suffi-
ciently, it was not considered by policy makers. It is now practically 
possible, although the mentioned risk of blurring the boundaries be-
tween monetary and fiscal policy makes it not immediately imple-
mentable in all countries due to institutional and political constraints.2 

This risk is all the more evident if the issuance of a CBDC were to be 
targeted, for distributive or other reasons, to specific population groups, 
a specific sector of the economy, or even to a specific class of economic 
units within a sector. Therefore, in this work we do not compare such 
policy with QE only, but also with the possibility of a monetary financed 

1 We leave the analysis on the possible effects of CBDCs in developing 
economies to future research. According for example to Arauz (2021), a do-
mestic CBDC could help increase the potential of money creation in a devel-
oping economy, but foreign CBDCs could contribute to the movement offshore 
of domestic payment systems, and even risk facilitating capital flight. 

2 An anonymous reviewer notices that large-scale payments from the gov-
ernment to large strata of the population have already happened in the past, 
even recurrently, in the case of the payment of wages to public sector em-
ployees. However, we do not regard these policies as ‘helicopter money’ 
because they remained confined in the remit of fiscal policy, they did not 
necessarily (and frequently did not) lead to an expansion of the monetary base, 
and were typically intermediated by banks, the post offices, or some other 
party, and so in most of the cases they did not constitute examples of sustained 
changes in the monetary base with households or firms as direct counterparts - 
in which we are interested here, and that, in practice, have only become 
feasible with the advent of new digital technologies. 
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fiscal expansion or what has been called “fiscal monetisation”. The term 
indicates different procedures that involve an expansion of the central 
bank’s balance sheet (be it permanent or temporary), combined with an 
increase in public deficit (Turner, 2015).3 

However, the term monetisation is often used improperly, and it 
seems convenient to distinguish four kinds of policies: (i) an increase in 
deficit that leads to an increase in general government debt only; (ii) an 
increase in the central bank balance sheet due to the acquisition of 
general government debt on secondary markets; (iii) an increase in 
public deficit accompanied by a central bank purchase of general gov-
ernment debt securities on primary or secondary markets; and (iv) 
deficit financing through funding from the central bank. In the first case 
there is no deficit monetization because the central bank’s balance sheet 
remains unchanged; the government finances its deficit by issuing debt 
on the primary market. The second case represents a simple open market 
operation in which a monetary but not a fiscal expansion is determined. 
Therefore, this procedure too does not constitute monetisation. In the 
third case there is fiscal monetisation even if it could be enacted with a 
temporary monetary expansion (that the central bank could offset at any 
time by selling securities). On the contrary, when the financing of the 
public deficit takes place against an irredeemable debt granted by the 
central bank to the government, the central bank registers a permanent 
increase in the balance sheet. 

A first consideration to be made is that these policies, besides the 
correct use of the term, may have different impacts on the economy. 
According to mainstream economists, all four options described above 
imply an increase in aggregate demand (though with possibly negative 
side effects, as mentioned in Section 1). For post-Keynesian economists 
the effects of the second option (QE) are more uncertain, given the 
inelasticity of investment to the interest rate (Rochon, 2016), even 
though Keynes himself argued in the Treatise on Money Keynes (1930) 
that a policy of increasing the central bank balance sheet through sig-
nificant open market operations would reduce short- and long-term in-
terest rates and increase security prices. This would increase the 
aggregate demand through a wealth effect. As mentioned, in the next 
section we will use a typical SFC model, encompassing the endogeneity 
of money as a main hypothesis, coupled with the central bank’s tar-
geting of a specific interest rate. Therefore, as will be seen, in our model 
even traditional fiscal policy might imply an “automatic” change in the 
size of the central bank’s balance sheet, aimed at preventing changes in 
the relevant interest rate(s). In that sense, all the scenarios we will 
consider exhibit some change in the monetary base. Our focus will be on 
assessing their potential impact on GDP. 

A second consideration, however, that we leave for future research, 
is what is the democratic legitimacy of the central bank’s targeting of 
support measures to some sectors or actors and not others, or what is the 
legal basis for its involvement in decision-making at least partly related 
to fiscal policy. We do not intend to downplay the relevance of these 
concerns (on which see e.g. the recent Rochon and Vallet, 2022). 
However, a thorough discussion of these issues would extend well 
beyond the scope of this theoretical paper, and would need to take into 
account the various constitutional and institutional environments in 
which central banks operate in the different countries.4 

3. The burgeoning literature on CBDCs 

3.1. Pilot projects and public consultation on digital currencies 

In the aftermath of the Great Financial Crisis (GFC), due to growing 
scepticism towards the global financial and monetary system as well as 
technological innovations, a multitude of decentralised financial and 

monetary experiments flourished (De Bonis and Ferrero (2020)). Private 
digital “currencies” (or financial assets by that name) tend to attract 
negative assessment in the literature (G7 Working Group on Sta-
blecoins, 2019; Carstens et al., 2021). In contrast, a number of authors 
note that introducing a (public) CBDC could lead to systemic efficiency 
improvements.5 These can be summarised on the basis of four recent 
documents by prime monetary institutions: the BIS (Bank of Canada 
et al., 2020), ECB (2020), Federal Reserve (2022a) and the IMF 
(Soderberg et al., 2022). First, CBDCs can be viewed as digital cash 
capable of replacing physical cash or at least flank it as a complementary 
tool to it. This would simultaneously ensure for users the safety of 
having the central bank money and the convenience of a bank deposit (e. 
g Meaning et al., 2018; Cesaratto and Febrero, 2023). Second, a CBDC 
reduces transaction costs (e.g. Cecchetti and Schoenholt, 2021). Third, 
many people who currently do not have bank deposits could access the 
financial system (e.g. Cecchetti and Schoenholtz, 2021). This process of 
democratisation of finance, in the sense of greater financial inclusion, 
could be a necessary condition for the implementation of unconven-
tional monetary policies such as helicopter money (e.g. Bilotta and 
Botti, 2021; Reis and Tenreyro, 2022). Fourth, a CBDC can make it 
possible to track payments, facilitating in this way the containment of 
tax evasion and criminal activities (e.g. Meaning et al., 2018; Bank of 
Canada et al., 2020).6 

Extant literature is mainly composed of theoretical contributions 
since CBDCs have not been implemented at scale in almost any advanced 
economy. A notable exception is China, which has recently introduced 
the e-Yuan (or e-CNY) after a long period of experimentation that started 
in 2014.7 Further pilot projects and advanced studies are currently being 
undertaken by the Eastern Caribbean central bank, the Sveriges Riks-
bank, and the Banco Central de Uruguay; while a central bank that has 
already implemented a CBDC is the central bank of the Bahamas 
(Soderberg et al., 2022). 

One of the main topics of discussion around CBDCs is their detailed 
design. Existing technology (blockchain and instant payment services) 
allows many degrees of freedom to policymakers, and the design of a 
CBDC depends primarily on the policy objectives to be achieved (Shah 
et al., 2020). Several aspects have so far emerged in the literature (for a 
review, we refer the reader to Chen and Siklos, 2022). The first concerns 
the type of CBDC recipient. There are two possibilities: a retail CBDC, or 
a wholesale CBDC. The former is a currency issued directly to house-
holds and businesses, an instrument that would allow the central bank to 
directly reach economic units currently excluded from the financial 
system. In contrast, a wholesale CBDC would involve financial in-
stitutions that already carry reserve deposits with a central bank (Boar 
and Wehrli, 2021). This instrument presents fewer technical difficulties 
and would considerably limit the process of banking disintermediation 
that would be generated by a retail CBDC (Bindseil, 2020). In this work 
we focus on the introduction of a retail CBDC, for its greater potential for 
innovation and to more clearly highlight the possible risks associated 

3 See Ryan-Collins and Van Lerven (2018) for an in-depth analysis.  
4 See e.g. the ECB’s plan for ‘green bond’ purchases (https://www.ecb. 

europa.eu/press/pr/date/2022/html/ecb.pr220704~4f48a72462.en.html) 

5 For a recent review and a comparison of the main differences between 
CBDC and private cryptocurrencies, see Temperini and Corsi (2023).  

6 The issue of possible transaction tracking and the related questions of the 
protection of the privacy of CBDC users are a central component of the ongoing 
debate on the design of CBDC, especially for the European and American in-
stitutions (see e.g. ECB, 2020; Federal Reserve, 2022a).  

7 At the time of writing, it should be noted that the e-Yuan project is still 
under development. So far it is organised as a digital payment infrastructure 
aimed at commercial banks, that does not constitute net new money supply 
because the PBOC issues e-CHN only in exchange for and for the same amount 
of “certificates of indebtedness” (Siu, 2023). Therefore it is a wholesale CBDC 
design as a loan. Some economists argue that one of the main goals of the 
People’s Bank of China’s (PBoC’s) issuance of a CBDC is to expand the use of the 
e-CNY in the international payments system in order to erode the hegemony of 
the dollar as an international currency (e.g. Fantacci and Gobbi, 2021; Fantacci 
et al., 2022). Others do not consider this goal so relevant. 
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with it. 
Another important aspect of design regards the possibility to issue an 

interest-bearing CBDC. On the one hand, such a tool would provide an 
attractive safe store of value and a safe asset for the financial system.8 

Indeed, interest-bearing CBDCs compete with the other risk-free assets 
already used in the implementation of monetary policy (Bordo and 
Levin, 2017). On the other hand, a non-interest-bearing CBDC is a cash 
substitute (Panetta, 2021a). 

In this contribution we analyse the possible effects of a non-interest 
bearing CBDC in a developed economy. We choose this option because 
the vast majority of projects currently under consideration by central 
banks are oriented in this direction (e.g. Allen et al., 2022; Soderberg 
et al., 2022). However, as will be discussed below, introducing an in-
terest rate would not qualitatively change our results. Further, we 
consider the case of a retail CBDC to highlight the highest opportunities 
and risks associated with the relatively more ambitious projects. 

Some proponents (e.g. Panetta, 2021b) argue that central bankers 
“have explicitly and repeatedly stated that we want the banks to be our 
partners, not our competitors. We will offer safe money, not financial 
services”. However, if it is designed without a clear time limit or limi-
tations in its use, a CBDC is also likely to be perceived and used as a store 
of value. Being issued by the same entity that sets and issues the unit of 
account in the economy, by definition a CBDC cannot suffer from capital 
losses in nominal terms. It is “safe money” and as such, a financial asset 
class. It is thus difficult to argue that by issuing a CBDC the central bank 
does not enter to some extent in the business of commercial banks, and 
for this reason, most central banks are threading cautiously. For 
example, the ECB is considering a limit of 3,000€ on each individual 
holding of digital euros.9 In Section 4 we will show that if agents who are 
credited a certain amount of CBDC use these new resources to reduce 
their exposure toward commercial banks, a CBDC is not only a substitute 
for bank deposits but, worryingly, for bank loans too. 

3.2. Previous studies on the economic impact of CBDCs 

Given all the experimentation undergoing or being considered, there 
is growing interest in the possible impacts of CBDCs on the economic 
and financial system. But with the notable exceptions of Kregel (2019) 
and Cesaratto and Febrero (2023), these issues have mostly been ana-
lysed by mainstream economists.10 

Barrdear and Kumhof (2016) use a New Keynesian DSGE model to 
analyse the effects of a CBDC on macroeconomic variables at different 
phases of the business cycle. They find that a CBDC has a positive impact 
on GDP in the long run, and this effect is mainly due to the reduction in 
the interest rate. A controversial issue is the capacity of controlling 

monetary aggregates once a CBDC is introduced. Chen and Siklos (2022) 
use McCallum’s monetarist approach in which the conduct of monetary 
policy is linked to the control of some monetary aggregates. They esti-
mate that the introduction of a CBDC would have not been inflationary 
in the period from the 1970s to the 1990s. 

Keister and Sanches (2021) indicate that a trade-off emerges from the 
introduction of an interest-bearing CBDC. On the one hand, a CBDC 
reduces the opportunity cost of holding money for households, and in-
creases their demand for it. On the other hand, the increase in the cost of 
funding for banks translates into an increase in the cost of credit, which 
reduces the level of aggregate investment. Considering an oligopolistic 
bank deposit market, Chiu et al. (2019) show that higher deposit rates 
can increase lending by increasing the demand for deposits. The authors 
show that the introduction of a CBDC provides a lower bound on deposit 
rates, limiting banks’ monopoly profits in the deposit market. 

Kim and Kwon (2022) emphasise the importance of bank’s reserves 
in examining the effects of introducing a CBDC. The authors show that 
for a wholesale CBDC an increase in the amount of the CBDC that does 
not require banks to hold reserves could even strengthen financial sta-
bility and lower interest rates. 

On the same issue, Keister and Monnet (2020) point out that in times 
of financial stress, CBDCs are preferred by economic agents over bank 
deposits, for example because of their lower (or absent) counterparty 
risk. Therefore, the authors emphasise the macroprudential importance 
of observing the aggregates of deposits and CBDCs in order to monitor 
the bank run risk perceived by economic agents. 

4. Helicopter money, quantitative easing, and fiscal transfers in 
a SFC model 

The SFC approach is especially suitable for the assessment of com-
plex economic systems. In particular, it ensures the consistent integra-
tion of the stocks and flows of all sectors in the modelled economy 
through the compliance with four main accounting principles: flow 
consistency, stock consistency, stock-flow consistency, and quadruple- 
entry accounting (for a survey on the SFC methodology, see Nikiforos 
and Zezza, 2017; Carnevali et al., 2019). Among the advantages of the 
SFC approach, for our aims, is the importance given to money, credit, 
the financial system and banks; but the complexity of these models is a 
shortcoming that in some cases could complicate the direct interpreta-
tion of some mechanisms.11 

Within the SFC literature we selected the recent Sawyer and Pas-
sarella (2021) model as the baseline structure in which to introduce a 
CBDC. Table 1 represents the nominal balance sheet of each sector, 
while Table 2 shows the transaction flows. We deliberately attempted to 
modify the original model only in so far as it was strictly necessary in 
order to introduce a CBDC. As shown in table 1, the CBDC is always a 
liability of the central bank, but we allow for the possibility that it is 
issued without a counterpart, thus leading to a potential loss for the 
central bank (differently from Sawyer and Passarella, 2021, the central 
bank’s net worth, vcb, can be different from zero in principle). However, 
given how contentious this choice might be, in what follows we rather 
consider the case that the CBDC is issued as a loan - this is for example 
what the PBoC currently does, issuing digital yuan against “certificates 
of indebtedness”. In the next section, we consider the case of a CBDC 
issued as an open-ended, non-interest bearing loan. In appendix 4.3 we 
report the accounting of a CBDC issued as a grant. In the former case 
(considered in the main text) the debt towards the central bank is 

8 A CBDC may become an appealing option for users if it is designed to tackle 
some of the typical risks associated with financial instruments in modern 
economies, making it a secure store of value and a risk-free asset for the entire 
financial system.While inflation poses a risk to all monetary assets, including 
CBDCs, it is just one of many possible risks. Another significant risk that may 
compromise the credibility of a CBDC concerns the reliability of the platforms 
on which it will operate. To prevent cyber-attacks and maintain the CBDC’s 
underlying infrastructure’s technological and IT validity, appropriate measures 
need to be taken. Nevertheless, the technological risk is not unique to CBDCs: 
they affect any payment system whose infrastructure relies on information 
technology.  

9 Although ours is a theoretical exercise and does not relate necessarily to any 
specific plan, let alone that of the ECB, in Section 4 we simulate a policy shock 
with the issuance of a CBDC for 5% of GDP. This figure would not be very far 
from the ECB’s proposal, since multiplying potentially up to 3,000€ for 340 
million citizens results in a potential issue of CBDC in the order of 1-1.5 trillion 
euros (as highlighted by Panetta, 2022), which is around 6-8% of the Eurozone 
GDP.  
10 For a comprehensive overview of the literature see Carapella and Flemming 

(2021), Bank of Canada et al. (2021), or Chen and Siklos (2022). 

11 Previous attempts at integrating new financial assets/liabilities as an 
innovative tool of economic policy into SFC models have been proposed for 
example by Dowicquet et al. (2018), who study Eurobonds as a financial in-
strument in order to reduce territorial inequality within a currency union; and 
Dafermos et al. (2017), who study the use of financial assets as a means to reach 
ecological/environmental goals. 
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evidently written among the household’s and/or firms’ liabilities. In the 
latter case (reported in Appendix), the CBDC increases net worth for the 
recipient(s), which too is recorded in the recipients’ balance sheets as a 
liability. Therefore, the accounting in the two cases is the same, and the 
results shown here do not depend on this specific aspect of the design of 
a CBDC. 

The model consists of seven sectors: lower-class households, upper- 
class households, production firms, commercial banks, central bank, 

government, and foreign sector. Lower-class households use their in-
come to consume and save. Their consumption (see Appendix 2.2, 
equation 18) depends on their disposable income, their stock of wealth, 
the amount of cash they hold, cheque deposits, as well as the previous 
quarter’s consumption. Our only innovation here is to include the CBDC 

Table 1 
Balance sheet matrix.   

Lower-class 
households 

Upper-class 
Households 

Production firms Commercial 
banks 

Central bank Government Foreign 
sector 

Σ 

Cash + hw + hr   − hs   0 
Account deposits + m1w + m1r  − m1s    0 
Savings deposits  + m2h  − m2s    0 
Loans − lh  − lf + ls    0 
CBDC + CBDCw + CBDCr + CBDCf  − CBDCs   0 
CBDC loans − lCBDCw − lCBDCr − lCBDCf  + lCBDCs   0 
Required reserves    + hbd − hbs   0 
Discretionary reserves    + hb∗d − hb∗s   0 
Central bank advances    − ad + as   0 
Capital stock   + k     + k 
Shares issued  + eh − es     0 
Government securities  + bh  + bb + bcb − bs  0 
Official reserves (net)     + hf  − hf 0 
Balance (net worth) − vwn − vr − vf − vb − vcb vg vfs − k 
Σ 0 0 0 0 0 0 0 0  

Table 2 
Transaction-flows matrix.   

Lower-class 
households 

Upper-class 
households 

Production firms Commercial 
banks 

Central 
bank 

Government Foreign 
sector 

Σ  
Current Capital 

Consumption − cw − cr + c      0 
Investment   + id − id     0 
Government spending   + gov    − gov  0 
Export   + x     − x 0 
Import   − im     + im 0 
Memo: national income   [y]
Taxes on income and 

wealth 
− taxw − taxr     + tax  0 

Fiscal transfers + trw + trr     − tr  0 
Wage bill + (1 − Ωr)⋅wb + Ωr⋅wb − wbf    − wbg  0 
Interest on loans − rl− 1⋅lh− 1  −

rl− 1 ⋅lf− 1  

+ rl− 1⋅ls− 1    0 

Repayments on loans − rep⋅lh− 1    + rep⋅lhs− 1    0 
Interests on savings 

deposits  
+ rm− 1⋅m2h− 1   − rm− 1⋅m2s− 1    0 

Return on government 
securities  

+ rb− 1⋅bh− 1   + rb− 1 ⋅bb− 1 + rb− 1⋅ 
bcb− 1 

− rb− 1⋅bs− 1  0 

Seigniorage income      − fcb + fcb  0 
Entrepreneurial profit  + fdf − ff + fuf     0 
Amortisation funds   − af + af     0 
Bank profit  + fb   − fb    0 
Change in cash − Δhw − Δhr    + Δhs   0 
Change in CBDC − ΔCBDCw − ΔCBDCr  −

ΔCBDCf 

+ ΔCBDCf + ΔCBDC   0 

Change in CBDC loans + ΔlCBDCw + ΔlCBDCr  + ΔlCBDCf  − ΔlCBDC   0 
Change in loans + Δlh   + Δlf − Δls    0 
Change in account deposits − Δm1w − Δm1r   + Δm1s    0 
Change in saving deposits  − Δm2h   + Δm2s    0 
Change in shares  − Δeh⋅pe  + Δesr⋅pe     0 
Change in government 

securities  
− Δbh   − Δbb − Δbcb + Δbs  0 

Change in Required 
reserves     

− Δhbd + Δhbd   0 

Change in Discretionary 
reserves     

− Δhbd∗ + Δhbd∗ 0 

Change in Central bank 
advances     

+ Δad − Δad   0 

Change in official reserves 
(net)      

− Δhf  + Δhf 0 

Σ 0 0 0 0 0 0 0 0 0  
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among the determinants of consumption (evidently, the wealth effect 
associated with the receiving of purchasing power in this form is a major 
determinant of the predicted GDP impact of issuing a CBDC to house-
holds).12 The lower-class households might demand loans to commercial 
banks in order to bridge the gap between their desired consumption and 
their disposable income. Upper-class households receive the remaining 
part of the aggregate household income, and they hold a range of 
financial assets. In addition to the options available to lower-class 
households (namely cash, bank checking deposits, and the CBDC), 
they can allocate their wealth in an interest-bearing savings deposit, 
government bills, and firms’ shares. Their portfolio choices are based on 
Tobinesque principles (see online Appendix 2.3 for the full model). 

Production firms (Appendix 2.1) are owned by the upper-class 
households, and the members of both types of households are 
employed in this sector, receiving different wages. Firms’ investments 
depend on a target level of capital that, among other things, depends on 
their financial leverage, and they are financed by retained earnings and 
bank loans. Regarding the banking sector (Appendix 2.4), the model 
assumes zero production costs; banks are subject to prudential re-
quirements, and they distribute all profits to the shareholders (who are 
upper-class households, see Appendix 2.4). 

The government sector provides transfers to the private sector, and 
collects taxes from both classes of households. It finances any deficit 
issuing general government debt (Appendix 2.5). The model assumes 
that all the profit generated by the central bank is entirely transferred to 
the government, so that in practice the central bank’s net worth is al-
ways zero. 

Finally, the central bank sets the policy rate. In this way, the money 
supply is endogenously determined by the economic system. Specif-
ically, one can distinguish between M0 = hs + hbs + hb∗s + CBDCs +

CBDCf (the liabilities of the central bank), which in the model represents 
the monetary base, and M1 = M0 + m1s + m2s, or money supply 
(broad money).13 The central bank acts as the lender of last resort: it 
buys all the unsold government bonds; and it receives all reserves that 
the commercial banks wish to hold on top of the required reserves, and/ 
or it provides any loans (advances) that the commercial banks demand 
(Appendix 2.7). 

Similarly to Passarella and Sawyer (2021), we do not calibrate our 
model to a specific economy because, in this preliminary work, we are 
interested in showing from a theoretical point of view some of the 
possible effects produced by a CBDC on a complex economic system 
approximating the conditions of a generic advanced economy. The 
model’s parameters and initial values are retrieved from the literature 
on SFC models or from time series on the U.S. economy. To see model 
specifications, look at Appendix 2 for all equations, while for a full list of 
the single parameters and for the baseline scenario, see the online Ap-
pendix 3 (we interpret a period in the model as a quarter of a year). As 
shown in the appendix, figure A3.1, consistent with the secular stag-
nation hypothesis our parametrization allows us to represent the 
behaviour of a growing economy, albeit at a very slow pace. Nominal 
GDP grows by about 13% in 60 quarters (i.e. 15 years). Households’ 
disposable income has a similar increasing trend, and the aggregate 
value of the disposable income of the lower-class households is always 
higher than for upper class-households. Our baseline economy is in a 
(low) steady-growth path, with stable values of the capital, wealth, 

public debt, and broad money to GDP ratios. 

4.1. - Treatment analysis 

With this baseline, we simulate four main treatments. The time ho-
rizon of our simulations is 130 periods (quarters). The system is always 
hit by a shock at the 70th period (that we refer to as period 1 throughout 
and in all figures, in order to match dating with the shock). Table 3 
summarises the four treatments tested, while in Appendix 1 balance 
sheets representation of the treatments are reported. 

In treatment 1, “fiscal transfers to households”, the government de-
liberates new social transfers to households for a total value of 5% of the 
GDP of the previous period; the shock lasts one period. The amount of 
transfers is divided between the two classes of households in proportion 
to their share of aggregate household disposable income (approximately 
75% for lower-class households, and 25% for upper-class households). 

In the “CBDC to households” and in the “CBDC to firms” cases 
(Treatments 2 and 3) we assume that the central bank engages in heli-
copter money operations for 5% of the previous period’s GDP. And 
under the “Quantitative Easing” (Treatment 4), the central bank decides 
to increase its holdings of government securities by a value equal to 5% 
of the pre-shock’s GDP. In order to ensure the comparability of their 

effectiveness, the hypothesised shocks have the same size for all treat-
ments. This choice follows from our primarily theoretical aims, but 
evidently constraints the realism of the results, which should be inter-
preted allowing for the fact that 5% of GDP is a large shock for fiscal 
policy, and probably a small one for QE. 

In terms of design, treatments 2 and 3 feature a non-interest-bearing 
retail CBDC designed as an open-ended loan. As an irredeemable loan, it 
is not qualitatively different from a grant (or an “outright monetary 

Table 3 
Description of the treatments.  

Scenario Treatment Target 
sector 

Shock type Transmission 
channel 

1 Fiscal 
transfers to 
households 

All 
households 

The government 
increases social 
transfers to 
households by 
5% of the 
previous period’s 
GDP value 

Marginal 
propensity to 
spend out of 
income (MPSY) 

2 CBDC to 
households 

All 
households 

Issuance of CBDC 
credited to 
households equal 
to 5% of the 
previous period’s 
GDP value 

Marginal 
propensity to 
spend the CBDC 
(MPSC) 

3 CBDC to firms Firms Issuance of CBDC 
credited to firms 
equal to 5% of 
the previous 
period’s GDP 

Sensitivity of 
investments, 
and of the 
interest rate 
to firms’ 
leverage 

4 Quantitative 
Easing 

Upper-class 
households 

The central bank 
purchases 
government 
bonds held by 
households for a 
value equal to the 
5% of the 
previous period’s 
GDP 

MPSW  

12 In line with the consumption function in the original model of Sawyer and 
Passarella (2021), in our model the consumption decisions of the households 
are also a function of their disposable income as well as their total assets but not 
of their net wealth.  
13 Evidently, one could consider even larger monetary aggregates, for example 

including short-term government securities. However larger aggregates are not 
exclusively related to the money market and increasingly less directly linked to 
monetary policy, so consideration for these aggregates would go beyond the 
scope of this paper. 
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transfer”).14 But as a loan, in principle it would always be possible for 
the central bank to impose an interest rate and/or an expiration date, 
providing more degrees of freedom to this policy tool. We assume that 
the central bank carries out such expansionary policy by increasing the 
size of its balance sheet. The shock consists of one-off crediting of CBDC 
to all households.15 We hypothesise that the central bank first sets the 
total value to issue to households and then it establishes the shares for 
lower and upper-class households. In order to implement this monetary 
policy, the central bank decides to open a current account for each 
household in treatment 2, or each firm in treatment 3. We assume that 
the issuance happens only once and that the loan is never due to be 
repaid within the horizon of our simulations, in order to consider 
expansionary shocks only16 (they are what Buetzer, 2022, calls “per-
petual zero-coupon targeted long-term lending operations”). Therefore, 
both treatments qualify as instances of helicopter money. 

In treatment 2, the policy shock generates two new accounting en-
tries: the new stock of CBDC (households’ deposits), which is the CBDC 
as a means of payment, and the loan to the recipient households, which 
is its accounting counterpart. The total size of the central bank’s balance 
sheet grows exactly by this amount. After this shock, we assume that 
households consider the CBDC as a substitute for their bank deposits, 
and indeed they use bank money for consumption or other transactions 
and hoard the CBDC as much as they can, because following the liter-
ature we assume that the CBDC is perceived to be safer and more 
convenient than bank deposits (thence the risks for the stability of the 
banking system). The balance sheets before and after the policy shock 
are shown in appendix 1, figure A1.1. 

In treatment 3, we assume that firms and their creditors (commercial 
banks) treat the CBDC, qua an infinite duration loan, as something not 
too different from a form of equity. Therefore, after the policy shock they 
perceive a reduction in firms’ financial leverage (which in our model 
implies a reduction in the interest spread imposed on firms, and an in-
crease in firms’ desired level of capital). We further assume that firms 
use the CBDC to reduce their debt to banks, preferring instead the newly 
acquired non-interest bearing debt toward the central bank.17 Finally, 
we assume that banks consider the CBDC as a perfect substitute for their 
other account(s) with the central bank, i.e. traditional reserves. 

Therefore, when they receive the CBDC from the firms, banks corre-
spondingly decrease their demand for discretionary reserves with the 
central bank. As a consequence, the central bank’s balance sheet does 
not increase by the full amount of the original shock. The balance sheets 
before and after the policy shock are shown in appendix 1, figure A1.2. 

The last treatment considered deals with Quantitative Easing. In 
order to improve the comparability with the other treatments, we 
slightly modify Sawyer and Passarella’s (2021) original QE scenario. In 
their model, the central bank sets the amount of government securities it 
wishes to buy from the upper-class households. When upper-class 
households reduce their holdings of government debt, they increase 
their bank deposits by the same extent, which in turn implies an increase 
in the banks’ required reserves too. In our treatment, instead, we assume 
that when upper-class households see their government bonds decrease, 
they revise the allocation of their portfolio by partly increasing their 
bank deposits, and partly increasing their holdings of firms’ equities (the 
only other financial asset in the model). This change to the original 
model (one of the very few ones) is meant to allow for more and larger 
transmission channels of this monetary policy to the real economy - 
therefore allowing for larger potential impacts on GDP. Yet, as shown in 
the next section, QE will emerge as the least effective treatment anyway. 

As a result of upper-class households’ increased demand for shares, 
asset inflation emerges. This both implies some capital gains for the 
holders of shares (upper-class households, again) and to some extent it 
stimulates firms’ investments and their issuance of new shares. Notice 
that in this case the upper-class households’ capital gains are unrealized 
profits: indeed, in this model only they hold shares, so any capital gain 
on this asset cannot imply a net transfer of resources from other sectors 
and at most it will result in a redistribution of wealth within this class. 
Including such asset inflation among the capital gains, and therefore in 
the change in upper class households’ net wealth, leads to higher con-
sumption spending due to higher (nominal) wealth.18 The balance sheet 
representation of this treatment is shown in appendix 1, figure A1.3. 

5. - Main results 

As mentioned, rather than trying to replicate the economic dynamics 
of a specific country, we focus on comparing the various treatments and 
on highlighting what non-trivial findings emerge due to general equi-
librium effects (i.e., indirect feedbacks, and stock-flow adjustments). In 
what follows we assess the effectiveness of a certain policy by its impact 
on nominal and real GDP; and we compare the respective implications 
for public and private finance. For all four treatments, we consider a 
shock worth 5% of previous quarter’s GDP. Table A4.1 in appendix 4 
reports additional results in terms of variables not considered here, and 
figures A4.1 to A4.8 report robustness checks under alternative 
assumptions. 

5.1. - GDP dynamics 

As shown in Fig. 1, all four treatments imply a positive impact on 
GDP in the short term, both in nominal and in real terms. This positive 
effect is a direct consequence of an increase in consumption, and then a 
multiplier and an accelerator effect. More specifically, an increase in 
transfers impacts on consumption via the propensity to spend out of 
income (MPSY, see e.g. Carroll et al., 2017), while QE and the CBDC to 
households have a direct effect on wealth and, consequently, on con-
sumption via the propensity to spend out of wealth (MPSW, or 

14 In Appendix 4.3 we show how to account for the issuance of CBDC as a 
grant, in the balance sheets of the central bank and of the recipient households. 
In this case, the second entry in the central bank’s balance sheet is a net loss (a 
reduction in own resources or equity, vcb)), and in the households’ balance 
sheet, it is a capital gain (an increase in net worth). We do not further consider 
this case because the results are not qualitatively different from those consid-
ered here, with the additional complication that the central bank’s capital 
might turn negative – a contentious possibility that, although perfectly 
compatible with stock-flow consistency, has caused debate e.g. during the 
eurozone crisis. Similarly, for the same reason we include the value of the open- 
ended loan among the central bank assets even though we do not consider 
repayment of the loan within the simulation horizon (see footnote 15).  
15 Given the desirability of a safe asset with the characteristics of a CBDC, 

described in Section 3.1, we assume that all households and/or firms who will 
be given the opportunity to hold a CBDC will decide to do so. In Appendix 4, 
figure A4.6, we discuss the case of targeting one class or the crediting of the 
CBDC with variable shares for the two classes of households.  
16 The case of a CBDC that is repaid gradually over time or in a one-shot 

instalment some periods after the original monetary expansion is not pre-
sented here because the main effects of the monetary restriction implied by the 
repayment are trivially specular to the effects of the original expansion. Further 
scenarios and main results are available from the authors upon request.  
17 This assumption is a choice concerning the composition of firms’ liabilities 

and not their overall level: since firms are not liquidity constrained, they 
already had the desired level of liabilities before the shock. However, since the 
central bank charges a lower interest rate (zero, in our assumption), they prefer 
the central bank loan over the commercial banks’ loans. And since firms do not 
have unused free cash flow, they use their CBDC account (an asset on their 
balance sheet) to repay their loans toward the commercial banks. 

18 The same occurs as a consequence of goods prices inflation, which in 
principle would have to imply a reduction in real disposable income due to a 
negative wealth effect (Godley and Lavoie, [2007] 2012, pp. 289-291; pp. 293- 
294), which is instead ignored here. Therefore, the model implies that house-
holds suffer from monetary illusion. We thank Marco Passarella for raising this 
point with us. 

J. Temperini et al.                                                                                                                                                                                                                              



specifically, the propensity to spend the CBDC, in the case of scenario 3, 
see e.g. Drescher et al., 2020). In the QE scenario, this phenomenon is 
led by asset inflation as a result of an increase in the demand for equities. 
In contrast, in treatment 3 (CBDC to firms), output growth is due prin-
cipally to an increase in firm’s investment triggered by firm’s delever-
aging (e.g. Roxburg et al., 2010). 

Regarding the short-term impact on GDP (i.e. considering 20 quar-
ters, or 5 years, after the shock), the two treatments that implement a 
CBDC perform better than both fiscal transfers and QE. In this sense, no 
substantial discrepancies emerge comparing the dynamics of nominal 
and real GDP. 

Considering the long run effects (40 quarters, or 10 years, after the 
shock), expansionary fiscal policy stabilises real GDP at a higher level 
than the pre-shock value (that is, the model exhibits some long-term 
impacts of fiscal policy). The two scenarios based on the introduction 
of a CBDC exhibit even higher levels of production in both nominal and 
real terms. Instead, the QE’s positive impact on real GDP fades away in 
the long run, realigning its level to that of the baseline scenario (with no 
shocks).19 This behaviour arises because fewer government bills held by 
the private sector over time imply lower net public expenditure for in-
terest payments (recalling that all central bank’s profits are returned to 
the government) and therefore lower income and lower consumption of 
the upper-class households. Effectively, QE substitutes unrealized capi-
tal gains for realised capital incomes, with even a potentially negative 
impact in the long run. 

To understand why the issuance of CBDC seems to result in a larger 
boost to GDP, in Appendix 4 we develop a sensitivity analysis specif-
ically aimed at understanding to what degree our results depend on the 
specific parametrization used here. 

Evidently, the behavioural assumptions about what firms and/or 
households do with the newly acquired CBDC are the most relevant 
candidate explanations. Concerning households, our approach of 
assuming that families value the CBDC more than bank money (deposits) 
represents a conservative approach, aimed at highlighting some of the 

risks for financial stability discussed in the literature (see section 4.3). 
However, there are no strong reasons to believe a priori that households 
would consume a given share of the CBDC they receive. The results 
shown in Fig. 1 are based on an assumed propensity to spend the CBDC 
of 5%, corresponding to the assumption that households consume the 
whole transfer from the central bank (arguably perceived as a transitory 
income) within 20 years. In figure A4.2 in the appendix 4 we report the 
simulation results assuming that households spend the CBDC in the same 
proportion as bank deposits (1%) as well as their propensity to spend the 
total wealth of upper-class (2%) and lower-class households (3%). We 
find that if households spend the CBDC in the same proportion as bank 
deposits, the GDP impact of this treatment is lower than public transfers, 
while if they spend at least 1.5% of the CBDC, the impact is higher both 
in the short and in the long term. Therefore, this parameter must 
certainly be regarded as the crucial variable on which the real-world 
effectiveness of this measure hinges. In certain contexts, policymakers 
could try to affect this variable by experimenting with an interest- 
bearing CBDC, or with one of limited time duration; however, predict-
ing the precise impact of these design details is left for future research. 

Concerning firms, we tested what would be the GDP impact if they 
used at least part of the CBDC loan from the central bank to increase 
their investments rather than to decrease their debts towards banks. As 
shown in figure A4.1 in Appendix 4, using the same percentages of CBDC 
invested as we assumed households would consume in the previous 
exercise (1%, 2%, and 3%), the results always denote an even (slightly) 
greater effectiveness of this policy tool than our main result in Fig. 1. 
However, while these increased investments provide a small short-run 
boost to GDP, in the long term no substantive changes are visible.20, 21 

Fig. 1. Nominal and real GDP. 
Notes: for each period, the values shown are ratios to the corresponding value in the baseline scenario minus 1. 

19 The small difference between real and nominal dynamics can be attributed 
to low levels of inflation consistent with the secular stagnation hypothesis of 
Passarella and Sawyer’s (2021) model. 

20 This is because in Passarella and Sawyer’s (2021) model firms are not 
liquidity constrained in they can always obtain the funding for investments 
from banks. In the long term, banks will lend money charging a lower interest 
rate if firms have a lower financial leverage, so for firms deleveraging might be 
the best long-term strategy in this treatment (depending on a number of other 
parameters or emergent properties, e.g. the long-term growth stimulated by the 
short-run increase in investments). 
21 Given the GDP impact found for this treatment, one might suggest imple-

menting a CBDC targeted to particularly indebted sectors (although not in the 
context of CBDCs, this topic has been explored by Roxburg et al., 2010). 
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Symmetrically, for the fourth treatment too we test the relevance of 
our behavioural assumptions in driving the result of a rather low GDP 
impact of QE. In figure A4.8 in Appendix 4 we consider a range of 
different portfolio shares allocated by the upper-class households in 
equities (rather than in saving deposits) following their selling of bonds 
to the central bank. When the demand for equities increases, their price 
increases too; this produces unrealized capital gains for the upper-class 
households, thereby increasing their consumption (Fratzscher et al., 
2016). Therefore, in our analysis the greater the proportion of the 
portfolio reallocated to equities instead of saving deposits, the greater 
the positive impact of QE on GDP. 

As a further robustness check we consider the possible role of some 
features in the design of the CBDC (namely the shares of recipients of the 
CBDC, in terms of the two classes of households), as well as different 
assumptions on the values of other values, characterising all treatments 
and the baseline, which could nonetheless affect the GDP impact of one 
or more treatments in a specific way (see Appendix 4). In all cases, the 
results are trivial and do not necessitate further analysis here, except to 
say that they do not imply a qualitative change in the main results 
commented on in this section. 

5.2. Public sector finances 

Concerning the financial performance of the public sector, in Fig. 2 
we show the trends in the government debt and the size of the central 
bank’s balance sheet in the four treatments, with respect to the baseline 
scenario. The effects of the first treatment are those traditionally pro-
duced by expansionary fiscal policies accompanied by some degree of 
monetization (Oh and Reis, 2012; Lavoie, [2014] 2022). We find an 
immediate increase in general government debt that is only partially 
reabsorbed over time by higher tax revenues and higher seigniorage 
income. Such partial compensation is due, to some extent, to the model 
assumption that government spending increases as a function of the 
previous quarter’s GDP. The central bank’s balance sheet shows a 
similar trend, peaking during the shock and then declining, because the 
central bank is a buyer of last resort of sovereign bonds (e.g. Caruana, 
2012). 

The second treatment implies a reduction in general government 
debt with respect to the baseline both in the short run and in the long 
run. Evidently, such dynamic is due to the fact that the stimulus (CBDC) 
is financed through an irredeemable loan from the central bank (not 
included within general government debt), while the increase in GDP 
results in higher public receipts and therefore lower deficit (e.g. Turner, 
2015). The central bank’s balance sheet rises exactly by the value of the 
CBDC issued, and then it constantly lowers down. Such reduction after 
the shock is mainly attributable to the lower stock of general govern-
ment debt held by the central bank, and the lower banks’ reserves due to 
reduced household demand for deposits (see next section). 

Treatment 3 results in an immediate reduction of both general gov-
ernment debt and the size of the central bank’s balance sheet, but both 
variables increase over time, and in the long run they grow above the 
baseline scenario. Such - not immediately intuitive - dynamic can be 
explained by firms’ lower demand for loans after the shock, which forces 
commercial banks to reallocate their assets buying more public bonds, 
which in turn makes it necessary for the central bank to buy fewer of 
them (thus with a reduction of its own balance sheet).22 However, a 
greater proportion of general government debt owned by the private 
sector implies lower seigniorage income for the government, triggering 
a growth in its deficit. In these respects, the deleveraging mechanism 

triggered by the CBDC issued to firms, as well as its effects on the 
banking system, differs substantially from the dynamics of firm’s dele-
veraging normally observed in real contexts (e.g. Roxburg et al., 2010; 
Cuerpo et al., 2015). 

Finally a short-run effect of QE, our fourth scenario, is the growth in 
the size of the central bank’s balance sheet and a decrease in the stock of 
outstanding government debt with respect to the baseline (e.g. Federal 
Reserve, 2022b; Haldane et al., 2016). The latter is caused mainly by 
two factors: one is the increase in government revenues due to higher 
central bank profits, generated by the higher stock of debt owned by the 
central bank (both in the short run and in the long run); and the other 
depends on the higher tax revenues induced by the economic expansion 
caused by the QE (in the short run only). A lower public deficit, how-
ever, gradually produces a reduction in total general government debt, 
which results in a gradual reduction in the total size of the central bank’s 
assets too.23 

In summary, the analysis of public sector finance in the four treat-
ments highlights a trade-off. On the one hand, if the goal of policy 
makers is to reduce general government debt, a CBDC targeted to 
households seems the most effective tool. On the other hand, if a policy 
objective (or a hard constraint) is to keep the size of the central bank’s 
balance sheet under control, the issuance of a CBDC targeted to firms 
seems to provide the best tool among those considered here. 

5.3. Effects on the banking sector 

Concerning the impact of the four treatments on commercial banks’ 
deposits and profits, we find that an expansionary fiscal policy (treat-
ment 1) induces an increase in households’ deposits and, consequently, 
an increase in the profits of the banking sector, as shown in Fig. 3. This 
increase is due to the wealth effect induced by the transfers and, for the 
upper-class households, it is also sustained by the increased profits of the 
firms and banks that they own. 

With QE too we predict a higher demand for deposits (especially 
upper-class households’ savings deposits) with respect to the baseline (e. 
g. Choulet, 2015). This is due to the lower amount of government bonds 
available for purchase by the private sector, once the central bank starts 
to buy more of them. Following the QE shock, the profits of the com-
mercial banks decrease with respect to the baseline: on their liabilities 
side, this happens because of the higher aggregate costs of deposits; on 
the asset side, because of the lower return on government bonds.24 

However, the reduction in banks’ profits is more than offset by banks’ 
capital gains, generated by asset inflation on the public bonds they own 
(see table A4.1). The main difference is that these capital gains are 
unrealised. 

As predicted by many scholars (e.g. Keister and Monnet, 2020; Kim 
and Kwon, 2021; Keister and Sanches, 2021), we find that a CBDC tar-
geted to households (treatment 2) leads to a progressive reduction in 
bank deposits with respect to the baseline. Households prefer to hold the 
CBDC rather than bank deposits, and as banks loose a source of low-cost 
financing, they buy fewer bonds and therefore suffer from a reduction of 
their aggregate profits too. 

22 The results do not significantly change if we assume that banks demand 
more, or even exclusively, discretionary reserves instead of public bonds 
(further results are available from the authors upon request). Indeed, within 
this model it is rational for banks to demand as many bonds as possible, because 
they systematically yield a higher return. 

23 Appendix 4 reports the results of the sensitivity analysis in terms of gov-
ernment debt and central bank balance sheet.  
24 The negative impact of QE on banks’ profitability might seem an unrealistic 

feature of the model. However, there is no consensus in the literature on the 
effect of QE on bank profits. For example, Demertzis and Wolff (2016) argue 
that an observed reduction in bank profits in the past few years is not attrib-
utable to QE since the main causes of low bank profitability are to be found in 
non-performing loans, legal risks, and other issues unrelated to net interest 
income. Altavilla et al. (2017), studying the European case, found no evidence 
of lower bank profits. Their empirical analysis shows that, despite the flattening 
of the yield curve, a positive effect on loan loss provisions and on non-interest 
income has largely offset the negative effect on net interest income. 
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In contrast, in treatment 3 (CBDC to firms), our simulations show a 
steady rise in the demand for deposits by households, originated by the 
increase in disposable incomes induced by the higher GDP. Yet, in this 
treatment bank profits drop even more than in the previous case, due to 
the lower indebtedness of firms towards the banking sector. In our 
model, this dynamic has a stronger negative impact on banks’ profits 
than the reduction in households’ deposits implied by the previous 
treatment, because of the model assumption that banks never face 
liquidity constraints. Should they ever need funding, they could always 
demand more advances from the central bank at a cost lower than the 
interest income on their assets. Therefore, the loss of profits in treatment 

2 arises from the reduced opportunities for the banks to invest free cash 
on government bills, and it is proportional to the spread between the 
interest rate on saving deposits and that on bills. Instead, the loss in 
treatment 3 arises from the reduced opportunities to lend money, and it 
is (larger than the previous ones and) proportional to the spread be-
tween the interest rate on loans to firms and the alternative uses of 
liquidity for banks, namely government bills and discretionary reserves. 

While the specific assumptions about these interest rate spreads may 
or may not fit the current situation in a specific country that is consid-
ering the introduction of a CBDC, we deem it relevant to highlight that 
potentially the reduced demand for loans – due to a desire to deleverage 

Fig. 2. General government debt and the central bank’s balance sheet. 
Notes: for each period, the values shown are ratios to the corresponding value in the baseline scenario minus 1. 

Fig. 3. Impact on the banking sector. 
Notes: for each period, the values shown are ratios to the corresponding value in the baseline scenario minus 1. 
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instead of using the CBDC for additional expenditures – is at least as 
relevant a risk for financial stability as the reduced demand for deposits 
(Bindseil, 2020), even though the former has not yet been adequately 
discussed in the literature. 

In our case, firms did not face liquidity constraints before the shock, 
and therefore they used the new resources to reduce other loans that 
they already had, independently of what the central bank intended. 
Notice that this result is related to the transfer of resources from the 
central bank, it is a by-product of helicopter money, and it is not a 
consequence of the transfer taking the form of a loan rather than a grant. 
This is evident when considering again Fig. 3: firms transfer their asset 
(the means of payment) to banks in order to repay their outstanding 
loans, and they keep the liability vis-à-vis the central bank (the irre-
deemable loan) on their balance sheet. Had they received the CBDC in 
the form of a grant, only the composition of the liabilities would have 
differed (with a higher net capital due to the capital gain from the 
central bank transfer), but not in the sense of a larger demand for 
commercial banks’ loans, and the assets size would have been the same. 

In conclusion, central banks (e.g. Panetta, 2021b) stress that they do 
not wish to enter into the business of commercial banks; but in so far as a 
CBDC is perceived to be a substitute for other financial assets or liabil-
ities, this appears to be inevitable. 

6. Conclusions 

In times of economic and financial stress that make significant 
innovation often necessary on the side of fiscal and monetary author-
ities, the introduction of additional tools in the economic policy mix, and 
arguably policy tools that might leverage different transmission chan-
nels than what are currently used, might be advisable (Eichacker, 2022). 
In this paper we investigated one such possible tool, a CBDC, looking at 
its possible impact in a complex advanced economy, and comparing it to 
more traditional economic policies. 

From a theoretical perspective, our SFC treatment allows to 
conceptualize and analyse different ways in which the central bank 
could exogenously change the supply of base money in a post-Keynesian 
model in which money supply remains endogenous; and more specif-
ically, it allows us to show that from an accounting perspective these 
new liabilities of the central bank could be either a grant or a loan, with 
no substantial accounting differences. 

We considered four kinds of policy: a fiscal transfer to households; 
the issuance by the central bank of a CBDC: targeted to households, or 
targeted to firms’ accounts; and Quantitative Easing. Our analysis shows 
that issuing a CBDC has indeed the potential of activating a new trans-
mission channel for monetary policy, whose effectiveness depends on 
behavioural patterns (such as firms’ desire to reduce their leverage) and 
on different propagation mechanisms than usually activated by mone-
tary or fiscal policy (namely, the sensibility of investments and of in-
terest rates to firms’ leverage). 

Simulation analyses suggest that fiscal transfers might still have the 
highest immediate impact on GDP, but its comparative effectiveness 
crucially depends on how much the CBDC would be immediately spent. 
In the long run, the issuance of a CBDC targeted to households out-
performs all treatments considered, in terms of impact on GDP, while it 
has no impact (or even a negative one) on general government debt. Yet, 
such effectiveness comes at the cost of a more sizeable expansion of the 
central bank’s balance sheet than the other policies considered. 

Whereas the impact of a CBDC targeted to households depends on its 
ability to stimulate consumption demand through wealth effects, the 
positive impact of QE on GDP (and on banks’ profits) is entirely due to 
asset inflation. We see this as a clear advantage of helicopter money 
policies over QE. 

Both QE and the CBDC targeted to households reduce banks’ profits: 
the former by reducing interest rates, and the latter because of the lower 
demand for bank deposits. However, our simulations suggest that this 
impact is on the whole modest (and in the case of QE, it is more than 

offset by banks’ unrealized capital gains). In contrast, the scenario of a 
CBDC targeted to firms too has a positive impact on GDP, both in the 
short and in the long run, but this is the scenario with the highest 
negative impact on commercial banks’ profits. Such impact derives from 
firms’ lower demand for loans, and risk to be such that might realisti-
cally pose financial stability challenges. In our analysis, this risk is larger 
in the case of a CBDC targeted to firms than one targeted to households, 
mostly because we assume that bank lending to firms is more profitable 
than alternative assets for banks. Besides these aspects, however, a main 
result that emerges from our analysis is that, for reasonable ranges, our 
results do not crucially depend on the model parametrization. 

In our model, such a negative financial impact does not hamper 
economic growth in the long run, but more detailed models, tailored at 
gauging this specific aspect, are certainly needed. As opposed to the 
single case of an open-ended non-onerous loan to households or firms, 
that we consider in this work, CBDC injections could be fine-tuned, for 
example with the application of an interest rate and/or a time limit after 
which the monetary expansion could be reversed. The precise impact of 
these design details would better be captured by models calibrated on 
single countries or specific economies. 

Some of the results we obtained are necessary, in the sense that they 
arise from accounting identities or near-identities, which a SFC model 
just makes evident.25 Other results were obtained starting from behav-
ioural assumptions that, however, seem to be widely shared in the 
literature. For example, the expectation is that households might find a 
CBDC more attractive than bank deposits because of the lower coun-
terparty risk or other similar considerations. Similarly, we assumed that 
firms would prefer to owe a loan to the central bank than to private 
banks – which again seems reasonable, as long as the interest rate 
charged (zero, in our case) is lower than that charged by commercial 
banks. Therefore, a CBDC constitutes money in a much wider sense than 
just as a means of payment, and with helicopter money the central bank 
enters the business of commercial banks regardless of its stated or real 
intentions. 

Moreover, our fairly large SFC model allowed us to show in a 
comparative way (across policy instruments) that for all policy tools 
considered here, the transmission channels could be many and some-
times indirect, i.e. involving a long causal chain and positive or negative 
feedbacks. In this light, a further advantage of CBDCs is the possibility to 
target specific sectors of the economy as recipients of a monetary in-
jection – be it all or a class of households or firms. CBDCs can thus 
provide an opportunity e.g. for sterilisation of other policies. 

In conclusion, while the risks for financial stability are real 
(Fernández-Villaverde et al., 2021), and in some cases possibly sub-
stantial, the debate around the possible introduction of CBDCs should 
explicitly consider the pros and cons of such move, instead of focusing 
on the ‘defensive’ need to pre-emptively tame private market initiatives 
or the financial innovations in “systemically competitor” countries such 
as China (Allen et al, 2022). 
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