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1 Introduction  

The recent adoption of new digital technologies by financial intermediaries has raised 

the expectation that there could be a generalised improvement in the efficiency of 

financial intermediation, which would ultimately improve overall economic growth 

(Philippon, 2015 and 2020).1 At the same time, it is sometimes argued that stringent 

capital requirement might unintendedly undermine banks’ competitiveness and their 

ability to support economic growth (eg, Berg et al., 2025). Therefore, it is important 

to better understand the drivers of banks’ investment in efficiency improvement, 

henceforth labelled process innovation. In this respect, this paper argues that effective 

prudential standards can spur banks to invest in process innovation.  This type of 

process innovation is typically modelled as deterministic and non-exclusive, whereby 

higher upfront cost yield a certain reduction in marginal costs (Dasgupta and Stiglitz, 

1980; Spence, 1984; Bester and Petrakis, 1993; and Vives, 2008).  

The imposition of minimum capital requirements is underpinned by two main 

rationales: i) to absorb unexpected losses; and ii) to incentivise effective risk 

management by a) curbing excessive risk-taking and b) incentivise better screening 

and monitoring. Under the first rationale, the aim of minimum capital requirements 

is to increase the likelihood that a bank can withstand a fall in real asset values, which 

can occur even in the absence of opportunistic behaviour by the bank (Diamond and 

Rajan, 2000). Whereas, under the second rationale, the aim of minimum capital 

requirements is to prevent opportunistic behaviour by the bank in the first place 

(Furlong and Keeley, 1989; and Rochet, 1992).2  

In summary, the imposition of minimum capital requirements is meant to 

reduce the likelihood that banks default, thus prolonging the expected time-horizon 

underpinning the valuation of a bank so that banks care more about future earnings. 

On the one hand, this should in turn underpin the case for incurring an upfront sunk 

cost in return for a future stream of benefits such as a reduction in variable operating 

 
1 For example, it has been reported that the financial sector's spending on AI is projected to 

grow from $38 billion worldwide in 2024 to $190.3 billion in 2030, potentially yielding up to 

30% in operational cost reductions: see AI in Finance Market worth $190.33 billion by 2030, 28 

October 2024, MarketsandMarkets™. 

2 Besanko and Kanatas (1996) showed that if in addition to the moral hazard problem in the 

choice of investment there is a second moral hazard problem in the choice of monitoring effort, 

higher capital requirements may worsen the second source of moral hazard risk and lead to 

higher risk-taking overall.  

https://www.marketsandmarkets.com/PressReleases/ai-in-finance.asp
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costs. On the other hand, the reduction in cost achieved through the investment in 

process innovation could enable banks to outbid rivals to raise more deposits and take 

more risk. In addition, since the cost savings come in the form of reduced variable 

operating costs, the resulting larger operational scale entails potential larger cost 

savings absent default.  

To investigate how these contrasting effects are intertwined with the 

determination of optimal capital requirements, we build on Hellmann et al. (2000)’s 

dynamic model of bank competition for insured deposits and moral hazard in lending 

by adding a cost reduction parameter that improves the investment return (in case of 

success) by the same amount, that is, regardless of whether the bank invest in the safe 

or risky asset. Our main result is that investing in process innovation can reduce moral 

hazard and improve banks’ charter value, provided that competition for insured 

deposits among banks is not too strong. This insight is especially relevant in markets 

where depositors have a strong preference for retail deposits, which entails a 

saturated, and thus inelastic, aggregate supply of retail deposits, as is typically the case 

in economies where the role of banks is predominant in terms of financial 

intermediation.  

Our main theoretical result in turn entails that: i) the investment in process 

innovation is more viable when minimum effective capital requirements that prevent 

moral hazard are in place, as the bank expects to benefit from the resulting periodic 

cost reduction over a longer period of time; and ii) as the charter value under the safe 

investment strategy improves by more than under the risky investment strategy, the 

optimal level of minimum effective capital requirements needed to prevent excessive 

risk-taking by banks is lower because of the investment in process innovation. Finally, 

since an intensification of competition among banks for insured deposits worsens 

banks’ profitability when they do not take excessive risks, whereas it is neutral to 

banks’ profitability when they do, an increase in capital requirements will not only 

prevent moral hazard, but also reinforce the case for investment in innovation when 

banks behave prudently.  

 

2 Relevant empirical literature 

It has been argued that some forms of financial innovation, such as securitisation, 

were attempts by banks to game stringent prudential standards, and ultimately led to 

more risk-taking and resulted in financial instabilities (eg, Calomiris, 2009). In this 

sense, stringent prudential standards would induce the wrong type of financial 

innovation. Nevertheless, our focus in this paper is to better understand how 
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prudential standards affect firms’ incentives to invest in new technologies with the 

purpose of improving (operational) efficiency in the sense that the benefits are not 

determined by the level of risk-taking. Laeven et al. (2015) relied on the same 

distinction to investigate how continuous improvements in the efficiency of screening 

is necessary to sustain economic growth. It is also worth noting that the type of 

product innovations alleged to have led to excessive risk-taking do not appear to entail 

high upfront development costs. 

The extant empirical literature on the drivers of innovation, and process 

innovation in particular, by financial institutions is quite limited, due to a scarcity of 

data as financial firms rarely report on R&D spending and patenting (Frame and 

White, 2004). Lerner (2006) collected news stories about financial innovation from 

the Wall Street Journal between 1990 and 2002 and found that technological process 

innovations tend to be disproportionately undertaken by less leveraged and larger 

firms, and that profitability improves in the following years.3 Similarly, Beck et al. 

(2016) used OECD innovation survey data on more than 2000 banks’ R&D 

expenditures across 32 mostly developed countries over the period 1996–2009 and 

found that more stringent capital regulation is associated with higher levels of 

financial innovation in terms of levels of expenditure.4 Whilst the authors speculate 

that these results suggest that banks invest more in order to bypass more stringent 

requirements, our findings from the theoretical model can offer a more intuitive 

explanation. Modi et al. (2024) develop a measure of IT expenditure based on publicly 

available regulatory filings by US banks. The authors find that banks’ size is a key 

determinant of IT expenditure, especially over the decade preceding the Covid crisis. 

In addition, exposure to competition from non-bank fintech lenders is also a driver of 

IT expenditure. Jia (2024) relies on the same data to show that banks that invest more 

in IT are better able to cope with competition from non-bank fintech lenders and thus 

are less likely to increase risk taking thanks to the fact that fintech competition does 

not erode their charter value to the same extent. 

With respect to the effect of process innovation on banks’ performance, Beck 

et al. (2016) found that both financial innovation and the stringency of capital 

 
3 See last column in Table 7 at p. 239. Separately, the author also found that, among depository 

institutions and with respect to all types of innovations (ie, including product innovation), 

large and older firms are more likely to innovate (see first column in the same table).  

4 See coefficients for Overall Capital Stringency in Model 3 and 7 in Table 4 at p. 43.  
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regulations are positively associated with the growth in bank profitability,5 although 

financial innovation is less likely to be associated with growth in total assets when 

capital regulations are stringent.6 In addition, the stringency of capital regulations is 

in general negatively associated with loan growth.7 These results suggest that the 

profitability improvement is the result of improved efficiency rather than expansion. 

Dadoukis et al. (2021) showed that banks with higher levels of annually reported IT 

expenditure had fewer non-performing loans (NPLs) and more lending during the 

Covid crisis. Branzoli et al. (2024) show similar results based on comprehensive IT 

expenditure data from regulatory filings by Italian banks combined with annual 

survey responses from Italian banks on adoption of digital technologies.  

A few papers rely on a survey-based commercial dataset on technology 

adoption by US firms at the establishment level, including bank’ branches primarily of 

large US firms. Pierri and Timmer (2022) use the number of computers per employees 

to show that, in line with  the results reported by  Dadoukis et al. (2021), banks with 

high level of technology adoption had fewer NPLs during the Great Financial Crisis.8 

Kwan et al. (2024) obtained results similar to Dadoukis et al. (2021) and Branzoli et 

al. (2024) by showing that banks with higher IT adoption related to remote or virtual 

work and online communication had higher SME lending and deposit inflows during 

the Covid crisis. Kutzbach and Pogach (2024) find similar effects especially for smaller 

banks (ie, with balance sheet lower than $10BN).9 Our main result that investment in 

process innovation reduces banks’ incentive to take excessive risks is consistent with 

the finding that banks with higher IT adoption had fewer NPLs during a crisis. 

 

3 Model 

Over an infinite time horizon, in each period banks compete for insured deposits by 

setting interest rate 𝑟𝑖 and raising 𝐷(𝑟𝑖 , 𝑟−𝑖), where 𝐷1 > 0 and 𝐷2 < 0.10 Banks can 

 
5 See column 10 in Table 2 at p. 39. 

6 See column 8 in the same table.  

7 See column 9 in the same table.  

8 In addition, Pierri and Timmer (2022) found no significant correlation between the level of 

IT expenditure and the ratio of capital over total assets: see column 5 in Table 2 at p. 96. 

9 Contreras et al. (2026) rely on administrative and confidential data for UK banks to show that 

higher capital requirements are associated with more spending by banks on both outsourcing 

to cloud service providers and investment in intangible (software) assets. 

10 As standard in the literature and as assumed in Hellmann et al. (2000), the supply of deposits 

is risk-insensitive thanks to the insurance scheme.  
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choose between a prudent asset with return 𝛼, or a gambling asset with a return 𝛾 >

𝛼 with probability 𝜃 and 0 otherwise, subject to 𝛼 > 𝜃𝛾. Therefore, whilst investment 

in the prudent asset is preferrable from a societal point of view, the private return to 

banks would be higher when investing in the gambling asset, unless they hold enough 

equity capital to absorb losses (i.e., skin-in-the-game effect to address banks’ moral 

hazard problem). As shown in Hellmann et al. (2000, Proposition 1), because capital 

is costly, subject to opportunity cost 𝜌 > 𝛼, in the absence of minimum capital 

requirements banks do not voluntarily hold any costly equity capital, thus prefer to 

fund lending solely with insured deposit. Since, as standard in the literature and as 

assumed in Hellmann et al. (2000), the prudential regulator cannot observe banks 

allocation choices, it sets uniform minimum capital requirements 𝑘 so that total 

invested funds are (1 + 𝑘)𝐷(𝑟𝑖 , 𝑟−𝑖).  

Before the first period, banks have the option to incur an unspecified fixed, 

sunk cost to achieve a per-period marginal cost reduction of 𝛽, with marginal costs 

normalized at zero otherwise. This approach rests on the implicit assumption that the 

per-period reduction in marginal costs is uniform regardless of the chosen allocation 

strategy.11  

Depending on the allocation choices, per-period profits are given by:  

𝜋𝑃(𝑟𝑖 , 𝑟−𝑖 , 𝑘) = 𝑚𝑃(𝑟𝑖 , 𝑘)𝐷(𝑟𝑖 , 𝑟−𝑖)  

𝑚𝑃(𝑟𝑖 , 𝑘) = (𝛼 + 𝛽)(1 + 𝑘) − 𝜌𝑘 − 𝑟𝑖 

when banks invest in the prudent asset; and 

𝜋𝐺(𝑟𝑖 , 𝑟−𝑖 , 𝑘) = 𝑚𝐺(𝑟𝑖 , 𝑘)𝐷(𝑟𝑖 , 𝑟−𝑖) 

𝑚𝐺(𝑟𝑖 , 𝑘) = 𝜃[(𝛾 + 𝛽)(1 + 𝑘) − 𝑟𝑖] − 𝜌𝑘 

when banks invest in the gambling asset. The last expression for the profit margin 

when banks invest in the gambling asset entails the assumption that the cost 

reduction of 𝛽 is not large enough to prevent default in case the gambling asset’s 

 
11 We believe this is a reasonable assumption to the extent that the utility derived from the 

adoption of general purpose technologies aimed at improving data communication and 

processing should be invariant to the level of risk-taking. This would be especially the case 

where the efficiency improvement resulting from process innovation is relevant to the 

provision of deposit-taking services and quality of the user experience in general (eg, online / 

mobile user interface and banking app in general).  
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return is zero. In addition, we assume that the cost-saving 𝛽 is realised after the 

outcome of the investment, similarly to the remuneration of deposits.12  

The corresponding banks’ valuations over the infinite time-horizon are given 

by the risk-adjusted present value of the expected future stream of profits under the 

two opposite allocation strategies, respectively:  

𝑉𝑃(𝑟𝑖 , 𝑟−𝑖 , 𝑘) =
𝜋𝑃(𝑟𝑖 , 𝑟−𝑖 , 𝑘)

1 − 𝛿
 

𝑉𝐺(𝑟𝑖 , 𝑟−𝑖 , 𝑘) =
𝜋𝐺(𝑟𝑖 , 𝑟−𝑖 , 𝑘)

1 − 𝜃𝛿
 

where 𝛿 is the common discount factor. Essentially, adding the cost saving 𝛽 is 

tantamount to increasing the returns of both assets in case of success by the same 

absolute amount. Whilst this change appears to be banal, it allows us to undertake 

comparative statics with respect to both 𝛼 and 𝛾 at the same time, which in turn allows 

us to investigate how an efficiency improvement in the form of a reduction in marginal 

cost that is uniform regardless of the chosen investment strategy affects banks’ moral 

hazard incentives.  

 

4 Results 

For a given level of mobilised deposits, Hellmann et al. (2000) derive the deposit 

interest rate threshold, 𝑟̂(𝑘), below which there is a symmetric equilibrium with no-

gambling given by: 

𝑉𝑃[𝑟̂(𝑘), 𝑟̂(𝑘), 𝑘] ≥ 𝑉𝐺[𝑟̂(𝑘), 𝑟̂(𝑘), 𝑘] ↔ 𝑟 ≤ 𝑟̂(𝑘) 

Solving for 𝑟̂(𝑘) gives:  

𝑟̂(𝑘) = (1 − 𝛿) (
𝛼 − 𝜃𝛾

1 − 𝜃
+ 𝛽) (1 + 𝑘) + 𝛿[(𝛼 + 𝛽)(1 + 𝑘) − 𝜌𝑘] 

Lemma 1  

The investment in process innovation reduces banks’ incentives to invest in the gambling 

asset. 

 
12 Relaxing this simplifying assumption, by assuming that costs other than deposit 

remuneration are incurred before the outcome of the investment, would not change the main 

results, given that the future flow of cost savings would still be stochastic under the risky 

investment allocation strategy.  



8 
 

Proof  

The partial derivative of 𝑟̂(𝑘) with respect to the cost reduction parameter 𝛽 is given by: 

𝜗𝑟̂(𝑘)

𝜗𝛽
= (1 + 𝑘) > 0 

Therefore, the larger the cost reduction resulting from the initial investment in process 

innovation and the wider is the interval of interest rates where the expected returns from 

investing in the prudent asset under a symmetric equilibrium is higher than with the 

gambling asset.  

 

Similarly, Proposition 3 in Hellmann et al. (2000) derives a threshold for the 

common discount rate, 𝛿, above which an increase in capital requirements increases 

banks’ incentives to gamble: ie, 
𝜗𝑟̂(𝑘)

𝜗𝑘
≤ 0 ↔ 𝛿 ≥ 𝛿. This is because the negative 

franchise value effect, given by the erosion of the expected return from the investment 

in the prudent asset due to the higher equity cost of capital, dominates the positive 

(capital-at-risk) skin-in-the-game effect, whereby the higher equity cost of capital 

incurred even in case of default is meant to deter investment in the gambling asset. 

Solving for 𝛿 gives:  

𝛿 =
𝛼 − 𝜃𝛾 + (1 − 𝜃)𝛽

𝛼 − 𝜃𝛾 + (1 − 𝜃)(𝜌 − 𝛼)
 

Lemma 2 

The investment in process innovation improves the effectiveness of minimum capital 

requirements. 

Proof 

The partial derivative of 𝛿 with respect to the cost reduction parameter is given by:  

𝜗𝛿

𝜗𝛽
=

(1 − 𝜃)

𝛼 − 𝜃𝛾 + (1 − 𝜃)(𝜌 − 𝛼)
> 0 

Therefore, the larger the cost reduction resulting from the initial investment in process 

innovation and the more foresighted a bank can be before the negative franchise value 

effect dominates the skin-in-the-game effect.  

 

Accordingly, in what follows we assume that the common discount factor is 

below the corresponding threshold (0 < 𝛿 < 𝛿), so that an increase in capital 
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requirement is effective in mitigating moral hazard. Depending on the investment 

allocation choice, the deposit interest rates under the symmetric competitive 

equilibriums are given by:  

𝑟𝑃(𝑘) = [(𝛼 + 𝛽)(1 + 𝑘) − 𝜌𝑘]
𝜀𝑟𝑃

𝜀𝑟𝑃
+ 1

 

𝑟𝐺(𝑘) = [(𝛾 + 𝛽)(1 + 𝑘) −
𝜌𝑘

𝜃
]

𝜀𝑟𝐺

𝜀𝑟𝐺
+ 1

 

where 𝜀𝑟 =
𝜗𝐷(𝑟,𝑟)

𝜗𝑟𝑖

𝑟

𝐷(𝑟,𝑟)
 is the rate elasticity of the (residual) supply of deposits faced 

by an individual bank when all the banks set the same rate (in this case, 𝑟𝑗(𝑘), 𝑗 =

𝑃, 𝐺).  

Under the standard functional forms used to model the residual supply of 

deposits faced by individual banks under differentiated Bertrand competition - 

location (eg, Matutes and Vives, 1996), CES (eg, Drechsler et al., 2017; and Chiu and 

Hill, 2018) and logit (eg, Egan et al., 2017) - the corresponding rate elasticity for an 

individual bank is either constant or increasing in the level of interest rates on 

deposits. Accordingly, we can state the following properties. 

 

Lemma 3 

As long as the rate elasticity of the (residual) supply of deposits faced by an individual 

bank when all the banks set the same rate is either constant or increasing:  

i. the increase in the equilibrium interest rate, in response to an increase in the 

cost-reduction parameter 𝛽, when banks choose the gambling asset is equal or 

higher than when banks choose the prudent asset; and  

ii. the net effect on expected profit margins, in response to an increase in the cost-

reduction parameter, is positive in both cases, but it is higher when banks choose 

the prudent asset.  

Proof 

Let’s first observe that: a) the deposit interest rate under the symmetric competitive 

equilibrium when banks choose the gambling asset is higher than when banks choose 

the prudent asset; and b) the expected profit margin when banks choose the gambling 

asset is lower than when banks choose the prudent asset. Regarding i., it is sufficient to 

show that: 
𝜗𝑟𝑗(𝑘)

𝜗𝛽
= (1 + 𝑘)

𝜀𝑟𝑗

𝜀𝑟𝑗
+1

, 𝑗 = 𝑃, 𝐺 . Regarding ii., it is sufficient to show that: 

𝜗𝑚𝑃(𝑟𝑃(𝑘),𝑘)

𝜗𝛽
=

1+𝑘

𝜀𝑟𝑃
+1

 and 
𝜗𝑚𝐺(𝑟𝐺(𝑘),𝑘)

𝜗𝛽
= 𝜃

1+𝑘

𝜀𝑟𝑔+1
. 
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The results and analysis presented so far rest on the assumption that banks 

adopt the same strategies to either invest in the prudent asset or the gambling asset. 

However, to derive the optimal level of capital requirements we need to consider the 

unilateral incentive for banks to deviate from the symmetric competitive equilibrium 

where all banks invest in the prudent asset by offering a higher deposit rate to raise 

more deposits and invest in the gambling asset. The optimal level of capital 

requirements is such that banks are indifferent between sticking to the symmetric 

competitive / prudent equilibrium and deviating as outlined above. Specifically, 

Hellmann et al (2000) derive the minimum effective capital requirement, 𝑘̅, as the 

minimum level of capital that satisfies the following constraint:  

𝑀𝑎𝑥𝑟{𝑉𝐺[𝑟, 𝑟𝑃(𝑘), 𝑘]} ≤ 𝑉𝑃[𝑟𝑃(𝑘), 𝑟𝑃(𝑘), 𝑘] 

subject to 

𝑀𝑎𝑥𝑟{𝑉𝐺[𝑟, 𝑟𝑃(𝑘̅), 𝑘̅]} = 𝑉𝑃[𝑟𝑃(𝑘̅), 𝑟𝑃(𝑘̅), 𝑘̅] 

Under the assumption that the rate elasticity of the supply of deposits faced by an 

individual bank is constant (𝜀𝑟 = 𝜀),13 solving the first-order condition 
𝜗𝑉𝐺[𝑟,𝑟𝑃(𝑘),𝑘]

𝜗𝑟
=

0 gives: 

𝑟∗(𝑘) = [(𝛾 + 𝛽)(1 + 𝑘) −
𝜌𝑘

𝜃
]

𝜀

𝜀 + 1
= 𝑟𝐺(𝑘) 

By substituting the expression for 𝑟 and 𝑟𝑃(𝑘) and rearranging we obtain: 

𝑀𝑎𝑥𝑟{𝑉𝐺[𝑟∗(𝑘), 𝑟𝑃(𝑘), 𝑘]} =
𝜃(𝛾 + 𝛽)(1 + 𝑘) − 𝜌𝑘

(1 − 𝜃𝛿)(𝜀 + 1)
𝐷[𝑟∗(𝑟), 𝑟𝑃(𝑘)] 

𝑉𝑃[𝑟𝑃(𝑘), 𝑟𝑃(𝑘), 𝑘] =
(𝛼 + 𝛽)(1 + 𝑘) − 𝜌𝑘

(1 − 𝛿)(𝜀 + 1)
𝐷[𝑟𝑃(𝑘), 𝑟𝑃(𝑘)] 

Solving 𝑀𝑎𝑥𝑟{𝑉𝐺[𝑟∗(𝑘), 𝑟𝑃(𝑘̅), 𝑘̅]} = 𝑉𝑃[𝑟𝑃(𝑘̅), 𝑟𝑃(𝑘̅), 𝑘̅] and rearranging leads to the 

following expression for the minimum effective capital requirement: 

 
13 Given that under the standard functional forms used to model the residual supply of deposits 

faced by individual banks under differentiated Bertrand competition the rate elasticity for an 

individual bank is either constant or increasing in the level of interest rates, relaxing the 

assumption of constant elasticity would not alter the quality of the results, although it would 

greatly complicate the presentation. 
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𝑘̅ =
(𝛼 + 𝛽)𝐷[𝑟𝑃(𝑘), 𝑟𝑃(𝑘)](1 − 𝜃𝛿) − 𝜃(𝛾 + 𝛽)𝐷[𝑟∗(𝑘), 𝑟𝑃(𝑘)](1 − 𝛿)

(𝜌 − 𝛼 − 𝛽)𝐷[𝑟𝑃(𝑘), 𝑟𝑃(𝑘)](1 − 𝜃𝛿) − [𝜌 − 𝜃(𝛾 + 𝛽)]𝐷[𝑟∗(𝑘), 𝑟𝑃(𝑘)](1 − 𝛿)
 

The simpler way to investigate the comparative statics for the minimum 

effective capital requirements is to compare the partial derivatives of 

𝑀𝑎𝑥𝑟{𝑉𝐺[𝑟∗(𝑘), 𝑟𝑃(𝑘), 𝑘]} and 𝑉𝑃[𝑟𝑃(𝑘), 𝑟𝑃(𝑘), 𝑘] separately, subject to 

𝑀𝑎𝑥𝑟{𝑉𝐺[𝑟∗(𝑘̅), 𝑟𝑃(𝑘̅), 𝑘̅]} = 𝑉𝑃[𝑟𝑃(𝑘̅), 𝑟𝑃(𝑘̅), 𝑘̅].14 Hellmann et al. (2000) present 

comparative statics results with respect to the three parameters that appear in only 

one of the two expressions (𝛼, 𝜃 and 𝛾), confirming the intuition that a higher return 

from the prudent assets lowers 𝑘̅ (ie, all else equal), and vice-versa with respect to the 

gambling asset. In what follows we present comparative statics results for the 

remaining parameters that appear in both expressions. 

 

Proposition 1 

The investment in process innovation reduces the minimum effective capital 

requirements (ie, 
𝜗𝑘̅

𝜗𝛽
< 0) if and only if:  

𝜃 <

𝐷(𝑟𝑃 , 𝑟𝑃)(1 + 𝜀𝑃)
1 − 𝛿

𝐷(𝑟∗, 𝑟𝑃)(1 + 𝜀)
1 − 𝜃𝛿

<
𝑝 − 𝜃(𝛾 + 𝛽)

𝜌 − (𝛼 + 𝛽)
 

where 𝜀𝑃 =  
𝜗𝐷(𝑟)

𝜗𝑟

𝑟

𝐷(𝑟,𝑟)⃒𝑟=𝑟𝑃

 and 
𝜗𝐷(𝑟)

𝜗𝑟
=

𝜗𝐷(𝑟,𝑟)

𝜗𝑟𝑖
+ ∑

𝜗𝐷(𝑟,𝑟)

𝜗𝑟−𝑖
𝑗≠𝑖 ≥ 0 is the percentage 

change in the residual demand faced by individual banks when all competing banks 

marginally increase their rate in parallel from the same level. 

Proof 

The right-hand-side inequality entails that a reduction in 𝑘̅ increases 

𝑀𝑎𝑥𝑟{𝑉𝐺(𝑟∗, 𝑟𝑃 , 𝑘̅)} by more than with respect to 𝑉𝑃(𝑟𝑃, 𝑟𝑃 , 𝑘̅), whereas the left-hand-

side inequality entails that an increase in 𝛽 increases 𝑉𝑃(𝑟𝑃, 𝑟𝑃 , 𝑘̅) by more than with 

respect to 𝑀𝑎𝑥𝑟{𝑉𝐺(𝑟∗, 𝑟𝑃 , 𝑘̅)}. The corresponding partial derivatives are:  

𝜗𝑀𝑎𝑥𝑟{𝑉𝐺(𝑟∗, 𝑟𝑃 , 𝑘)}

𝜗𝑘
= −

𝑝 − 𝜃(𝛾 + 𝛽)

(1 − 𝜃𝛿)(𝜀 + 1)
[𝐷(𝑟∗, 𝑟𝑃) + 𝑚𝐺(𝑟∗, 𝑘)

𝜗𝐷(𝑟∗, 𝑟𝑃)

𝜗𝑟𝑖

𝜀

𝜃
] 

 
14 Going forward, for notational simplicity, when writing 𝑟𝑃(𝑘̅) and 𝑟∗(𝑘̅) as arguments of a 

function, we will suppress the fact that each of these depends on the level of minimum effective 

capital requirements and simply use 𝑟𝑃 and 𝑟
∗. 
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𝜗𝑉𝑃(𝑟𝑃 , 𝑟𝑃 , 𝑘)

𝜗𝑘
= −

𝜌 − (𝛼 + 𝛽)

(1 − 𝛿)(𝜀 + 1)
[𝐷(𝑟𝑃 , 𝑟𝑃) + 𝑚𝑃(𝑟𝑃 , 𝑘)

𝜗𝐷(𝑟𝑃)

𝜗𝑟𝑃
𝜀] 

and 

𝜗𝑀𝑎𝑥𝑟{𝑉𝐺(𝑟∗, 𝑟𝑃 , 𝑘)}

𝜗𝛽
=

(1 + 𝑘)𝜃

(1 − 𝜃𝛿)(𝜀 + 1)
[𝐷(𝑟∗, 𝑟𝑃) + 𝑚𝐺(𝑟∗, 𝑘)

𝜗𝐷(𝑟∗, 𝑟𝑃)

𝜗𝑟𝑖

𝜀

𝜃
] 

𝜗𝑉𝑃(𝑟𝑃 , 𝑟𝑃 , 𝑘)

𝜗𝛽
=

(1 + 𝑘)

(1 − 𝛿)(𝜀 + 1)
[𝐷(𝑟𝑃 , 𝑟𝑃) + 𝑚𝑃(𝑟𝑃 , 𝑘)

𝜗𝐷(𝑟𝑃)

𝜗𝑟𝑃
𝜀] 

The condition stated in the above proposition is obtained by setting  

𝜗𝑉𝑃(𝑟𝑃 , 𝑟𝑃 , 𝑘)

𝜗𝛽
>

𝜗𝑀𝑎𝑥𝑟{𝑉𝐺(𝑟∗, 𝑟𝑃 , 𝑘)}

𝜗𝛽
 

and 

|
𝜗𝑀𝑎𝑥𝑟{𝑉𝐺(𝑟∗, 𝑟𝑃 , 𝑘)}

𝜗𝑘
| > |

𝜗𝑉𝑃(𝑟𝑃, 𝑟𝑃 , 𝑘)

𝜗𝑘
| 

substituting 
𝜗𝐷(𝑟∗,𝑟𝑃)

𝜗𝑟𝑖
 with 𝜀

𝐷(𝑟∗,𝑟𝑃)

𝑟∗  and 
𝜗𝐷(𝑟𝑃)

𝜗𝑟𝑃
 with 𝜀𝑃

𝐷(𝑟𝑃 ,𝑟𝑃)

𝑟𝑃
, simplifying 

𝑚𝐺(𝑟∗,𝑘)

𝑟∗  and 

𝑚𝑃(𝑟𝑃 ,𝑘)

𝑟𝑃
, and rearranging.  

 

The ratio at the centre of the condition presented in Proposition 1 indicates 

how the change in banks’ valuations (in response to either a change in 𝛽 or 𝑘) when 

banks invest in the prudent asset compares to the change under the alternative 

allocation choice. The right-hand-side ratio indicates how costly capital is for banks 

when they invest in the gambling asset compared to when they invest in the prudent 

asset. It is plausible to expect that 𝜀 > 𝜀𝑃, considering that the rate elasticity of the 

aggregate supply of deposits is anchored by levels of endowed wealth / savings and 

preferences for liquidity and risk in comparison to alternatives such as cash, mutual 

funds and non-bank digital currencies. This especially ought to be the case in markets 

where savers have a strong preference for bank deposits. Accordingly, the ratio at the 

centre is certainly lower than one,15 so that the right-hand-side inequality is satisfied. 

However, when the rate elasticity of the residual supply of deposit is comparatively 

 
15 Given that 

𝑚𝐺(𝑟∗,𝑘̅)𝐷(𝑟∗,𝑟𝑃)

1−𝜃𝛿
=

𝑚𝑃(𝑟𝑃,𝑘̅)𝐷(𝑟𝑃,𝑟𝑃)

1−𝛿
 and 𝑚𝐺(𝑟∗ , 𝑘̅) < 𝑚𝑃(𝑟𝑃, 𝑘̅). 
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too high (ie, 
𝜀

𝜀𝑃
≫ 1),16 the ratio can fall below 𝜃, in which case the investment in 

process innovation would trigger an increase in the minimum effective capital 

requirement (ie, 
𝜗𝑘̅

𝜗𝛽
> 0), as otherwise banks have the incentive to pursue process 

innovation in order to raise more deposits and take excessive risks.  

In conclusion, investment in process innovation can warrant a reduction in the 

minimum effective capital requirements for sufficiently low values of 𝜃 and 
𝜀

𝜀𝑃
. This 

result also entails that, under the same conditions, the investment in process 

innovation is more viable when banks invest in the prudent asset (ie, thanks to the 

imposition of minimum effective capital requirements). Therefore, both the 

investment in process innovation and the ensuing reduction in the minimum effective 

capital requirement increase banks’ valuation under the prudent asset allocation 

strategy, thus generating a compound effect and achieving an alignment between the 

safety and competitiveness of banks. 

The following three corollaries are relevant to the original model in Hellmann 

et al. (2000) regardless of the investment in process innovation (ie, 𝛽 = 0). 

 

Corollary 1 

An increase in competition intensity increases the minimum effective capital 

requirement (ie, 
𝜗𝑘̅

𝜗𝜀
> 0). 

Proof 

The partial derivatives with respect to the rate elasticity of the residual supply of deposit 

faced by individual banks are: 

𝜗𝑀𝑎𝑥𝑟{𝑉𝐺(𝑟∗, 𝑟𝑃 , 𝑘)}

𝜗𝜀
=

𝑚𝐺(𝑟∗, 𝑘)

(1 − 𝜃𝛿)(𝜀 + 1)
[
𝑚𝐺(𝑟∗, 𝑘)

𝜃

𝜗𝐷(𝑟∗, 𝑟𝑃)

𝜗𝑟𝑖
− 𝐷(𝑟∗, 𝑟𝑃)] 

𝜗𝑉𝑃(𝑟𝑃, 𝑟𝑃 , 𝑘)

𝜗𝜀
=

𝑚𝑃(𝑟𝑃 , 𝑘)

(1 − 𝛿)(𝜀 + 1)
[𝑚𝑃(𝑟𝑃 , 𝑘)

𝜗𝐷(𝑟𝑃)

𝜗𝑟𝑃
− 𝐷(𝑟𝑃 , 𝑟𝑃)] 

By applying the same transformations as in the proof of Proposition 1 we obtain:  

𝜗𝑀𝑎𝑥𝑟{𝑉𝐺(𝑟∗, 𝑟𝑃 , 𝑘)}

𝜗𝜀
= 0 

 and  

 
16 In this respect, it is worth pointing out that the available estimations indicate that insured 

deposits are quite price insensitive, with rate elasticity at around 0.5 (Chiu and Hill, 2018; and 

Egan et al., 2017). 
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𝜗𝑉𝑃(𝑟𝑃 , 𝑟𝑃 , 𝑘)

𝜗𝜀
=

𝑉𝑃(𝑟𝑃, 𝑟𝑃 , 𝑘)

(𝜀 + 1)
(

𝜀𝑃

𝜀
− 1) < 0 

Hence, an increase in 𝑘̅ is required to satisfy the condition 𝑀𝑎𝑥𝑟{𝑉𝐺(𝑟∗, 𝑟𝑃 , 𝑘̅)} =

𝑉𝑃(𝑟𝑃, 𝑟𝑃 , 𝑘̅). 

 

Whilst the increase in 𝑟∗ caused by the increase in 𝜀 is exactly offset by an 

increase in 𝐷(𝑟∗, 𝑟𝑃), so that the increase in 𝜀 has a neutral impact on banks’ valuation 

under the risky allocation strategy, the same does not apply to the prudent 

competitive equilibrium to the extent that the rate elasticity of the aggregate supply 

of deposits is lower than the one for the residual supply faced by individual banks (ie, 

𝜀 > 𝜀𝑃).  

Therefore, the increase in competition, resulting from an increase in the rate 

elasticity of the supply of retail deposits faced by individual banks, would narrow the 

scope for investment in process innovation overall, and it would make it more likely 

to occur when banks invest in the gambling asset. This result is in line with the 

literature showing that an increase in competition for insured deposits increases 

moral hazard in lending (Keeley, 1990; Matutes and Vives, 2000; Allen and Gale, 2004; 

and Freixes & Rochet, 2008). We add to this strand of literature by highlighting the 

possibility that banks pursue process innovation to compete more aggressively in the 

markets for insured deposits.  

 

Corollary 2 

An increase in the equity cost of capital reduces the minimum effective capital 

requirements if the rate elasticity of the aggregate supply of deposits is lower than the 

one for the residual supply faced by individual banks (ie, if 
𝜀𝑃

𝜀
< 1, 

𝜗𝑘̅

𝜗𝜌
< 0). 

Proof 

The partial derivatives with respect to the equity cost of capital are:  

𝜗𝑀𝑎𝑥𝑟{𝑉𝐺(𝑟∗, 𝑟𝑃 , 𝑘)}

𝜗𝜌
= −

𝑘

(1 − 𝜃𝛿)(𝜀 + 1)
[𝐷(𝑟∗, 𝑟𝑃) + 𝑚𝐺(𝑟∗, 𝑘)

𝜗𝐷(𝑟∗, 𝑟𝑃)

𝜗𝑟𝑖

𝜀

𝜃
] 

𝜗𝑉𝑃(𝑟𝑃 , 𝑟𝑃 , 𝑘)

𝜗𝜌
= −

𝑘

(1 − 𝛿)(𝜀 + 1)
[𝐷(𝑟𝑃 , 𝑟𝑃) + 𝑚𝑃(𝑟𝑃 , 𝑘)

𝜗𝐷(𝑟𝑃)

𝜗𝑟𝑃
𝜀] 

By applying the same transformations as in the proof of the Proposition 1, the ratio 

between the two partial derivatives is:  
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𝐷(𝑟𝑃 , 𝑟𝑃)(1 + 𝜀𝑃)
1 − 𝛿

𝐷(𝑟∗, 𝑟𝑃)(1 + 𝜀)
1 − 𝜃𝛿

< 1 𝑖𝑓 
𝜀

𝜀𝑃
> 1 

in which case 
𝜗𝑀𝑎𝑥𝑟{𝑉𝐺(𝑟∗,𝑟𝑃 ,𝑘)}

𝜗𝜌
<

𝜗𝑉𝑃(𝑟𝑃 ,𝑟𝑃 ,𝑘)

𝜗𝜌
. This in turns necessitates a reduction in 

𝑘̅ to satisfy the condition 𝑀𝑎𝑥𝑟{𝑉𝐺(𝑟∗, 𝑟𝑃 , 𝑘̅)} = 𝑉𝑃(𝑟𝑃 , 𝑟𝑃 , 𝑘̅). 

 

Conversely, a fall in the equity cost of capital, typically caused by an 

improvement in the perceived riskiness of the banking sector (ie, unrelated to the 

level of minimum effective capital requirement),17 increases the risk of moral hazard, 

whereby banks have the unilateral incentives to set a higher deposit rate to raise more 

deposits to be then invested in the gambling asset.  

In this respect, it could be argued that the widespread investment in process 

innovation could induce a reduction in the perceived riskiness of banks, thanks to the 

resulting combination of an efficiency improvement and a reduction in moral hazard 

risk. Therefore, this counterintuitive result suggests that the impact if process 

innovation on the optimal level of capital requirement could be ambiguous due to this 

potentially offsetting effect driven by the ensuing reduction in the equity risk 

premium.  

 

Corollary 3 

An increase in foresightedness reduces the minimum effective capital requirement (ie, 

𝜗𝑘̅

𝜗𝛿
< 0). 

Proof 

First, notice that 

𝜗𝑀𝑎𝑥𝑟{𝑉𝐺(𝑟∗, 𝑟𝑃 , 𝑘)}

𝜗𝛿
=

𝜃𝑚𝐺(𝑟∗, 𝑘)𝐷(𝑟∗, 𝑟𝑃)

(1 − 𝜃𝛿)2  

and  

𝜗𝑉𝑃(𝑟𝑃 , 𝑟𝑃 , 𝑘)

𝜗𝛿
=

𝑚𝑃(𝑟𝑃 , 𝑘)𝐷(𝑟𝑃 , 𝑟𝑃)

(1 − 𝛿)2  

Given that  

 
17 This result is also consistent with the separate proposition that the equity cost of capital is 

determined endogenously by the level of minimum effective capital requirement in line with 

the Modigliani-Miller’s conservation-of-risk principle, whereby an increase in the level of 

minimum effective capital requirements is compensated by a reduction in the equity cost of 

capital whilst keeping constant the asset portfolio allocation (eg, Nielsen et al., 2022). 
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𝑚𝑃(𝑟𝑃, 𝑘̅)

1 − 𝛿
𝐷(𝑟𝑃 , 𝑟𝑃) =

𝑚𝐺(𝑟∗, 𝑘̅)

1 − 𝜃𝛿
𝐷(𝑟∗, 𝑟𝑃) 

it follows that  

𝜗𝑀𝑎𝑥𝑟{𝑉𝐺(𝑟∗, 𝑟𝑃 , 𝑘)}

𝜗𝛿 ⃒𝑘=𝑘̅
=

𝜃(1 − 𝛿)

1 − 𝜃𝛿

𝜗𝑉𝑃(𝑟𝑃 , 𝑟𝑃 , 𝑘)

𝜗𝛿 ⃒𝑘=𝑘̅
 

with 
𝜃(1−𝛿)

1−𝜃𝛿
< 1. 

 

As discussed above, Hellmann et al. (2000) derive a threshold for the common 

discount factor above which an increase in capital requirements increases banks’ 

incentives to gamble as the negative franchise value effect dominates. However, when 

the common discount factor is below that threshold, the intuitive result presented 

above shows that an increase in foresightedness among banks warrants a reduction 

in capital requirements thanks to a positive franchise value effect whereby moral 

hazard weakens as the expected total return becomes more important. This in turn 

would strengthen the case for investment in process innovation when banks invest in 

the prudent asset. Therefore, these two effects reinforce each other in improving 

banks’ competitiveness and stability.  

 

5 Discussion and Conclusion 

We investigate theoretically the relationship between prudential standards and 

banks’ incentives to invest in process innovation aimed at improving efficiency. By 

extending the seminal model in Hellmann et al. (2000), we show that the imposition 

of minimum capital requirements aimed at preventing banks from taking excessive 

risks spurs, rather than hinders, investment in process innovation, as long as 

competition for insured deposits among banks is not too intense. This is thanks to the 

fact that the imposition of minimum capital requirements reduces banks’ probability 

of default, thus extending the time-horizon over which banks can benefit from the 

efficiency improvement thereof, so that the expected return from the initial 

investment in process innovation is higher than when banks take excessive risks. This 

in turn entails that the efficiency improvement from the initial investment in process 

innovation improves the charter value of banks when they do not take excessive risks 

by more than when they take excessive risks. The ensuing weakening of banks’ moral 

hazard incentives entails that the optimal level of minimum capital requirements 

needed to prevent excessive risk-taking is lower because of the investment in process 

innovation.  
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It is plausible to assume that, to the extent that process innovation improves 

the efficiency / quality of deposit-taking services provided by banks, the aggregate 

supply of deposits could be affected. In particular, the improved quality of service 

could make bank deposit accounts more attractive to alternative (money-like) 

services. If so, the aggregate supply of deposits could increase (i.e., upward sloping 

curve shifts outward to the right) and its rate elasticity could decrease (i.e., 

anticlockwise rotation to a steeper curve, as identified by parameter 𝜀 in our model). 

Nevertheless, since we model symmetric outcomes, it is plausible to assume no effect 

on the rate elasticity of the residual supply of deposits faced by individual banks (as 

identified by parameter 𝜀𝑃  in our model). Accordingly, the ratio 
𝜀

𝜀𝑃
 could increase as a 

result, thus affecting the condition in Proposition 1, whereby, if the rate elasticity of 

the residual supply of deposit is comparatively too high, process innovation becomes 

more valuable under a gambling asset allocation strategy, which would warrant an 

increase in the minimum effective capital requirement. However, it is also plausible to 

expect non-bank providers of substitutes for bank deposit account services to adopt 

similar process innovations aimed at maintaining their competitive position, in which 

case the aggregate supply of deposits should not be affected, thus not altering the 

results in this paper. 

Under the alternative assumption that the benefits from the investment could 

only be accrued under the gambling asset allocation strategy (i.e., because of an 

increase in parameter 𝜃), it is obvious to conclude that process innovation would be 

more valuable under this allocation strategy. To the extent that the increase in 

parameter 𝜃 does not alter the assumption that the gambling asset is worse from a 

societal point of view (i.e., 𝛼 > 𝜃𝛾), then investment in process innovation would 

warrant an increase in capital requirements to offset the resulting increase in moral 

hazard incentives.18 However, the assumption that investment improves banks’ 

screening (and monitoring) would be more appropriate for a model investigating the 

effect of process innovation on the degree of adverse selection faced by lenders, in the 

sense that lenders cannot fully observe the risk profile of creditors. Under these 

circumstances, the benefits from improved screening (and monitoring) would also be 

relevant under a safe allocation strategy, thus not altering the quality of our findings. 

Following Hellmann et al. (2000), we make the assumption that there are only 

insured deposits. It is interesting to consider whether the presence of a fraction of 

depositors being uninsured could change the affect the results. When banks rely on 

 
18 If after the investment 𝛼 < 𝜃𝛾, the risk of moral hazard would be removed.  
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funding from uninsured depositors, once the beliefs about solvency due to 

risk-shifting cross a certain threshold, uninsured depositors optimally withdraw, 

giving rise to run-risk equilibria (Chari and Jagannathan, 1988; and Chen, 1999). As a 

result, banks’ funding conditions depend critically on how uninsured depositors form 

and update beliefs based on noisy signals such as profitability, balance-sheet growth, 

or market sentiment. However, higher observed profitability is inherently ambiguous, 

as it may reflect either improved operational efficiency (because of process 

innovation) or increased risk-taking (i.e., when the gambling asset’s return is 

positive). An important implication of this literature is the existence of pooling 

equilibria in the presence of opacity, whereby uninsured depositors cannot 

distinguish between prudent and gambling banks (Matutes and Vives, 2000).  

Against this backdrop, if the upfront investment required to improve 

efficiency is observable and sunk, the decision to incur such a cost can act as a signal 

of a bank’s effective time horizon. Because the continuation value of efficiency gains 

is more heavily truncated under risk-shifting strategies than under prudent 

behaviour, gambling banks find it comparatively harder to justify such investments. In 

this sense, observable process innovation can help separate banks that internalise 

long-run franchise value from those pursuing short-term risk extraction, mitigating 

the pooling equilibria that characterise models with uninsured-deposit.  
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