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Abstract 

Banking activities are subject to some of the most stringent regulatory 
frameworks in any country. However, imposing any type of regulation creates 
an incentive to shadow banking, as some transactions will take place in 
unregulated firms that are de facto banks. If the regulator does not take this 
possibility into account, regulation will by myopic. We consider a setting in 
which two types of firm produce a similar financial product, which has a 
negative externality – for example, unregulated firms may sell subprime 
mortgages without proper risk evaluation. The first type of firm is subject to 
complying with regulation or should pay any fines levied by the government, 
but the second type is not. The regulator wants to impose a tax or fine to 
decrease consumption due to the negative externality. We compute the optimal 
regulatory structure and show that when the government is myopic – i.e., it 
only considers the impact of taxes and fines on the regulated sector -, the tax is 
higher than if the demand that trickles down into the unregulated sector is taken 
into account, and the shadow banking sector grows larger. We run a 
Montecarlo simulation to show that, in a particular linear demand setting, the 
myopic tax is twice as high as the optimal one, and causes shadow banking to 
increase by more than 70%. 
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INTRODUCTION 
Recent years have witnessed a strong move towards more strict regulation of the banking sector 
worldwide. That move dates back to the original Basel Accord (called Basil I) signed in 1988 by a 
collection of central bankers and enacted in the G-10 countries by 1992. It was followed by Basel II in 
2004. Both were very basic frameworks, not very stringent, with some capital requirements. 
After the 2008 world crisis, triggered by the burst of the housing bubble and subsequent collapse of 
financial institutions highly committed to subprime mortgage subscriptions, financial regulation was 
deemed insufficient and received a boost. Basil III came to fill this gap in September 2010, but still, its 
more stringent rules only affect institutions, services and products which are directly monitored by the 
financial regulator. 
Many countries have since Basil III approved laws imposing taxes or fines on financial activities which 
create negative externalities to the financial system – generally speaking, the taking of more risk than 
allowed. However, those measures only affect practices under the scrutiny of the regulator. Other the facto 
banks and disguised practices by true banks known as shadow banking remain unaffected. 
High taxation – or fines – is the prescribed remedy to dissuade an undesired practice, but can totally 
backfire when a shadow alternative is available. A basic premise for the implementation of the increase in 
taxes is that consumers have no alternative but paying more for the products they usually consume, or 
reduce the quantity they buy. In the limit, they could even quit buying that sort of product. However, this 
is not so when an accessible alternative is available, and a cheaper one, as in the case of shadow banking. 
In such case the implementation of a tax increase is myopic and moves consumers to shadow banking. 
Although an extremely exciting field of work for Industrial Organization economists – due to intrinsic 
product characteristics, as well as demand behavior, market structure and the variety of governmental 
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intervention – shadow banking has not received due attention by both theory and econometrics. Shadow 
banking alternatives are seldom studied through formal economic analysis. 
An important contribution to the field of shadow banking is the major review in Pozsar et al. (2010), 
presented in the aftermath of the 2008 financial crisis. It documented the institutional characteristics of 
shadow banks, their relation to the traditional banking system, and their role and development in the 
crisis. Adrian and Ashcraft (2016) is a recent review of the literature, focusing on the study of shadow 
banks as institutions that conduct credit and maturity transformation, just like any other bank, but 
without direct sources of liquidity and insurance available to the formal sector. This view underpins the 
additional negative externality that shadow banks bring to the financial system, when compared to 
traditional banks, as we model in the present paper. 
Adrian and Shin (2009) analyzed some measures of regulation to be imposed directly on the shadow 
banking system, while our paper focus on regulatory tools with limited impact on this sector. Gorton and 
Metrick (2010) also presented a specific proposal for the regulation of shadow banking, focusing on 
insurance. Gennaioli et al. (2013) is the main contribution to the understanding of the mechanics of the 
shadow banking sector from and industrial organization point of view: the sector is stable and welfare 
improving under rational expectations, and the main issue is the vulnerability to crisis when investor 
ignore tail risks. Hence the main source of instability is related to some form of bounded rationality. 
However, they did not model the impact of regulating the formal sector and how it may impact indirectly 
the informal one, which we show to cause excessive leverage even under perfect rationality, as a 
consequence of a negative externality. Lastly, Claessens et al. (2012) discussed the role of regulatory 
arbitrage and demand pressures in the emergence of the shadow banking system. They proposed policies 
to improve the performance of informal banking, even if such policies lead to a decrease in this sector. 
This is parallel to our assumption that shadow banking may bring some welfare benefit, but its cost is 
such that under an optimal regulatory scheme, its size should be reduced. 
All papers mentioned above highlight how the traditional and the shadow banking systems are 
asymmetric, and how they should be regulated. The present paper contributes to this literature by 
bringing together in an unified framework these two points, implying that regulation itself has an 
asymmetric impact on these systems, with consequences for optimal regulation. The findings in this 
paper are relevant whenever the effect of regulation is more limited for shadow banking than for the 
formal sector. 
Both our theoretical model and Monte Carlo simulation show non-negligible consequences of the 
incorporation of shadow banking into the analysis of the regulation of the formal sector. Optimal taxes 
(or fines) are smaller – actually less than half in our simulation. It is our purpose to incite financial 
regulators for taking into account shadow banking when anticipating the impact of any new regulatory 
measure.  
The remainder of the paper is organized as follows. Section 2 lays out the basic theoretical model. Section 
3 discusses our empirical strategy and section 4 briefly concludes this paper. 
 
MODEL 

There are two goods in the economy: a regulated good x, interpreted as a regulated risky financial 
product, and an unregulated one, good y. They are imperfect substitutes: consumers attribute a higher 
value to x, but are willing to change for y if the price difference is sufficiently high. For modeling 
purposes, we assume the government is able to levy a tax t that adds to the price of x, but is unable to tax 
good y. The tax t can be interpreted more broadly, as the part of compliance cost to regulation passed 
onto consumers, which can take varied forms, including potential fines for noncompliance (in particular, 
excessive risk-taking). 
The demand function for x is x(px+t,py): it depends on the total price faced by consumers on good x (px+t) 
and on the price of y. The demand for y is y(py,px+t). These functions are such that x(p,p)>y(p,p): if 
effective prices are the same, consumers prefer x. 
There are negative externalities to the consumption of risky assets x and y. For example, they may 
generate instability of the financial system, increasing the probability of a financial crisis, leading thus to 
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higher costs to society. This negative effect is higher for good y than for good x: the unregulated good 
causes more damage. For example, risk evaluation in the shadow banking sector is generally poorer than 
in the regulated sector, even if the latter may also have problems. Although consumers partially consider 
this difference in the impact of each good, and prefer x to y as stated above, this does not fully capture the 
externality. Social welfare is: 
 
S(x,y) = Bx(x) – Dx(x) + By(y) – Dy(y) 
 
Functions B refer to the social benefit from the consumption, and functions D represent the costs 
(damage). B differs from the (integrated inverse) demand functions, reflecting the presence of 
consumption externalities. Benefit is strictly increasing and concave, while damage is strictly increasing 
and convex. 
Consider as a benchmark the optimal regulation when society (the principal) can choose x and y directly. 
One simply maximizes S(x,y), finding the following first-order conditions: 
 
B’x(xo) =  D’x(xo) 
B’y(yo) =  D’y(yo) 
 
Notice that we are implicitly assuming an interior solution. 
 
There are competing firms that produce goods x and y in the market. For simplicity, we consider 
representative agents. There is one firm that produces good x, labeled firm x, and one firm that produces 
good y, labeled firm y. Cost functions are cx(x)=cxx and cy(y)=cy.y for constants cx > cy > 0: the regulated 
firm x has higher costs than the unregulated firm y. This captures, for example, more stringent risk 
management rules, increasing capital cost, and the existence of a compliance cost. 
 
Firm x solves the following problem: 
 
Max (px -cx).x(px+t,py)  
 
The first-order condition with respect to px is: 
 
x(px+t,py) +(px -cx)(dx(px+t,py)/dpx) = 0 
 
Analogously, one may find the following expression for firm y: 
 
y(py,px+t) +(py –cy)(dy(py,px+t)/dpy) = 0 
 
This is a system of two equations and two variables with a solution [x*(t), y*(t)]. Although it is not 
explicit, the solution also depends on the costs cx and cy. 
The government now can no longer choose x or y directly, but chooses a tax t to maximize social welfare, 
which is now written as S(t) = S(x(t),y(t)). The solution is: 
 
[B’x(x*) – D’x(x*)[dx*(t)/dt] + [B’y(y*) – D’y(y*)][dy*(t)/dt] = 0 
 
in which [dx*(t)/dt] and [dy*(t)/dt] are computed through the implicit function theorem applied to the 
two equations that determine t*. Notice now that it is not necessarily the case that [x*(t*), y*(t*)]= [xo, yo]. 
In fact, it will not be case, since the government only chooses a tax on x, and cannot regulate the 
consumption of y directly. This restriction implies that welfare is lower at equilibrium here than under 
(xo,yo). 
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Consider now that the regulator chooses the tax t without considering the unregulated market for y. Then 
the first-order condition is: 
 
[B’x(x*) – D’x(x*)[dx*(t)/dt] = 0 
 
Then [B’y(y*) – D’y(y*)][dy*(t)/dt] ≠ 0 implies that the equation in the previous line determines a solution 
with lower social welfare than the allocation that considers the unregulated market. This is summarized 
in the following proposition. 
 
Proposition: Tax is higher and welfare is lower when the regulator does not take the unregulated market 
into account. 
Proof: Direct application of the implicit function theorem. 
 
The actual size of these effects cannot be predicted without functional forms for welfare and demand 
functions, as well as cost parameters. Moreover, total consumption and the share of the shadow banking 
sector cannot be determined without further structure on the model. The next section turns to these 
issues. 
 
EMPIRICAL ANALYSIS 
Setup 

The objective of this section is to quantify the impact on taxes and quantities consumed from a myopic 
regulation. To do so, we begin by defining the following functional forms: 
 
Bx(x) = x 
Dx(x) = -ax2 

By(y) = y 
Dy(y) = -by2 
 
The first-best entails xo = (1/2a) and yo = (1/2b). We assume b > a: the damage from good y is larger. 
 
Consumer demand is x = A – (px + t) + 2py and y = B – 2py + (px + t). The values A and B are not relevant 
for the comparison of taxes and consumption levels; we simply assume they are as high as to avoid zero 
consumption of all goods, and take A = 10 and B = 5 below. Equilibrium prices are: 
 
px = (25 – t + 2cx + 2cy)/3 
py = (20 + t + cx + 4cy)/6 
 
And the market allocation is: 
 
x* = (25 – t – cx + 2cy)/3 
y* = (20 + t + cx – 2cy)/3 
 
Hence one may compute the following derivatives: 
 
[dx*(t)/dt] = -1/3  
[dy*(t)/dt] = 1/3 
 
Optimal tax is determined by the following condition: 

 

[B’x(x*) – D’x(x*)](-1/3) + [B’y(y*) – D’y(y*)](1/3) = 0 
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Plugging the expressions for x and y, one gets: 
 
(2/9)(a(25 - t - cx +2cy) - b*(20 + t + cx - 2cy)) = 0 
 
The solution is: 
 
t* = (a(25 - cx +2cy) + b(20 + cx - 2cy))/(a+b) 
 
The optimal tax generates welfare S(t*) = [Bx(x*(t*)) – Dx(x*(t*)) + [By(y*(t*)) – Dy(y*(t*))]. 
 
If the regulator does not take into account the presence of the unregulated market, he will choose a tax 
defined implicitly by the following condition: 
 
[B’x(x*) – D’x(x*)](-1/3) = 0 
 
Plugging the expression for x, one gets: 
 
t** = -(3 - 50a + 2*at + 2acx - 4acy)/9 
 
With associated welfare S(t**). 
 
CALIBRATION 
We now turn to the comparison of optimal taxes and consumption levels when the regulator takes into 
account the unregulated market (t* and S(t*)) and when he ignores it (t** and S(t**)). To do so, notice 
initially that both t* and t** are functions of the parameters cx and cy (private production costs ) and of a 
and b (social costs, including externalities). 
While the actual values of these parameters must be estimated to find optimal taxes, the ratio between 
taxes, as well as the ratio between welfares, may be computed for several parameters. Doing so, one may 
build a distribution of consumption and tax distortion associated to a myopic regulator. This is the 
objective of the Montecarlo simulation below. 
 
To do so, we will assume the following distributions. Variables are independent, and the sample size is 
10.000. 
 
a ~ U[1,3] 
b ~ U[1,3.5] 
cx ~ U[1,2.5] 
cy ~ U[1,2] 
 
The bounds are conservative in the sense that, in principle, they should drive the regulator to decrease 
both total consumption (x + y) and the market share of y. Yet the myopic regulation goes in the opposite 
direction, as will be seen below. Moreover, the uniform distribution may be generalized with little effect 
on the results. With these distributions, one may compute the distributions for t*, t**, and the associated 
consumption levels for x and y and market shares. 
On average, the myopic tax is 127% higher than the optimal one, more than twice as much. Total 
consumption increases by 33%, as it does for almost all the range of parameters: if the regulator ignores 
shadow banking, he may actually increase the very activity he aims at decreasing. This is worsened by 
the fact that this increase is due to a 69% change in the demand for the unregulated and riskier financial 
product y, making the market share of the shadow banking sector increase by 29%. The negative impact 
of the tax on welfare is then double-fold: it increases total consumption, on average and for most 
parameters, and it raises the market share of the unregulated good. Table 1 presents the main changes 
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due to a myopic regulation, and Figures 1 and 2 present the histogram for the increase in taxes and 
consumption, respectively. 
 

Table 1: Impact of Myopic Regulation 

Increase in average tax 127% 

Increase in total consumption 33% 

Increase in market share of shadow banking 29% 

 
Figure 1 

 
Figure 2 
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We conclude that in most of the range of parameters, the impact of a myopic regulation is deleterious. It 
causes a surge in the shadow banking sector, increases financial risk, and fails to decrease the 
consumption of a good with a negative externality. Welfare, thus, decreases. 
 
FINAL REMARKS 

This paper discussed the impact of an unregulated market on the optimal regulation of a financial 
product with negative externality, such as subprime mortgages. When the regulator tries to impose new 
stringent regulation – modeled as a Pigouvian tax – on the product at stake, part of the demand shifts to 
the shadow banking sector, where the products are riskier, generating a stronger negative externality on 
the financial system. We find that the optimal tax is lower when the unregulated market is taken into 
account. Numerically, this effect is relevant, as a Montecarlo simulation shows. The present analysis 
should be extended to include estimated demand and cost functions, and welfare. 
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