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ABSTRACT

This paper studies how the capital regulation affects banks’ reaction to changes in mone-
tary policy. This paper modifies an existing model of a representative bank. The modified
model introduces heterogeneous loans which have different riskiness and, consequently,
different weights in the determination of the regulatory capital. The model studies bank’s
profit maximizing behavior without capital requirements and with risk-based capital re-
quirements. I obtained and analyzed short-run and long-run solutions under both types of
capital regulation. To assess the impact of capital requirements, I study the response of
equilibrium values to changes in the monetary policy (monetary tightening) and what fac-
tors affect the magnitude of this response. I found that without capital requirements all
loan classes and their interest ratés exhibit the same behavior. However, with the intro-
duction of capital requirements, loan classes exhibit different behavior. The reaction of
loan classes differs in magnitude and direction. I also study how the introduction of the
capital standards influences the response of a bank’s equity to changes in monetary pol-
icy. These results suggest that capital standards affect bank’s response to changes in
monetary policy, and this response is not uniform. The riskiest loan class reacts to
changes in monetary policy differently from less risky loan classes. Regulators have to
consider these facts because the consequences of regulatory action can affect the effi-

ciency of the monetary policy action.
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1. Introduction

Capital requirements, as an instrument of banking regulation, were adopted in almost every
country since their introduction in 1988. A lot of work has been done to study the impact of capi-
tal regulation, but only a few of them study the impact on the transmission of monetary policy
(as mentioned by Kopecky, VanHoose (2004B)). Typically, the literature considers either how
regulation affects bank portfolios or how monetary policy affects bank lending. What I want to
analyze is the interaction between regulation and monetary policy. I am particularly interested in:

1) How banks respond to changes in monetary policy with and without regulatory capital

requirements.

2) How bank’s response changes with an introduction of capital requirements.

Different modeling approaches are used to study the impact of the capital regulation on the
monetary transmission mechanism. The majority of models uses the framework of a representa-

tive bank, either static or dynamic, with the introduction of capital requirements.

This paper modifies the model of a representative bank introduced by Kopecky and VanHoose
(2004B) by introducing loans which have different levels of risk and, consequently, different
weights in the determination of the regulatory capital. The model studies the bank’s profit maxi-
mizing behavior without capital requirements and with risk-based capital requirements. I ob-
tained and analyzed short- and long-run solutions under both types of capital regulation. Short
and long time horizons are distinguished by the cost of equity adjustment. In the short run, the
bank’s equity cannot be adjusted and, therefore, fixed. In the long run, banks can optimally ad-
Jjust equity taking into account required return on equity.

To assess the impact of capital requirements, I study the response of equilibrium values to
changes in the monetary policy. In addition, I consider factors that affect the magnitude of this
response. I found that without capital requirements, all loan classes and their interest rates exhibit
the same behavior. However, with the introduction of capital requirements, loan classes exhibit
different behavior. The reaction of loan classes differs in magnitude and direction. I also study
the implication of the introduction of the capital standards for the bank’s equity. Profit-



maximizing behavior makes bank equity responsive to changes in monetary policy. These results
suggest that capital standards affect a bank’s response to changes in monetary policy, and this
response is not uniform. The riskiest loan class reacts to changes in monetary policy differently
from less risky loan classes. Monetary authorities and capital regulators have to consider the fact

that regulatory action can affect the efficiency of the monetary policy action.

This paper is organized as follows. Section 2 presents a brief review of the issues and literature
related to rationales for regulation of banks, contemporary capital regulation, and models used to
study the impact of capital regulation on the monetary transmission mechanism. Section 3 de-
scribes the model of a representative bank used to study the impact of capital regulation. Section
4 contains solutions of the model and a short discussion of the obtained results. Section 5 gives a
detailed analysis of the monetary transmission mechanism under both cases of capital require-
ments, and discusses the impact of capital regulation on the transmission of the monetary policy.
Section 6 provides results of the simulation of equations of the responses to change in monetary
policy. Section 7 summarizes the main findings of the paper. The Appendix contains tables,
Mathematica code with solutions of the model of a representative bank, and a proof of the nega-

tive sign of expression (17) under the assumption about risk-weights of loan classes.



2. Literature and Issue Review

2.1. Rationales for regulation of banks

This paper studies the impact of capital regulation, one instrument of banking regulation, on the
transmission of the monetary policy using the model of a representative bank. However, before I
move to the discussion of the environment and to the specific model used to estimate the impact,

I want to review briefly the rationales for and main instruments of banking regulation.

Academic literature gives no uniform answer to the question: “Why should banks be regulated?”
Dewatripont and Tirole (1994) state that when answering this question, usually the main empha-
sis is put on bank functions and features, such as the transformation function, participation in the
payment system, and degree of leverage. The approach that Dewatripont and Tirole suggest is to
find what, in general, motivates banking regulation and then move to specific features, functions

of banks and regulatory instruments.

Dewatripont and Tirole illustrate this point with the following examples. First, for instance, any
nonfinancial company can also perform the transformation function performed by banks, by in-
vesting in a project that is financed with funds that have shorter maturity. However, this nonfi-
nancial company will not be regulated as a bank. Second, banks are active and central partici-
pants in the payment system, but are not the only institutions that are also regulated. Other exists,
such as pension funds, insurance companies, etc. Third, the degree of leverage is not a prerequi-
site for regulation by itself. We can see a lot of leverage in different nonfinancial companies and
industries that are not regulated like banks. The level of leverage defines the amount of risk on
the balance sheet, and no regulation is necessary in order to reduce risk if external agents or part-

ners require this.

Further, deposit insurance cannot be viewed as a motivation for regulation. We cannot regulate
banks just because we use deposit insurance as a regulatory instrument. Dewatripont and Tirole
call this “putting the cart before the horse”.



According to Dewatripont and Tirole, the real reason for banking regulation is the need to protect
small depositors. This necessity arises from the fact that banks are subject to moral hazard and
adverse selection, and depositors must constantly monitor activities. However, monitoring is a
quite complex, expensive, and lengthy process. Furthermore, it is not rational and efficient to du-
plicate this process with a number of different agents. Often, small depositors do not possess ei-
ther enough qualification or incentives to perform monitoring of very complex bank activities.
These arguments raise a need for private or public representatives for depositors. Dewatripont

and Tirole call this the “representation hypothesis”.

Further, Dewatripont and Tirole address three potential concerns about the representation hy-
pothesis: 1) “Why protect depositors, and not dispersed bondholders or shareholders?”, 2) “Why
do small investors invest primarily in financial intermediaries?”, and 3) “How extensive should

the regulation of the financial sector be?”

Addressing this first concern, Dewatripont and Tirole mention that small and dispersed stock and
bond investors face the same problem as bank depositors. However, their investments into stocks
and bonds are significantly less regulated. In the case of bond investors, who have access to the
public debt market, the availability of bond rating systems significantly limits risk for the inves-
tor, and bond issuers are safe enough — they are large and well-capitalized. In the case of stock
investors, the representation mechanism exists, but it has a different form. For instance, large

shareholders and boards of directors represent minority shareholders.

Addressing the third concern, Dewatripont and Tirole do not advocate a comprehensive regula-
tion. They say, “Households should have the choice to use unregulated financial institutions as
long as they are made aware of the risk they face and minimal disclosure and antifraud devices

are put in place.™

Summarizing the circumstances under which financial institutions tend to be regulated, Dewatri-
pont and Tirole say: “First, the claimholders are somewhat unsophisticated or free-riding (small

depositors, insurance policyholders, pensioners) and/or cannot conceivably thoroughly monitor

! Dewatripont and Tirole (1994), page 34
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their counterparts due to the number of such parties and to the time scale involved (interbank de-
positors, traders on securities markets). Second, no mechanism of private representation is set up

that would dispense the claimholders from having to monitor, write covenants, and interfere™.

Freixas and Rochet (1997) say that in general, public regulation is justified by market failures
that arise from “(1) the presence of market power, (2) the importance of externalities, or (3)
asymmetric information between buyers and sellers.” In the case of banking industry, the “im-
portance of externalities” becomes the main argument. It is necessary to create a safe banking
system, because bank failure has negative consequences for its depositors and other customers,

and can generate systemic crisis.

Santos (2001) outlines the risk of systemic crisis, in line with Freixas and Rochet (2001), and the
inability of depositors to monitor banks, which was discussed before as “representation hypothe-

sis”, as two main arguments that are used for the justification of the regulation of banks.

According to Freixas and Rochet (1997), the instruments that are used to make the banking sys-
tem safe could be classified into six types:

“1. Deposit interest rate ceilings

2. Entry, branching, network, and merger restrictions

3. Portfolio restrictions, including reserve requirements and even, as an extreme case, narrow
banking

4. Deposit insurance

5. Capital requirements

6. Regulatory monitoring.”*

Saidenberg and Schuermann (2004), in their support for systemic risk argument and the use of

capital requirements to mitigate it, stated: “The assumption is that [bank] shareholders will not

2 Dewatripont , Tirole (1994), page 44
? Freixas, Rochet (1997), page 257.
* Freixas, Rochet (1997), page 259.



take into account the social costs of systemic risk in their capital decisions and so will tend to

hold less capital than if these spillover costs were considered.”’

The model, which will be described in the section 3, deals with the fifth instrument — capital re-
quirements and their impact on the transmission of monetary policy. It is necessary to mention
that Basel I defines the framework for capital requirements only. Basel II defines the framework
for both capital requirements (Pillar 1) and regulatory monitoring (Pillar 2). More detailed dis-

cussion on Basel I and Basel II is presented in the section 2.2.

2.2. Contemporary Banking Regulation: Basel I and Basel II

The framework currently used for banking regulation — Basel Capital Accord (Basel I) — was in-
troduced in 1988 by the Bank for International Settlements’ (BIS) Basel Committee on Banking
Supervision. Later, central bankers in many countries endorsed their modification of the Basel
Capital Accord. The main goal of the Basel I is to set the uniform capital standards for interna-
tional banks in order to strengthen the stability of the banking system. Basel I provided one sin-
gle measure of risk and capital for banks. This single capital standard did not take into account

differences in risk from bank to bank that arise from the variety of sources.

An 8% minimum capital requirement for intemationally active banks is a foundation of the Basel
I framework that ensures an adequate level of capital. Under Basel I, bank capital accounted
separately for two tiers. Tier 1, which includes shareholders equity and retained earnings, is 4%.
Tier 2, which includes additional internal and external sources of capital available to banks, is
4%. Tier 2 is limited to 100% of Tier 1 capital. It is obvious with this structure that Basel I is fo-
cused primarily on credit risk. Table 1 in Appendix 1 summarizes risk weights for different cate-

gories of assets.

Unfortunately, this simple regulatory structure shows significant drawbacks, which undermine
the purpose of the regulation to increase the strength of the banking system. One of these draw-

backs comes from the capital arbitrage. It is possible by using securitization techniques and off-

’ Saidenberg, Schuermann (2004), page 98.



balance sheet activities to move out high-quality assets with lower returns from banks’ balance
sheets. At the same time, it is possible to increase exposure in the loans with lowest quality and
the highest expected returns in a risk class. This phenomenon was noticed by Jones (2000) and
Hawke (2002). Of course, this set of actions reduces the overall quality of the bank’s assets.

Another problem is that the risk weights did not match realized losses. This makes it impossible
for the capital requirements, as a regulatory instrument, to accomplish their ultimate goals — to
prevent systemic crisis and to protect small depositors (see section 2.1 with rationales for regula-
tion). Using regulatory data for U.S banks from 1984 until 1999, Flood (2001) found “that the
Basel risk weights do not accurately track the historical credit experience of U.S. loan portfo-
lios.” Some types of loans appear to be “under-burned” by Basel I nsk-weights and some were
“over-burned.” Flood’s findings, especially with respect to mortgage loans and commercial
loans, demonstrated the following: mortgage loans, which are collateralized, generate a smaller
share of losses for banks, than their respective risk-weights (over-burned). On the other hand,
commercial loans generate greater losses than the risk-weighted share of the capital associated

with them (under-burned).

The use of the single uniform capital leverage ratio also appears to be a misappropriate measure
of the capital adequacy because it is unrelated to bank-specific risks. Again, this fact does not
facilitate the accomplishment of regulatory goals (section 2.1). For instance, it is possible that a
bank with fulfilled uniform capital requirements could have significant losses simply because it
tended to supply loans to the borrowers with the highest risk within its risk class. In addition,
modern financial organizations with global operations are so large and complex, that it is hard to

assess the risk management process in these institutions without an appropriate standard.

These issues were behind the introduction of the New Basel Capital Accord, also known as Basel
II, which was proposed in January 2001. Basel II is expected to be implemented starting from
2007.

Saidenberg and Schuermann (2004), describing the objectives of Basel I, noted that the founda-
tion of Basel II is a focus on risk differentiation and the need for enhanced approaches in credit

risk assessment. Basel II encourages bankers, supervisors, and other market participants to “be-
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come better attuned to risk and better able to act on those risk assessments at the appropriate
time.”S It is much more efficient for supervisors to be able to address issues in advance using risk

management techniques, rather than dealing with them under pressure of crisis.

The major difference between Basel I and Basel II is that the latter provides more flexibility and
risk sensitivity than Basel 1. Basel II consists of three pillars: Pillar 1, minimum capital require-

ments, Pillar 2, supervisory review process, and Pillar 3, market discipline.

Pillar 1 not only incorporates Basel I, but also extends it with a more complex definition of credit
risk and with the introduction of operating risk. Pillar 1 also provides a framework that allows
recognition of the differences in risk (using Internal Rating-Based approaches). According to
Basel II, credit risk can be measured by one of the following options:

1. Standardized approach: a modified version of the existing one under Basel I, based on external
credit ratings when available.

2. Foundation Internal Rating-Based (IRB) approach: based on the bank’s estimates of default
probability for each borrower. Other estimates are provided by the supervisor.

3. Advanced IRB approach (A-IRB) where the bank provides all necessary inputs.

Market risk can be measured by either: 1) a standardized approach, or 2) an internal models ap-
proach. Operational risk can be measured by: 1) a basic indicator approach, 2) a standardized

approach, or 3) an advanced measurement approach.
Credit Risk

According to BIS, credit risk is the risk of loss arising from default by a creditor or counterparty.
In order to produce a sum of risk-weighted asset values, banks must allocate risk weights to both
on- and off-balance sheet items. In contrast to Basel I, banks use internal and external credit rat-

ings and associated probabilities of default to determine the risk weights.

The credit risk weights apply to bank assets in six categories: corporate, banks, equity, retail,

project finance, and sovereigns; and they depend, in part, on credit ratings. The summary of risk-

¢ Saidenberg, Schuermann (2004), page 101.
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weights for different asset categories is presented in Table 2 in Appendix 1.

Market Risk

The definition of market risk, i.e. risk that arises from market price changes on bank’s positions,
is unchanged from Basel I. Market risks are most commonly associated with risks in trading ac-
tivities for debt and equity securities, foreign exchange, and commodity risks. Market risk is
typically measured by value-at-risk (VAR).

Operational Risk

BIS defines operational risk as “the risk of loss resulting from inadequate or failed internal proc-
esses, people and systems or from external events.” It includes, but is not limited to, the risk of
inadequate or failed computer systems, such as computer failures or fraud, compliance issues, as

well as external events, including lawsuits.

Under the basic indicator approach, a bank uses one indicator to represent the operational risk for
the entire institution, and it ties its capital to a single measure of business activity, such as Gross
Income. Under the standardized method, different indicators are used for different lines of busi-
ness. The advanced measurement approach (AMA) uses internal loss data and the bank's own

methodology to estimate the amount of capital required.

Before I move to the analysis of the impact of capital regulation on the transmission of monetary
policy (sections 3-6), in section 2.3 I briefly review models and findings used to study the impact

of capital regulation on the monetary transmission mechanism.

2.3. Capital regulation and monetary policy transmission: model overview

There are a number of possibilities for how regulatory capital standards may affect the transmis-
sion of monetary policy. In this section, I outline different modeling approaches used to study the

impact of capital regulation on the monetary policy transmission and their results.



Thakor (1996) examines the impact of risk-based capital requirements on banks’ lending. In his
model, banks perform two lending functions: pre-loan screening and post-lending monitoring,
and can invest into government securities. Each borrower with different creditworthiness can ap-
proach multiple banks looking for funding or refinancing. Banks determine whether to screen or
monitor a loan based on information about how many other banks the borrower contacted. A
bank’s ability to supply loans is limited by regulatory capital requirements, which take into ac-
count the amount of credit risk (Basel framework). This model generates many results, but one
of them is of particular interest for my topic: an increase in risk-based capital requirements in-
creases the chance that a borrower will be denied credit. As a result, aggregate lending will be

reduced.

Kishan and Opiela (2000) present theoretical and empirical analysis of how banks respond to
changes in monetary policy depending on the capital classification of the bank. They found that
depending on the asset size and capitalization, banks respond to monetary policy changes differ-
ently. Small undercapitalized banks, which have less ability to raise funds and maintain loan
portfolios during the monetary tightening, are likely to be more responsive to monetary policy.
These results have important implications for the interaction between regulatory and stabilization
policy. Increases in capital requirements, aiming to build a stronger banking system, may lead to
a banking system that is less responsive to stabilization policy. They also found that a consolida-
tion in the banking industry, which leads to greater efficiency, might also lead to a weaker re-
sponse to monetary policy in the bank-lending channel. Kishan and Opiela (2000) were the first,
among models I mentioned in this section, to identify a conflict between regulation and stabiliza-
tion. However, the nature of the conflict there is different from what I am interested in. The con-
flict in Kishan and Opiela (2000) stems not from the banking behavior itself, which is affected
by capital regulation, but from different abilities to adapt to changes in monetary policy. These
different abilities depend on the bank’s capitalization.

Jacques and Schirm (2004) modified the theoretical model used by Kishan and Opiela (2000) to
incorporate risk-based capital standards in which credit ratings determine capital requirements.
Their findings were consistent with the previous model: a bank’s response to monetary policy
depends on bank capitalization. In addition, a model extension allowed them to notice a different

effectiveness, in both magnitude and direction, of the monetary policy, depending on the balance

10
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sheet liquidity and the credit quality of the bank’s assets. Jacques and Schirm found that if a
bank’s portfolio consists of low rated loans below a certain category, the effectiveness of mone-
tary policy, aiming to change lending, under Basel IT will be less than under Basel 1. Therefore,
the introduction of risk-based capital requirements, again, reveals a conflict between regulation
and stabilization. However, similarly to Kishan and Opiela (2000), this conflict arises not from
banking behavior, but from the change in risk weights following the transition from Basel I to
Basel II.

Chami and Cosimano (2001) develop a dynamic model where the banking industry is character-
ized by oligopolistic behavior, with banks having market power. Banks maximize the present
value of future profits, subject to a capital constraint. Chami and Cosimano analyze the “bank
balance-sheet channel” of monetary policy, which can be described as the following: monetary
policy affects the costs of deposits and total capital, and will result in a changed loan supply in
the next period. Capital requirements in this model, whether they are binding or non-binding,
introduce asymmetry in the response to monetary policy — a binding capital constraint will lead
to a smaller increase in the quantity of loans and smaller decrease in the loan rates following

monetary easing.

Zicchino (2005) extends the framework of Chami and Cosimano (2001) by introducing a capital
requirement framework consistent with Basel II, where the risk-weight of a loan is linked to a
borrower’s creditworthiness. Loan defaults, and consequently risk-weights, are dependent on the
macroeconomic conditions. As a result, macroeconomic conditions, which affect the creditwor-
thiness of the borrower, will define the amount of credit risk. This model modification introduces
two channels through which macroeconomic conditions affect capital and lending: 1) changes in
macroeconomic conditions affect default rates and hence loan marginal costs, which in tum af-
fect banks’ capital, and 2) changes in macroeconomic conditions also affect the risk weights of
loans. For instance, positive macroeconomic shock will reduce loans’ marginal cost through a
decrease in default rate. Simultaneously, it will decrease the risk weight of the loan. These two
effects combined will give banks more opportunities to increase loans even under binding capital
constraint. On the other hand, a negative shock not only increases the costs of loans, but also in-

creases risk weights, intensifying the reduction in the loan supply.

11



Van den Hauvel (2002A, 2002B) presents a dynamic model of optimal bank lending under risk-
based capital requirements, assuming an imperfect market for a bank’s equity. This model pro-
vides a framework for analyzing the impact of capital regulation on bank lending and the re-
sponse of lending to changes in monetary policy. The level of the bank’s capital adequacy affects
the timing and magnitude of the bank’s response to changes in monetary policy; banks with low
levels of capital have delayed and amplified reactions compared to well-capitalized banks. Van
den Hauvel defines “bank capital channel” analogously to “bank balance-sheet channel” in
Chami and Cosimano (2001). Through this channel, bank lending is affected by monetary policy,

which has an impact on banks’ equity.

Kopecky and VanHoose (2004A) use the model of a representative bank to study the effect of
the binding capital requirement on the loan expansion process. In their model, a bank facing the
costs of adjustment quantities of assets and liabilities maximizes profits resulting from the differ-
ence between interest income and resource costs. The monetary authority in this model influ-
ences reserves. The regulatory authority sets capital requirements as a certain share of the loan
portfolio. Kopecky and VanHoose examine two cases — with binding capital requirements and
without them. Their results indicate that the initial conflict between monetary authority and regu-
latory authority is resolved through adjustment in equity. However, this adjustment imposes
costs on society, because it drains funds from other sectors of the economy and bears adjustment

costs.

In the next paper, Kopecky and VanHoose (2004B) also use the model of a representative bank,
solving an analogous profit maximization problem with a similar cost structure. Now, they de-
fine the external environment as represented by a demand for banking products, that is, loans and
deposits. They also separate two time horizons for the model: short run with a fixed amount of
the bank’s equity, and long run where equity is optimally adjusted. The model introduces three
cases of capital requirements: no capital requirements, risk-based, and non-risk-based. Within
this framework, Kopecky and VanHoose demonstrate that the introduction of risk-based capital
requirements dramatically changes the equilibrium outcome both in the short and in the long run,

and affects the transmission mechanism of the monetary policy.

12
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In Kopecky and VanHoose (2006), the authors extend the previous framework by introducing
heterogeneous loan monitoring costs. These costs arise as a bank’s response to the moral hazard
behavior of borrowers. As in the previous model, Kopecky and VanHoose analyze cases with no
capital requirements and with risk-based capital requirements. Within this framework, they
found that binding capital requirements increase the market loan rate and reduce equilibrium
loan quantities. In addition, capital requirements misallocate monitoring activity within the bank-

ing system, increasing total monitoring costs incurred by the bank.

All the papers that I mentioned here, except for Thakor (1996), point out on either conflict be-
tween regulator and monetary authority, or negative aspects associated with capital requirements
(Kopecky and VanHoose (2004A) and (2006)). However, all these papers identify different

sources of the conflict within the homogeneous loans framework.

In the next section, I introduce a model of a representative bank, modified from Kopecky and
VanHoose (2004B). The purpose of this model is to find out how a bank responds to changes in
monetary policy with and without risk-based capital requirements. In contrast to the baseline
model, a bank’s balance sheet in my model contains three loan classes. These loan classes are
distinguished by their level of risk and, consequently, by their risk weights in the regulatory capi-
tal. By introducing heterogeneous loans in this model, I can track more precisely the effect of
risk-based capital requirements on the transmission of monetary policy. This modification allows
me not only to confirm the existence of the conflict between regulator and monetary authority,

but also to identify one of its manifestations.
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3. Model of a Representative Bank: Description

This section describes a model of a representative bank that is used to study the impact of capital
requirements on the bank’s reaction to changes in monetary policy. This section is organized as
follows. Subsection 3.1 gives a description of the structure of the bank’s balance sheet, and one
of its components — required reserves. Subsections 3.2 and 3.3 introduce interest rates that are
used in the model. Subsection 3.4 defines the demand for loans and deposits. Subsection 3.5 in-
troduces the model’s capital requirements framework. Subsection 3.6 defines a component of the
bank’s required return on equity: the market risk premium. Subsection 3.7 distinguishes timings
(short and long run) in a bank’s decision. Subsection 3.8 concludes section 3 with a formulation

of a bank’s objectives for both the short and long run.
3.1. Balance sheet identity and required reserve component

In order to study an influence of the monetary transmission mechanism and the impact of risk-
based capital regulation on the bank’s decision, I introduce a bank’s simple balance, just as in the
baseline model introduced by Kopecky and VanHoose (2004B)”. This balance sheet contains
seven essential items. In assets, there are three different loan classes (L;, Ly, L), default-risk-free
government securities (G), and required reserves (R). In liabilities, there are insured deposits (D),

and equity (E). Balance sheet identity has the following form:

R+G+L +L,+L,=D+E )

The difference in the loan classes L;, L, L; is in their level of risk, which will affect capital re-
quirements. The higher (lower) the risk of the loan class, the greater (smaller) the weight this

7 In the baseline model, Kopecky and VanHoose consider two possible cases that differ with respect to the type of
deposit insurance. In the first case, banks issue only insured deposits. In the second case, they issue both insured and
uninsured deposits. This separation helps to explain adjustments in the liability side of the bank’s balance sheet to
the change in capital requirements. In the modified model, I will study only the case where all deposits are insured —
my objective is to study the risks that arise in the asset side of a bank’s balance sheet, and the impact of risk-based

regulation on monetary transmission mechanism and the asset composition.
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loan class will have in the determination of the regulatory capital. I assume that the first loan
class, L;, has below average default risk, the second class, L., average default risk, and the third
class, L;, above average default risk. Given this assumption and risk-return tradeoff, I assume
that the higher the risk of the loan class, the higher the loan rate for this loan class will be.

Reserve requirements are determined as a fraction of the insured deposit component of a bank’s
liabilities, D:

R>pD (2)

where p is the effective required reserve ratio.

As in the baseline model, and for simplicity, I assume that the demand for excess reserve is zero.

Therefore, equation (2) is an equality.

3.2. Interest rates: monetary policy

The next important question is how monetary policy is conducted. According to recent experi-
ence, authors of the baseline model employ the following scheme in their model: the monetary
authority, which uses an interest-rate-targeting policy procedure, determines the default-risk-free
interest rate (7). I will follow the same approach. In the modified model, changes in the monetary

policy will occur through changes in the risk-free interest rate 7.

3.3. Interest rates: balance sheet components and non-bank debt

Rates for government securities () and required rate of return on equity (rz) are assumed to

equal default-risk-free rate » plus an appropriate risk premium:

T, =r+y G3)
rg=r+p 4
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where  is a market premium on government securities, and fis a market premium on bank

equity®.

Authors assume that the market risk premium on government securities i reflects both the term-

structure and liquidity risks, and these risks are determined outside the banking sector.

The interest rates on other balance sheet components, three loan classes (7z;), and insured depos-
its (rp), are determined in the market equilibrium of the public demand for loans and banks’ sup-

ply of loans, i.e. banks’ optimal behavior that takes into account adjustment costs.
Non-bank debt is an alternative source of financing for different types of borrowers. The interest
rate for non-bank debt is one of the determinants of the public’s loan demand. The public’s loan

demand is determined by the default-risk-free rate » plus a market risk premium on non-bank

debt, o,, which reflects the default risk for this type of borrower and its financial obligations:

ty, =Fr+0; %)

As in the baseline model, I assume that the market risk premium on non-bank debt, o, is deter-

mined in the real sector of the economy and exogenous to the model.
3.4. Demand equations
The public’s loan demand for each loan class L; is assumed to be a linear function of two com-

ponents, which reflects the existence of two different types of borrowers, distinguished by the

extent of their access to the debt market:

L =1, "llrL, "lz("L, ""B,) (6)

where /y, I}, and /, are parameters of the linear loan demand function.

® Market premium on bank equity /3 is defined and explained in section 3.6.
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The first type of borrower, which is represented by term /,7; in equation (6), is a borrower who

has bank loans as their only source of financing. These borrowers cannot participate in the mar-
ket of publicly traded debt instruments as issuers. According to equation (6), the increase in the
loan rate r7; will result in a decrease in the public’s demand for loans. The second type of bor-

rower is represented by term /,(r, -7, ) in equation (6). This borrower has access to both loan

and publicly traded debt markets. According to equation (6), the increase in the loan rate r;; rela-
tive to rp; will result in a decrease in the public’s demand for loans, that is belongs to the second

category of borrowers. This borrower will prefer to issue new publicly traded debt.

The assumption that parameters of the loan demand function (/y, 1;, 1) for each loan class are the
same significantly simplifies expressions for the equilibrium solutions, and provides the possibil-

ity for direct comparison of the modified model with the baseline model.

The public’s demand for insured deposits D is also assumed to be a linear function of two com-

ponents. It has the following form:

D=d,+dir, +d,(r, ~15) (M

where dj, d;, and d, are parameters of the insured deposits demand function.

The first term in equation (7) refers to the demand component, which is dependent on insured
deposit interest rate rp offered by the bank. The higher this interest rate, the higher the demand
for insured deposits is. The second term reflects the effect of substitution from the other product
available for depositors, i.e. government securities. The higher the spread between the interest
rate on insured deposits rp and the interest rate on government securities 7, the more attractive

the insured deposits are and the higher the demand.
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3.5. Capital requirements

Capital requirements in this model are introduced in two different forms: non-risk based and
risk-based capital requirements. Risk based capital requirements arise when banks’ capital is
constrained by the risk-weighted asset capital requirement ratio (8,) of banks’ assets. It has the

following form:

3
E26(0 WL +wR+wsG), (8a)

i=]

where w;, wg, wg are risk-based weights of the loans, required reserves, and government securi-

ties respectively. Currently, w, =w,; =0, i.e. these types of assets in the bank’s balance contain
no risk from regulatory point of view. w, depends on the extent of default risk of the loan class.

Given the assumed level of risk of loan classes L;, L;, and L3, 1t 1s possible to give the following

relationship between the magnitudes of loan weights: w, <w, <w;.

Non-risk based capital requirement arises when banks’ capital is constrained by the total asset

capital ratio (6,). It has the following form:
E>20,(L+R+G). (8b)

Combining equations (8a) and (8b) and given the fact that under present regulation 6, > 6, , we

arrive at the following equation for capital requirements:

3
E>6) WL +6,(R+G). (®)

i=1
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3.6. Market risk premium on bank equity

The market risk premium on bank equity S reflects non-diversifiable risks. These consist of dif-

ferent types of risk that arise from certain components of banks’ assets and liabilities. The market

risk premium on bank equity has the following form:
p= ﬁo+ﬂnl’+ﬂu Ry ©

where £, is the coefficient that determines the base level of market risk premium, and 4 ;, and

B, are the coefficients that determine the contribution of different types of risk to the market risk

premium.

The first risk that arises from banks’ balance is a default risk, which is represented by —%‘ - the

ratio of the loan class size to the capital. The higher this ratio, the greater the default risk, trans-
ferred to bank’s activity from the loans’ ability to default. Consequently, a greater market risk
premium is required for this bank, compared to a bank with the lower ratio. Negative macroeco-
nomic shocks, for instance, affect production activity and the profitability of borrowers. These
factors contribute to an increase in loan defaults. Further, this leads to an increase in the default
risk in banks’ balances. Given the assumed level of risk of loan classes L, Ly, and L3, it is possi-
ble to state the following relationship between the magnitudes of the contribution of the loans’
default risk to market risk premium: £, <8, < f3;.

The second type of risk is an interest rate risk and a term-structure risk. This risk arises from the
. .. C G .
banks’ holdings of government securities, which is represented by Z° the ratio of government

securities holdings to capital. The higher this ratio, the greater banks’ exposure to the interest
rate and term-structure risk. Consequently, a higher risk premium is required for the bank’s eg-
uity.
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3.7. Timing of banks’ decisions

The decision to adjust banks’ equity, following imposed or changed capital requirements or
changed monetary policy, cannot be implemented immediately. Usually, this process requires a
regulatory approval, and an interaction with an investment bank. These counterparties require
significant legal, marketing and processing costs. In contrast, the deposit market can be accessed

by banks quickly and inexpensively.

These factors lie behind the different timings in banks’ decisions. Authors of the baseline model
study the effect of capital requirements on a bank’s optimal decision for two time horizons: short
and long run. I will follow the same approach. In the short run, banks cannot adjust the book
value of equity E, but can adjust loans L;, government security holdings G, and insured deposit
D. In the long run, banks can adjust their equity, in addition to loans, government securities, and

both types of deposits, taking into account the required return on equity.
3.8. Banks’ objectives

A bank maximizes the expected value of an infinite stream of discounted profits. These profits
are discounted by the required return on equity #z. Like in the baseline model, I “assume that ex-
pected future interest rates are constant at stationary-state values,” and the sum of discounted

profits can be represented by the following equation:

S T
E 4 _ | = +i 10
(,-zzoaw,g)'j G 1o

where 7z, is a bank’s profit in period t, and 7 is an expected stationary state profit. The term

Tss
g

represents constant, infinite stream of expected future profits, discounted at the required

rate of return on equity 7z.
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C Like in the baseline model, the “short run” for the banking sector is defined to be the current pe-
) riod. This period is too short to permit the bank to adjust the equity capital. Therefore, the short-
run objective of the bank 1s to maximize the short-run profit function, given that equity is fixed.

In this case profit function (7 ) has the following form”:
7= LqL1+rqu2+rIqL3+rGG—rDD—%L—(Lf +L§+z§)—%’>D2 (1)

where b1, and bp are positive parameters that describe the magnitudes of quadratic adjustment

costs for loans and deposits respectively.

In the long run, banks can adjust their equity capital incurring equity adjustment costs. The ex-

pression for the long-run profit function (7, ) has the following form:

p = F L +F, L, +7, L +7;G-F, -%—(Lf +L +L§)——b—2’9—D2 —%EE2 -rE (12

where by is a positive parameter that describes the cost of adjusting equity. The symbol “/’
marks a stationary state value of the parameter. The additional component of the profit function,
compared to the short-run profit function, is a required return paid on equity capital (#gE). This
component reflects the fact that long-run profits come when all relevant costs have occurred, in-

cluding the required return on equity.

The formulation of banks’ objectives finishes the section that describes the model used to study

the impact of capital requirements to the transmission of monetary policy.

® Kopecky and VanHoose (2004B) assume that in the model portfolio separation holds in both short-run and long
run. This assumption is necessary to derive the impact of capital requirements. This assumption is implemented by
Cx assuming that the magnitude of the government securities adjustment cost bg is equal to zero.
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4. Model of a Representative Bank: Solution
4.1. Model solution in the short run

In the short run, a bank maximizes short-run profit function (11) subject to the balance sheet con-
straint (1) and the capital requirements constraint (8), given predetermined capital (E =E ):

b b
L,,LIMZ%,D m=rL+n L+ L+1,G-n, —7L(Lf + I +L§)——§—D2

Subject to:

. 3
E=6)Y w, L +6,(R+G) (13)
i=]

R+G+L +L,+L,=D+E

The necessary conditions for profit maximization are given by the following system of first-order

conditions:

t,—b L -4 -,6w, =0

b, =b L, ~ 4~ 0w, =0

r,—b Ly -4 —A0w, =0

Fy = Ay = 256, = 0 (14)
—tp =bp D+ A(1-p)-40,p =0

L+L,+L,+G-(1-p)D-E=0

6w, L +w, L, +w, L)+6,(G+pD)-E =0

where A4 is a Lagrange multiplier associated with the balance sheet constraint (1), and 4, is a

Lagrange multiplier associated with the capital requirements constraint (8).

The solution of the system of first-order conditions (14) gives us short-run profit-maximizing

quantities for loans L;, government securities holdings G, and insured deposits D.
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Market equilibrium conditions are defined as a simultaneous equality of 1) the bank’s supply of
each loan class and the public’s demand for them, and 2) the bank’s supply of deposits and the
public’s demand for them'’. The bank’s supply is derived from the system of equations (14), and
the public’s demand from equations (6) and (7). The solution of these market equilibrium condi-
tions allows us to derive the short-run equilibrium loan rates r;;, and insured deposit rate rp. Sub-
stituting these equilibrium loan rates into the solutions of a bank’s profit maximization problem
(14) allows the derivation of the short-run equilibrium values for loans L;, deposits D, govern-
ment securities G, and equity E. These equilibrium values are functions of the model parameters,

exogenous interest rates, and risk premiums.
4.2. Model solution in the long run

In the long run, the bank maximizes the long-run profit function (12), subject to the balance sheet

constraint (1) and the capital requirements constraint (8). Equity £ is a choice variable now:

A A ~ A Iy b 2 2 2 b 2 b 2
thqlgl{c’zéc,D’E A=t L+7 L +# L, +rGG—rDD—7L(L, +L +L3)——29—D —?EE -rE

Subject to:
3

E=6,Y w, L +6,(R+G) (15)
i=1

R+G+L +L,+L,=D+E

The necessary conditions for profit maximization are given by the following system of first-order

conditions:

19 n this case, a bank’s supply of liability such as deposit is a bank’s demand for it. Similarly, a public’s demand for
deposits (which are assets for depositors and liabilities for bank) is a public’s supply of deposits.
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”:Ll =b Ly — A4 - A0w, — B, =0

;'Lz -b,L,- 4 _ﬂz‘glwz,2 -p,=0

;'Lj =-b L;-4 _;{291qu -f;=0

fo—A—20,-p,=0 (16)
=Fy=by,D+ A(1-p)-4,6,p=0

L+L,+L,+G-(1-p)D-E=0

6w, Ly +w, L, +w, L) +6,(G+pD)-E=0

—(r+B)-bE+4+4,=0

The solution of system of the first-order conditions (16) gives us the long-run profit-maximizing

quantities of loans L,, government securities holdings G, insured deposits D, and equity E.

Market equilibrium conditions are defined as a simultaneous equality of 1) the bank’s supply of
each loan class and the public’s demand for them, and 2) the bank’s supply of deposits and the
public’s demand for them. The bank’s supply is derived from the system of equations (16), and
the public’s demand from equations (6) and (7). The solution of these market equilibrium condi-
tions allows us to derive the long-run equilibrium loan rates r;;, and insured deposit rate rp. Sub-
stituting these equilibrium loan rates into solutions of the bank’s profit maximization problem
(16) allows us to derive the long-run equilibrium values for loans Z;, deposits D, government se-
curities G, and equity E. These equilibrium values are functions of the model parameters, exoge-

nous interest rates and risk premiums.

In the baseline model, Kopecky and VanHoose examine the short- and long-run solutions for
three cases: (1) 6, =6, = 0(no capital requirements), (i1) &, >0 and 6, =0 (risk-based capital
requirements), and (iii) 6, =6, =6 (non-risk-based capital requirements). It was shown that the
solution for “non-risk based capital requirements” case is identical to the “no capital standard”
solution. Therefore, in the modified model, I will focus on the first two cases only — “no capital

standard” and “risk based capital requirements”.

Solutions for a bank’s profit-maximization problem in the modified model (systems of equations
(14) and (16)) are given in Tables 3-6 in Appendix 1.
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4.3. Analysis of short- and long-term solutions for the bank’s profit maximization problem and

equilibrium loan rates and quantities
4.3.1. Loans

All solutions for the bank’s profit-maximization problem for loan quantities'’ for all four cases
(short and long run, no capital requirements and risk-based capital requirements) have the same
structure. The basic idea behind this structure is the following: the loan quantity is equal to the
spread between loan rate and the rate of return on alternative assets adjusted by the loan adjust-

ment costs.

So, the solution of the simplest case (short-run and no capital requirements) gives us loan quan-
tity L; as the spread between the rate of return for this class of loan (#z;) and the rate on govern-
ment securities (rg) divided by the loan adjustment cost b, (see Table 3 in Appendix 1).

In the long run, the solution for the “no capital requirements” case has the same structure. How-
ever, this time the loan rate for this asset class ., is adjusted by its contribution to default risk

component £, of the bank’s required return on equity. Similarly, the rate on government securi-

ties rg 1s adjusted by its contribution to the interest rate and term structure risk component S, of

the required rate of return on equity.

These two solutions are almost identical to the baseline model. However, in the modified model,

they define the quantity of the single loan class, L;, in a bank’s balance sheet.

When we consider risk-based capital requirements, the structure of the solution remains the
same. It can be described as a spread adjusted by the cost of loan adjustment. Now, a bank’s op-
timal solution for the loan quantities of each loan class is dependent not only on the rate of return
on government securities, but also on the rates of return on other loan classes. The higher the
spread for this loan class, the higher the demand for this loan class is. Spreads for other loan
classes negatively affect the loan demand for this class. The higher the adjusted spread for the

alternative loan classes, the smaller the demand for this loan class will be. The effect of each

! In the section 4.3, I will refer a bank’s solution of the profit-maximization problem to as solution.
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spread under the risk-based capital requirements in the modified model is now altered by the im-

pact of risk weights of this and other loan classes.

To be able to analyze the transmission of monetary policy and the impact of capital require-
ments, it is necessary to obtain equilibrium values, which take into account the public’s demand
for loans and deposits. Substituting solutions for the bank’s profit maximization problem into
demand equations (6), I derive the equilibrium loan rate and loan quantities for each class of

loans.

Tables 7 and 8 in Appendix 1 contain equilibrium loan rates and loan quantities respectively for
the first loan class. Equations for other loan classes are symmetrical (see Appendix 2 with de-
tailed solutions for the model). The pure expressions for the equilibrium values are massive and
complicated, especially in the case of the long-run solution with risk-based capital requirements.
Therefore, in the analysis of the monetary transmission mechanism, I will use the equations of
the reaction of the equilibrium value to the change in monetary policy. These reaction equations
are first-order derivatives of the equilibrium values with respect to the risk-free rate r. The risk-
free rate r serves as a proxy for monetary policy changes (section 3.2). The reaction equations

are presented in Tables 9 and 10 in Appendix 1.

4.3.2. Deposits

The profit-maximizing quantities of the deposits, as in the baseline model, are independent from
the type of capital requirements: the solutions for all four cases bear the same structure. This
structure can be described as a spread between the rate of return on government securities hold-
ings, adjusted by required reserve ratio, and the deposit rate (see Table 4 in Appendix 1). In the
long run, the rate of return on government securities holdings is adjusted by the contribution of

the interest rate and term structure risk component £, to the required rate of return on a bank’s

equity.

Substituting the solution for a bank’s profit maximization problem into the demand equation (7),

I derive the equilibrium deposit rate.
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4.3.3. Equity

As I mentioned in section 3.7, in the short run, a bank’s equity is fixed. However, in the long run,
equity is another choice variable. The long-run solution for the bank’s profit-maximization prob-
lem contains the equilibrium expressions for the bank’s equity (see Table 5 in Appendix 1).

With no capital requirements, the profit-maximizing value of a bank’s equity is a spread between
the rate of return on government securities and two components of the required return to equity

(r+ fB,) divided by the cost of equity adjustment. The rate of return on government securities is

adjusted by the contribution of the interest rate and term structure component [, to the required

rate of return on a bank’s equity.

With risk-based capital requirements, the equilibrium value of a bank’s equity additionally con-
tains the term that takes into account a bank’s decision to adjust loans. This decision is based on
the spread between the risk-adjusted returns on the loan portfolio and government securities.

4.3.4. Government securities holdings

Solutions for government securities holdings (see Table 6 in Appendix 1) are obtained from the

balance sheet constraint (1) given the profit-maximizing values for loans, deposits, and a bank’s

equity.
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5. Analysis of the monetary transmission mechanism in the model

After deriving the equilibrium rate and quantities for loans and deposits, I substitute expressions
for the interest rates (rs;, #5). After differentiating with respect to the proxy of monetary policy —
risk-free interest rate r, I can analyze how changes in monetary policy will translate into banks’
optimal decisions. Particularly, I am interested in how the bank adjusts its assets and liabilities,

and what implications this will have on the overall level of risk of the bank’s assets.

Tables 9 and 10 in Appendix 1 contain equations for the loan rate and loan quantity reaction to
the changes in monetary policy for the modified model. The last row of Tables 9 and 10 contains

the reaction equations for the baseline model."?,
5.1. No capital requirements

In cases where there are no capital requirements, the modified model shows the same reaction as
the baseline model. The only difference is that equations for the modified model explain the be-

havior related to particular loan class.

In the modified model, contractionary monetary policy is implemented through an increase in the
risk-free rate . The modified model shows that in response to the contractionary monetary pol-

icy, the loan rate for each asset class (r;;) will rise, and the loan quantity (Z;) will decline.
5.1.1. Loan rate

The equilibrium loan rate for each loan class 7;, in both the short and long run, positively relates
to changes in the interest rate on the non-bank debt for this loan class 75, Furthermore, the inter-
est rate on government securities # has the same impact on the equilibrium loan rate. Both r5;
and rg could change because of the monetary authority’s action affecting risk-free rate r.

Changes in the appropriate risk premiums, on the non-market debt o and on government securi-

' The reaction equations for both loan rate and loan demand under “No capital standards” cases in the baseline
model coincide with one in the modified model.
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ties y, also affect both r5; and 7. This means that both the contractionary monetary policy (see
Table 9 in Appendix 1) and an increase in the risk premiums that occur outside the banking sec-
tor, specifically, in the real and financial sectors, tend to increase the equilibrium loan rate 77, in

both the short and long run.

In addition to the short run, the long-run decision involves equity adjustments. A bank has to
earmn enough profits to cover the required rate of return on equity. Two components of the risk
premium on a bank’s equity now affect the equilibrium loan rate r;;. The default risk contribution

margin of the loan class, S, has a positive effect. The interest rate and term structure risk con-

tribution margin, £,, has a negative effect. The default risk arises from the loan portfolio. The
interest rate and term structure risk arises from the government securities holdings. The higher
the spread between these margins, the higher the contribution of the default risk relative to the
interest rate and term structure risk to a bank’s equity risk premium is. As a result, a higher equi-

librium loan rate will be required to deal with an increased required return on the bank’s equity.

5.1.2. Loan quantity

The equilibrium loan quantity for loan class L; positively reacts to changes in the non-bank debt
rate rp; . Higher rp; translates into higher amount of loans Z;. This results from the fact that non-
bank debt is a substitute for loans, and borrowers make their decisions on where to borrow taking
into account rates in both markets. The same reaction is observed for a non-bank debt risk pre-

mium o;. The higher the risk premium on a non-bank debt for the appropriate loan class, the

higher the equilibrium loan amount of this class will be.

The equilibrium loan quantities Z; are negatively affected by a change in the rate on government

securities rg and the risk premium on government securities . The higher the rate on govemn-

ment securities and the risk premium, the more attractive, relative to loans, government securities
holdings will be, and the lower the L, will be.
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Another factor that negatively affects equilibrium loan quantity L; in both the short and long run,
1s a marginal cost of adjusting loans b;. The higher the adjustment cost 4;, the more expensive it

is for a bank to adjust loan quantities. As a result, Z; will be lower.

In addition, in the long run, two components of the risk premium on a bank’s equity affect the

equilibrium loan amount Z;. The default risk contribution margin £, has a negative effect. The

Interest rate and term structure risk contribution margin f, has a positive effect. The higher the

spread between these margins, the higher the contribution of the default risk relative to the inter-
est rate and term structure risk to the bank’s equity risk premium. As a result, the equilibrium

loan amount of each asset class will be lower.

The response of the equilibrium loan quantity of each loan class L, to changes in monetary policy
1s negative (see Table 10 in Appendix 1). The contractionary monetary policy leads to a decrease

in the loan quantity for each loan class.

The fact that this discussion is almost identical to the “No capital requirements” case in the base-
line model is obvious. When I replaced one single loan component in the baseline model with
three loan classes in the modified model, I just increased the dimensions of the solution. The
most important modification to the baseline model, changing the capital requirements equation,

is not made in the “No capital requirements” case.
5.2. Risk-based capital requirements
5.2.1. Short-run solution

Now, under the risk-based capital requirements, we can see the difference between the baseline

and the modified models. In the baseline model in the short run, the level of the bank’s lending is

constrained by the book value of equity: L = 9£ As a result, a contractionary monetary policy
1

action will increase the equilibrium loan rate, but will not affect the constrained volume of the

bank’s lending.
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In the modified model in the short-run, the risk-weighted loan portfolio is constrained by the

book value of equity: w,L, + w,L, + w,L, = g As aresponse to a contractionary monetary pol-
1

icy, the size of the risk-weighted loan portfolio will not be affected. However, the behavior of the
equilibrium loan quantity of each individual loan class L; and equilibrium loan rate r7; will now
be different (see Tables 9 and 10 in Appendix 1).

It is necessary to mention, that the modified model can be viewed as more general than the base-
line model. The baseline model is now just a case where the risk-weighted loan portfolio is equal
to the total loan portfolio. This generalization helps us to better explain a bank’s behavior with

the real-life complexity of a bank’s loan portfolio.
Loan quantity

The response of the equilibrium loan quantity of the first loan class L;"* to the changes in mone-
tary policy is no longer zero. As was mentioned before, the risk-weighted loan portfolio is not
affected by the change in risk-free rate r. The response is a function of the parameters of the loan
demand function /; and /,, the marginal cost of loan adjustment b;, and the risk weights of all
loan classes w;, w,, and w;. This response has the same structure as under the “no capital re-
quirements” case: the contractionary monetary policy leads to a contraction in the loan quantity.

However, the response is attenuated and, for the riskiest loan class, modified by the risk weights.

Indeed, the expression

wo+ w2 —w, (W, +w,)

17

2 2 2
W +w, +w,

from the reaction of the equilibrium loan quantity of the third riskiest class L, becomes negative

under the initial assumption (section 3.5) about the level of risk of the loan class and its corre-
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sponding risk-weight in the regulatory capital: w, <w, <w; (see proof in Appendix 3). Also,
equation (17) and its symmetric equivalents for other loan classes, under assumed values for risk
weights (see Table 12 in Appendix 1), has an absolute value of less than unity (see Table 13 in
Appendix 1 with simulated response equations). These values are 0.58, 0.02, and 0.22'* for the

first, second, and third loan classes, respectively.

In section 6.1, I applied assumed risk weights, consistent with the initial assumptions about level
of risk of each loan class, to reaction equations. As a result, the sign of the loan quantity reaction
for riskiest loan class (L3) is negative. In other words, contractionary monetary policy will lead to
an increase in the equilibrium value of the loan class with the highest risk weight! At the same
time, the equilibrium loan quantities of other loan classes will decrease, and aggregate loan port-

folio will decrease. However, the risk-weighted size of the loan portfolio will remain unchanged.

This type of behavior seems strange. However, it comes from the optimization of the loan portfo-
lio: an increase in the risk-free rate makes holdings of government securities more. Moreover, as
soon as the bank’s equity is fixed in the short run and constrains the size of the risk-weighted
loan portfolio, the bank decides to decrease the loan portfolio and invest into government securi-
ties such that the risk-weighted loan portfolio will not be affected. This is possible, if the bank
increases the loan class that has the highest risk weight at the expense of the low risk-weighted
classes. The highest risk weight class is also expected to have the highest loan rate, and the
bank’s decision to increase the loan class with the highest return can be seen as an optimization

of the loan portfolio.

This behavior is also consistent with the empirical findings presented by Denhaan, Sumner, and
Yamashiro (2004). Using the aggregate balance sheet data of US banks published by Federal Re-
serve (H8 statistical release) from January 1963 to February 2003, they found that after monetary

tightening not all loan classes exhibit the same behavior. Following the contractionary monetary

" The equilibrium loan quantities for other loan classes bear the same structure and this discussion is appropriate for
them.

' These numbers represent the share of the impact of particular loan class in the total loan portfolio. The sum of
these numbers (with their respective signs) represents the reaction of the aggregate loan portfolio.
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policy, banks prefer to invest into loan classes that earn a higher rate of return at the expense of

the low-return loan classes.
Loan rate

Analogously to the discussion about equilibrium loan quantities, the existence of three different
loan classes changes the reaction equation of the equilibrium loan rate. In the baseline model, the
reaction of the equilibrium loan rate is a function of the parameters of the loan demand function
/; and /;. In the modified model, it is additionally a function of the marginal cost of loan adjust-
ment b;, and the risk weights of all loan classes w;, w,, and w;. As with loan quantities, the im-
pact of the risk weights attenuates or intensifies this reaction, depending on the risk weight of the

loan class.

In the baseline model under the contractionary monetary policy, the equilibrium loan rate for
loans will undoubtedly increase. However, in the modified model for the riskiest loan class, this
increase will be less than in the baseline model, and for the less risky loan classes this increase
will be larger than in the baseline model. This occurs due to the sign of equation (17) which in-
fluences the deviation of the response. This reaction is consistent with the behavior of the equi-
librium loan quantity that increases for the riskiest loan class and decreases for less risky loan

classes.
5.2.2. Long-run solution

In the long run, a bank can optimally manage the equity capital, which allows them to achieve

the optimal long-run scale of operations and asset composition.
Loan quantity
The long-run equation for the equilibrium loan quantity reaction of the loan class in the modified

model has, basically, the same structure as in the baseline model. It is a function of the parame-

ters of the loan demand function /; and /;, the marginal cost of the loan and equity adjustment b;,
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and by respectively, and the risk weights of all loan classes w;, w,, and w;. These risk weights

either attenuate or intensify the reaction, depending on the risk level of the loan class.

Following the monetary contraction, the loan class with the highest risk weight will contract less

than less risky loan classes (see section 6.1 with simulated equations).

It is necessary to mention, that the simulation undertaken in section 6.2 shows that under the set

- of reasonable parameter values, the long-run response of the equilibrium loan quantity to a

changes in monetary policy could not be positive, i.e. the loan quantity cannot increase after

monetary tightening.

Loan rate

Analogously to the discussion about equilibrium loan quantities in the long run, the existence of
three different loan classes changes the equation of the reaction of the equilibrium loan rate to
changes in monetary policy. In the modified model, it is a function of the parameters of the loan
demand function /; and /,, the marginal cost of loan and equity adjustment b; and bz, respec-
tively. Additionally, it is a function of the risk weights of all loan classes w;, w,, and w3, which
either attenuate or intensify, depending on the level of risk of the loan class. The equilibrium
loan rate for the loan class with the highest risk weight will increase less than the average or be-
low-average risk loan class following the monetary tightening (see section 6.1 with simulated

equations).

5.3. The long-run influence of risk-based capital requirements ratio on the transmission of mone-

tary policy

The following equations allow estimation of the impact of the risk-based capital requirements on
the monetary transmission mechanism in the long run. It shows how an increase in the risk-based
capital ratio will affect the response of the equilibrium loan rate (equation (18)) and equilibrium

loan quantity (equation (19)) to a change in monetary policy.

34



O

or,
ol &
( or ) _ 26w, (w, +w, +w3)l6, (18)
06, 1+ +1,)(b;, +by (Wl2 + wz2 + W32 )‘912 )]2
)
or ) _ 2bw (W, +w, +w )l (1, +1,)6, (19)

06, O+ +1,)6, +by (W12 +wz2 +W32)912)]2

The signs of equations (18) and (19) are opposite to the signs of the corresponding response
equations (see Tables 9 and 10 in Appendix 1). Thus, an increase in the risk-based capital ratio
reduces the impact of the contractionary monetary policy on the loan rate and equilibrium loan
quantities. Moreover, the degree of this reduction is not uniform. The higher the risk weight of
the loan class, the greater the reduction of the impact will be. This is true for both the equilibrium

loan rate and the equilibrium loan quantity of the loan class.

5.4. The impact of the risk-based capital requirements on a bank’s capital and its response to

changes in monetary policy

Imposition of risk-based capital requirements dramatically changes the response of a bank’s eq-

uity to changes in monetary policy in the long run (see Table 11 in Appendix 1).

A bank’s equity is not affected by the changes in monetary policy without capital standards. A

bank’s equity is a function of the risk premium on government securities y , the marginal cost of
equity adjustment bg, the base level of market risk premium for bank’s equity S,, and the pa-

rameter of the interest rate and term structure risk contribution margin £,.

With risk-based capital standards, a bank’s equity response to changes in monetary policy be-
comes negative. Under the contractionary monetary policy, a bank’s equity will decrease. The
reaction of a bank’s equity is now a function of the parameters of the public loan demand /; and

[5, the capital requirements ratio &,, the marginal costs of loan and equity adjustment b;, and bg

respectively, and the risk weights of all loan classes w;, w,, and w;.
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6. Model Simulation

The equations of the reaction of the equilibrium loan quantities and the loan rates contain many
parameters. Many of them could be simulated in order to refine the equations. This allows mak-

ing better judgments about the magnitudes and the signs of the expressions discussed before.

Following one of my initial assumptions about different level of risk for loan classes in section
3.1, the nisk weights are obtained from the results of the Quantitative Impact Study #3 in Basel
Commuttee on Banking Supervision (2003) (see Table 12 in Appendix 1). This study reports
quality distribution for the various components of 365 banks’ portfolios. Banks in this study
were split into two groups depending on their size. I use the data for the quality of corporate ex-
posures, which are one of the largest segments of the loan portfolio. For both groups of banks, I
calculated the average risk weight, and the risk weight for below- and above-average exposures.
Then, I averaged results across both groups. The resulting risk-weights are 0.3451, 0.8200, and
1.0203 for below average, average, and above average risk class respectively. The risk weighted
asset capital requirement ratio (8% or 0.08) is also assigned according to present regulatory stan-

dard in Basel Committee on Banking Supervision (2004).

In order to perform simulation for the modified model, T will follow the methodology outlined
and used by Kopecky and VanHoose (2004B) for quite a similar model. Based on results ob-
tained from an empirical data by Elyasiani, Kopecky, VanHoose (1995), Kopecky and Van-
Hoose use either fixed values or the range of values for the marginal costs of adjustment for
loans, equity, and deposits. It is necessary to stress, that Elyasiani, Kopecky, VanHoose (1995)
derived econometric estimates for the deposit adjustment costs only (0.10). Based on this range,
Kopecky and VanHoose (2004B) adopted a range for equity (0.001 and 0.04) and loan (from
0.001 to 0.8) adjustment costs, which I will use in my simulation.

Values used for simulation are presented in Table 13 in Appendix 1. This table contains three
groups of parameter. The first group contains the risk-weights for loan classes, the second con-
tains the capital requirement ratio, and the third contains the adjustment costs for loans, equity,

and deposits.
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6.1. The response of the equilibrium loan rate, loan quantity and aggregate loan portfolio to the

changes in monetary policy with risk-based capital requirements

In section 5.2, I stated that response equations for loans and loan rates are attenuated by risk-
weights. In addition, for the riskiest loan class, risk weights modify the sign of the reaction equa-
tion. To support my statement about the impact of the risk weights on the magnitudes and signs
of the response equations, using the risk weights for loan classes from Table 13 in Appendix 1, I
simulate the following equations for the long-run reaction of the equilibrium loan rate and quan-

tities for three loan classes to changes in monetary policy:

6rl'1m _ L I, o W3 W5 =W, (W, +wy) (20)
or L+l (L +1L)A+b,(I, +1)) wl+wl+wl

o 1+b(by +b (Wi +wi +wD)E))
or 1+, +1L)b, +b, (wf +w22 +w32)912) @1)

llb5912 (W22 +w32 =w, (W, +w,)

[+b, () + 1)+ + 1), +bE(W12 +W§ +W32)912)]

oL" - ) Wy +ws —w (1w, +w;) 22)
or 1+b, (L +L) w +w:+w}

oL _ ; .
or L+ (1, +1,)[b, +b, (W) +wi +w2)E7] 23)

1+ + )b, +b, (W22 +w32 =W, (W, +w3))512]
1+b,( +1,)

These results are summarized in Table 14 in Appendix 1. It is clearly visible now how risk-
weights attenuate or change the direction of the impact for a particular loan class. For instance, in
the short run, the equilibrium loan quantity for the third and most risky class increases following
the contractionary monetary policy. Simultaneously, the other loan classes, which have less risk,

contract. However, this contraction is weakened now. For the equilibrium loan rates and the
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long-run equilibrium loan quantities, I detect that the reaction for the riskiest class will have a

smaller magnitude.

These simulation results illustrate and support previous discussion about the magnitudes and the
signs of the responses to changes in monetary policy. The reaction of the riskiest loan class rate
and the long-run loan quantity to changes in monetary policy will be attenuated. Short-run equi-

librium loan quantity will have an opposite reaction to that of the less risky loan classes.

How important are these findings? The contractionary monetary policy will be effective in the
contraction of the loan classes with least risk. However, the response is now weakened. Simulta-
neously, the contractionary monetary policy will be ineffective in the reduction of the riskiest

loan class. This clearly demonstrates the conflict between the regulator and the monetary author-
ity.

6.2. Is it possible that in the long run, the high-risk loan class will expand following the contrac-
tionary monetary policy?

The structure of equation (23) simulated in the previous section for the high-risk loan class re-
sponse to changes in monetary policy, allows the possibility that this equation could change its
sign to the opposite. This will mean that in the long run, the high-risk loan class will expand fol-
lowing the contractionary monetary policy. We have already seen such behavior in the short-run
solution. As soon as I do not have any estimates of the loan demand function in its specific form
(equation (6)), and to check the possibility of such an outcome, I undertake the simulation of the

component of equation (23) for the riskiest loan class (L3)

1+ (1, +1,)[b, —0.406,87] < 0 (24)

with regard to parameters of the loan demand function /; and /,. In other words, given possible
values of the marginal cost of adjustment for loans and equity b, and bz respectively, the risk-
based capital ratio &,, I simulate the sum of parameters of the loan demand function /,+/, de-

fined with the following equation:
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Ll < ————
T b, 045,67

(25)

Table 15 in Appendix 1 contains the values of /;+/, that change the sign of the equation (24) —
the parameters of the loan demand function that will make the high-risk loan class expand fol-

lowing the contractionary monetary policy.

Elyasiani, Kopecky, and VanHoose (1995) estimated parameters of the loan demand functions
with different spreads as independent variables'®. They produced values for four groups of banks
depending on their size. These values ranged from -5.315 to 102.80'. My simulation produces
values of the parameters for the loan demand function that are either inconsistent with the initial

assumptions of the model (negative values) or have incorrect magnitudes (954.198 or above).

The results of this simulation suggest, that under the assumed range of parameter values, we
should rule out the possibility that in the long run high-risk loan class will expand, following the

contractionary monetary policy, as we saw in the short-run.

P Itis necessary to mention, that I do not found the estimates of the parameters of the loan demand function in ex-
actly the same form (equation (6)) as I use. In addition, the estimates did not distinguish difference in the loan level
of risk. I consider this fact as a weak point in the section 6.2 of the simulation.

' Elyasiani, Kopecky, VanHoose (1995), page 13.
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7. Conclusion

This paper has examined the effect of risk-based capital requirements on the monetary transmis-
sion mechanism — how monetary policy action, which changes the risk-free rate, affects a bank’s
decision to supply loans. I introduced three different loan classes that have different levels of risk

and, hence, different risk weights in the determination of the regulatory capital.

In the modified framework, I confirmed previous findings that the imposition of risk-based capi-
tal requirements changes the short and the long-term equilibrium outcomes. I also found that the
introduction of heterogeneous loans instead of a single loan class reveals additional aspects of a
bank’s response to changes in monetary policy. In this case, loan classes and loan rates for the
different loan classes respond differently. The higher the risk of the loan class, the less respon-
sive to the changes in monetary policy it will be. In the short-run, it is also possible that the riski-

est loan class will expand following the contractionary monetary policy.

I also found that an increase in the risk-based capital requirements ratio attenuates the effect of
monetary policy, and again, this effect is different for the different loan classes. The higher the
risk-weight of the loan class, the greater the reduction of the monetary policy impact will be.

This is true for both the equilibrium loan rate and the equilibrium loan quantity of a loan class.

My analysis points out that capital regulation, aiming to increase the soundness of the banking
system, contends with stabilization policy, which aims to influence interest rates and loans
through bank lending. Capital regulation introduces an asymmetrical response in the bank’s loan

portfolio with some undesirable effects, which affects the level of risk for the bank.
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Appendix 1 - Table 1
Risk weights for banks’ assets (Basel I)

Category of assets Risk
weight

1. Cash and claims on Organization for Economic Cooperation and Development 0%

(OECD) central banks and national governments

2. Claims on private sector OECD banks, OECD subnational government entities, 20%

and cash items in the process of collection

3. First mortgages on 1-4 family real estate, and local government project finance in | 50%

OECD countries

4. Commercial and consumer loans, and loans to non-OECD governments 100%
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Appendix 1 — Table 2

Risk weights for banks’ assets (Basel IT)

Corporate
Credit Assessment AAAto | A+to | BBB+to Below Unrated
AA- A- BB- BB-
Risk Weight 20% 50% 100% 150% 100%
Banks
Credit assessment of Sovereign AAAto | A+to | BBB+to BB+to | Below B- | Unrated
AA- A- BBB- B-
Risk weight under Option 1" 20% 50% 100% 100% 150% 100%
Risk weight under Option 2'° 20% 50% 50% 100% 150% 50%
Risk weight for short-term 20% 20% 20% 50% 150% 20%
claims under Option 2
Retail
Type of Claim Risk Weight
Claims included in the regulatory retail portfolio 75%
Claims secured by residential property 35%
Claims secured by commercial real estate 100%
Sovereigns
Credit Assessment AAAto | A+to | BBB+to BB+to | Below Unrated
AA- A- BBB- B- B-
Risk Weight 0% 20% 50% 100% 150% 100%
High Risk Categories
Type of Claim Risk Weight
Claims on sovereigns, PSEs, banks, and securities firms rated below B- 150%
Claims on corporates rated below BB- 150%
Past due loans 100% - 150%
Securitization tranches that are rated between BB+ and BB- 350%

13 Under the first option, all banks incorporated in a given country will be assigned a risk weight one
category less favorable than that assigned to claims on the sovereign of that country. However, for claims
on banks in countries with sovereigns rated BB+ to B- and on banks in unrated countries the risk weight

will be capped at 100%.

16 The second option bases the risk weighting on the external credit assessment of the bank itself with
claims on unrated banks being risk-weighted at 50%. Under this option, a preferential risk weight that is
one category more favorable may be applied to claims with an original maturity of three months or less,
subject to a floor of 20%. This treatment will be available to both rated and unrated banks, but not to

banks risk weighted at 150%.
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Appendix 1 — Table 3

Solutions of the bank’s profit maximization problem for loans Z;

Capital Short-run solution Long-run solution
requirements
No capital KT (r,=B,) - - 5,)
standards L = b L= b

L L
Risk-based l_fwI /9I w60 [(r5 = 5,) —(r+ )]
capital L= L = 33 gz T

. W+ W, + W, b, +b(w; +w; +w;)6,

requirements

N (r, — 15 )W +w3) 3
b, (w] +w3 +w;)6,

("L2 =I5 W W,

(b, + b5912 (Wz2 + "”32)][(’[,l - ﬂl,l )= (5 = Byl 3
b, (b, +b; (W12 + w§ + W32 )912)

bEelzwlwz [(”L2 - ﬂ1,2)_ (75 = B)] B

b, (wl2 + w22 + w§ )6,
(ry, =15 )wwy

b, (wi +w; +w2)6,

b, (b, +bg (W12 +W§ +w32)912)

b6} ww, (7, = Bi3) — (s — Bo)]
by (b, +by(w +w] +w)8})
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Appendix 1 — Table 4

Solutions of the bank’s profit maximization problem for deposits D

Capital Short-run solution | Long-run solution
requirements

No capital D= r(l-p) -1 Dz(rc_ﬁz)(l_p)_’b
standards b, b,
Risk-based ple (1-p)-ry D= (r; = B)A-p)—1p
capital b, b,
requirements
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Appendix 1 — Table 5

Solutions of the bank’s profit maximization problem for equity £

Capital Short-run solution | Long-run solution
requirements
No capital E E= (e —B)-(r+5)
standards B by
RiSlf'based17 E = (W +w, +w)E[(r, = B) = (15 = B,)] +
caplt'al b, +b (W +w +w)O;
requirements 2 5 NP

(w; +w, + w0 [(15 = Bo) = (r + B)]

b, +b (W} +w: +w))6?

' Expression for the profit-maximizing value of a bank’s equity contains terms r; and B, which are weighted (by
the risk weight w;) averages of the rates of return for the each class of loans 7y, and the contribution of the each loan

class to default risk ﬂl,i .
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Appendix 1 — Table 6

Solutions of the bank’s profit maximization problem for government securities holdings G

Capital Short-run solution Long-run solution
requirements
NO(Zlapici[al G=E- G:rG_r_(ﬂo'*'ﬁz)_
SERCRES ) =), =r) () | by
b, b, b, _(”Ll "ﬂl,l)_(”c_ﬂz)_
(r (1= p) —15)(1= p) by
by, _(rLz_ﬂl,Z)_(rG_ﬂZ)_
bL
B (”z,j _:81,3) - =5) +
bL
N0 =B)1-p) =111~ p)
bD
Risk-based | G=E + The expression for G in this
capital - o 2 02 case is quite massive, but from
requirements b Ew /6, (r, =7 )0z + w5 —w (w; +,)) + | balance sheet constraint (1):

O

b, (W +w; +w3)

-b, sz/el _(”L2 _rG)(W12 +W32 —w,(W, +W,)) 4

b, (W +w} +w})

~b, Ew, /6, -(r, — 15 )W) W5 —wy (w, +W,)) N

b, (W +w2 +w?)
(A= p)—r)1-p)

bD

G=E-L-L,-L,+D(1-p)
Using the appropriate values
for balance sheet components,
the expression for government
securities holdings derived
(see Appendix 2 with detailed
solutions of the modified
model).
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Appendix 1 — Table 7

Model solution: Equilibrium loan rate 7,

Capital Short-run solution Long-run solution

requirements

No capital r+y+bl,+b,l,(r+0)) r+y+bl,+b,L,(r+o)+pB,-p5,
standards 1+b, (I, +1,) 1+b,(l, +1,)
Risk-based Ew, 1 N The expression for 7, in this case
capital 6 (wi+w; +wi)(i, +1,) is quite massive. In the analysis of
requirements W, 10w, +w, + W) + L& this expression it is possible, to

w+ws +wi (L +L)A+b, (4 +1))

1+b,(L,+1) L+1, 1+b.(,+1)

w3 +w; —w (o, +W,)

2 2 2
W+ Wy W

Lr N v
(h+L)A+b. (4 +1)) 1+b,(h+1,)

b, . I bL(r+al)(1+12)+r+

define the similar structure as in
other cases (see Appendix 2 with
detailed solutions of the modified
model).

'8 Expression for equilibrium loan rate and loan quantity contains term & which is weighted (by the risk weight w))

averages of the risk premium for non-bank debt &, for each loan class.
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Appendix 1 — Table 8
Model solution: Equilibrium loan quantity L;

Capital Short-run solution Long-run solution

requirements

No capital L+L(o —y)=-1(r+y) 10'*'12(0'1_l//'*'ﬂz_ﬂ1,1)_l1(r+l//_ﬂ2+ﬂ1,1)
standards 1+5,(,+1,) 16, +1,)

Risk-based Ew, 1 The expression for L; in this case is quite massive.
capital 0 wriwriw? + In the analysis of this expression, it is possible to
requirements P define the similar structure as in other cases (see

Wi +ws —w(w, +w;)

W+ WS +wy
lo_ll("+‘//)_12‘//+
1+b,(/,+1,)
Lo, _
1+56, (1, +1,)

w, L,&

wf +w22 +w32 1+b,(,+1,)

Appendix 2 with detailed solutions of the modified
model).
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Appendix 1 — Table 9

or,
Response of the equilibrium loan rate 7; to changes in monetary policy ( b))
r

o

Capital Short-run solution Long-run solution
requirements
No capital 1+5,1, 1+5,1,
standards 1+b6,(, +1,) 1+b, (1, +1)
Risk-based capital L 1+1L,(b, +b, (W +w2 +w2)67)
requirements h+1, 1+, +1,) (b, +by (W2 + w2 +w2)6?)
h * 1b 67 (W5 +ws —w (W, +w;)
(h+ 1)+, (h+1)) [1+b, (0, + L)L+ + )by +by (W] +w2 +w3)6])]
wa +w; —w (W, +w,)
W) +wi +w?
Risk-based capital I 1+1,(b,+b;6)
requirements 1 +1 o>
(baseline model) | ' " L 41X H:6)

52



Appendix 1 —Table 10

e . . . oL
Response of the equilibrium loan quantity L, to changes in monetary policy (—5—‘—)
F

Capital Short-run solution Long-run solution

requirements

No capital 5 /

standards C1+b,(,+1,) 145, +1,)

Risk-based capital l, " I "
requirements C1+b,(, +1y) 1+ (0 + 1), + by (W + w2 +w2)B7]

wy +w; —w, (W, +w;)

1+ +1,)[b, +by (W22 +W32 -w(w, +w3))‘912]

2 2 2
W+ W, + W

1+5,(, +1,)

Risk-based capital
requirements
(baseline model)

ll
1+, +1,)(b,+b;6))
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Appendix 1 — Table 11

Bank’s equity response to changes in monetary policy (%E—) in the long run
r

Capital requirements OF Sign of the

or response
No capital standards 0 (E _w- B, — ﬂz}

bE
Risk-based capital requirements (Ow, +w, + w6, Negative
1+ (4 + L), +b (W) +wi +wi)E})

Risk-based capital requirements 1,6, Negative
(basehne model) 1+ (11 + 12 )(bL + 55‘912)
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Appendix 1 — Table 12

Risk-weights for loan classes

Rating AAAto AA- | A+to A- | BBB+to BB- | Below BB- | Unrated | Pastdue

Risk-weight 20% 50% 100% 150% 100% 150%

Group 1% 11% 9% 15% 2% 62% 2%

Group 2 14% 15% 15% 1% 46% 1%
Below-average risk-weight | Average risk- | Above average risk-weight

weight

Group 1 33.50% 89.70% 102.47%

Group 2 35.52% 74.30% 101.59%

Average for both groups 34.51% 82.60% 102.03%

*° This part of table contains quality distribution for corporate exposures (Basel Committee on Banking Supervision

(2003), page 18).

% Group 1 consists of large, diversified, and internationally active banks with a Tier 1 capital in excess of €3bln.
Group 2 consists of smaller, often specialized, banks.
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Appendix 1 — Table 13

Values of parameters used for simulation

Name of Parameter Symbol | Value or Range of Values

Risk weight for first loan class w, 0.3451”" (below average risk)

Risk weight for second loan class w, 0.8200 (average risk)

Risk weight for third loan class W,y 1.0203 (above average risk)

Risk-weighted asset capital requirement | g, 0.08

ratio

Marginal cost of loan adjustment b, 0.001, 0.04

Marginal cost of equity adjustment b, 0.001, 0.01, 0.02, 0.04, 0.08, 0.10, 0.40, 0.80
Marginal cost of deposit adjustment b, 0...0.10

?! In the simulation I used decimal representation of percentage parameters
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Appendix 1 — Table 14

Simulated equations of the response to changes in monetary policy

Equation | L; (low risk loan class) L; (average risk loan class) | L3 (high risk loan class)
20| or® | LA+, +1,))+0.59] L(QA+b.(I,+1,))+0.02], L(+b, (I, +1,))-0.22],
6;: (I, +1,)A+b,( +1) (h+5L)A+b.(] +1,)) L +1)A+b.(L +1))
21| orit 1+1,(b, +1.83b,67) 1+1,(b, +1.83b,67) 1+1,(b, +1.836,67%)
o | 1+ +1)(b, +1.836,67) | 1+ (I, +1,)b, +1.836,07) | 1+(I +1,)(b, +1.836,67)
1.08/6,67 0.0410,67 0.401,p,62
1+b,(h+1,) [1+6, (7, +1,)] 1+b, (4 +1)]
1 1 1
1+ +1,)(b, +1.836,67) | 1+ (], +1,)(b, +1.836,6]) | 1+(I,+1,)(b, +1.83b,60])
22| g 0.591, 0.02/, 0.221,
“or | 1+b.(L+1) C1+b,(, +1,) 1+b,(, +1,)
23| o L h h
ar | 1+(+1)b, +1.836,67] | 1+(L, +1,)[b, +1.836,67] | 1+, +1,)[b, +1.835,6]
1+ +1)[b, +1.086,671 | L 1+(], +1)[b, +0.045,67] | 1+l +1,)[b, —0.406,67]
1+56, (], +1,) 1+b,(1,+1,) 145, (I, +1,)
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Appendix 1 —Table 15

Simulation of equation (25)

b, b
0.001 0.01 0.02 0.04 0.08 0.10 0.40 0.80
0.001 | -1002.57 | -1026.27 | -1053.96 | -1114.08 | -1257.55 | -1344.09 | 41666.7 | 954.198
0.04 |-25.0016 | -25.016| -25.032|-25.0642 | -25.1287 | -25.161 | -25.6568 | -26.3491
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Appendix 2 - 1 SR No capital requirements Modified model.nb

Short-run solution with no capital requirements

In[l]:= L=rLl1Ll+rL2L2+rL3L3+rgG-rdD-

bL » 5 ,. bd
- (L1%? + L2 +L3)——2-D2—Al (LL+L2+L3+ G- (1-p) D-Ebar)

2
bdf - %bL (L12 + 122 + 1L3%) -Drd+ Grg+
Z

L1 rL1 +L2rL2 + L3 rL3 - (-Ebar+G+L1 +L2+L3-D(l-p)) A1

Outfil]= -

Inf2]:= eql=D[L, L1]

Qutf2]= -bLLl1+rLl -2,

Inf3]:= eq2=D[L, L2]
Outf3]= -DLL2+rl2 -2y
In[4]:= eq3=D[L, L3]
Outf{4]= -bLLL3+rL3-2;
In[5]:= eq4 =D[L, D]

Outf[5]= -bdD-rd- (-1+p) Aq
Inf6]:= eqgq5=D[L, G]

Outf[6]= rg- 2

Inf7]:= eq6=D[L, A1]

Out[7]= Ebar-G-L1-L2-L3+D(1-p)

In[8]:= sol =Solve[{eql =0,eq2=0,eq3=0,eq4d=0, eq5 =0, eq6 =0}, {L1, L2, L3, G, D, A1}] //
Flatten // FullSimplify

bd (bLEbar+3rg-rLl -rL2 - rL3) +bL (rd+rg (-1 + -1+
oute]- G- ( g bdb)L ( g ( p)) ( )
_, ~rg+rl3 -rg+rLl -rg+rL2 _rd-rg+rgp
L3 N , L1 > i~ , L2 > <3 , D= o ,)1erg}

Inf8]:= G=G/. sol

bd (bLEbar+ 3 rg-rLl - rL2 - rL3) +bL (rd+rg (-1 +p0)) (-1 +p)

Out[9]= bd oL




Appendix 2 - 1 SR No capital requirements Modified model.nb

€j

Infl10]:= Ll=zLl/. sol
L2=L2/. sol
L3=L3/. sol

~ -—rg+rlLl
Qutf10]= R S
_ ~rg+rlL2
Qutf11] 5L
"y ~rg+xrL3
OQut[12]= '—————bL
In{13]:= Deposits=D/. sol
rd-rg+rgp
t PO~ B = Bl
Qutf13] o
In[14]:= LoanDemandl = 1g - 1; rLl -1, (rLl - rBl)

LoanDemand2 = 15 - 13 rL2 - 1, (rL2 - rB2)
LoanDemand3 = 1 -~ 1; rL3-1; (rL3 - rB3)

OQutf[14]= lo-rLl1l; - (-rBl+ rLl) 1,

Outf15]= 1y -rL21; -~ (-rB2+ xL2) 1;

Out[16]= 1lp -rL31; ~ (-rB3+ rL3) 1,

In[17]:= sollLl = Solve[Ll = LoanDemandl, r1Ll] // Flatten // FullSimplify
s0lL2 = Solve[L2 = LoanDemand2, rL2] // Flatten // FullSimplify
solL3 = Solve[L3 = LoanDemand3, r1L3] // Flatten // FullSimplify

Out[17]= {rLl% rg+bLly+bLrBl 12}

1+ bL (ll+lz)

rg+bLlo+erBZlg}

- {ri2
Oout[18] {m“e T BT (1,15

rg+bLly+bLrB31; }

a1 ;
out(19) {rL3ﬁ SRRy

Inf20]:= LoanRatel =rLl /. solll
LoanRate2 = rL2 /. sollL2
LoanRate3 = rL3 /. solL3

rg+bL1ly+bLrBl 1,

out[20]= T+BL (1; 7 13)

_ rg+bLly+bLrB21,
Outf21]= T BL (15 + 13)
out [22]= rg+blLly +bLrB3 1,

T+DbL (1 + 149



Appendix 2 - 1 SR No capital requirements Modified model.nb

O

In[23]:= LoanRatel = LoanRatel /. {rg>r+¥, rBlor+o}
LoanRate2 = LoanRate2 /. {rg>r+ ¥, rB2or+ oy}
LoanRate3 = LoanRate3 /. {rg-r+ ¢, rB3>r+ o3}

r+f+bLly+bL1ly (r+op)

Qut[23]= T+bL (11515

~ r+yY+bLlo+DbL1l; (r+oz)
Out[24] T+bL (11 +12)
out [25]= r++bLlg+bLl; (r+ao;3)

1+DbL (1;+13)

In[26]:= D[LoanRatel, bL] // FullSimplify

Lo-(xr+y) Li+1; (=f+0p)
(1 +bL (1; +12))°

out[26]=

Inf{27]:= D[LoanRatel, r]
D[LoanRate2, r]
D[LoanRate3, r]

. 1+bL12
Outl27]= T, + 13)
1+bL1,
Qutl28]= T 51, + 13
ot (23] 1+bL1,

T+DbL (11 + 12)

In[30]:= LoanDemandl = LoanDemandl /. rLl - LoanRatel // FullSimplify
LoanDemand?2 = LoanDemand2 /. rL2 » LoanRate2 // FullSimplify
LoanDemand3 = LoanDemand3 /. rL3 - LoanRate3 // FullSimplify

lo-Li (r+¢y+bLly (r-xBl+oy)) ~lp (r~-rBl+y¢y+bL1l; (r-rBl+o01))

Out[30]= 1+DbL (17 +13)
lo-1y (r+¥+bLly (r-rB2+agp)) -1y (r-rB2+y+DbLl, (r-rB2+0z))
OQut[31]=
1+DbL (11 +1z)
out[32]= lo-1; (r+y¢+bLl; (r-rB3+03)) -1z (r-rB3+4§+bLly (r-rB3+0;))

1+ bL (l]_+lz)

In[33]:= LoanDemandl = LoanDemandl /. rBl - r+ oy // FullSimplify
LoanDemand?2 = LoanDemand2 /. rB2-» r+ oz // FullSimplify
LoanDemand3 = LoanDemand3 /. ¥rB3 s r+ o3 // FullSimplify

lo-(r+d) L1 +1p (¥+01)

Out[33]= T3 oL (11+ 12)

o lo-(r+y) Li+ 1 (Y +oz)
out[34]= T+D0L (11 +15)
Out[35]= lo—-(r+d)y 11 +1s (-t + 03)

1+bL (11+12)
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In[f36]:=

Out [36]=

In[37]:=

Out[37]=

In[38]:=

Out [38]=

Out[39]=

Cut[40]=

Inf41]:=

Out[41]=

In[42]:=

Outf42]=

In[43]:=

Out [43]=

Inf44]:=

Out[44]=

Inf45]:=

Out{45]=

Inf46]:=

OQut[46]=

In[47]:=

Out[47]=

In[48]:=

out[48)=

D[LoanDemandl, bL]

Sy ly) (lo-(xr+y) i+l (¥+01))
(1+DbL (1 + 12))°2

Loans = LoanDemandl + LoanDemand?2 + LoanDemand3 // FullSimplify

31p-3(rx+y) L1 +1y (-3 r+ 01+ 02+ 03)
1+bL (1;+13)

D[LoanDemandl, r]
D [LoanDemand2, r]
D [LoanDemand3, r]

L
1+DbL (11 + 1)

- S
1+bL (1 +15)

IS S
1+ bL (ll’*‘lZ)

DepositsDemand=dg +d; rd + d; (rd - rg)

do + rdd; + (rd - rqg) dz

Solve[Deposits = DepositsDemand, rd] // Flatten // FullSimplify

rg-rgp-bddy+bdrgd; }

{rd- 1+bd (di +d2)

DepositRate=rd /. %

rg-rgp-bddy +bdrgd;
1+bd (d) +dp)

DepositRate =DepositRate /. rg->r+ ¢

r+y-p(r+y) -bddsg+bd (r+y¢) dz
1+bd (d +d2)

D [DepositRate, r]

1-p+bdd;
1+bd (d; +dz)

DepositsDemand = DepositsDemand /. rd -» DepositRate // FullSimplify

do -~ (r+y) ((~-1+p)d;+pdp)
T+bd (dy +d2)

(r-rg+y) dy+

DepositsDemand = DepositsDemand /. rg->r+ ¢ // FullSimplify

do - (£+y) ((-1+p)dy+pdy)
1+bd (dy +dz)

D [DepositsDemand, rj

~(“l+p) dl—,Odz
1+ bd (d1+d2)
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Appendix 2 - 1 SR No capital requirements Modified model.nb

In[49]):= G=G /. {rd - DepositRate, rLl -» LoanRatel, rL2 - LoanRate2, rL3 - LoanRate3, rg->xr+ ¥} //

FullSimplify
. (-1+p) (-do+ (x+¥) ((-1+p)dy+pdp))
out[49]= T+Dbd (d; +dz) *
Ebar -3 1p+ (bLEbar+3 (r+4)) 11 +12 (bLEbar+ 3¢ -0y - 0z - 03)
1+bL (11 +12)
In[50]:= D[G, r] // FullSimplify
_ (=1+p) ((-1+p)di+pd2) 31
Out{50]= 1+bd (d +dy) T1TBL (15 10)
In[51]:= Assets =Loans+G // FullSimplify
OuE 57— Ebar - (-1+p) do + (bdEbar + (-1 +p)2 (r+y)) di + (bdEbar+ (~1+p) p (r+y)) d2
ut[31]= T+54 (4 +35)
In[52]:= D[Assets, r]
2 -
Out [52] = (-1+p)°di+(-1+p)pdy

T+ Dbd (d; +dz)



Appendix 2 - 2 SR risk-based capital requirements Modified model.nb

Short-run solution with risk-based capital requirements

) bL _, ., __, bd
Inf1lj:= L=rL1L1+rL2L2+rL3L3+rgG—rdD——5— (L1° + L2 +L3)——2-D2—
A1 (L1+L2+L3+G-(1-p) D-Ebar) - A, (61 (wlLl+w2L2+w3L3) - Ebar)

- bdﬁD‘ —%bL (L1%2 + 122 +13%) - Drd + Grg+ L1 rLl + L2 rL2 + L3 rL3 -

(-Ebar+G+L1+L2+L3-D (1-p)) Ay - (-Ebar+ (L1 wl +L2w2+ L3w3) 61) Az

outfl]=

Inf[2]:= eql =D[L, L1]

Outf{2]= -bLL1+rLl -2 -wWl&; A,
In[3]:= eq2=D[L, L2]

Out(3]= -bLL2+rl2 -2 -Ww26; Az
Inf4]:= eq3=D[.L, L3]

Ooutf4]= -PLL3+rL3-A1 —w36; Ay
In[5]:= eq4 =D[L, D]

Out[5]= -bdD-rd- (-1+p) Ay
Infé6]:= eq5=D[L, G]

Qut[6]= rg -2y

In[7]:= eq6=D[L, Ay]

Out[7]= Ebar-G-L1-L2-L3+D (1-p)

Inf8]:= eq7=D[L, A2]

Out[8]= Ebar - (L1wl +L2w2+L3w3) &



Appendix 2 - 2 SR risk-based capital requirements Modified model.nb

C Inf9]:= solutionSR = Solvef{eql =0, eq2=0,eq3 =0, eqd =0, eg5 =0, eq6 =0, eq7 =0},
{L1, L2, L3, G, D, A;, Az}] // Flatten // FullSimplify

out[9]= |G- (-bdbLEbar (wl+w2+w3) + (bd (-rL2wl? - rL3 wl? + rL1l wl w2 + rL2 wl w2 -
rLl w2? - rL3w2? + ({rLl + rL3) wl + (rL2 + rL3) w2) w3 - (rLl + rL2) w3? +
bL Ebar (w1? +w2? + w3%) + 2 rg (wl? - wl w2 + w2? - (wl +w2) w3 +w3?)) +
bL (w1? +w2% +w3?) (rd+1rg (-1 +p)) (-1+p)) &) /
rd-rg+xgp
bd
bL Ebarwl + (w2 (-rL2wl + rg (wl - w2) + rL1l w2) + (rg - rL3) wlw3 - (rg- rLl) w3%) g;
bL (wl? + w2? + w3%) 6

(bdbL (w1? +w2% + w3?)61), D> - Ll

14

L2 -
1
bL (w1? + w2? + w3%) &
(bL Ebar w2 +
(wl (rL2wl - rLl wZ + rg (-wl +w2)) + (rg- rL3) w2 w3+ (~-rg+ rL2) w3?) ),
bL Ebar w3 + (- (rg - rL3) (wl2 +w2?) + (-rLlwl - rL2 w2 + rg (wl +w2) ) w3) 6;

L3>
bL (wl2 +wW2% + w32) &1 !
Az —
-bLEbar+ (rLlwl + rI2 w2 + rL3w3 - rg (wl + w2 + w3) ) &1 A -
(w1% +w2? + w3?) 62 T
rg}
Inf10]:= L1 =1L1/. solutionSR
L2 =L2 /. solutionSR
< L3 =L3/. solutionsSR
C out [10]= bLEbarwl + (w2 (-rL2wl+ rg (wl -w2) + rL1w2) + (rg- rL3) wl w3 - (rg - xLl) w3%) &
- bL (wl? + w2® + w3?) &,
out [11]= bLEbarw2 + (wl (rL2wl - rL1 w2 + rg (-wl +w2)) + (rg - rL3) w2w3 + (-rg+ rL2) w32) e
bL (wl2 +w2% +w3%) &
out[12]- bL Ebar w3 + (- (rg - rL3) (wl? + w2?) + (~rLlwl - rL2 w2 + rg (wl + w2)) w3) &1

bL (wl1? + w2? + w3?) 6,

Inf13]:= G=G /. solutionSR
Deposits =D /. solutionSR

Out[13]= (-bdbLEbar (wl +w2+w3) + (bd (-rL2wl? - rL3wl? + rLl wl w2 + rL2 wl w2 -
rL1w2? - rL3w2? + ((rLl + rL3) wl + (rL2 + rL3) w2) w3 - (rLl + rL2) w3? +
bLEbar (wl? + w2? + w3?) + 2 rg (wl? - wl w2 + w2? - (wl +w2) w3 +w3?)) +
bL (wl1? + w2? +w3%) (rd+rg (-1+p)) (-1+p)) B1) / (bdbL (wl? + w2? + w3?) 6,)

rd-rg+rgp

Outfi4]= - bd
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C Inf{15]:= LoanDemandl = 15 -1; rLl- 1, (rLl - rBl)
LoanDemand2 = 15 - 1; rL2 - 1, (rL2 - rB2)
LoanDemand3 = 1g ~ 1; rL3 -~ 1, (rL3 - rB3)

Outf15]= 1lg-rL11; - (-rBl+rLl) 1,
Out{16]= 1y -rL21; - (-rB2+ xrL2) 1;

Out{17]= 1lp -rL31; - (-rB3+ rL3) 1,

i

Inf18]: eg8 = L1 = LoanDemandl
eq9 = L2 = LoanDemand?2

eql0 = L3 = LoanDemand3

bLEbarwl + (w2 (-rl2wl+rg (wl -w2) + rL1w2) + (rg-rL3) wl w3 - (rg - rLl) w3%) oy

outfl8]= =
utl18] bL (w1? +w2? + w3?) 6,
log-rL11; - (~rB1+rL1) 1,
Out[19]= PLEbarw2+ (wl (rL2wl - rL1 w2+ rg (-wl +w2)) + (rg - rL3) w2w3 + (-rg+ rL2) w32) 61
bL (w1? + w2? + w3%) 6,
lo -~ rL2 ll - (—rB2 + ILZ) lg
ot [20)- LLERArwd+ (- (rg-rL3) (wl?+w2?) + (-rllwl - rL2w2+rg (wl+W2))w3) &1 _

bL (w1? + w2Z + w3%) &,
lg-xrL31; - (-rB3 + rL3) 12

In[21]:~ solLoanRates = Solve[{eq8, eq9, eql0}, {rLl, rL2, r1L3}] // Flatten // FullSimplify

G out[21]= {rlLl -

(-Ebarwl (1 +DbL (13 +15)) + (rg (w2? + w3? -wl (w2+w3)) 1; + (rBl wl? + rB2wl w2 - rg wl w2 +
rngz+ rB3wl w3 - rgwl w3+rgw32 +DbL rBl (w12+w22 +w32) 1:) 12 +
bLrBl (w1? +w2? + w3?) 12+ 1y (wl (wl + w2 + w3) +bL (w1? + w2? + w3%) (11 +12))) 61) /
((wl% +w2% +w3%) (11 +12) (1+bL (11 +13))61), rL2 =
(-Ebarw2 (1 +bL {11 +12)) +
(rg (wl? - wlw2 +w3 (-w2 +w3)) 11 + (w2 (rBl wl + rB2 w2 + rB3w3) +
rg (wl? - wlw2 +w3 (-w2+w3)) +bL rB2 (wl? +w2? +w3?) 11) 1, +
bL rB2 (w1% + w2? + w3?) 13 + 1o (w2 (Wl + w2 +w3) +bL (w1? +w2% +w3%) (11 +13))) 61) /
((w1% + w2% +w3%) (11 +1p) (L +bL (11 +13))61), rL3 >
(-Ebar w3 (1 +bL (1; +12)) + (rg (wl? + w2% - (wl +w2) w3) 1; +
(w3 (rBlwl + rB2 w2 + rB3w3) + rg (wl? + w2? - (wl + w2) w3) +bL rB3 (w1’ +w2? + w3?) 1)
12+ bLrB3 (wl? + w22 +w3%) 153 + 1y (w3 (wl + w2 + w3) + bL (wl? +w2? + w3?) (11 +12)))
61) / ((wl1% +w2? +w3%) (11 +12) (1+bL (13+13)) 61)}
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In[22]:= LoanRatel = rLl /. solloanRates
LoanRate2 = rL2 /. solLoanRates
LoanRate3 = rL3 /. solLoanRates

Out[22]= (-Ebarwl (1+DbL (11 +12)) +

(rg (w2? + w3® - wl (w2 +w3)) 1; + (rBl wl? + rB2 wl w2 - rg wl w2 + rg w2® +
rB3wl w3 - rgwl w3+ xg w3% + bL rBl (wl® + w2? + w3?) 1;) 1, +
bL rBl (wl? + w2? +w3?) 1% + 1o (Wl (wl + w2 + w3) + bL (wl? + w2? + w3%) (11 +13))) &) /
((w1? +w2? +w3%) (11 +1z) (L+bL (1;+13)) 61)
out[23]= (-Ebarw2 (1+bL (13 +13)) + (rg (wl1? - wl w2+ w3 (-w2 +w3)) 17 +
(w2 (rBlwl + rB2w2 + rB3 w3) + rqg (wl? -wl w2 + w3 (-wZ2 + w3)) + bL rB2 (wl? +w2? +w3%) 1)
1 +bLrB2 (wl? + w22 +w3%) 13 + 1 (w2 (wl + w2 +w3) +bL (wl? + w22 +w3%) (11 +12))) 61) /
((wl?+w2® +w3%) (11+1z) (1+bL (11+12)) 61)
Oout[24]= (-Ebarw3 (1+DbL (1; +1,)) + (rg (wl? + w2? - (wl +w2) w3) 1; +
(w3 (rBlwl + rB2 w2 + rB3 w3) + rg (wl? + w2? - (wl + w2) w3) +bL rB3 (wl? + w2? + w3?) 1;)
1y +bL B3 (wl? + w2? + w3?) 15+ 1o (W3 (Wl + w2+ w3) +bL (w12 + w2 +w3%) (13 +12))) 61) /
((w1? + w2 +w3%) (11 +1z) (1+DbL (11 +1z)) 61)

In[25]:= LoanRatel = LoanRatel /. {rBlor+o;, rB2sr+o:, rB35r+o;, rg->r+ ¥} // FullSimplify
LoanRate2 = LoanRate2 /. {rBlsr+o;, rB2or+o;, rB39r+03, rg-or+ ¢} // FullSimplify
LoanRate3 = LoanRate3 /. {rBlsr+o0;, ¥rB23r+0;, rB3or+o0;3, rg-or+ ¥} // FullSimplify

out[25]= (-Ebarwl (1+DbL (11 +15)) +6; (1y (wl (wl +w2 +w3) +bL (wl? +w2? + w3?) (1, + 1)) +

1 (w22 +w3% —wl (w2+w3)) (r+y) +bL (wlZ+w22+w32) 1, (r+oy)) +
; 1z (r (wl% + w2? + w3?) + (w22 +w3% - wl (W2 +W3)) P+
@ bL (Wl + w22 +w3%) 1y (r+01) +wl (Wlop+w2 a2 +w303)))) /
((wl%+w2% +w3%) (11 +1s) (L+DbL (11 +13)) &)
Out[26]= (-Ebarw2 (1+DbL (17 +1;7)) +61
(w12 —wl w2+ w3 (-w2+w3)) (r+¢) 11 + 1o (w2 (wl + w2 +w3) +bL (wl? + w2? + w3%) (17 + 1)) +
L (w1? + w22 +w3%) 13 (r+op) + 1z ((w1% - wl w2+ w3 (-w2 +w3)) (r+i) +
bL (w12 +w2? +w3%) 1; (r+02) +w2 (r (Wl +w2 +w3) +wlos +w2 oz +w3a3)))) /
((wl? + w22 +w3%) (11 +13) (1+bL (13 +13))61)
Outf27]= (-Ebarw3 (1 +bL (11 +1;3)) +
61 ((wl? +w2? - (Wl+w2)w3) (r+d) 1)+ 1y (W3 (Wl +w2+w3) +DbL (w1? + w2? + w3?) (1 +1z)) +
bL (w1 + w22 +w3%) 12 (r+o3) + 1z ((w1% +w2? - (w1l +w2) w3) (r+y) +
bL (w1? + w2? + w3?) 1, (r+o03) +wW3 (r (wl+w2+w3)+wloi+w20,+w303)))) /
((w1? + w22 +w3%) (13 +12) (1+bL (11 + 1)) 61)

In[28]:= D[LoanRatel, ;] // FullSimplify
D[LoanRate2, 6;] // FullSimplify
D[LoanRate3, €,] // FullSimplify

out[28]= , , Ebar2 wl _

(W1% +wW2° +w3*) (11 +15) &f
Ebar w2
out[29]=
‘ (W1? + w2? +w32) (13 + 1) &2
Out [30]= Ebar w3

wl? + w2? + w3t 1; +1,) 62
1
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Inf31]:=

Qut[31]=

Out [32]=

Out[33]=

In[34]:=

Qut[34]=

In[35]:=

out[35]=

Inf[36}:=

Out[36]=

out[37]=

In[38]:=

OQut[38]=

out[39]=

In[40]):=

Out[40]=

Out[41]=

LoanDemandl = LoanDemandl /. {rlLl - LoanRatel, rBl o r+ oy} // FullSimplify
LoanDemand?2 = LoanDemand2 /. {r1L2 - LoanRate2, rB2or+o;} // FullSimplify
LoanDemand3 = LoanDemand3 /. {rL3 - LoanRate3, rB3-»r+ o3} // FullSimplify

(Ebarwl + (w2? +w3%? —wl (w2 +w3)) 1961 + 11 (bLEbarwl + ((wl - w2) w2 +wl w3 -w3?) (r+y) 6y) +
1, (bLEbarwl + 81 ( ((wl - w2) w2 +wl w3 -w3%) ¢+ (w2? +w3?) 0y - wl (w202 +w3 03)))) /
((wl% +w2? +w3%) (1+DbL (13 +12)) 61)

(Ebar w2 + ('wl2 ~WL W2 +wW3 (-w2+wW3)) 1o 61 +

1; (bLEbar w2 - (wl? - wl w2 - w2 w3+w32) (r+y) &) +

1, (bLEbar w2 + 8 (- (Wl -wlw2 - w2 w3 +w32) y-wlw2op + (wl? +w3%) oz -w2w303))) /
((w1? +w2% +w3?) (1+bL (11 +12)) 61)

(Ebar w3 + (wl? + w2? - (Wl +w2) w3) 1 &; + 1; (bLEbar w3 - (wl? +w2? - (wl+w2) w3) (r+4) ;1) +
1; (bLEbarw3 + 8y (- (wl? + w2? - (wl +w2) w3) ¢ - w3 (wl oy + W2 &) + (w12 +w2?) 03))) /
((w1? +w2% +w3%) (1+bL (11 +12)) 61)

D[LoanDemandl, r] // FullSimplify

(-w2° —w3% +wl (w2+w3)) 1,
(wl® + w2 +w32) (L+DbL (11 +12))

% /. {wl- .3451, w2 » .8200, w3 > 1.0203}

_ . 0.5884431,
1+bL (11 +13)

D[LoanDemand?, r] // FullSimplify
% /. {wl- .3451, w2 - .8200, w3 ->1.0203}

(W1? —wl w2 +w3 (-w2+w3)) 1;
(wWl% +w2% +w3%) (1 +DbL (11 + 15))

_.0.0220889 1,
1+bL (l]_ + 12)

D[LoanDemand3, r] // FullSimplify
% /. {wl> .3451, w2 » .8200, w3 » 1.0203}

B (wl1? + w2% - (wl +w2) w3) 1;
(wl? + w2? +W32) (1 +bL (1; +13))

0.216784 1,
T+DL (11 + 12)

D[LoanRatel, r] // FullSimplify
% /. {wl->.3451, w2 .8200, w3 1.0203} // Expand

(w1? + w2? +w3%) 1o (1+bL1s) + 1y (w22 +w3% —wl (w2 +w3) +bL (wl? + w2? + w3?) 1,)
(w12 + w2% +w3%) (1; +1z) (L+DbL (11 + 15))

0.588443 1, . 1.1, .
(11 + 1) (L+bL (1; +12)) (11+1z) (L+DbL (17 +13))
1.bL1; 1 1.bL 13

(11 +13) (1 +bL (17 +15)) * (Li+12) (1+bL (11 +13))
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O

In[42]:= D[LoanRate2, r] // FullSimplify
% /. {wl= .3451, w2 .8200, w3 - 1.0203} // Expand

(W1% +w2% +w3?) 1 (1+DbL1y) + 1y (wl? - wl w2 - w2w3 + w3 + bL (wl? + w2 + w3?) 1)

out[42]=
utla2] (w1? + w2? + w3%) (11 +1z) (1L+bL (11 +13))
0.02208891, 1.1,
o _ 1
VELS T, (1L (e lz)) | (Lie 1) (1+bL (11 +12))
1.bL1; 1, 1. bL 13

(I; +12) (1+DbL (L1 +12)) (L1 +12) (1+BL (11 +12))

In[44]:= D[LoanRate3, r] // FullSimplify
% /. {wl- .3451, w2 - .8200, w3->1.0203} // Expand

(w1% + w22 + w3%) 1o (L+bL 1p) + 1y (wl®+w2? - (wl +w2) w3 +bL (wl? +w2? + w3?) 1,)

out[44]= .

utl24] (w1? +w2? + w3%) (L3 + 1) (L+DbL (11 +15))

out[45]— - 0.216784 1, . 1.1,

ubise/= (1; + 1) (1+DbL (1;+15)) (1 + 15y (L+DbL (1 + 12))
1.bL1; 1; 1.bL 1%

(11 + 1) (1+bL (13 +13)) * (11 +12) (1+DbL (11 +13))

In[46]):= DepositsDemand=dp+d; rd+d; (rd - rg)

Out[46]= do+rdd; + (rd-rg) dz

In[47]:= Solve[Deposits = DepositsbDemand, rd] // Flatten // FullSimplify

{rd% rg-rgp-bddg+bdrgd; }

out[47]= T+bd (d + )

In[48]):= DepositRate=rd/. %

rg-rgp-bddg+bdrgds
1+bd (dy +dz)

out[48]=

In[49]):= DepositRate = DepositRate /. rg->r+ ¢

r+iy-p(r+y¥) -bdde +bd (r+¢) do

out[49]= T+bd (& + &)

In[50]:= D[DepositRate, r]

1-p+bdd2

uELSOIT TTEG (v dn)

In[51]:= G=G/. {rg=>r+¥, rd > DepositRate} // FullSimplify

Out[51]= (—bd bL Ebar (wl + w2 +w3) + bd (~rL2 wl? - rL3 wl? + rLl wl w2 + rL2 wl w2 -

rLl w2? - rL3w2? + ((rLl+ rL3) wl + (rL2 + rL3) w2) w3 ~ (rLl + r1L2) w3? +
bL Ebar (wl? + w2? + w3%) + 2 (wl? + w22 —w2 w3+ w3% - wl (w2 +w3)) (r+y) +
bL (w1? + w22 + w3?) (-1 +p) (-do+ (r+y) ((-1+p) d1+pdz))

1+bd (dy +dz)

el) / (bd bL (wl? + w2? + w3?) 6;)
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Inf52]:=

Oout[52]=

In[53]:=

out[53]=

Inf54j):=

Out[54]=

Inf{55]:=

Out[55]=

In[56]:=

out[56]=

G=G/. {rLl- LoanRatel, rlL2 —» LoanRate2, rL3 - LoanRate3} // FullSimplify

(-Ebar (wl +w2 +w3) -bLEbarwl 1; - bL Ebarw2 1; - bLEbar w3 1l; -bLEbarwl 1, -
bL Ebar w2 1, - bL Ebar w3 1, + Ebar wl? 61 + Ebar w2? 81 + Ebar w32 ©1 +wll dp 61 + w22 do &1 +
w32 dp o) -wll pdp 8y ~w2l pdg B, - w3 pdp By -2wl? 1B + 2wl w2 1961 - 2w2% 15 6; +
2wl w3181 +2W2w31y8; ~2w3% 1960, +bLEbarwl® 1, 6, +2rwl®1: 6, -2rwlw2l; 6; +
bLEbarw2? 1161 +2rw2? 116, ~2rwlw3l, 6 -2rw2w3 1, 6; + bLEbar w3® 1; 61 +
2rw3? 16 +2wll P11 8 - 2wl w2 Yl 01 +2w22 h 116 -2wlwl il 61 -2w2w3 1, 6; +
2w32 Yl 6 +bLwl?de 116 +bLw2?dy 1161 +bLw3?dy 116, -bLwlpdy 1; 6; -
bLw2? pdg 1; 6 - bL w32 pdy 13 6; + bL Ebar wl? 1; ©; + bL Ebar w2? 1, 6; + bL Ebar w3% 1, 6; +
2wWlP Y 1,6, ~2Wl w2 1,0, +2 w22 1,6, - 2wl w3yl 6 -2w2 w3l 6 +2w3% 1,6, +
bLwl?dg 1,6 +bLw2?dy 1,8y +bLw3?dg 1,6 -bLwl? pdg 1,6, ~bLw2? pdy 1, 6; -
bL w3? pdygly B +wWl w2 1lo61 01 - w2? 1268101 +wWlw31l;68 01 -w32 1,6 o1 - wl? 1,61 02 +
WLl W2 10, 02 +W2W3 181 02 —w3%2 1261 g — (wl? +w2% - (wl +w2) w3) 126; 03 +
d; (-bd Ebar (Wl +w2 +w3) + ( (wl? + w2? + w3%) (bd Ebar+ (-1 +0)2 (r+y)) -
2bd (w1% —wl w2+ w2% - (wl +w2) w3 +w3%) 1) 6; +
1; (-bdbL Ebar (wl + w2 +w3) + (bL (w1 +w2? + w3%) (-1 +0)% (r+¢) +bd (bL Ebar
(W1% + w2? +w3%) + 2 (W1 —wlw2 + w22 - (Wl +w2) w3 +w3%) (r+y))) 61) + 1
(-bdbL Ebar (wl + w2 + w3) +6; (bdbL Ebar (wl? +w2% + w3?) + 2bd (wl? + w2? - w2 w3 + w3? -
wl (w2 +w3)) ¢+ bL (wl? + w2? + w3%) (-1 +0)% (r+¥) +bd (((Wl -w2) w2 +wl w3 -
w32) o1 - (wl2 ~w1w2—w2w3+w32) Oy - (w12+w22~ (Wl +w2) w3) o3)))) +
dp (-bd Ebar (wl +w2+w3) + ((wl? +w2? +w3?) (bdEbar+ (-1 +0) p (r+¥)) -
2bd (wl? - wl w2+ w2% - (wl +w2) w3+w3%) 1) 6; +
1: (-bdbL Ebar (wl + w2 +w3) + (bL (wl? +w2? + w3%) (-1 +p) p (r+y) +
bd (bL Ebar (wl?+w2? + w3%) + 2 (wl? - wl w2 +w2? - (wl +w2) w3 +w3%) (r+y))) &1) +
1; (-bd bL Ebar (wl + w2 + w3) +6; (bdbLEbar (wl? +w2? + w3?) +
2bd (wl? + w2? - w2 w3 +w3% —wl (w2 +w3)) ¥+
bL (wl? + w22 +w3?) (-1 +0) p (r+¥) +bd (({(wl - w2) w2 + wl w3 - w3?)
o1 - (W12 Wl w2 - w2 w3 +w3%) gg - (W12 +w2? — (wl +w2) w3) 03))))) /
((w1% + w22 +w3%) (1+bd (dy +d2)) (L+bL (1, +15)) 1)

D[G, r] // FullSimplify

(-1+p) ((-1+p)di+pcy) 2 (wl? + w2? w2 w3+ w3% —wl (w2 +w3)) 1,
1+bd (d +dz) (wl? + w22 + w3?) (1 +bL (11 + 12))

Assets = G + LoanDemandl + LoanDemand?2 + LoanDemand3 // FullSimplify

Ebar - (-1 +p) dg + (bd Ebar + (—1+p)2 (r+y¢)) di + (bdEbar+ (-1+p) p (r+¢)) do
1T+bd (d +dz)

D[Assets, r]

(-1+p)idi+ (~1+p)pdp
1+bd (dy+dz)

Loans = LoanDemandl + LoanDemand2 + LoanDemand3 // FullSimplify

(Ebar (Wl + w2 +w3) + 2 (wl? + w22 - w2 w3 + w3% - wl (W2 +w3)) 1o 61 +
1; (bLEbar (Wl + w2 +w3) - 2 (Wl? —wl w2 +w2% - (wl +w2) w3 +w3%) (r+y) 61) +
1, (bLEbar (wl+w2+w3) +68; (-2 (Wl + w22 —w2 w3 +w3% -wl (w2 +w3)) ¢+
(w22 +w3% —wl (w2 +w3)) o1 + (Wl - Wl w2+ w3 (-w2+w3)) op +
(wi% + w22 - (wl +w2) w3) 63))) / ((w1% +w2% + w3%) (L +DbL (11 +12)) 61)
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( / In[57]:= LoansReaction=D[Loans, r] // FullSimplify

2 (wl% + w2% w2 w3 +w3? —wl (w2 +w3)) 11
(wl2 + w2t +w32) (L+DbL (11 + 1))

Qut[57]=

In[58]:= LoanDemandlReaction = D[LoanDemandl, r] // FullSimplify

(~w2? w3+ wl (w2 +w3)) 1,

Qutf[58]= -
B T T 3%y (1+bL (Lt Lo))

In[59]:= D[LoansReaction, wl] // FullSimplify
D[LoansReaction, w2] // FullSimplify
D[LoansReaction, w3] // FullSimplify

2 (Wl +w2+w3) (-w2? -~ w3% +wl (w2 +wW3)) 1y

out{59j= - - 5
(w1% + w2? + w3%)° (1 +bL (13 + 1))
2 -
Out [60]= 2 (wl ~}-w27+w3)9 (wl h Zxrl w2 +wW3 (-w2+w3)) 1
(wWl® +w2°+w3°)" (L+DbL (11 +12))
5 2 2 _ .
Out[61]= 2 (Wl + w2 +w3) (wl® +w2 (wl +w2) w3) 11

(w12 + w22 + w32)? (1 +DbL (1; + 1))

In[62]:= RiskWLoans = wl LoanDemandl + w2 LoanDemand?2 + w3 LoanDemand3 // FullSimplify

Ebar

outf62]= 5
1
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Long-run solution with no capital requirements

i) fo s B L1 p L2 5 L3 s G
n = re=sr+ + — —_— —_— —
0 1,1 Eq 1,2 E 1,3 Eq 2 Eq
B GBy  L1fB1,1  L2pB1,2 | L3B1,s
Cutfi]= 1 +[g+ Eq + o + o + o
bL 2 2 2
In[2}:= .£=rLlLl+rL2L2+rL3L3+rgG-—rdD--2— (L1° + L2° + L3°) -
bd be .
?DZ - —2—qu -reBEq-A; (L1+12+1L3+G- (1-p) D-Eq) // FullSimplify
2 2
outrzj- -RADT _BeBa Ly 192,102, 13%) BEqr-Drd+Grg+ 1l rLl + L2 rL2 +

2 2 z
L3rL3-Egfy-Gfhz - (-Eg+G+L1+L2+L3+D(-1+p)) )1—L1/31'1 —LZB]_,Z —L3/31,3

In{3]:= eql=D[.L, L1]
out[3]= -bLL1l+rLl -2 -f31,1
Inf4]:= eq2=D[.L, L2]
out[4]= -bLLZ2+rL2-2; -f31,2
In[5]:=~ eq3=D[.L, L3]

out[5]= -bLL3+rL3~2; -f1,3

In[6]:= eqd =D[L, D]

Outfé]= -bdD-rd- (-1+p) A4
In[7]:= eg5=D[L, G]

Qut[7]= rg-fBz -2

In[8]:~ eg6=D[L, Eq]
Out[8]= -beBEgq-r-Pfo+ A1
In[9]:= eq7=D[L, A]

out[9]= Egq-G-L1-L2-L3-D (-1+p)

In[10]:= solution = Solve[{eql =0, egq2 =0, eq3 =0, eqd =0, eg5 =0, eg6 == 0, eq7 =0},
{11, L2, L3, G, D, Eq, A1}] // Flatten // FullSimplify

1
~ Ldbe bl
bdbL By - (bd (3be+bL) +bebL (-1 +p)?) Bz +bdbe (B1,1+B1,2+B1,3)),
~rg+rLl+/3; -f31,1 -rg+rL2+f32 - B1,2 -rg+rL3+ 32 - 1,3
!

Oout[10]= {G (-bd (bL (r-xqg) +be (-3 rg+rLl+rL2+rL3)) +bebl (rd+rg (-1 +p)) (-1+p) -

L1l - =3 , L2 = =3 ; L3 - oL
r-rg+fBo+ 3 ~rd+rg-rgp+ (-1+p) B2 3
Eq- ~ he , D= o ,Alﬁrg—Bz}
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In{1lj:= Ll =L1/. solution
L2=L1L2 /. solution
L3 =L3/. solution

-rg+rLl + B3, - 31,1

Outfil]= L
~rg+rL2+ 2 - P12
P .
outf12] oF
out[13]= ~rg+rLJ+/32 —/31,3

bL

Infi4]:= G=G /. solution

1
bd be bL
bd bL By - (bd (3be +bL) +bebL (-1 +p)2) Bz + bdbe (B1,1+B1,2+B1,2))

Out[14]= (-bd (bL (r ~rg) +be (-3 rg+rL1+rL2+ rL3)) +bebl (rd+rg (-1 +p)) (-1 +p) -
In[15):= Deposits =D /. solution

-rd+rg-rgp+ (-1 +p) B2
bd

out[15]=

In[i6]):= Eq=Eq/. solution

_r-rg+fo+fe

out[l6]= b

Inf17):= Eq=Eq/. {rg->r+ ¥}

Y+ Bo+he

Out[17]= o

Infi8):= DepositsDemand=dp+d; rd+d; (rd-rg)

Oout[18]= dy+rddy + (rd-rg) d;

In[19]:= BSolve[Deposits = DepositsDemand, rd] // Flatten // FullSimplify

rg-rgp-bddy+bdrgd; + (—1+p)/32}

out[19]= {rd% T hd (A )

In[20]:= DepositRate=rd/. %

rg-rgp-bdde+bdrgd; + (-1+p) B2
1+bd (dy +dp)

outf20]=

In[21]:= DepositsDemand = DepositsDemand /. {rd - DepositRate} // FullSimplify

do+ (rg-rgp) di—rgpds + (-1 +p) (dy +d2) 2

out[21]= 1+Dbd (4 +d7)

In[22]:= DepositsDemand = DepositsDemand /. {rg—r+y} // FullSimplify

do - (r+d) ((-1+p)di+pde) + (-1+p) (di +d2) Be

outf22]= T +Dbd (d; +d2)
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In[23]:= D[DepositsDemand, r]

-(-1+p)dy-pd;

QutlZ23]= g (G 4,

In[24]:= LoanDemandl = 1p -1; rLl-1; (rLl - rBl)
LoanDemand2 = 19 ~ 1; rL2 -~ 1, (rL2 - rB2)
LoanDemand3 = 1 -~ 1; rL.3 - 1 (rL3 - rB3)

outf24]= 1y -rLll; - (-rBl+ rll) 1,
Out[25]= 1lg-rL21; - (-rB2+ rlL2) 1,

Out[26]= 1lp -rL31; - (-rB3+ rL3) 1,

In[27]):= sollrl = Solve[Ll = LoanDemandl, rLl] // Flatten // FullSimplify
sollr2 = Solve[L2 = LoanDemand2, rL2] // Flatten // FullSimplify
s0llr3 = Solve[L3 = LoanDemand3, rL3] // Flatten // FullSimplify

rg+bLly+bLrBl1ly -5 +fB; }

o
out[27] {rL1—> T hL (L 1)

rg+bng+erBle—/32 +/31,2 }

out[28)= {rLZ—" DL (L 1)

rg+DbL1ly+bLrB31, - f3; +/31,3}

out[29]= {rL3-—> TThL (L 1)

Inf{30]:= LoanRatel = rlLl /. sollrl
LoanRate2 = rL2 /. sollr2
LoanRate3 = rL3 /. sollr3

. rg+bLlg+bLrBl1ly-f82+f1,1

out[30]= 1+DBL (11 + 12)

_ rg+bLlg+bLrB21y~-fBz+B1,2
out[31]= 1+DbL (1 +12)
out[32]~ Ig+bLlo+erB3 12'/32+Bl,3

1+DbL (l]_ +lz)

In[33]:= LoanRatel = LoanRatel /. {rg-or+¢, rBlor+ o}
LoanRate2 = LoanRate2 /. {rg-o>r+ ¢, rB2or+oz}
LoanRate3 = LoanRate3 /. {rg—o>r+¢, rB3>r + o3}

r+y+bLlg-Bs+bLly, (r+oy) +f1,1

outl33]= T+DbL (11 + 15)

_ r+y+bLlg-B;+bLly (r+oz) +B1,2
out[34]= R ST TEaE
out[35]= r++bL1lo-B2+bL1y (r+03)+B1,3

1+bL (l]_+lz)

In[36]:= DepositRate = DepositRate /. {rg->r+ ¥}

r+-p(r+y) -bddg+bd (r+) do+ (-1 +p) B2

out[36]= T+bd (41 + &)
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In[37]:= D[DepositRate, r]

1-p+bdd:

U TR (a v )

In[38]:= D[LoanRatel, r]
D[LoanRate2, r]
D[LoanRate3, r]

1+bL1s

Out[38l= i+ 15
1+bL1,

Q] e

Outl32)= T ET T, = 10
ot 140 1+bL1,

1+bL (1, +13)

In[41]:= D[LoanRatel, 3] // FullSimplify

1

e e S S A AP P

In[42]:= LoanDemandl = LoanDemandl /. {rLl -» LoanRatel, rBl > r+ oy} // FullSimplify
LoanDemand?2 = LoanDemand2 /. {rlL2 - LoanRate2, rB2-or+o;} // FullSimplify
LoanDemand3 = LoanDemand3 /. {rL3 -» LoanRate3, rB3->r+ o3} // FullSimplify

lo+lo (-¢y+B2+01-B1,1) - 11 (x+¥-Ba+PB1,1)

outl42]= T+DbL (11 + 12)

o lo+ly (d+Bprop~PBr2) ~ 1l (e -PB2+B1,2)
out[43]= T+DBL (1,7 13)
out [44]= o1z (Y +Bor+03—Ba,3) ~11 (x+¥-B2+PB1,3)

1+ bL (ll-s‘-lz)

Inf[45]:= D[LoanDemandl, r]
D[LoanDemand2, r]
D[LoanDemand3, r]

e 1y
Qut[45]= = T EE T 7 15
. 1,
Out[46]= ~ TPy, v 1g)

out [47]= Ly

T1+bL (11 +1y)

In[48]:= D[LoanDemandl, bL] // FullSimplify

(Li+1p) (lo+ 1y (r+¥-PB2+B1,0) +12 (b-B2-01 +PB1,1))
(1+DbL (1 +15))?

out[48]=



O
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In[49]:= G=G/. {rg-»r+y, rBlor+o;, rB2>r+ o0, rB3 > r + 03, rLl -» LoanRatel,
r12 - LoanRate2, rL3 - LoanRate3, rd » DepositRate} // FullSimplify

out[49]= bdbl—ebL(—bdbLBo ~ (bd (3be +bL) +bebL (-1 +0)2) By +
bebl (-1+p) (~bddog+bd (r+¥) ((-1+p)di+pd2) + (-1+p) B32)

1+bd (dy +d2)

+bdbe (B1,1+B1,2+B1,3) +

.
l+bL(ll+lz)

3befls -beblloor ~beblLlyos -beblLl; 03—be/_’>1,1~be/31,2-be/31,3)))

bd (bLy -3bebLly+bL (bLyy+3be (r+y)) 1; +3bebL i ls + bL2 ¥ 1s +

t

In[50]:= D[G, r] // FullSimplify

(z1+p) ((-1+p)di+pdz) 31
1+bd (d; +d2) 1+DbL (13 +17)

i

out [50]

In[51):= Assets = LoanDemandl + LoanDemand2 + LoanDemand3 + G // FullSimplify

1
out[51]= 4= RS TRCHERY
(f+ (be-bep)do~Po-Pr+ds (bdg+be (<1+0)2 (r+y) ~bdfo - (bd+be (-1 +p)%) B2) +
dz (bdy+be (-1+p) p (r+¥) -bdfo - (bd+be (-1+p)?) B2))
In[52]:= D[Assets, r] // FullSimplify
out[s2)= SZt*p) ((-1+0)di+pdz)

1+bd (d1+d2)
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N
C} In{53]:= renew=re /. {L1 - LoanDemandl, L2 - LoanDemand2, L3 -» LoanDemand3}

befiy (lo+1y (“+Bp+01-B1,1) — 11 (x+¥-PB2+P1,1))
(1+DL (11 +12)) (=¢+Bo+B2)

befi,0 (lot+ls (-4 +Bz+02-B1,2) -1y (x+¥-Ba+P1,2))
(1+DBL (1y+12)) (=¥ + B +B2)

befi,s (lo+ly (“¥+Br+03-PB1,3) -1s (r+¥-Ba+P1,3))

(1+DL (11 +12)) (=¥ +Bo +Bz)

(/32 (—bdbL/Bg ~ (bd (3be +bL) +bebL (-1 +0)2) fiz +

Qut[53]= r+ 3y —

1
bdbL (-¢ + By + B2)
bebL (-1+p) (-bddg+bd (£+¥) ((-1+p) h+pdy) + (-1+p) Br)
1+bd (d; +dz)

1

bdbe (B1,1 +B1,2+B1,3) + T+bL (L1 + 12)
(bd (bL Y - 3be bL 1o +bL (bLy+3be (r+4)) 11 + 3bebL iy 1y +bL? 1y +

BbeBz—bebng ol—bebng Gz—beble O3—be/31'1 —be/31,2 —beBl,g))))

4+

befi,; (lo+1lp (=¥+Bo+01-B1,1) 11 (r+¥Y-PB2+P1,1))
(1+DbL (11 +12)) (=% +Bo+fB2)

befly,p (lo+lp (-¥+PBo+02 —Pr,2) — 11 (x+ ¥ -Bo+PB12))
(L+DL (11 +12)) (=¥ +Bo+P2)

befi,s (lo+1ly (-¥+fB2+03~P1,3) -1y (r+¥-PBa+PBy,3))

(L+bL (13 +12)) (~d+Bo+B2)

; (/32 (—bdbLBg ~ (bd (3be +DbL) +bebL (-1 +0)2) B, +

r+f3g -

1
LA bL (W + Bo + P
bebL (-1+p) (-bddy +bd (r+y) ((-1+p) di+pdz) + (-1 +p) f2)
T+5d (4, +d3)
bdbe (B1,1+B1,2 +B1,3) +

€ } 1 - / 2
. T+5L (11 + 12) (bd (bLy -3 bebLly+blL (bLy+3be (r+¥)) 13 +3bebLyl, + bl ¥yl +

3befz -bebLlso; ~beblLl; 0z ~beblLl, 03—be/_%l,l—beﬁl,z—beﬁl,s))))

+

Inf[54]:= D[renew, r] //FullSimplify

be (-1+p)% d1 f» be (-1+p) pdy iz, (1+bLla) (Yy-Fo-fz)+11 (bLyY+3 be Br-bL (Bg+f) -be (f1,1+A1,24B1,3))
1+bd (di+d2) 1+bd (dy+dz) 1+bL (11+12)

= fo - P2

outf54]=



O
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Long-run solution with risk-based capital requirements

Inf1] B B L1 B L2 A L3 B G
n = Yre=>r+ + —_— —— — e RS
0 1,1 Eq 1,2 Eq 1,3 Eq 2 Eq
B GfBz  L1fB:i,n  L2fBi1,2  L3f1,s
Ooutfl]= xr+fy+ o + o + o + Bq

bL
Inf2]:= L=rLlLl+rL2L2+rl3L3+rgG-rdD- - (11? + L.2% + 1.3%) -

bd be
-—2—-D2--—2—-Eq2-reEq-Al (L1 +12+L3+G~ (1L-p) D-Eq) -
A2 (61 (WlLl +w2L2+w3L3) -Eq) //FullSimplify
2 2
outfzj= -RIDT BB 1y 112,102, 13%) ~Eqr-Drd+Grg+Ll rLl+

L2 rI2+ L3 rLl3-EgqfBg-GfR, - (-Eq+G+L1+1L2+L3+D (-1+p)) Ay -
(—Eq+ (L1W1+L2W2+L3W3) 61) ]z—Ll /31,1—1,2/31,2—1,3/31,3

In(3]):- eql =D[L£, L1]

out[3]= -bLL1+rLl-2y -wl6; A - By,
In[4]:= eq2 =D[.L, L2]

Outf4]= ~-bLL2+xrL2-2A -wW26; A2 - f31,2
In{5]:= eq3 =D[.L, L3]

out[5]= -bLL3+xL3- Ay -w36; Az - f31,3
In[6]:= egd4 =D[.L, D]

Out[6]= -bdD-rd- (-1+p) X4

In[7]:= eq5 =D[L, G]

Out[7]= rg-f2-72

In[3]:= eq6 =D[L, Eq]

Out{8]j= -beEq-r-Bo+ A1+

Inf9]:= eq7 =D[L, A]

out[9]= Eq-G-L1-1L2-L3-D (-1+p)
In[10]:= eq8 =D[.L, A2]

Out{10]= Eg- (Llwl+L2w2+L3w3)6;
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In[11]:

Out[11]

In[12]:

Oout[12]

In[13]:

Out[13]

solutionlR =
Solve[{eql =0, eq2=0,eq3 =0, eqd =0, eqg5 =0, eq6 =0, eq7 =0, eqg8 = 0},
{11, 12, 1.3, G, D, Eq, A1, A2}] // Flatten // FullSimplify

{G—= (B2 (-bL (3bd+bL (-1 +p)?) + 2bdbL (wl + w2 +w3) 6 -
(bd (bL (w1% + w22 +w3?) + 2be (w1? - wl w2 +w2% - (wl +w2) w3 +w3%)) +
be bL (wl2 +wa? +W32) (—l+p)2) %) +
bdbLE; (rLl1wl + rL2w2+ rL3 w3+ r (Wl +w2+w3) -2 rg (Wl +w2 +w3) +
(Wl + w2 +w3) Bo~wl 1,1 ~w2 31,2 -~w3f,3) +bL
(bd (3 rg=-rLl-rL2-rL3) +bL (rd+rg (-1+p)) (-1+p) +bd (B1,1 +B1,2+B1,3)) +
6% (bd (-bL (r - rg) (w1? + w2? + w3%) +be (-rL2wl? - rIL3wl® + rLl wl w2 +
rL2 wl w2 - rLl w2? - rL3 w2% + ( (Ll + rL3) wl + (r12 + ri3) w2) w3 -
(rLl + rL2) w3% + 2 rg (wl? - wl w2 + w2? - (wl +w2) w3 +w3%))) +
bebl (wl1? +w2? +w3%) (rd+rg (-1 +0)) (-1 +0) -bdbL (w1? + w2% + w3%) 3, +
bdbe ((w2? +w3? —wl (w2 +w3)) f1,1 +
(w1% - wl w2+ w3 (-w2+w3)) By,2 + (wl? +w2% - (wl +w2) w3) B1,3))) /

-rd+rg-rgp+ (-1+p) A
bd !

(bd bL (bL + be (w1? +w2? +w3%) 62)), D

L1 = (-bLwl (r-rg+f3) 61 +
B2 (bL -bLwl 8; + be (w22 + w3? - wl (w2 +w3)) 6%) -
bL (rg - Ll + f1,1) +
be@% (w2 (rgwl - rL2wl - rgw2 + rL1 w2) + (rg - rL3) wl w3 - (rg - rLl) w3? -
(w2? + w3%) Bi,1+wlw2 B, +wlw3f3q,3)) / (bL (bL +be (wl? +w2? +w3%) 6])),
12 = (-bLw2 (r - g+ ) 61 + B2 (bL ~bLw26; +be (wl? - wl w2 - w2 w3 +w3?) 6%) -
bL (rg - xrL2+ f31,2) +
beef (Wl (rL2wl -rL1w2+rg (-wl+w2)) + (rg-rL3) w2 w3 + (-rg+ rL2) w3? +
wl w2 B1,1 - (W1 +w3%) By,2 +w2w3 f1,3)) / (bL (bL + be (wl1? + w2? + w3%) 62)),
L3 (-bLw3 (r-rg+fo) 61+ B2 (bL-bLw36; +be (wl? +w2? - (wl +w2) w3) 6%) -
bL (rg - rL3 + f31,3) +be &} (- (rg- rL3) (wl? +w2%) +
(-rL1wl-rL2w2+rg (Wl +w2)) w3+ wlw3fB1,1+wW2wW3pB1,2 - (wl? +w22) B1,3)) /7
N 1
" bL+be (wl? +w2? +w3?) 6%
(61 (rLl1wl + rL2 w2+ rL3w3 - rg (wl + w2 + w3) - (w12+w22+w32) (r-rg+fg) 61+
Bz (Wl +w2+w3 - (w12 + w22 +w32) 61) —wl f1,1 -w2B1,2-w3f1,3)),
1
"~ bL+be (wl? +w2? + w3%) &2
Bz (PL+Dbe (Wl +w2 +w3) 61) -
be8; (-rLlwl - rL2w2 - rL3 w3 + rg (Wl + w2 + W3) +
wlB1,1+ w2 B2+ w3 B1,3)), b > rg- Bz}

(bL (bL + be (w1? +w2? +w3%) 6%)), Eq

Az (bL (r - rg) + bL B¢ +

Eq = Eq /. solutionLR

1
bL + be (wl? + w2 + w3?) 62
(&1 (rL1wl + rL2 w2 + rL3w3 - rg (wl + w2 + w3) - (w12 +w2? + w3?) (r-rg+f3) 61 +
Bz (Wl+w2+ w3~ (wl%+w2? +w3%) 61) ~wl 1,1 ~w2B1,2-w3B1,3))

L1l =L1 /. solutionlR

(-bLwl (r-rg+fg) 61+
Bz (bL - bLwl 6; + be (w2? +w3? -wl (w2 +w3)) 67) ~bL (rg-rLl+f1,1) +
be 67 (w2 (rgwl - rL2wl - rgw2 + rL1w2) + (rg- rL3) wl w3 - (rg - rLl) w3? -
(w22 +w3%) By,1 + Wl w2 A,z +wl w3 By,3)) / (BL (bL+be (wl? +w2? + w3?) 6}))
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Infldj:=

Outf14]=

In[15]:

Out[15]

it

Infil6]:

Outf16]

I

Inf[17]:

out[17]

Inf18]:

I

Out[18]=

Out[19]=

out[20]=

L2 = L2 /. solutionLR

(-bLw2 (r-xrg+fe) 61+
Bz (PL -bL w2 6; +be (w1? - wl w2 - w2 w3 + w3?) 8%) -bL (rg-rL2+f31,2) +
be & (wl (rL2wl - rL1w2 + rg (-wl +w2)) + (rg - rL3) w2 w3 + (-rg + rL2) w3? +
wlw2 31,1 - (w1? + w3?) B1,2 +wW2wW3f31,3)) / (bL (bL + be (w1? +w2% + w3?%) 6%))

L3 =L3 /. solutionlR

(-bLw3 (r-rg+fpy) 61 +
Bz (bL-bL w361 +be (wl? +w2? - (wl +w2) w3) 6%) -bL (rg - rL3 +f1,3) +
be & (- (rg - rL3) (w12 +w2%) + (-rLlwl - rL2w2 + rg (Wl +w2)) w3 +
Wl W3 B1,1 + w2 w3 f1,2 - (wl? +w2?) B1,3)) / (bL (bL + be (w12 +w2? +w3%) e}))

G =G /. solutionlR

(B2 (-bL (3bd +DbL (-1 +p)%) + 2bdbL (Wl + w2 +w3) &, -
(bd (bL (w1? +w2? + w3?) + 2be (wl? - wl w2 +w2? - (wl +w2) w3 +w3%)) +
be bL (w12 +w2? +w3%) (-1+p)2) &F) +
bdbL®; (rLlwl + rL2w2 + rL3 w3+ (Wl +w2+wW3) -2rg (Wl + w2 +wW3) +
(Wl +w2+w3) Bo-wlfBy,1 -w2PB1,2 -wW3fB1,3) +
bL (bd (3 rg-rLl-rL2-rL3) +bL (rd+xrg (-1+p)) (-1+p) +bd (B1,1 +PB1,2+PB1,3)) +
6% (bd (-bL (r - rg) (wi? +w2? + w3?) + be (-rL2wl? - rL3wl? + rLl wl w2 +
rL2wl w2 - rT1 w2? - rL3w2% + ((rLl + rL3) wl + (rL2 + rL3) w2) w3 -
(ril + rL2) w3? +2rg (W1? - wl w2 + w2? - (wl + w2) w3 +w32))) +
bebL (wl% + w2 +w3?) (rd+rg (-1 +p)) (-1 +p) —bdbL (w1 + w2? + w32) By +
hd be ((wZ2 +w3% - wl (W2 +wW3)) 1,1 + (wl2 ~wWlw2+ w3 (-w2+W3)) By,2+
(w1% + w22 - (wl +w2) w3) f1,3))) / (bdbL (bL +be (w12 + w2? + w3%) 6%))

Deposits =D /. solutionlR

-rd+rg-rgp+ (-1+p) B
bd

LoanDemandl = 15 - 1; ¥L1 - 1; (rLl - rBl)
LoanDemand?2 = 1p - 1; rL2 - 1, (rL2 - rB2)
LoanDemand3 = 1g -~ 1; rL3 - 1; (rL3 - rB3)

lo-rLl1l; - (-rBl+rLl) 1,
lg -rL2 ll - (—-.’CBZ + rLZ) lg

lo-rL31; - (-xB3+ rL3) 1,
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In{21]:= eq9 = Ll = LoanDemandl
eqlO = L2 = LoanDemand2
eqll = L3 = LoanDemand3

O

out{21]= (-bLwl (r-rg+f3) 61 +532 (bL-bLwl6; +be (w22 +w3% —wl (w2 +w3)) 9%) -
bL (rg-rLl +f31,1) +be8§ (W2 (rgwl - rL2wl - rg w2 + rL1 w2) +
(rg - rL3) wlw3 - (rg - rLl) w3% - (w2? +w32) Bi,1 +wWlw2fB1,2+wWlw3f31,3))/
(bL (bL + be (wl?+w2? +w3?) 6f)) =1 - rL1 1y ~ (-rBl +rLl) 1,
out[22]= (-bLw2 (r-rg+fo) 61+ 2 (bL-bLw26; +be (w1l - wl w2 - w2 w3 +w3?) 62) -
bL (rg-xrL2 +f31,2) +be8§ (Wl (rL2wl - rtL1 w2+ xg (-wl +w2)) +
(rg - rL3) w2 w3+ (~rg+ rL2) w3+ wl w2 1,3 - (W1? + w3%) By,2 + W2 w3 B1,3)) /
(bL (bL + be (wi1? + w2? + w3%) 6%)) =1y - rL21; - (-rB2 + rLZ) 1,
out[23]= (-bLw3 (r-rqg+ o) 81 +f2 (bL -bLw3 81 +be (wl? +w2? - (wl +w2) w3) &%) -

bL (rg - rl3 +B1,3) +be@f (- (rg-rL3) (wl? +w2?) «+
(-rLlwl -rL2w2+rg (Wl +w2)) w3+wlw3f;,1 +w2w3 31,2 - (wl2 +w22) f1,3)) /
(bL (bL + be (wil? +w2? +w32) ©%)) =13 - rL31; - (-rB3 + rL3) 1,

O
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C In[24]:= solLoanRates = Solve[{eq9, eql0, eqll}, {rLl, rL2, rL3}] // Flatten // FullSimplify

out[24]= {rLl - (rg+DbL rBl 1, +erg12+bL2 rBl l% ~f2-bL1ly B2 +rwl & ~
rgwl®; +bLrwlly; 8 -bLrgwlly B +wl 3081 +0PLwl 1lyfBa61 +wWlB261 +
bLwl 1, B2 & + be rBl wl? 1z 6% +berB2wlw2l, 6% -bergwlw2l; 6% +
be rg w2% 15 6‘% +be rB3wl w3 1, 6% -bergwlw3l; 6% +be rg w3% 1, 6% +
be bL rBl wl? 12 6% + be bL rB1 w2? 1% 6% + be bL rBl w3* 14 67 +
bewlw21ls 67 ~bew2? 1,8, 6% +bewl w31y 8,6% —~bew3? 1, 3,6} +
1o (bL+bewl (Wl +w2+w3) & +bL (11 +1p) (bL+be (wi?+w2? +w3%) 62)) + 1,1 +
bL1;B1,1+bew2? 1,623, +bew3? 1,620, 1 -bewl w21, 8% p,, -bewl w3 1,62 f31,3+
11 (bPLrg+bLrwl & -bLrgwl&; +bLwl 3061 ~bexrgwl w26§ +be rng2 6% ~-be rgwl
w3 6% +be rgw3? 6§+/32 (-bL +bLwl 81 +be ((wl - w2) w2 +wl w3 - w3?) 6%) +
bL rBl 1; (bL + be (wl?+w2? +w3?) %) +bL 1,1 + bew2? 6% f1,1 +
bew3% 6% 1,1 -bewl w26% 31,2 - be wl w3 6% f1,3)) /
((1+bL (13 +15)) (1+ (13 +1,) (bL+be (w12 +w22 +w32)6f))),
rL2 - (rg+erB212+erg12+bL2 rB2l§-/32-bL12/32+rw261—rgw261+
PLrw2leB; -bLrgw21ls6; +W23p 81 +bLw2 1 B 61 +wW232 61 +
bLw2 1, 32 61 + be rgwl2 1, 6% +be rBl wl w2 1, 8% -bergwlw2l; 6% +
be rB2w2? 1,6% + be rB3w2 w3 1, 65 - be rg w2 w3 1, 67 + be rgw3? 1, 6% +
be bL rB2 wl? 12 6% + be bL rB2w2? 15 6% + be bL rB2 w32 13 6% -
be w12 lngef+bewlw212/326§+bew2w312/326§—bew32 12/326§+
1y (bL +be w2 (Wl + w2 +w3) 67 + bL (1; + 12) (bL +be (wl? + w2? +w3%) 67)) -
bewl w21y & B1,1+B1,2+bL 1y By, +bewl? 1, 6% By,0+
be w32 1, 8% f1,2 ~bew2 w3 1z 6% B3+
1; (bLrg+bLrw26; - bL rgw2 61 + bLw2 fig 61 + be rgwl? 6% - be rgwl w2 6§ -
be rgw2 w3 6% + be rg w3® 6% +bLrB21, (bL+be (w1? +w2? +w3?) 8%) +
G Bz (-bL+bLw26; -be (wl? —wlw2 - w2 w3 +w3%) 62) - bewl w2 6% B,1 +
‘ bL By, +bewl? &7 By, + bew3? & By, ~bew2w3 &2 By,3) ) /
((1+DBL (11 +12)) (1+ (11 +13) (bL+be (wl? +w2? + w3%) 62))),
rL3 - (rg+bLrgly +bLrB3 1y +bLrgls +bL? rB3l§—Bz—ble/32+rw361—
rgw36; +bLrw3l, 6 -bLrgw3 1,8, +w3 3061 +bL w31, [Bg61 +wW3 3, 61 +
bLw3 1y A 6 +bergwl? 1,67 + be rgw2? 1, 6% + be rBl wl w3 1, &6} -
bergwl w3 1; 6% + be rB2w2 w3 1, 6% - be rgw2 w3 1; 67 + be rB3w3? 1, 6} +
be bL rB3 w1’ 12 6% + be bL rB3 w2? 12 62 + be bL rB3 w32 15 &7 -
bewl?1;B26% -bew2? 1, 3,6 +bewl w3 1, 3265 +be w2 w3 1 32 65 +
1) B2 (-bL+bL w36, ~be (wl? +w2? - (wl +w2) w3) 6%) +
PLrB31; 1; (bL + be (wl? + w22 +w3%) 6%) +
1y (bL + be w3 (wl + w2 +w3) 62 + bL (13 + 12) (bL +be (wl? +w2? +w3?) 67)) -
bewlw31,6% B1,1 -bew2w3 1,65 B1,2-11 61 (bL (-r +rg) w3 -bLw3 o +
be&; (-rg (w1? +w2?) +rg (Wl +w2) Ww3+wWl w3 31,1 +w2w3f3;,2)) +
Bi,3+ (11+12) (bL+be (wi? +w2?) &) B1,3) /
((1+bL (13 +12)) (1+ (11 +13) (bL+be (w1? +w2? +w3%) &6%)))}



Appendix 2 - 4 LR risk-based capital requirements Modified model.nb 6

C/; In[25]:= LoanRatel = rLl /. solLoanRates
LoanRate2 = r1L2 /. solLoanRates
LoanRate3 = rL3 /. solLoanRates

out{25]= (rg+erBllg+erg12+bL2rBll§—/32—blel32+rw161~rgwl@1+erw11261—
bLrgwl 1,6, +wl g 8y + bLwl 1s By 8 + wl 3, 8, + bLwl 1; f3; 8 + be rBl wl? 1,6% +
be rB2 wl w2 1; 6% - be rgwl w2 1; 62 + be rgw2? 1, 6% + be rB3wl w3 1, 6% -
be rgwl w3 13 8% + be rg w3® 1; 62 + be bL rBl wl1? 12 6% + be bL rBl w2? 12 &% +
be bL rBl w3’ 12 6} +bewl w2 15 3, &5 -bew2? 1, 3,6} + be wl w3 12 32 67 - be w3% 1, ;6% +
1o (bL+ bewl (Wl +w2+w3) 67 +bL (11 +12) (bL +be (w1 + w22 +w3?) 6%)) +f1,1 +
bBL1sf1,1 +bew2? 1,67 B1,1+bew3? 1,62 B1,1 ~bewl w2 1,67 f1,2 -bewl w3 1, 6% 31,3 +
1, (bLrg+bL rwl & -bL rgwl 6; + bLwl 35 81 - be rgwlw26%+bergw228§-
be rgwl w36§+bergw32 6{ +f2 (-bL+bLwl & +be ((wl -w2) w2+w1w3—w32) 6%) +
bL rBl 1, (bL + be (wl2 + w22 +w32) 6%) +bL 1,1 +be w2? 6% B, +
be w3? e{ B1,1 —bewle@% B1,2 ~bewlw36§ fB1,3)) /
((1+bL (13 +12)) (1+ (11 +15) (bL+be (wl?+w2? +w3%) 62)))

out[26]= (rg+erB212+erglz+bL2rBZl%—Bz—ble/32+rw261—rngel+erw21291~
bLrgw2 1l 0; +w2 By & +bL w21y 3061 + W2 261 +bLw2 1p 3261 +be rgwl? 1, 62 +
be rBl wl w2 15 67 - be rgwl w2 1 67 + be rB2 w2? 1, 6% + be rB3 w2 w3 1, 6% -
be rgw2 w3 1; 6% + be rgw3? 1, 65 + be bL rB2 wl? 13 6% + be bL rB2w2? 13 6% +
be bL rB2 w32 l% 6% -bewl? 1, By e% +bewl w2 1z 32 6'% +bew2w31: 3 6% - be w3? 1, fip 9% +
1o (bL+bew2 (Wl +w2+w3) &3 +bL (11 +12) (bL+be (wl?+ w22 +w3%) 6f)) -
bewl w2167 B,1+B1,2+bL 1y B,z +bewl? 1,67 31,2 +bew3? 1,67 fi,z -
bew2 w3 1, 67 Bi,3+ 11 (bLrg+bLrw26; ~bLrgw26;, + bLw2 f3; 61 + be rgwl?é&f -
be rg wl w2 6% -be rgw2 w3 ei + be rgw32 e% +bLrB2 1, (bL + be (wl2 +w2? +w32) ef) +
Bz (-bL+bLw26; - be (Wl? - wl w2 - w2 w3 + w3?) 6f) ~bewl w2 &% f3;,; +
bL 1,2 +bewl? 6% 31,5 +bew3? 67 1,2 ~bew2 w36} B,3)) /
((1+bL (13 +12)) (1+ (11 +1,) (bL+be (wl?+w2?+w3%) 62)))

O

out[27]= (rg+bLrgl; +bLrB31; +bLrgl;+bl? rB315 -
Be-bLlyfo+rw36;-rgw3B; +bLrw3lyB8) ~bLrgw3l, oy +
w3 Bo &) + PLwW3 1z Bg 61 + w3 3261 + bLw3 15 B2 61 + be rgwl? 1,67 +
be rgw2? 1, 6% + be rBl wl w3 1, 6% - be rg wl w3 1, 6% + be rB2 w2 w3 1, 65 -
be rgw2 w3 1 6 + be rB3 w32 15 67 + be bL rB3wl? 13 67 + be bL rB3 w22 13 67 +
be bL rB3w3%? 12 6% ~bewl? 1, B2 6% ~be w2? 1, 3, 62 + be wl w3 1, 32 6% +
bew2w3 1z fiz & +11 Bz (-bL+bLw36; -be (wl?+w2? - (wl +w2) w3) 62) +
bLrB31; 1z (bL+be (wl®+w2? +w3?) 68) +
1y (bL +be w3 (wl + w2 +w3) & + bL (11 + 13) (bL +be (wl?+w2? +w3?) 67)) -
bewlw3 1,67 Bi,1-bew2w3 1,6 B1,2-1161 (bL (-r +rg) w3 -bLw3 3 +
be 8; (-rg (wl? +w2?) +rg (Wl +wW2) w3+ Wl w3 31,1 +wW2w3 f31,2)) +
Bi,a+ (11+1z) (BL+be (wl? +w2?) 67) B1,3) /
((1+DbL (11 +12)) (1+ (11 +12) (bL+be (wl?+w2?+w3?) 68)))

O
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C Infz28]: LoanRatel =
LoanRatel /. {rBl»r+o0;, rB2>r+o;, rB35r+o0;, rg->r+ ¢} // FullSimplify
LoanRate2 = LoanRate2 /. {rBl »r+oy, rB2or+oz, rB3»r+o3, rg-or+ ¥y} //
FullSimplify
LoanRate3 = LoanRate3 /. {rBlor+o,, rB2or+0,, ¥rB3or+0o3, rg»>r+ ¢} //
FullSimplify

i

out[28] (r+d+bL(r+¥) 1y -B2-bLlyfo+rwlE -wl (r+y) 61 +bLrwll, 6 -
PLwl (r+¥) 1281 +wWl 3o 61 +bLwl 1l 3001 +wWl 3,68, +bLwll, 38 -
bewlw2 (r+4) 1267 +bew2? (r+4) 1,6} ~bewl w3 (r+y) 1,67 +bewd? (r+y) 1,67 +
bewl w2 1, 3 6% -bew2® 1,3, 9‘% +bewl w3 1, 3 6% -bew3? 1, f3, 8? +
1o (BL+bewl (Wl +w2+w3) 6 +bL (11 +1z) (bL+be (w12 +w2? +w3?) 6%2)) +
bL1l: (r+01) +bL? l% (r+0o1) +bewl? 126§ (r+01) +bebLwl? l%@f (r+oy) +
bebLw2? 1367 (r+o0;) +bebLw3?136% (r+o1) +bewl w2 1,62 (r+oz) +
bewl w3 1,62 (r+03) +f1,1 +bL 1, f1,1 +bew2? 1,67 31, +bew3? 1,6 B;,1 -
bewl w2 1,67 B1,2 ~bewl w3 1,63 B1,3+1; (bL (r+¥) +bLrwl & -bLwl (r+y) 6 +
bLwl B¢ &1 -bewl w2 (r+i) 6 +bew2? (r+y) &% —bewl w3 (r+y) 6} +
bew3? (r+) 6 + B2 (-bL+bLwl 6] +be (-w2% -w3% +wl (w2 +w3)) 63) +
bL 1, (bL+be (wl?+w2? +w3%) &) (r+01) +bL By, 1 +
bew2? 62 31,1 +bew3? 6% B1,1 ~bewl w26% 1,2 -bewl w36 fr,3)) /
((1+DL (11 +12)) (1+ (13 +12) (bL+be (w12 +w22 +w3%) 68)))

Out[29]= (r+Y+bL(r+¥) 1o -fo-bLl,Bfo+rw26, -W2 (r+¥) 6 +bLrw2l, & ~
PLW2 (r+y) 1,61 + W2 B 61 +bLw21l: By O +W2[B,0; +bL W21, 3,6 +
bewl® (r+y) 1,65 ~bewlw2 (r+4) 1,6} ~bew2w3 (r+) 1 6% +bewd? (r+i) 1, 6% -
bewl? 1; ;6% + bewl w2 1; 8265 + be w2 w3 1, 3, 6% - be w3? 1 3, 67 +
1o (bL+bew2 (Wl +w2+w3) 65 +bL (1) + 12) (bL+be (wl? +w2? +w3?) 63)) +
bewlelzef (r+01) +bL1ly (r+o02) +bL? l% (r+02) +bew2? 1, 6% (r+oz) +
be bL w1? l% 6‘% (r+0s) +be bLw2? l% 6} (r+ o) + be bL w3? 136 (r+05) +
bew2w3 1, 6% (r+o3) ~bewlw2 1, 6% f1,1+B1,2 +bL1ls /31,2+bewl2 1s 6% B1,2 +
be w3? 1z 6% fB1,2 ~bew2w3 1, 6? fB1,3+1; (L (r+y) +bLrw28; -bLw2 (r+y) 61 +
bL W2 B3 81 + be wl? (r + ) 65 ~bewl w2 (r+ ) 6% ~bew2w3 (r+) 67 +
bew3? (r+y) 65 + B2 (-bL+bLw26; -be (wl? -wlw2+w3 (-w2+w3)) 6}) +
bL 1, (bL + be (wl?+w2? + w3?) 6‘%) (r+o2) —bewle@% Bi,1+
bL Bi,2 + bewl? 6% B1,2 + be w32 & f1,2 -bew2 w364 f1,3)) /
((L+DL {11 +12)) (1+ (11 +1) (bL+be (wl?+w2Z +w3%) 67)))

O

out{30]= (r+y+bL{r+y) li+bL (r+¥) 1, -B-bL1lyBo+rw36; ~w3 (r+¥) 6; +
bLrw31l, 8 -bLw3 (r+¢) 1,6, +wW3 308 +bLw3 1,306 +W3B,6; +
bLw31;8;6; +bewl? (r+4) 1,67 +bew2? (r+y) 1, 6% ~bewl w3 (r+) 1, 6% -
bew2w3 (r+y) 1,62 ~bewl? 1, 67 -bew2? 1, B2 67 +bewl w3 1y 3 65 +
bew2w3 1,82 6% + 11 B2 (-bL +bLw36; -be (wl? +w2? - (wl +w2) w3) 63) +
1o (bL+be w3 (wl +w2+w3) 62 +bL (11 +12) (bL +be (w1? + w22 +w3?) 6})) +
be wl w3 128§ (r+01) +bew2w3 1, 6% (r+02) +bL1; (r+o3) +bL? l% (r+o3) +
bew3? 1,67 (r+o3) +bebLwl? 1267 (r+0;3) +be bLw2? 1267 (r+03) +
bebLw3? 126% (r+03) +bL1; 1 (bL+be (w1 +w2? +w32) &6}) (r+o3) -
bewlw3 1,6 1,1 -bew2w3 1,6% 81,2~ 1161

(PLw3 ¢ -bLw3 Bo +be; (- (WwlZ +w2% « (Wl +w2) w3) (r+y) + Wl w3 1,1 +w2w3B1,2)) 4
Br,3+ (L1 +1z) (bL+be (wl® +w2?) 6F) fA,3) /
((1+DPL (11 +12)) (1+ (11 +12) (bL+be (w1 +w2%+w3?) 64)))

Inf[31]:=

z J
o
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C In(32j:

It

SimLoanRateReactionl = D[LoanRatel, r] // FullSimplify
SimLoanRateReaction2 = D[LoanRate2, r] // FullSimplify
SimLoanRateReaction3 = D[LoanRate3, r] // FullSimplify

out[32]= (1j (bL (1 +bL1p) +be (w2? +w3? -wl (w2 +w3) +bL (wl? + w2? +w3%) 1;) &%) +
(1+bL12) (1+1; (bL+be (w1?+w2?+w3%) &2))) /
((1+bL (11 +12)) (1+(11+12) (bL+be (wl?+w2?+w3%) 6%)))

out[33]= (13 (bL (1 +bL12) +be (wl? -wl w2 -w2 w3 +w3% + bL (wl® + w2? +w3?%) 1,) &7) +
(1 +bL1z) (1+1; (bL+be (wl®+w2? +w3%) 6%))) /
((1+DL (11 +13)) (1+ (13 +1z) (bL+be (wi?+w2%+w3%) &)

Out[34]= (13 (bL (1 +bL1z) +be (w12 +w2% - (wl +w2) w3 +bL (wl? + w2? +w3%) 1,) &7) +
(1+DbL1y) (1+1; (bL+be (w12 +w22+w3%)67))) /
((1+bL (1;+15)) (14 (1:+1,) (bL+be (wi?+w2? +w3?) 6%)))

In[35]:= SimLoanRateReactionl /. {wl- .3451, w2 - .8200, w3 - 1.0203} // FullSimplify
SimLoanRateReaction2 /. {wl —» .3451, w2 —» .8200, w3 > 1.0203} // FullSimplify
SimLoanRateReaction3 /. {wl —» .3451, w2 > .8200, w3 > 1.0203} // FullSimplify

outf35]= ((1+bL1l;) (1+1; (bL+1.83251be&’)) +
1; (bL+1.07832be6f +bL1; (bL+1.83251be6?))) /
((1+DbL (11 +13)) (1L+ (11+12) (bL+1.83251be&})))

Out[36]= ((1+bL1z) (1+1, (bL+1.83251be6&?)) +
1; (bL+0.0404781be & +bL 1y (bL+1.83251be6?))) /
((1+DbL (13 +12)) (1+ (1y+15) (bL+1.83251be6%)))

outf37]= ((1+bL1ly) (1+1; (bL+1.83251be6&?)) +
1; (bL-0.397258be &% +bL1; (bL+1.83251be6}))) /
((1+DbL (11 +1z)) (1+ (13 +15) (bL+1.83251be6?)))
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In[38]:= LoanDemandl = LoanDemandl /. {rLl -» LoanRatel, ¥rBl »r+o:} // FullSimplify
LoanDemand2 = LoanDemand?2 /. {rL2 -» LoanRate2, rB2 > r+ o0} // FullSimplify
LoanDemand3 = LoanDemand3 /. {rL3 - LoanRate3, rB3-sr+ o3} // FullSimplify

out{38]= - (la (-1 + (11 +1;) (-bL+be (-w2® -w3% +wl (w2+w3)) 6%)) + 1% (bLwl (-¥+ ) 61 +
Bz (-bL+bLwl 6; +be (-w2® - w3? + wl (W2+w3)) 6) +bL (r+4+pB1,1) +
be &% ((w2% +w3% -wl (w2+w3)) (r+¥) + (w22 +w3%) fi1,1 -wl (W2 P1,2+w3B1,3))) +
Ly (r+dfp=-PBo+wl (= +PBo+B2) 61 +B1,1+12 (-2bLwl (f-fo) O1+2
(-bL+bLwl &1 +be ((wl -w2) w2 +wl w3 -w3%) 65) +bL (r+2¢-01 +2B1,1) +
be &% ( (w2 + w3?% -wl (W2+w3)) (r+2Y) ~ (w2? +w3%) oy +wlw2op +
wlwd oy +2w2? By, +2w3 P11 2wl w2 P2 - 2wl wify,3))) +
Lo (~PBo+wl (=f+PBo+PB2) &1 -01+PB1,1+ 12 (~bLWl (Y~PBy) &1 +
B2 (-bL+bLwl 8; +be ((wl -w2) w2+w1w3—w32) ei) +bL (Y ~0o1 +P1,1) +
be 6} ((w2? +w3% -wl (w2+w3)) ¥ - (w2? +w3%) o1 +wlw2 oz +
wlw3as + w2? Bi,1 + w32 Bi,1-wlw2pBy,2-wlw3f31,3))))/
((1+DBL (13 +1)) (1+ (1 +1z) (bL+be (wl?+w2?+w3%) 68)))

out[39]= —(lo (-1 + (11 +1p) (-bL-be (wl? —wlw2+w3 (-w2+w3)) &3)) +1% (bLw2 (-¢+Bs) 61 +
Bz (~bBL+bLW26; ~be (w12 -wl w2 +w3 (~w2+w3)) &%) +bL (r+ i+ f1,2) + be &
((w1% - wl w2 - w2 w3 +w3%) (r+y) -wl w2 31,1 + (w12 +w3?) B1,2 -w2wW3f31,3)) +
Li(r+d-B2+w2 (-¢+Bo+B2)61+P1,2+12 (-2bLw2 (¥-fo) 61+2f3
(-bL+bLw26; -be (Wl -wl w2+ w3 (-w2+w3)) 63) +bL (r+2¥ -0z +2f1,2) +
be@% ((wl2 —w1w2—w2w3+w32) (r+2y) +wlw2op - (w12+w32) g +
W2wW3 g3 - 2wl w2 Py, +2wWlE By, + 2 w32 By o -2 w2 W3 By 5))) +
Lo (W-Bo+w2 (~+PBo+PB2) & ~02 +B1,2+ 12 (-bLw2 (¢ -Bo) 61 +
Bz (-bL+bLw26; ~be (Wl? ~wlw2+w3 (~w2+w3)) 6%) +bL (¥-az+f1,2) +
be 65 ((wi? - wl w2 - w2 w3 + w3%) Y+ wl w2 o1 - (wl? + w3?) oy +
w2w3 o3 - wl w2 f31,1 +wl? B1,2 + w32 Bi,2 ~w2w3B1,3)))) /
((1+bL (13 +12)) (1+ (11 +1z) (bL+be (wl?+w22 +w32) 6%)))

out[40)= -(1ly (-1 + (11 +1s) (-bL -be (wl1? +w2% - (wl +w2) w3) 63)) + 1% (bLw3 (-4 +f3p) 61 +
B2 (-bL+bLw3 6, ~be (w12+w22— (Wl +w2) w3) 6%) +DbL (r+ ¥+ B1,3) +
be 6} ((w1? +w2? - (wl+w2) w3) (r+y) -w3 (wlfy,1+w2P1,2) + (wi?+w2?) By,3)) +
Lo (-PBo+w3 (~f+Bo+PB2) &1 -03+PB1,3+
1z (-bLw3 (Y- fo) 61 + B2 (-bL+bLw36; -be (wl? +w2? - (wl +w2) w3) 6%) +
bL (- 03+ f1,3) +be 67 ((wl%+w2% - (wl +w2) w3) y+wl w3 oy +
w2w3 gy - wl? o5 - w22 o3 ~wlw3 f1,1 ~w2 w3 By,p + (Wl¥ +w2?) By,3))) +
Li(c+d-Ba+w3 (=f+Bo+P2) 61 +PB1,3+12 (-2bLwW3 (f-fBo) 61 +
282 (-bL+bLw36; -be (wl? +w2? - (wl+w2) w3) &%) +bL (r+ 24 - 03 +2f1,3) +
be 67 ((wl1? +w2? - (Wl +w2) w3) (r+2¢) +wlw3 oy +w2w3 oz -
wl? o3 - w22 o3 - 2wl w3 By,1 - 2w2 w3 B1,2+2 (Wl +w2%) B1,3)))) /
((1+DbL (13 +12)) (1+ (11 +12) (bL+be (wl?+w2? +w3%) 63)))
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In{41]:= rl =D[LoanDemandl, r] //FullSimplify
r2 = D[LoanDemand2, r] // FullSimplify
r3 = D[LoanDemand3, r] // FullSimplify

1; (1+ (11 +1p) (bL+be (w2® +w3% - wl (w2 +w3)) 6%))

Qutfd4l]= - 2 z 2z 2
(1+bL (11 +12)) (1+ (11 +1;) (bL+be (wl®+w2° +w3“) 6%))
11 (1+ (11 +12) (bL+ be (wl2 —wlw2+w3 (w2 +w3)) 6%))

Oout[42]= 2 2 Z 7
(1+bL (11 +12)) (1+ (11 +1p) (bL+be (Wl®+w2°+w3%) 67))

1; (1+ (11 +1;) (bL+be (wl?+w2? - (wl +w2) w3) 67))

Qutf43]= - 7 2 2 2

(1+DbL (11+1z2)) (1+ (11 +1y) (bL+be (Wl +w2°+w3*)6%))

In{44):= D[rl, 6;] // FullSimplify
D[r2, 6:] // FullSimplify
D[r3, 6] // FullSimplify

2bhewl (Wwl+w2+w3) 1) (11 +1) &

OQut[44]= .
(1+ (11 +12) (bL+be (wl?+w22 +w3?2) 62))
Out[45]= 2bew2 (Wl +w2+w3) 1 (li +12) &1 i
(1+ (11 +1;) (bL+be (wi? +w2? +w3?) 6]))
2 1 W2 3
out[46]= 2bew3 (wl +w2+w3) 1; (11 +12) &

(1+ (1, +1s) (bL+be (wl? +w2? + w3?) 62))°

Inf47]:= rl/. {wl- .3451, w2 .8200, w3 - 1.0203}
r2 /. {wl- .3451, w2 - .8200, w3 »1.0203}
r3/. {wl- .3451, w2 > .8200, w3 - 1.0203}

1y (1+ (13 +1z2) (bL+1.07832be&2))

out[47]= -
ut (47 (L+bL (L +12)) (1+ (13 +1z) (bL+1.83251be6&?))
out[48]= - 1; (1+ (11 +1z) (bL+0.0404781be&%))
(1+DbL (13 +12)) (1+ (13 +1p) (bL+1.83251be6?))
out[49]= - 1; (1+ (13 +13) (bL-0.397258be &7))
(1+DbL (13 +12)) (1+ (11 +13) (bL+1.83251be6&%))
In[50]:= DepositsDemand =dp+d; rd+d; (rd - rq)

Out[50]= do+rdd; + (rd-rg) dy

In[51]:= Solve[Deposits = DepositsDemand, rd] // Flatten // FullSimplify

B . rg-rgp-bddg+bdrgd, + (-1+p0) A2
out[51]= {rd- T b (d s o) }

Inf[52]:= DepositRate=rd/. %

rga-rgp-bddy+bdrgd; + (-1 +p) B2

out[52]= T 5d (d +d2)

In[53]:= DepositRate = DepositRate /. rg-r+y

r+y-p(r+y) -bdde+bd (r+y) da+ (-1 +p) B2

out[331= T+bd (d; +da)




O
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In[54]:= D|[DepositRate, r]

1-p+bdd;

Out[54]= TTEg(a; + dg)

In[E5]:

i

Eq=
Eq /. {rLl » LoanRatel, rL2 - LoanRate2, rL3 -» LoanRate3, rg-» r+ i} // FullSimplify

Out[55]= (61 ((Wl+w2+w3) lo-1; ((Wl+w2+w3) (r+¥) - (WL+w2+w3) B2 -
(wlz + w2 +w32) (¢~ o) 61 + (wl2 + w22 +w32) B 61 +wl Bi,1 +wW2B1,2+w3B1,3) -
Lo ((Wl +%w2+wW3) - (Wl+w2+w3) 32 - (w12 +w22+v132) (& -Pg) 61 +
(W% 4+ w2? +w3?) Bz &1 + Wl (=01 + B1,1) +W2 (=02 +P1,2) +W3 (-03+B1,3)))) /
(1+ (13 +13) (bL+be (w1? +w2? +w3%) 68))

In[{56]:~ D[Eq, r] // FullSimplify

outlse]= =TT >(V2i£:2bg ‘(gzljjzl w3ty 67)

In[(57]:= G=G/. {rg=->r+, rd - DepositRate} // FullSimplify
out[57]= |fz (-bL (3bd+DbL (-1+0)%) +2bdbL (Wl + w2 +w3) 61 -

(bd (bL (w1? + w22 + w3?%) + 2 be (w1? - wl w2 + w2? - (wl +w2) w3 +w3%)) +
be bL (w1? +w2? +w3%) (-1+p)%) 6§) +
bdblL o) (rLlwl +rL2w2+ rL3w3 -1 (Wl +wW2+wW3) -2 (Wl +w2 +Ww3) ¢+

(wl+w2+w3) Bo-wlB1,1-w2B1,2-w3f1,3) +bL (—bd (-3r+rLl+rl2+rL3-3y) +

bL (-1+p) (-bddo+bd (r+¥) ((-1+p)di+pdz) + (-1+p0) Bz)

T+Dbd (d; + da) i

ba (By,1+ Prz +Bus) ) +
&% |bd (bL (w1% + w22 + w3%) Y+ be (-rL2wl? - rL3wl? + rLl wl w2 + rL2 wl w2 -

rLl w2? - rL3 w2® + ((rLl + rL3) wl + (rl2 + r13) w2) w3 - (rLl + rL2) w3? +
2 (wl? + w22 - w2 w3+ w3% —wl (w2 +w3)) (r+¥))) -bdbL (w12 +w2? + w3?) By +
be bL (wl®+w2® +w3”) (-1+p) (-bddy +bd (r+4) ((-1+p)di+pds) + (-1 +p) Ba2)
1+bd (dy+d;)
+bdbe ((W22 +w3% - wl (W2 +w3)) B1,1+ (wl2 - Wl w2 -w2 w3+w32) Bi,2 +

(w12 + w2% - (wl +w2) w3) Bl,s)))/(bdbL (bL + be (w1? + w2? + w3%) 6%))

In[53]:= G=G /. rLl -» LoanRatel

out[58]= |f32 (-bL (3bd+blL (-1 +p)2) + 2 bd bl (Wl +W2 +wW3) 61 -

(bd (bL (w1? + w2? + w3?) + 2be (w1? - wl w2 + w2% - (wl +w2) w3 +w3?)) +
be bL (wl? +w2% + w3%) (-1 +p)2)6§)+
bdbL6E; (rL2 w2+ rL3w3 -r (Wl +w2+w3) -2 (Wl +w2+w3) ¥+

(Wl +w2+w3) Bo-wlfBi,1-w2B1,2-w3fB,3+

(Wl (r+y+bL(r+) 1 ~Ba-bL1l,Bo+rwl& ~wl (r+yf) 8 +bLrwll, 5, -
bL wl (_’C+lf/) 1291 +W1/3061 +bLW112/3091 +Wl/3261+wal lng@l—bewlw2

(r+y) 1,6} +bew2? (r+y) 1,6} ~bewl w3 (r+¢) 1;6% + bewd? (r+y) 1, 6% +

bewlw2 1z B2 6% ~bew2? 1; B2 6% + be wl w3 12 2 65 - be w3? 1; B, 63 +
1y (bL+bewl (wl+w2+w3) 6% +bL (11 + 1) (bL+be (w1 +w2?+w3%) 67)) +
bL1l; (r+0y) +bl2 1% (r+o1) +bewl? 1,63 (r+oy) +
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C be bLwl® 1367 (r+o1) + bebLw2?1536f (r+01) +bebL w3 1367 (r+01) +
bewlw21:6% (r+oz) +bewl w3 1,6% (r+03) +B1,1 +bL 1z fR1,1+
bew2? 1;6% 31,1 +bew3? 1, 6 B1,1 ~bewl w2 1,65 31,2 -bewl w3 1, 6% 31,3 +
11 (bL (x+¥) +bLrwl® ~bLwl (r+y) 61 +bLwl By 8 ~bewl w2 (r+ ) 8§+
bew2? (r+4) 6% —bewl w3 (r+y) 67 + bew3? (r+y) &7 +
B2 (-bL + bLwl &1 + be (-w2? - w3? + wl (w2+w3))9§) +
bL 1, (bL+be (wl?+w2?+w3%) &%) (r+o0y) +bLBy,1 +
bew2? & 1,1 +bew3d? 62 By, ~bewl w262 fBy,; -bewl w3 & fB1,3))) /
((1+DL (13 +12)) (1+ (11 +1,) (bL+be (wl?+w2®+w3%) 62)))) +

bL (bL (-1+p) (-bddo+bd (r+¥) ((-1+p)di+pda)+(-1+p) B2)
T+bd (d; +d;)

+

bd (B1,1+ B1,2 +B1,3) -
bd (-3 r+rl2+ri3-3y+ (r+¥+bL(r+y) lo-B2-bL1l;Br+rwlbo; -
wl (r+4¢) 61 +bLrwlls© -bLwl (r+y) 1,61 +wl By 61 +
PLwl 12 B0©1 +WLl B0, +bLwl 1y B26) —bewl w2 (r+¥) 126§+
bew2? (r+y) 1,6 ~bewlw3 (r+) 1267 +bew3® (r+y) 1, 6% +
be wl w2 1; B, 67 -bewz? 1, B, 63 + bewl w3 1; 8, 67 - bew3® 1, B, 67 +
1y (bL+bewl (wl+w2+w3) 65 +bL (11 +13) (bL+be (w1? +w2? +w3?) 6%)) +
bL 1, (r+o01) + bL? l% (r+0o1) +be wl? lzef (r+01) +
be bLwl? 136 (r+o01) +bebLw2? 136% (r+01) +bebLw3? 1367 (r+o;1) +
bewlw21,68% (r+op) +bewlw3 1262 (r+03) +B1,1 +bL1sB1,1+
bew2? 1, 6% 1,1 +bew3? 1,67 81,1 -bewl w2 1, 6% B1,, ~bewl w3 17 62 f31,3 +
1 (bL(r+¥) +bLrwl&; -bLwl (r+ i) 61 +bLwl B¢ 81 -bewl w2
(r+§) &2 +bew2? (r+y) 6% —bewl w3 (r+ ) 6% +bew3? (r+y)
6%+ P2 (-bL+DbLwl 61 +be (-w2% - w3% +wl (w2+w3)) &%) +bL
1; (bL +be (wl? +w2? +w3%) 67) (r+oy) +bL 31,1 + be w2?
@ & B1,1 +bew3d? 0% By,1 ~bewl w2 6% 1,2 ~bewl w3 &% B1,3)) /
((1+DbL (11 +12)) (1+ (13 +13) (bL +be (wl?+w2? +w3?) ei))))) +

&% | -bd bL (w1? + w2? + w3?) 3y +

be bL (wl%+w2? +w3%) (-1+p) (-bddp+bd (r+ ) ((-1+p) di+pdy) + (-1 +p) Ba)
1+bd (d; +dz)
+bdbe ((w2? +w3% - wl (w2 +w3)) By,1 +
(W1% = Wl w2 - w2 w3 +w3%) By, o+ (w1 +w2% - (wl +w2) w3) B,3) +
bd (bL (wl2 + w2t +w32) ¥+ be (-rl2 wl? - rIL3wl? + rL2 wl w2 - rL3w2% +
2 (w1l +w2? - w2 w3+ w3% —wl (W2 +w3)) (r+y) +
(Wlw2 (r+y+bL (r+y) 1o -B2-bL1lyBr+rwl8; -wl (r+i) &1 +
bLrwll, 6 -bLwl (r+y) 1,6, +Wl 3061 +bLwll, 306, +wWl 3,61 +
bLwl 1,261 -bewl w2 (r+y) 126} +bew2? (r+ ) 1; 65 - be wl w3
(r+ ) 1265 +bew3? (r+y) 1,67 +bewl w2 1, 3, 6% -bew2? 1, 3, 6% +
bewl w3 1, 3265 —bew3? 13 32 6% + 1y (bL+bewl (wl +w2 +w3) &% +
bL (1; +13) (bL+be (w12 +w22+w3%)6])) +bL1l; (r+o0y) +
bL? 13 (r+o01) +bewl? 1,67 (r+o1) +bebLwl? 1367 (r+o1) +
bebLw2? 136} (r+0y) +bebLw3? 1267 (r+0y) +bewl w2 1,63 (r+0z) +
bewl w3 1,6% (r+a3) +B1,1 +bL1sB1,1 +bew2? 1, 6% B1,1 +
bew3® 1, 67 31,1 -bewl w2 1,62 1,2 -bewl w3 1, 6% 31,3 +
1; (L (r+yY) +bLrwl®; -bLwl (r+ i) 61 +bLwl 3 861 -bewl w2
(r+) 6§+bew22 (r+y) & —bewl w3 (r+¥) 6§+bew32 (r+y¢) &%+
B2 (-bL+bLwl &1 + be (-w2% —w3% +wl (w2 +w3)) e7) +
BL1, (bL+be (wl?+w2? +w3%)68f) (r+01) +bLBy,1 +
be w2? 6% 1,1 + be w3% 62 1,1 ~be wl w2 6¢ B1,2 ~bewl w365 B1,3))) /
C ((1+bL (11 +12)) (1+ (13 +1z) (bL+be (wi? +w2? +w3?%) &2))) -
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C (w2l (r+ @+ DL (r+) 1o - Pz ~bL1sfBo+ rwlO: —wl (r+y) 61+ bLrwl 1,6, -
bLwl (r+4) 181 +Wl B39 61 +bLwl 1y Bo6 +wWl 326; + bLwll; 3,6 ~
bewl w2 (r+ ) 129§+bew22 (x+ ) lz@% ~-bewl w3 (r+¥) 126§+
bew3? (r+y) 1, 6% +bewl w21, B, 6% -bew2? 1, B, 65 +
be wl w3 15 82, 67 -bew3? 1, B, 6% + 1y (bL+bewl (wl +w2+w3) 6F +

bL (1, +1,) (bL+be (w12 +w2?2+w3%)6})) +bL1l, (r+oy) +
bL? 1% (r+oy) +bewl? 1,67 (r+oy) +bebLwl? 1367 (r+ay) +
bebLw2? 126% (r+o01) +bebLw3? 1267 (r+0y) +bewl w2 1, 6% (r+0p) +
bewl w316} (r+o3) +f1,1 +bL12B1,1 +bew2? 1,62 By, +
bew3? 1, 6% B1,1 ~bewl w21, 6% B1,2 ~bewl w3 1, 6% By,3 +
1; (L (r+y) +bLrwl 8 -bLwWl (r+ ) 61 + bLwl By O; ~ bewl w2
(r+ ) 6% +bew2? (r+) 6% -bewl w3 (r+y) 6% +bew3? (r+y) 6%+
By (-bL+DbLwl &1 +be (-w2? -w32 +wl (w2 +w3)) 65) +
bL 1, (bL+be (wl? +w2? +w3%) &%) (r+ o) +bLfBy,1 +
bew2? & B1,1 +bew3? 6% B,y ~bewl w28: By -bewl w36% B1,3))) /
((1+bL (13 +12)) (1+ (13 +12) (bL+be (w12 +w22 +w3%)63))) -
w3% (rl2+ (r+ ¢ +bL (r+¢) 1o -Ro-bL1yfBo+rwl & —wl (r+4) 61 +
bLrwll,8; -bLwl (r+¥) 1,6 +wl 346; + bLwl 1, B9 61 +
wl R, 6; +bLwl 1l; 3,6 —bewl w2 (r+Y) 126§+bewZZ (r+y) 1» 8%-
bewl w3 (r+) 12 6% +bew3? (r+4) 1,62 + bewl w2 1, B, 67 -
bew2? 1, B, 65 +bewl w3 1, 3, 6% ~bew3? 13 3,67 + 1 (bL +
bewl (wl+w2+w3) & +bL (1; + 1) (bL+be (wl? + w2? + w3?2) 63)) +
bL1ly (r+oy) +bl21% (r+0;) +bewl? 1,6 (r+o;) +bebl
wl? 15 6‘% (r+o1) + be bLw2? l% & (r+op) + be bL w3? 15 6‘% (r+o01) +
bewl w2165 (r+02) +bewl w3167 (r+03) + 81,1 +bL1ly P11+
bew2? 1,64 B1,1 +bew3? 1,67 1,1 ~bewl w2 1, 6% 1,5 - be wl w3 1,
O 6 B1,3+1; (bL (r+) +bLrwl 6 ~bLwl (r+¢) 81 +bLwl B 61 -
bawl w2 (x+) 8% +be w2? (r+y) 6% -bewlw3 (r+¥) 6%4»bew32
(r+¢) 62 +B; (-bL+bLwl 8 +be (-w2? -w3? +wl (W2 +w3)) &%) +
bL1l, (bL+be (wl® + w22 +w3%) 8%) (r+0y) +bLBy,1 +
be w2? 6% /31,1+bew32 6% B1,1 ~bewl w2 9% B1,2 ~bewl w3 6% B1,3))/
((1+bL (11 +12)) (1+ (11 +1z) (bL+be (w12 +w2? +w3%) 56%)))) +
w3 ((rL2+rL3) w2+ wl (rL3+ (r+ ¢y +bL (r+y) 1p -B2-bL1l; Bz +
rwlOy-wl (r+) G +bLrwlly 8 -bLwl (r+¥) 1,6, +wl 3,61 +
bLwlly BB +WlB26; +bLwll; B8 ~bewlw2 (r+¥) 1,607 +
bew2? (r+¢) 1, 6% -bewl w3 (r+¥) 126§+bew32 (r+y) 1, 8%+
bewl w2 1y B2 65 -bew2? 1, 3, 65 + bewl w3 1, 3; 6% -
be w3*® 12/326§+lo (bL + bewl (Wl + w2+ w3) 9§+bL (1, + 1) (bL+
be (w1? +w2% +w3?) 63)) +bL1; (r+oy) +bL? 1% (r+o1) +
bewl®1:6% (r+o01) +bebLwl? 12 6% (r+ 01) +bebLw2?
1362 (r+ o) +be bLw3? l%ef (r+o0yp) + bewl w2 1265 (r+o0p) +
bewlw31; 67 (r+03) + 1,1 +bL 1y 1,1 + bew2? 1,62 f1,1 + bew3?®
1,62R1,1 -bewl w2 1265 B1,2 ~bewl w31, 6% B1,5+ 11 (bL (r+ ) +
bLrwl 6 -bLwl (r+y) 81 +bLwl By 61 -bewl w2 (r+y) 6%+
bew2? (r+¢) 6% -bewl w3 (r+¥) 62 + bew3? (r+y) 67 +
Bz (-bL+bLwl & +be (-w2% - w3% +wl (w2 +w3)) &) +
bL 1, (bL+be (wl?+w2? +w3%) 62) (r+oy) +bLBy,1 +be w2?
&2 By, +bew3? 6} By,1 ~bewl w26} B, -bewlw36? fB1,3)) /
((L+bL (13 +1z)) (1+ (13 +1z) (bL+be (wl? +w2? + w3?)

6f)))))))))/(bdbL (BL + be (w12 + w22 +w3?) 62))

O
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Inf59]:

out[59]

]

[

G=G /. rL2 » LoanRate2

Bz (-bL (3bd +DbL (-1 +0)2) +2bdbL (wl + w2 +w3) &y -

(bd (bL (w1® +w2% + w3%) + 2be (wl? - wl w2 + w2? - (wl+w2) w3 +w3%)) +
bebL (wl1? +w2? +w3?) (-1+p)?) 68) +

bdbLE; (rL3w3 -r (Wl +wW2+w3) -2 (Wwl+w2+w3) Y+ (Wl +w2+w3) By -
wl 31,1 - W2 PB1,2 ~Ww3 1,3+

(Wl (z+r+DbL (r+Y) lo-B2-bL1; Bo+rwl6; -wl (r+) O +bLrwll; & ~

bLwl (r-}-d[) 1261 +wl [3061 +bL wl 12[3061 +Wl/3261 + bL wl 12/32 91~bew1w2
(r+1h) 1,6 +bew2? (r+) 1,67 ~bewl w3 (r+y) 1,65 +bew3? (r+4) 1,67 +

bewlw2 1z B; 6% -bew2? 1, B, 65 + bewl w3 1 B2 65 - be w3% 1, 3, 6% +
1o (bL+bewl (wl+w2+w3) 6% +bL (13 +1;) (bL+be (wi?+w2? +w3%) 6%)) +
bL1ls (r+o1) +bl? 1% (r+ op) +bewl? 1,8 (r+oy) +
bebLwl? 126 (r+01) +bebLw2? 126 (r+01) +be bLw3® 1367 (r+o1) +
bewlw2l; Gf (r+o2) +bewlw3 1, 6% (r+03) +B31,1+bL1; 31,1 +
bew2? 1,62 B;, 1 +bew3® 1,8 31,1 ~bewl w2 1,6 B, -bewl w3 1,67 B 5+
11 (bL (r+ ) +bLrwl 61 -bLwl (r+y) 61 +bLwl 3¢6; -bewl w2 (r+) 6§+
be w2? (r+ ) 6% -bewlw3 (r+y) 6§+bew32 (r+¥) 8§+
B2 (-bL +bLwl 61 +be (-w2? - w3% + wl (w2 +w3)) 6%) +
bL 1, (bL+be (wl?+w2?+w3%) 67) (r+0y) +bLfAy,1 +
be w2?® 8% B1,1 +be w3? 6% 1,1 —bewl w26§ Bi,2 ~bewlw3 9% B1,3))) 7/

((1+bL (13 +12)) (1+ (L1 +15) (bL+be (wi?+w2? +w3?) 6f))) +
(W2 (r+ i +bL (x+y) 1o -B2-bL1ly Bo+rw20; ~wW2 (r+¥) 61 +

bLrw2l, ©; ~bLwW2 (r+) 1,6, +W2 ;61 +bLw21l, ;6 +
W2 8261 +bLW2 1, B2 6, +bewl? (r+y) 1,6 ~bewl w2 (r+y) 1, 6% ~
bew2 w3 (r+y) 1, 6% + bew3? (r+ ) 1,65 -~bewl® 1, 3, &% +
bewlw212[326§+bew2w312/326f—bew32 1, 3; 6% +
1p (bL+bew2 (wl + w2 +w3) 65 +bL (11 +13) (bL+be (wl?+w2? +w3?) &%) +
bewl w2 lz@% (r+o01) +bL1ly (xr+02) +bL? l% (r+op) +
bew2? 1, 8% (r+0z) +bebLwl? 1367 (r+o0;) +bebLw2? 1367 (r+oz) +
be bL w32 l% 6% (r+0) +bew2w3 1, 9% (r+o03) ~bewlw21; 8% 1,1+
Bi,2 +bL1s B,z +bewl?1,6% B1,2 +bewd® 1,67 B,z -bew2w3 1,65 1,2 +
1) (bL (r+y) +bLrw26; ~bLw2 (r+ ) 61 +bLw2 g6 +bewl? (r+ ) 65 -
bewl w2 (r+i) 67 ~bew2w3 (r + ) 6 + bew3? (r+y) 6% +
Bz (-bL+bLw26; -be (wi? -wl w2 +w3 (-w2+w3)) 6%) +
bL 1z (bL +be (wl? +w2? + w3%) 62) (r+oz) -~bewl w268 1,1 +
bL f1,2 +bewl? CA +bew328§/31,2-bew2w39§/31,3))) /

1+bL (13 +15)) (1+ (11 +13) (bL+be (wl? +w22 +w3%)6§)))) +
(-1+p) (~bddg+bd (r+¥) ((-1+p)di+pdp) + (-1 +p) B2)

1+bd (dh +dp)

bd (B1,1+ B1,2 +B1,3) -
bd (-3 r+rI3-3 Y+ (r+Yy+bL (r+y) Lo -B-bL1l,B+rwlo -

Wl (r+¢) 61 +bLrwlls, 8 ~-bLwl (r+y) 1,6, +wWl 3¢ 67 +

bL wl 12/3081+w1/3261 +wa112/3281~bew1w2 (r+([/) lz@%-f

be w22 (r+4) 1,67 ~bewl w3 (r+y) 1, 85 +bew3? (r+ ) 1,67 +

be wl w21y 265 -bew2? 1, 3267 + bewl w31y 8265 —bew3? 1, B, 65 +

1o (bL+bewl (wl +w2+w3) 6% +bL (1; +1;) (bL+be (wl? +w2% +w3%) 67)) +
bL1; (r+oy) +bL?13 (r+o1) +bewl?1,6% (r+o01) +

be bLwl? 12 6§ (r+o01) +bebLw2? 1367 (r+0y) +bebLw3? 1567 (r+0y) +
be wl w2 lg@% (r+02) + bewl w3 lg@% (r+03) +B31,1+bL1sB1,1 +

be w2? 1, 6% By,; +bew3® 1,67 B1,, ~bewl w2 1, & B, ~bewl w3 1,6} By, +
1; (L (r+¥Y) +bLrwl 8, -~bLwl (r+ ) 6; + bLwWl By 81 - bewl w2
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C (r+y) 6% +bew2? (r+y) 6% -bewl w3 (r+ ) 6} + bew3? (r + )
6% + 32 (-bL+bLwl &; +be (-w2% - w32 + wl (w2 +w3)) 62) +bL
12 (bL +be (w12 +w2? + w32) 6%) (r+o1) +bL B1,1 + be w2?
&% B1,1 +bew3?6f B1,1 -bewl w262 Bi,2 ~bewl w36 f1,3)) /
((1+bL (13 +13)) (1+ (17 +1,) (bL+be (wl? +w2? +w3%) 6%))) +
(r+ ¢ +bL(r+¥) 1l ~B-bL1l RBo+rw28 ~wW2 (r+tf) 81 +bLrw2l, o -
PLw2 (r+¥) 1,61 +wW2B061 +bLw2 1, Be61 +W2 3,61 +bLw21l; 3,6; +bewl?
(r+9) 126 -bewl w2 (r+ ) 1,62 ~bew2w3 (r+ ) 1 6% + bawd? (r+ )
1,62 -bewl? 1, 8,62 +bewl w21y B2 62 + bew2w3 1z B2 65 ~bew3? 1, B2 65 +
1o (bL+bew2 (wl +w2+w3) 67 +bL (1; +13) (bL +be (wl? +w2% +w3%) 6%)) +
bewl w2 1,67 (r+01) +bL1; (r+0z) +bL? 13 (r+0z) +
be w2? 1, 67 (r+02) +bebLwl? 1367 (r+o0z) +bebLw2? 1367 (r+o02) +
be bLw3% 1367 (r+02) +bew2w3 1,68 (r+03) ~bewl w2 1, 6% B1,1 +
Bi,2+bL1y B,z +bewl? 1, 6By, +bew3? 1,62 B, -bew2 w3 1, 62 1,3 +
1) (bL(r+¢) +bLrw26; -bLw2 (r+y) 61 + bLw2 3¢ 6, +bewl?
(r+y) 6} ~bewl w2 (r+d) 6 ~bew2w3 (r+) 65 + bew3? (r+y)
67 + B2 (-bL+DbLw26; -be (wl? - wl w2 +w3 (-w2+w3)) 6%) +bL
1, (bL+be (wl? +w2? +w3%) 6}) (r+0p) -bewlw26% By,1 +bL
B1,2 +be wl® 6% B1,2 +be w3? 6% Bi,2 ~bew2w3 6% B1,3)) 7/

((1+DbL (1 +12)) (1+ (11 +1z) (bL+be (wl? +w2? + w3?) e%))))) +
& | -bdbL (w1? + w2? + w3?) f3g +

be bL (w12 +w2? +w3%) (-1+p) (-bddg+bd (r+¥) ((-1+p)dy +pdp) + (-1 +p) B2)
1T+bd (d; +d;)
+bdbe (w22 + w32 —wl (w2 +w3)) By, +
(wl? - wlw2 - w2w3 +w3?%) By,2 + (W12 +w2% - (wl+w2) w3) By,3) +
6 bd (bL (w1® + w2? + w3%) ¥+ be (-rL3wl? - rL3w2? +
2 (w1l +w2? - w2 w3 +w3% -wl (w2 +w3)) (r+¥) + (Wwlw2 (r+¢+DbL (r+y) 1, -
Bo-bLlyBo+rwl6; -wl (r+y) 61 +bLrwll,®; -bLwl (r+y) 1,61 +
Wl B30 O +bL Wl 1p By 61 + W1 326, + bLwl 1, B, 8, ~bewl w2 (r+ ) 128§+
be w2? (r+y) 1p Gf—bewlwﬁ (r+y) 1, 6§+bew32 (r+y) 1o ef-x-bewl
w2 1 B2 6F -bew2? 1, 3, 62 + bewl w3 1; B2 67 ~bew3® 1, 6% + 1y (bL+
bewl (wl+w2+w3) 8} +bL (13 +1;) (bL+be (wl? +w2? +w3%) 6%)) +
bLl; (r+oy) +bL? 1% (r+0y) +bewl? 1, 6% (r+01) + be bl
w12156% (r+ o) +bebL w22 1367 (r+01) +bebLw32136% (r+oy) +
bewl w2167 (r+02) +bewlw3 1,67 (r+03) + 81,1 +bL1sfB,1+
bew2? 1, 6% 1,1 +bew3® 1,6} 31,1 ~bewl w2 1,6} 1,2 -bewl w3 1,
6 B1,3+1; (L (r+y) +bLrwl & -bLwl (r+4) 6; +bLwl By &1 ~
bewl w2 (r+¥) 6§+bew22 (r+y) 6% -bewl w3 (r+) &% + ba w3?
(r+4) 6% + By (-bL+bLwl 6; +be (-w2? -w3% + wl (w2+w3)) &) +
bL 1z (bL+be (w1 +w2? +w3%) 6%) (r+o;) +bL 31,1 +
be w22 6% B1,1 +bew3? & B1,1 ~bewl w26} By,2 ~bewl w365 B1,2))) /
((1+DbL (13 +13)) (1+ (13 +1;) (bL+be (wl? +w2? +w3%) 62))) -
(W22 (r+ Y+bL(r+¢) 13 -By-bL1lyBr+rwlEy~wl (r+¢) &1 +bLrwl 136 -
DLWl (r+¢) 10601 +Wl B O1 +bLwlly 3061 +wWl 3261 +bLwl 1z 3,6 -
bewl w2 (r+y) 1,07 +bew2? (r+¥) 1,65 —bewl w3 (r+4) 1, 67 +
be w3? (r+ ) 1267 + bewl w2 1; B2 6% - bew2? 15 8; 65 +
bewl w3 1,826} ~bew3? 1; 3,67 +1; (bL+bewl (wl +w2 +w3) 67 +
bL (11 + 1) (bL+be (wl?+w2? +w3%) 62)) +bL 1, (r+o1) +
bpi? 13 (r+o1) +bewl® 1,62 (r+o01) +bebLwl? 1367 (r+o1) +
bebLw2? 1567 (r+o01) +bebLw321367 (r+oy) +bewl w2 1,67 (r+0z) +
C bewl w3126} (r+03) + 1,1 +bL1sB1,1 +bew2? 1, 6% B1,1 +
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O be w3? 1; 6% Bi,1-bewlw21;6% 1,0 -bewl w31, 6% By, +
1; (L (r+y) +bLrwl & -bLwl (r+i) 6; +bLwlBy6; -bewl w2
(r+4) 82 +bew2? (r+4) 65 -bewl w3 (r+y) 67 + bew3? (r+i) 6%+
Bz (-bL+bLwl &y +be (-w2? - w32 +wl (w2 +w3)) &%) +
bL 1, (bL+ be (w12+w22+w32) 6%) (r+o1) +bL 1,1 +
be w2? 6f By, +bew3? 62 By,, ~bewl w26% B1,, -bewlw3 &l B1.3))) /
((1+DbL (13 +12)) (1+ (11 +1,) (bL+be (wl? +w2? +w3%) &2))) -
(W1 (r+ Y +bL{r+d) 1o ~R2 ~bL1s R+ w28y —w2 (r+) 6, +
bLrw2ly; 8 -bLw2 (r+¥) 1261 +wW2 36 61 + bLw2 1, B¢ 81 +
W2 B2 61 + L W2 15 261 + bewl? (r+y) 1,65 ~bewl w2 (r+y) 1, 6% -
bew2w3 (r+4) 126} + bew3? (r+y) 1,68 -bewl? 1, B, 6} +
bewl w2 1, 3,65 +be w2 w3 1; 3,65 —bew3® 1, 3, 65 + 1y (bL+
be w2 (Wl +w2+w3) 67 +bL (11 +12) (bL+be (wl? +w2? +w32) 67)) «
bewl w2 1,67 (r+0;) +bLls (r+0p) +bL%21% (r+0p) +
bew2? 1,82 (r+0;) +bebLwl? 1268 (r+o0y) +bebLw2? 1367 (r+0p) +
bebLw3? 126% (r+0;) +bew2w3 1,67 (r+03) - bewl w2 1, 6% Bi,1+
B1,2 +bL 1z B,z +be wl? 126§/31,2+bev132 1ze§ fB1,2 - be w2 w3 126§'/31,3+
1) (bL(r+y) +bLrw26; —-bLw2 (r+y) 6; + bLw2 3y 81 + bewl? (r+ )
67 -bewl w2 (r+4) 62 ~bew2w3 (r+y) 6 +bew3? (r+y¢) 6%+
Bz (-bL +bLw26; -be (wl? -wlw2+w3 (-w2 +w3)) 6%) +
bL 1z (bL +be (wl® +w2? +w3?) &%) (r+oz) ~bewl w268} fi,1 +
bL B1,2 + be wl? &% By, + be w32 6% 31,2, ~be w2 w36} 31,3))) /
((1+bL (11 +12)) (1+ (13 +1y) (bL+be (w1? +w2? + w3?) 6%))) +
(Wlw2 (r+¢y+DbL (r+¢) 1o -Bo-bL1l; B+rw260; -w2 (r+§) 61 +
bLrw2ly,8; -bLw2 (r+¥) 1,6, +w2 3,6, +bLw2 1, 356 +
W2 32 61 + bLw2 15 32 61+bew12 (r+1y) 126% -bewlw2 (x+¥) 126%~
@ bew2 w3 (r+y) 1262 +bew3? (r+4) 12 6% ~bewl? 1, B 62 +
bewl w2 15 B2 62 + be w2 w3 15 Bz 6% - be w3% 15 B2 67 + 1o (bL+
be w2 (wl+w2+w3) 6% +bL (11 + 1) (bL+be (w1? +w2? + w3?) 6%)) +
bewlw2 1,6} (r+o;) +bL1: (r+0;) +bl? 12 (r+0p) +
be w2% 1, 6% (r+02) +bebl wl? l%@f (r+02) +be bL w2? l% 6% (r+02) +
bebLw3% 126% (r+ ;) +bew2 w31y & (r+o3) ~bewl w2 1, 6% By,; +
Bi,2 +bL 1, By,2 +bewl? 1,62 1,2 +bew3® 1,6} B1,; ~bew2 wi 1, 6F By, +
1; (bL (r+4¢) +bLrw28; -bLw2 (r+ ) 61 + bLw2 By 01 + bewl? (r+y)
&% -bewlw2 (r+{) 6 ~bew2w3 (r+¥) 6% +bewd? (r+y) 6%+
Bz (-bL+bLw26; -be (wl? - wl w2 + w3 (—w2+w3))8§) +
bL1; (bL+be (wl? +w2? +w3%) 62) (r+oz) ~bewlw26&i 1,1 +
bL 31,2 + be wl? 6} B1,2 +bew3? 6 B, - be w2 w3 67 Bi,2)))/
((1+bBL (11 +15)) (1+ (11 +12) (bL+be (w1 +w2? +w3%) &6}))) -
w3¢ ((r+y¥Y+bL(r+¥) 1y -Ba~-bL1lyBo+rwlB -wl (r+f) 8 +bLrwlly;&; -
bLwl (r+d) 12061 +Wl B0 61 +bLwl 1 BoS1 +wWl B261 +bLwlls 3,6 -
bewlw2 (r+y) L, 6%4—bew22 (r+¥) lg@% -bewl w3 (r+) 128‘%+
bew3? (r+y) 1,67 +bewl w2 12 32 65 - bew2? 1, ;65 +
bewl w3 1, B, 67 ~bew3? 1, B, 6% + 1 (bL + bewl (wl + w2 +w3) 67 +
bL (1; + 12) (bL+be (wl?+w2? +w3%) 85)) +bL 1y (r+oy) +
bl? 13 (r+01) + bewl? 1, 6% (r+o01) +be bLwl? 136} (r+oy) +
bebLw2? 136} (r+o01) +bebLw3?2 136% (r+0y) + bewl w2 1, 62
(r+oz)+bewlw3126% (r+03)+/31,1+bL12[31,1+bew22 126§51,1+
bew3? 1,62 By, ~bewl w2 1,67 fi,, -bewlw3 1, & 1 5+
1; (bBL (r+¥) +bLrwl 81 -bLwl (r+¥) 61 + bLwl g6 -
bewlw2 (r+y) 62 +bew2? (r+ ) 6} -bewl w3 (r+ ) 62 + be w3?
(r+y) 62 + B2 (-bL+bLwl 6, +be (-w2? - w3% + wl (w2 +w3)) &%) +
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bL1; (bL+be (w1 +w2?+w3?) &%) (r+oy) +bL f;,1 +
be w2? 6‘% B +be w3? 6% B1,1 ~bewlw2 9% B1,2 ~bewlw3 6% Bi,3)) /
((1+bL (11 +1p)) (1+ (11 +12) (bL+be (wl? +w2? +w3?) 02))) +
(r+W+bL(r+y) Lo -B-bL1l, B+rwl28; -wW2 (r+¥¢) & +bLrw2l; & ~
bLw2 (r+) 1,0, +Ww2 By 8; +bLw2 1y B0 +wW23: 6, +bLw2ly 3,601 +
bewl? (r+y) 1,67 -bewl w2 (r+i) 1,67 ~bew2 w3 (r+y) 1, 6% +
bew3? (r+y) 1,67 ~bewl? 1; 8267 +bewl w2 1, B; 6 +
be w2 w3 1z B2 6% ~bew3? 1; B, 62 + 15 (bL+bew2 (wl + w2 +w3) 6% +
bL (11 + 1) (bL+be (w1? +w2? +w32) 6%)) +bewl w2 1, 6% (r+o1) +
bL1ly (r+02) +bL%13 (r+ o) +bew2? 1,6 (r+oz) +bebl
wl? 12 6% (r+ 0y) +be bLw2? 13 6% (r+ 0z) +bebLw3? 126% (r+o0;) +
bew2w3 1 & (r+03) ~bewl w216} By,1+B1,2+bL 12 P2+
bewl? 1, 6% 1, +bew3? 1, 6% 1,2 ~bew2w3 1, & B1,3 +
1; (bL (r+¥) +bLrw26; ~bLw2 (r+y) 61 + bL w2 3o 61 +bewl? (r+y)
6% -bewl w2 (r+¥) 6%-bew2wB (r+ ) 6§+bew32 (r+ ) 6§+
Bz (-bL +bLwW26; —be (wWl? - wl w2+ w3 (-w2 +w3)) &%) +
bL1; (bL+be (wl? +w2? +w3?) 62) (r+az) -bewl w267 1,1 +
bL A1,z + bewl? & 1,2 + bew3? 6F 1,2 ~be w2 w365 B1,3)) /
((1+bL (13 +12)) (1+ (11 +1z) (bL+be (wl? +w2? +w3%) 6%)))) +
w3 (Wl (rL3+ (r+ Yy +bL (r+y) 1p-Bo-bL1ls B +xrwl6 —wl (r+¥) 61 +
bLrwll; 81 -bLwl (r+) 1,81 +wWl B06;1 +bLwl 1y 306 +
wl Bz 0 +bLwl 1; 261 ~bewl w2 (r+) 1267 + bew2? (r+y) 1z
& -bewl w3 (r+y) 1,62 +bew3® (r+y) 1,6% +bewl w2 1z 32 67 -
bew2? 1; 3, 6% + bewl w3 15 B2 65 -bew3? 1; 8265 + 1y (bL +bewl
(Wl +w2+w3) 6§ +bL (11 +1;) (bL+be (wl?+w2? +w3%) 6%)) +
bL1ly (r+01) +bL? l% (r+o01) +bewl? 1z 6% (r+o01) +
bebLwl? 1267 (r+0op) +bebLw2? 136% (r+01) + be bLw3® 13
&% (r+o1) +bewlw2128§ (r+oz) +bewl w3 1ze§ (r+os3) +
Bi,; +bL1y By,  +bew2? 1,62 By 1 +bew3? 1; 6% B,y -
bewl w2 1, 6% B1,2 ~bewl w3 1267 1,3 + 11 (bL (r+¥) +
bLrwl&; -bLwl (r+ i) 61 +bLwl B8 -~bewl w2 (r+¥) 6%+
bew2? (r+) 6% -bewl w3 (r+) 6% +bew3? (r+ i) 6% +
2 (-bL+bLwl&; +be (—w22 - w3% 4wl (W2 +wW3)) 6%) +
bL1ly; (bL +be (w].2+w22 +w32) 6%) (r+o01) +bLfB1,1 + be w2?
& R1,1+bew3? 67 By,1 -~bewl w265 By,2 -bewl w362 R1,3)) /
((1+DL (11 +12)) (1+ (1y+15) (bL+be (wl? +w2? +w3%) 63)))) +
W2 (rL3+ (r+Y+bL (r+) 1, -Bo-bL 1y Bo+rw28, -w2 (r+y) 61 +
erWle@l‘bLWZ (I+L/I) 1, 6; +W26061+bLW212/3061+
W2 P20 +bLw2 1y B20; +bewl? (r+ ) 1,67 ~bewl w2 (r+¢) 1z
67 -bew2w3 (r+y) 126 +bewd? (r+y) 1,67 ~bewl? 1, &% +
bewl w2 1p B2 6% + be w2 w3 1, B, 63 ~bew3% 1, 32 6% + 15 (bL + be w2
(Wl +w2+w3) 62 +bL (1; + 12) (bL+be (wl? +w2? +w3%) 67)) +
bewl w2163 (r+0y) +bL1ly (r+02) +bL2 15 (r+op) +
bew2? 1, 6% (r+0z) +bebLwl?136% (r+a2) +be bLw2? 15 &6
(r+0y) +bebLw3? 12 6% (r+0,) +bew2w3 1, 6% (r+03) -
bewl w21, 6% 1,1 +B1,2+bL 1z B1,2+bewl? 1,67 By, +
bew3? 1, 6% B1,2 -bew2w3 1,65 B1,3+ 1y (bL (r+4) +
bLrw26; -bLw2 (r+§) 61 + bLW2 ¢ 61 + be wl? (r + ) 67 -
bewl w2 (r+ ) 6% -be w2 w3 (r+¥) 8%+bew32 (r+4) 6§+
By (~bL+bLw26; -be (wl? - wl w2 + w3 (-w2+w3)) 6% +
bL1l; (bL+be (wlz+w22+w32) &%) (r+oz) -bewl w2 67 B1,1+
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In[60]:

out[60]

]

bL 1,2 +bewl? 6} By, +bew3? 62 1,2 -bew2 w3 & f1,3)) /
((1+DbL (11 +15)) (1+ (L1 +1p) (bL+be (wl? + w2% + w3?)

e%)))))))))/mdbL (bL + be (wl? + w2? +w3%) 65))

G=G /. rL3 - LoanRate3

Bz (-bL (3bd +bL (-1 +p)?) +2bdbL (Wl +w2 +w3) 6; -

(bd (bL (wl1? +w2? + w3?%) + 2be (wl? - wl w2 + w2? - (wl +w2) w3 +w3%)) +
be bL (wl? + w22 +w3%) (-1+p)?) &) + bd bL &,
(- (Wl +wW2+wW3) -2 (WL+w2+w3) ¥+ (Wl +w2+w3) By ~wlfBy,1-W2B1,2-w3B1,3+
(W3 (r+y+bL(r+) Li+bL (r+¥) lo-PBe-bL1lyBo+r w36 —w3 (r+¥) 61 +
bLrw31ly,8; ~bLw3 (r+y) 1,8 +w3PBg6; +bLw31l, 30 +w33,6; +
PLw31; B, 6, +bewl? (r+y) 1,67 +bew2? (r+y) 1,6 ~bewl w3 (r+y) 1, 6% -
bew2w3 (r+§) 1,65 ~bewl? 1, 3; 67 -bew2® 15 8, 67 + bewl w3 1, 3, 6% +
bew2w3 1s 82 6 + 11 Bz (-bL+bLw38; -be (wl? +w2? - (wl +w2) w3) 6%) +
1o (bL+be w3 (wl +w2+w3) 68 + bL (11 + 1) (bL+be (wl? +w2? + w3?) 62)) +
bewlw3 1l 6% (r+o1) +bew2w3 126} (r+0z) +bL1ly (r+0oz) +bL? 1% (r+o;) +
bew3? 1,6% (r+03) +bebLwl? 1367 (r+03) +bebLw2? 1362 (r+03) +
be bLw3? 1262 (r+03) +bL1; 15 (bL+be (wl? +w2? +w3%) &%) (r+o3) -
bewlw31; 6% B1,1 ~bew2w3 1,67 B1,2 - 1161 (bLw3 ¥ -bLw3 g+
be 61 (- (wl? +w2% - (wl +w2) w3) (r+ ) +wl w3fB1,1 +w2w3fB1,2)) +
Bi,a+ (11 +1z2) (bL+be (wl®+w2%) &]) B1,3)) /
((1+bL (11 +1z)) (1+ (11+1;) (bL+be (wl?+w2?+w3%) 62))) +
(Wl (r++bL(x+d) 1lo-By-bL1l, B +rwld; -wl (r+) 61 +bLrwll, 6 -
bLwl (I+L//) 1291 +w1/3061 + bLwl 12[3061 +W1B291 +bLwl lngel-bele2
(r+y) 126 +bew2? (r+¢) 1,67 ~bewl w3 (r+y) 1,6} +bew3? (r+y) 1, 6% +
be wlw2 1y By 62 —be w2? 1, B, 6% + be wl w3 1z B2 62 ~be w3 1; B, 67 +
1o (bL+bewl (wl+w2+w3) 6% +bL (11 +1z) (bL+be (wl?+w2?+w3?%) &)) +
bLly (r+o071) +b1? l% (r+o1) +bewl? 1, 9% (r+o0y1) +
be bLwl® 136% (r+0y) +bebL w22 156§ (r+0o1) +bebLw3% 1365 (r+o0;) +
bewlw21l,6f (r+0p) +bewlw3 1,67 (r+o3) +B1,1 +bL1s P11+
bew2? 1,6% 1,1 +bew3? 1,67 B1,1 ~bewl w21, 6% 31,2 ~bewl w3 1, 6% B1,3 +
1y (L (r+¢) +bLrwl O ~bLwl (r+y) 6 +bLwl ;6 -
bewl w2 (r+ ) 6§+bew22 (r+¥) 8§~bew1w3 (r+ ) 6§+
be w3? (r+y) 6% +f; (-bL+bLwl &) +be (-w2? -w3% +wl (w2 +w3)) &%) +
bL 1, (bL+be (wl?+w2? +w3%) &%) (r+oy) +bLB1,1 +
be w2? 6} B1,1 +bew3? 6% B1,1 ~bewl w2 6% 1,2 -bewl w36% B1,1))) /
((1+bL (11 +12)) (1+ (11 +1) (bL+be (wl?+w2? +w3%) 6%))) +
(W2 (r+ W +bL (x+¥) lo-By-bL1, B +rw28; -w2 (r+¥) 61 +
bLrw2l, & -bLw2 (r+i) 1,6 +w2 By 61 +bLw21ly 3561 +
W2 261 +bLw2 1y B 6 +bewl? (r+4) 1,67 ~bewl w2 (r+y) 1,67 -
bew2w3 (r+4) 1,6% +bew3d? (r+y) 1,67 -bewl? 1, 3, 6% +
be wlw2 1z B2 67 + be w2 w3 1, B3 67 - bew3? 1, B, 62 +
1y (bL+bew2 (wl+w2+w3) 6% +bL (11 +12) (bL +be (wl? +w2% + w3%) 6%)) +
bewlelgef (r+o01) +bL1ly (r+0op) +bL? l% (r+o02) +
bew2? 1; 6% (r+0;) +bebLwl? 136% (r+0z) +bebLw2? 1367 (r+0z) +
be bLw32136% (r+o0;) +bew2w3 1,63 (r+03) -~bewl w2 1,62 By,1 +
Bi,2 +bL1yfRy,2+bewl? 1,828, ,+bewd? 1,6 B, 2 -bew2w3 1, 6% f,3+
1 (BL (r+d) +bLrw26, ~bLw2 (r+ ) 61 +bLw2 Bg 61 + bewl? (r+y) 67 -
bewl w2 (r+ ) 6§~bew2w3 (r+y) 6§+bew32 (r+) 6§+
Bz (-bL+bLw26; - be (wl? - wl w2 + w3 (-w2 +w3)) &%) +
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bL 1y (bL+be (w1 +w2? + w3?) 6%) (r+02) -bewl w262 1,1 +
bLB1,2 +bewl? &% B1,2 +be w3? &% 31,2 ~bew2 w3 6% B1,3))) /
((1+bL (13 +1)) (1+ (11 +1s) (bL+be (wl?+w22+w3%)6%)))) +
(bL (-1+p) (-bddo+bd (xr+¥) ((-1+p)di+pdz)+ (-1+p) S2)
1+bd (d; +dz)

bL

bd (Bi,1+ B1,2 +B1,3) -
bd (-3r-3¢y+ (r+y¥y+bL (r+y) Li+bL(r+4) 1o-Bo-bLly Bo+rw36; ~w3 (r+f)
O +bLrw3ly 0 -bLw3 (r+¥) 1261 +wW3B061 +bLw3 1, 061 +wW3 B3z 61 + bl
W31 B2 61 +bewl? (r+4) 1,6% +bew2? (r+ ) 1,6f ~bewl w3 (r+y) 1, 6% -
be w2 w3 (r+4) 1,6 —bewl?® 1, 3, 67 -bew2® 1, B, & + be wl w3 1; f3; 65 +
be w2 w3 1p B2 6% + 11 Bz (~-bL +bLw36; -be (wl® +w2? - (wl + w2) w3) 62) +
1y (bL+bew3 (Wl +w2+w3) 9%+bL (1; +17) (bL+ be (wlz +w22+v«'32) 6’%)) +
be wl w3 129% (r+o1) + bew2 w3 129% (r+o2) +bL1l; (r+o3) +
bL? 13 (r+03) +bewd? 1, 62 (r+03) +bebLwl? 1367 (r+0;) +
be bLw2? 13 6% (r+03) +bebLw3? 1267 (r+o3) +
bL 13 1z (bL+be (w1% +w2? + w3%) 62) (r+03) ~bewl w3 1, 6% B1,1 ~bew2w3 1,
6% f1,2-1161 (bLw3 ¢y -bLw3Bp+bed; (- (wl?+w2? - (wl +w2) w3) (r+u) +
wlw3B1,1+w2w3pB1,2)) +B1,3+ (11 +1z) (bL+be (wl? +w2?) 6) B1,3) /
((1+D0L (11 +12)) (1+ (1; +1s) (bL+be (wl? +w2? +w3%) 6%))) +
(r+f+bL(r+y¥)1l;-B2-bL1l;B+rwl8; ~wl (r+¥Y) 61 +bLrwll,&; -~
bL wl (I+L[I) 1261 +wl/3081 +bLwl 12[_))061 +Wl/3291+wal lngel—ber
W2 (r+ ) 1262 +bew2? (r+ ) 1,6% ~bewlw3 (r+#¥) 12 67 + bew3? (r+4)
126f +bewl w2 1, B2 6% - be w2? 15 B2 62 + be wl w3 1, 3, 6% - bew3? 1, 3, 6% +
1o (bL+bewl (wl+w2+w3) &2 +bL (11 +1p) (bL+be (w1? +w2? +w3?) 65)) +
bL1, (r+o0;) +bl? 1% (r+o0;) +bewl? 1,6% (r+oy) +
be bLwl? 13 6% (r+o1) +bebLw2? 1367 (r+oy) +bebLw3? 1367 (r+o01) +
be wl w2 1; 6% (r+oz) + bewl w3 126§ (r+03) +fB1,1+bL1sfB1,1+
be w2? 1, 67 B1,1 +bew32 1,62 1,1 ~bewl w2 1, 8 R1,2 ~bewl w3 1, 62 31,3 +
L (bL(r+y) +bLrwlB; -bLwl (r+y) 6; + bLwl B33 81 -bewl w2
(r+y) 8% +bew2? (r+y) 6% ~bewl w3 (r+ i) 6% +bew3? (r+y)
6% + B2 (-bL+bLwl & +be (~w2% - w3% +wl (w2 +w3)) 6%) +bL
12 (bL+be (w1? + w22 +w32) 6f) (r+o01) +bL 1,1 + be w2?
9% Bi,1 +be w3 9% B1,1 ~bewlw2 62 B1,2 ~bewl w3 &7 B1,2)) 7
((1+DbL (11 +15)) (1+ (11 +1z) (bL+be (wi?+w2? +w3?%) 6%))) +
(r+Y+bL (r+¢) 1o-Bo-bL1l, Br+rw268; -w2 (r+y) 6; +bLrw2l; 8 -
bL w2 (r+w) 1261+w26061+bLW212/3081 +W2/3291+
bLw2 1y 8261 +bewl?® (r+y) 1,67 ~bewl w2 (r+) 1 65 -
be w2 w3 (r+ ) 1, 6§+bew32 (r+y) 1, 6% -bewl? 1, f3; 6% +
be wl w2 12/326%+bew2w3 lzﬁzef—bewiiz 12/326§+
1o (bL+bew2 (wl + w2 +w3) 82 +bL (11 +1;) (bL+be (w1? +w2? + w3?) &8)) +
bewl w2126} (r+o1) +bL1l; (r+02) +bL? 1% (r+op) +
be w2? 1; 6% (r+0z) +bebLwl? 1362 (r+0;) + bebLw2? 13 6% (r+02) +
be bL.w3%2 1567 (r+0;) +bew2w3 1,67 (r+03) ~bewl w2 1, 6% 31,1 +
Bi,2+bL1y By, +bewl® 1,67 By 2 +bew3? 1,65 B2 -bew2w3 1,6% By,3+
13 (bL (r+¥) +bLrw26; -bLw2 (r+y) 61 + bL w2 3y 91+bew12
(r+4) 6% —bewlw2 (r+¥) 68 —bew2w3 (r+y) 6% +bew3? (r+y)
6% + B2 (-bL+bLw26; -be (wl? -wl w2 +w3 (-w2+w3)) 6}) +bL
1; (bL+be (w1? + w22 +w3%) 6}) (r+0y) ~bewl w267 3,1 + bL
Bi,2 +bewl® &% B1,2 +bew3? 6% B1,2 ~bew2w38% By,3)) /

((1+BL (11 +12)) (1+ (11 +12) (BL+be (wi? +w2? +w3?) 6})))) ) +

6% | -bd bL (w12 + w2? + w3?) B¢ +
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bL1, (bL+be (w1%+w2? +w3?) 62) (r+02) -bewl w265 1,1+
bLA1,2 +bewl? 6% 1,2 +bew3? 6} B1,2 ~bew2 w36} B1,3))) /
((1+bL (13 +12)) (1+ (1;+1s) (bL+be (w1?+w22+w3%) &5)))) +
bL (bL (-1+p) (-bddp+bd (r+¥) ((~1+p)dy+pdy) + (-1+p) Bz)

1+bd (d; +dz)

d (B1,1+ B2 +B1,3) -

bd (-3r -3¢+ (x+y+DbL (r+¥) L1 +bL(r+¥Y) lo-B2-bLlyfo+xrw36; -w3 (r+ )
01 +bLrw3ly; 81 ~bLwW3 (r+y) 12601 +W3Bp61 +bLw3 1y ;61 +wW3 36 +bL
w3ly B2 01 +bewl? (r+y) 1:6% +bew2? (r+ ) 1; 67 ~bewl w3 (r+ ) 1,67 -

bew2w3 (r+4) 1,6 ~bewl? 1,3, 67 ~-bew2? 1,3, 67 + bewl w3 1, 3, 6% +

be w2 w3 138,65+ 11 Bz (-bL+bLw38; -be (wl? +w2? - (wl +w2) w3) 6§) +

1o (bL+bew3 (wl+w2+w3) 6% +bL (11 +1z) (bL +be (wl? +w2% +w3%) 6%)) +

bewlw31,6% (r+o;) +bew2w31;6% (r+0p) +bL 1y (r+o03) +

bL? 15 (r+ o3) +bew3? 1, 6% (r+03) +bebLwl? 1367 (r+o03) +

be bL w22 l§ 6% (r+03) + be bLw3? 1§e§ (r+o3) +

bL 1; 12 (bL+be (wl1? + w2? + w3%) 62) (r+0os) -bewl w3 1, 6% 31,1 -~bew2w3 1,
6% B1,2-11 61 (bLw3 th-bLw3 By +be by (- (wl? +w2? « (Wl +w2) w3) (r+y) +

Wl w3 B1,1+w2w3B1,2)) + P13+ (L1+12) (bL+be (wl?+w2?) 67) B1,3) /
((1+DbL (11 +12)) (1+ (13 +1z) (bL+be (w12 +w2? +w3?) 63))) +
(r++bL(r+¢) lo-Bo-bL1l;Bo+rwlH -wl (r+y) 6 +bLrwl 1,6 -

PLwl (r+4¢) 1,601 +wWl B8 +bLwl 1y 61 +wl 3281 +bLwlly 326 ~bewl
W2 (r+) 1,67 +bew2? (r+y) 167 -bewl w3 (r+¢) 12 62 + bew3? (r+¢)
1,6 +bewl w2 1; B, 62 -bew2? 1, B, 63 + bewl w3 1; 32 65 - bew3? 1, 3; 6§ +

1y (bL+bewl (wl+w2+w3) 6% +bL (13 +12) (bL+be (w12 +w2? +w3?) 6%)) +

bL 1, (r+ o) +bL% 1% (r+oy) + be w1 1,6% (r+oy) +

be bL wl? l% 6% (r+oy) + be bL w2? l% 6% (r+o01) + be bL w3? 136% (r+oy) +

bew1w2126§ (r+oz)+bewlw3126§ (r+03) +f1,1+bL1s 3,1 +

bew2? 1, 67 B1,1 +bew3? 1, 6% 1,1 ~bewl w2 12 6% 1,2 ~bewl w3 1, 62 31,3 +

17 (bL (r+y) +bLrwl &) -bLwl (r+y) 6&; + bLwl By 61 - be wl w2

(r+y) 6% +bew2? (r+y) 67 —bewl w3 (r+¢) 67 +bew3? (r+y)

6% + By (-bL+DbLwl 61 +be (-w2? - w3? +wl (w2 +w3)) 6§) +bL

2 (bL+be (w1? + w22 + w3?) 6%) (r+o0y) +bLBy,1 + be w2?

€% B1,1 +bew3? 6% B1,1 ~bewl w26% 1,2 ~bewl w3 6% B1,3)) /
((1+bL (11 +12)) (1+ (11 +13) (bL+be (wl?+w2® +w3%) 6%))) +
(r+ ¥ +bL(r+ ) 1 -Bo-bL1R+rwW26; -wW2 (£+¥) 61 +bLrw2l, 6 -

DLwW2 (r+y) 1261 +wW2 3061 + bL w2 1y 3061 +W2 3201 +

bLw2 1y 3261 +bewl? (r+ ) 1,67 —bewl w2 (r+y) 1,67 -

be w2 w3 (r+ i) 1,67 +bew3? (r+ ) 1, 6% -bewl? 1, 3, 6% +

be wl w2 1p Bz 6% + be w2 w3 1, 32 6% - be w3% 1, 3, 6% +
1o (bL+bew2 (wl +w2+w3) 6% +bL (11 +1,) (bL+be (w1% +w2? + w3?) 62)) +

bewlw21,6% (r+oy) +bL1l; (r+0p) +bL? 13 (r+ o) +

be w2? 1, 6% (r+02) + be bL w1? l% 9% (r+02) +bebLw2? 126% (r+oz) +

be bLw3% 1267 (r+o02) +bew2w31,6% (r+03) ~bewl w2 1,62 34,1 +

Pi,2+bL1y By, +bewl? 1,67 1,2 +bew3? 1,6% 1,2 -bew2 w3 162 B3+
11 (bL (r+y) +bLrw26; -bLw2 (r+y) 6 +waZ/3061+bewl2

(r+y) 67 —bewl w2 (r+) 6% —bew2w3 (r+) 67 + bew3? (r+¥)
% + Bz (-bL+bLw26; -be (wl? -wlw2+w3 (-w2+w3)) 6%) +bL
1; (bL+be (w1? +w2% +w3?) 6}) (r+02) ~bewl w26%3;,; +bL
Bi,2 +bewl® 6% B, +bew3? 62 fB1,; ~bew2w3 6% B1,3)) /

((1+BL (13 +12)) (1+ (13 +1z) (bL+be (w1® w2’ +w3?) 60)))) ) +

& | -bd bL (w1? + w2? + w3?) B¢ +
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C be bL (wl?+w2% +w3%) (-1+p) (-bddp+bd (r+4) ((-1+p)di+pdz) + (-1+p) Bz)
1+bd (dq +dp)
+bdbe ((w2% +w3% —wl (w2 +w3)) By,1 +
(w1 - wl w2 - w2 w3 +w3?) 1,2+ (W12 +w2% - (wl +w2) w3) f1,3) +
bd (bL (wl? +w2? +w3%) y+be (2 (w1? +w2? - w2 w3 +w3% —wl (w2 +w3)) (r+{) -
(wl2 (r++bL(r+d) 11 +bL (r+y) 1l -B2~-bL1l; Bo+rw36 -wW3 (r+) 6; +
bPLrw3l, 8 -bLw3 (r+¥) 1,61 +w3B3; 61 +bLw3 1y 361 +
W3 ;61 +bLw3 1y 6 +bewl? (r+y) 1,67 + bew2? (r+ ) 1,65 -
bewl w3 (r+¥) 1,6} ~bew2w3 (r+4) 1, 6 -bewl? 1, B; 62 - be w2?
1, 6,65 +bewl w31y ;67 +bew2w3 1y 8,67 +1, Bz (-bL+bLwW36; -
be (W1? +w2? - (wl +w2) w3) 6%) + 1o (bL +be w3 (Wl + w2 +w3) 6% +
bL (11 +1z) (bL+be (wl?+w2? +w3%) 6})) +bewl w31, 6% (r+o;) +
bew2w3 1,65 (r+02) +bL1ly (r+03) +bL? 13 (r+o03) +
bew3?1, 6} (r+o03) +bebLwl? 1367 (r+o03) +bebL w2213 67 (r+o;) +
bebLw3? 13 6% (r+a3) +bL1l; 1, (bL+be (wl? +w2? +w3?) 6%) (r+a3) -
bewl w3 1,62 1,1 -bew2w3 1262 B1,2 - 11 61 (bLw3 ¢ - bLw3 g +
be & (- (wl% +w2? - (wl+w2) w3) (r+¥) +wlw3fBy,1+w2w3p1,2)) +
Bi,3+ (11 + 1) (bL+be (wl? +w2?) %) B1,3)) /
((1+DbL (13 +12)) (L+ (13 +12) (bL+be (wl1? +w2? +w3?) 6%))) -
(w22 (r+d+DbL(r+d) 11 +bL (r+y) Lo ~By-bL1ly By +r w36 -
W3 (r+¢Y) 61 +bLrw3l; 8 ~-bLw3 (r+y) 1261 +wW3 361 +
bLw31l;Ro61+w3 B0 +bLw3ls B0 +bawl® (r+y) 1, 6§+
bew2? (r+4) 1262 -bewl w3 (r+) 1,67 ~bew2w3 (r+y) 12 6% -
bewl® 1, 3,67 ~bew2? 1, 3, 6% +bewl w3 1, By 67 + be w2 w3 1, 3, 67 +
1; Bz (-bL+DbLw36; -be (wl?+w2? - (wl +w2) w3) 67) + 1o (bL+
be w3 (wl+w2+w3) 62 +bL (11 +1z) (bL+be (wl? +w2? +w3%) 63)) +
C bewlw3 1,62 (r+o1) +bew2w3 1, 62 (r+0s) +bL1s (r+03) +
‘ bL? 1% (r+03) +bew3? 1,67 (r+o03) +bebLwl? 1367 (r+03) +
be bLw2? 1267 (r+o03) +bebLw3? 12367 (r+oy) +
bL1; 1y (bL+be (w12 +w2? + w3?) &%) (r+o3) -
bewl w3 1,67 81,1 -bew2w31,;6%B;,,~1; 61 (bLw3 ¢ - bLw3 By +
be 6 (- (w12 +w2? - (wl+w2) w3) (r+ ) +wlw3fy,1 +w2w3fPy,z)) +
B,z + (11 +1z) (bL+be (wl? +w2?) €7) B1,3)) /
((1+DbL (11 +12)) (1 + (11 +12) (bL+be (wl® +w2% + w3%) 62))) +
(Wiw2 (r++DbL (r+y) 12 -B2-bL1yfo+rwlB; ~wl (r+y) 61 +
bLrwlly, & -bLwl (r+i) 1061 +WLl By 61 +bLwl ly Bq 61 + Wl 3,61 +
bLwl 15 3261 -bewl w2 (r+ 1) 126} + bew2? (r+y) 1, 6% - be wl w3
(r+¥) 126%+bew32 (x+ ) 126’%+bew1lez Bzei—beWZZ 1, 32 6§+
bewl w31y 267 -bew3?1;8,6%+ 1 (bL+bewl (wl+w2+w3) &% +
bL (17 +12) (bL+be (w12 +w22+w3%)63)) +bL1l; (r+o1) +
bl 1% (r+01) +bewl? 1,6} (r+o01) +beblLwl? 136 (r+o1) +
bebLw2?136% (r+o1) +bebLw32136f (r+oy) +bewl w2 1,6} (r+az) +
bewl w3 1,67 (r+03) +f1,1 +bL1y By, +bew2? 1,6 By 1 +
bew3® 1, 6% 1,1 -bewl w212 6% 1,2 ~bewl w3 1267 31,3 +
1y (L (r+yY) +bLrwl6; -bLwl (r+y) 61 +bLwl 361 -bewl w2
(r+ ) 6% +bew2? (r+y) 6% ~bewl w3 (r+ ) 6% +bew3? (r+y) 6% +
B2 (-bL+DbLwl 6 +be (-w2? -w3%? +wl (w2 +w3)) &) +
bL 1y (bL+be (wl? +w2? +w32) 6f) (r+o1) +bL 1,1 +
be w22 6% 31,1 +bew3? &% B1,1 ~bewl w265 By, ~bewlw3e] B1,3))) /
((1+DL (11 +12)) (1 + (11 +12) (bL+be (wl? +w2? +w3?) 6%))) -
(W22 (r+ W+ DbL (r+¢) la-Bs-bL1sPo+rwlBr -wl (r+y) & +bLrwll,&; -
bLwl (r+d¢) 1061 +wlfBi 61 +bLwlly,BgO1 +wWl B261 +bLwlly 867 ~
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Q bewl w2 (r+) 1,67 +bew2? (r+y) 1,65 -bewl w3 (r+y) 12 6% +
be w32 (r+) 1, 6% + bewl w2 12 B2 67 ~be w2? 1, B2 6% +
be wl w3 123267 -bew3% 15 26F +1g (bL+bewl (wl +w2 +w3) 6% +
bL (13 +1z) (bL+be (wl®+w22+w32)8})) +bL 1, (r+oy) +
bL? 13 (r+o1) +bewl? 1,6} (r+o0;) +bebLwl? 136§ (r+op) +
bebLw2? 1367 (r+o;) +bebLw3? 1262 (r+o0y) +bewlw2 1, 6% (r+op) +
bewl w3182 (r+03) + 81,1 +bL1y B1,1 +bew2? 1,62 B1,1 +
bew3? 1,67 1,1 -bewl w21, 6% B1,2 ~bewl w3 1,62 B1,5 +
11 (bL (r+4) +bLrwl6; ~bLwl (r+ ) 61 +bLwl 3961 -bewl w2
(r+) 65 +baw2® (r+y) &% -bewl w3 (r+) 6% +bewd? (r+y) 6%+
B2 (-bL +bL WL 6; + be (-w2? ~w3? +wl (w2 +w3)) 67) +
pL 1l (L +be (wlz+w22+w32) 8%) (r+o1) +bLB1,1+
be w2? 6% fiy,1 + be w32 6% 31,1 ~be wl w265 fi1,2 ~bewl w3 6% B1,3))) /
((1+DbL (11 +12)) (1+ (11 +1z) (bL+be (wl? +w2? +w3?) 62))) -
(W12 (r+ Y +DbL (r+y) 1o —Bs -bL1y R+ r w20 -w2 (r+1f) 61 +
PLrw2l,6; —bLw2 (r+y) 167 +W2 3001 + bLw2 1, 306 +
W2 3, 81 + bLW2 1, B 61 +bewl? (r+y) 1,67 ~bewl w2 (r+i) 1, 6% -
bew2w3 (r+i¢) 1p 6§+bew32 (r+y) 1y e% - bewl? 12 32 6§+
bewl w2 12 B2 6% + be w2 w3 12 B2 62 ~bew3? 15 B, 6% + 1g (bL+
be w2 (Wl +w2+w3) 6] +bL (11 +12) (bL+be (wl1? +w2? +w3?%) 6%)) +
bew1w2126§ (r+01) +bL1s (r+0) +blL? l% (r+o0z) +
bew2?1; 6% (r+oz) +bebLwl? 1567 (r+ ;) +bebLw2? 1262 (r+o;) +
bebLw3? 1367 (r+o0;) +bew2w31:6% (r+03) ~bewl w2 1, 6% By,1 +
B2 +bL 1y B,z +bewl? 1,62 By, +bew3? 1, 6% By, -bew2w3 1, 6% B1,5+
1, (bL (r+¥) +bLrw28; ~bLw2 (r+4) 61 + bLw2 Bo 61 + bewl? (r+ )
6%—bewlw2 (r+¥y) 8%—bew2w3 (r+4¥) ef+bew32 (r+y) 8§+
C Bz (-bL +DbLwW26; -be (wl? - wl w2 +w3 (-w2 +w3)) 6%) +
bL 1, (bL +be (wl? +w2? +w32) 6%) (r+02) ~bewl w267 31,1 +
bL 31,2 +bewl? 6% 1,2 + be w3? 6% B1,2 ~be w2 w36% B31,3))) /
((1+bL (17 +13)) (1+ (1; +1;) (bL+be (wl? +w2? +w3%) 68))) +
(Wiw2 (r+y+bL (r+d) 1o -Po-bLlyBe+rw28; -wW2 (r+Y) 61 +
bLrw2ly; 61 —bLw2 (r+y) 1361 +wW2 3061 +bLwW2 1y 3061 +
W2 B2 01 + bLwW2 1y By 61 +bewl? (r+y) 1,65 —bewl w2 (r+ ) 1,67 -
bew2w3 (r+¥y) 128§+bew32 (r+) Lz 8% - bewl? 12/328%-»
bewl w21, 8265 + bew2w3 128267 ~bew3? 1, 3267+ 1 (bL+
be w2 (wl +w2+w3) & +bL (11 +1;) (bL +be (wl? +w2? + w3%) 63)) +
bewl w21;6% (r+01) +bL1l; (r+0z) +bL% 1% (r+ o) +
be w2? 1, &% (r+0,) +bebLwl? 1265 (r+op) + bebL w22 12 6% (r+0y) +
bebLw3? 156% (r+0;) +bew2w3 12,65 (r+03) ~bewl w2 1,6% 81,1 +
Bi1,2+bL1yfB1,2+bewl?®1,6% B1,2+bew3? 1,6 B1,2 -bew2w3 1,67 B1,3 +
1; (bL (r+¥) +bLrw26; ~bLw2 (r+y) 61 +bLw2 3 01 + bewl? (r+)
6% -bewlw2 (r+y) 67 —bew2w3 (r+y) 67 +bew3? (r+y) 6%+
Bz (-bL+DbLw26; -be (Wl? - wl w2 + w3 (-w2 +w3)) &%) +
bL 1, (bL+be (wl?+w2? +w3%) &%) (r+02) ~bewl w265 B;,1 +
bL f1,2 +be wl? &} Bi,2 + be w3? 62 B1,2 - be w2w36% B1,3))) /
((1+DbL (11+12)) (1+ (11 +13) (bL+be (wl? +w2? +w3?) 62))) -
w3? ((c+Y+bL(r+y¥) 1o -PB2-bL1l;Br+rwlB; -wl (x+¢) 6 +bLrwlly6; -
bLwl (r+¥) 1,6, +WlBg6; +bLwl 1, 306, +wl 3, 86, +bLwl 1, f3; 6 -
bewlw2 (r+¥y) 1, 8§+bew22 (r+¥) 129§ -bewl w3 (r+¥) 128§+
bew3? (r+y) 1, 6% + bewl w2 1; Bz 6% ~ be w2® 1; B2 &3 +
bewl w3 1l: f3; ef—bew32 12 32 8§+lo (bL + bewl (Wl + w2 +w3) 6§+
C bL (11 +1z) (bL+be (w1?+w22 +w32)6§)) +bL 1y (r+oy) +
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bL? 1% (r+o1) +bewl? 1,62 (r+o1) +bebLwl? 126% (r+oy) +
bebLw2?156% (r+o1) +bebLw3d? 1262 (r+oy) +bewl w21, &7
(r+02) +bewlw3126% (r+03)+Blll+bL12B1,1+bew22128f/31,1+
bew3? 1,6} 1,7 ~bewl w2 1,67 B1,2 ~bewl w3 1; 6% 31,3 +
1y (bL(r+d¢) +bLrwl & -bLwl (r+¢) 6; + bLwl By 61 -
bewl w2 (r+y) 6} +bew2® (r+y) 6 -bewl w3 (r+¥) 8§+bew32
(r+4) 6% + Bz (-bL+bLwl 61 +be (-w2? —w3% +wl (W2+w3)) 63) +
bL 1z (bL+be (w12 +w2? +w3?) 67) (r+01) +bLfAy,1 +
bew2? 62 1,1 + bew3? 62 B1,1 ~bewl w2 6% B1,2 -bewl w36E f1,3)) /
((1+bL (13 +13)) (1+ (13 +12) (bL+be (w1? +w2? + w3?) 8%))) +
(r+y+bL(r+y) 1l -B2-bL1l; B +rw28) -w2 (r+y) 6 +bLrw2l, 6 -
bLW2 (r+ ) 1261 +W2 BB +bLwW2 12 3061 + W2 B2 61 + bLwW2 12 B2 61 +
bewl? (r+ ) lg@% -bewlw2 (r+¥y) 129§ -bew2w3 (r+) 128§+
bew3? (r+4) 1,67 -bewl? 1, 8, 6% + be wl w2 1, B, 6% +
bew2w3 1y B2 6% -bew3% 1, B, 6% +1p (bL + bew2 (wl + w2 +w3) 6% +
bL (11 +12) (bL+be (wl?+w2? +w3?) 67)) +bewlw2 1,6 (r+oy) +
bL1l; (r+o0z) +bl? 1% (r+0z) +bew2? 1,63 (r+02) +bebL
wl? 1262 (r+0p) +bebLw2? 1262 (r+0;) +bebL w3 1365 (r+o;) +
bew2w3 1,65 (r+03) ~bewl w21, 6% B1,1+ 81,2 +bL1z B,z +
bewl? 1, 6% f1,2 +bewd? 1,67 B1,2 -bew2w3 1, 6% By,5 +
1; (bL(r+¥) +bLrw26; -bLw2 (r+ ) 61 + bLw2 35 5 +bewl? (r+y)
6% ~bewl w2 (r+ ) 62 —be w2 w3 (r + ) 6§+bew32 (r+y) &+
B2 (-bL+DbLwW286; -be (wl? - wl w2 + W3 (-w2 +w3)) 6%) +
bL 1, (bL+be (w1? + w22 + w3%) 67) (r+02) -bewl w262 31,1 +
bL 1,2 +bewl? 6% 1,2 + bew3? 6% B1,2 ~bew2 w3 &% B1,3)) /
((L+DbL (13 +12)) (1+ (13 +1p) (bL+be (w12 +w2?+w32)6%)))) +
w3 (Wl ((r++bL (r+d) Li+bL (r+) 1o =32 -bL1ls B+ rw360; -w3 (r+¥)
S1+bLrw3l; 8 ~bLw3 (r+¥) 1,60, +W3 3061 + bLw31; Bo 61 +
W3B261 +bLwW3 1; B2 61 +bewl? (r+y) 1,67 +bew2? (r+y) 1, 6% -
bewlw3 (r+4) 1,6 -bew2w3 (r+y) 1,68 -bewl? 1; 3, 6f -
bew2? 1, 8,65 +bewlw3 1z 32 65 +bew2w3 1; B2 65 + 11 f32
(-bL + bL w3 6; - be (wl? + w2% - (wl +w2) w3) 6) + 1y (bL + be w3
(wl+w2+w3) 6% +bL (11 + 1) (bL+be (w1? +w2? +w3?) 62)) +
bewlw3l; 8% (r+01) + bew2w3 1285 (r+oz) +bL1ly (r+o03) +
bIf 13 (r+03) +bew3? 1,6} (r+o;) +bebLwl? 156} (r+os) +
be bLw2?® 1§e§ (r+o3) + be bL w3? l§ 6% (r+o3) +
bL1; 1, (bL+be (w1? + w22 + w3?) ef) (r+o3) ~bewlw3 1, 8% B1,1 -
bew2w3 12 67 1,2 - 11 61 (bL w3 - bL w3 3¢ + be 61
(- (w12 + w28 - (Wl +wW2) w3) (r+d) +wlw3 By, +w2w3By,2)) +
Bi,3+ (11 +15) (bL+be (wl?+w2?) 67) B1,3) /
((1+bL (11+12)) (1+ (11 +12) (bL+be (wl?+w2? +w3?) 63))) +
(r+y¢+bL(r+d) 1o -L2-bL1l;Br+rwlo; -wl (r+y) 61 +
PLrwllz6; -bLwl (r+¢) 161 +wWl 3¢ S1 +bLwl 1p 361 +
Wl Bz60; +bLwl 1 26, ~bewl w2 (r+) 1,67 + bew2? (r+y) 1,
& -bewl w3 (r+y) 1, 6% +bew3? (r+i) 1,67 + bewl w2 1, 3, 67 -
bew2? 1; B2 6% +be wl w3 1z 3, 65 - baw3? 1, iz 6% + 1y (bL +be wl
(wl+w2+w3) 6} +bL (11 +13) (bL+be (wl?+w2? +w3%) 6%)) +
bL1l; {r+o01) +DbL? l% (r+o1) +bewl? 1z 6% (r+01) +
bebLwl? 136 (r+o01) +be bLw2? 1267 (r+ o) + bebLw3? 12
9% (r+o1) +bew1w2129§ (r+02) +bewl w3 lg@f (r+o03) +
Bi,1 +bL1sf1,1 +bew2? 1,67 1,1 +bew3? 1,6% 31, -
bewl w21y, &2 B1,, ~bewl w3126% 1,3+ 11 (bL (r+¥) +
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C bLrwl 6 -bLwl (r+y) & +bLwl 3g6; -bewl w2 (r+y) 63+
bew2? (r+i) 6% -bewl w3 (r+) 9§+bew32 (r+ ) 6%+
Bz (-bL+bLwl &; +be (-w2? -w3% +wl (w2 +w3)) 63) +
bL 1y (bL +be (w12 + w22 +w3%) 6}) (r+o0y) + bL 1, + be w2?
62 B1,1 +bew3® &2 1,1 ~bewl w2 6% B1,2 -bewl w3 6? B1,3)) /
((1+DbL (11 +12)) (1+ (11 +1;) (bL+be (wl? +w22 +w3%)e%)))) +
W2 ((r+y¢+bL(r+y) 11 +bL (r+y) 1z -B2-bL1ls Bo+rw36) ~w3 {r+y)
61 +bLrw3l, 6 -bLwW3 (r+) 1261 +wW3 3561 + bLwW3 1y 3o &1 +
W3R20, +bLw3 1y 326 +bewl? (r+y) 1,6} +bew2? (r+y) 1,6} -
bewlw3 (r+y) 1, 6 ~bew2 w3 (r+y) 12 6% -bewl? 1, B, 67 -
bew2? 1 3, 67 + be wl w3 1z 3; 65 + be w2 w3 1 B2 6% + 11 fiz
(-bL +bL w361 - be (wl? + w2? - (wl +w2) w3) &%) + 1 (bL+bew3
(Wl +w2 +w3) 6% +bL (1; + 1) (bL+be (wl®+w2? +w3%) 67)) +
bewl w31, 8% (r+o;) + bew2w3 1ze§ (r+op) +bLl; (r+o3) +
bl? 13 (r+o3) +bew3? 1,65 (r+03) +bebLwl? 13 6% (r+03) +
be bLw2° 136} (r+03) +be bLw3% 1367 (x+03) +
bL1; 1y (bL+be (wl? +w2? + w3%) 62) (r+o3) ~bewl w3 1,62 f1,1 -
bew2w3 1,62 By, - 11 61 (bLw3 Y - bLw3 B + be 6y
(- (wl? +w2% - (wl +w2) w3) (r+y) +Wlw3 1,1 +w2wW331,2)) +
B1,3+ (11 +1z) (bL+be (wl? +w2?) &) B1,3) /
((1+bL (13 +12)) (1+ (13 +1z) (bL+be (wl? +w2? +w3%) 62))) +
(r+d+bL(r+d) lo-L2-bL1l; Bo+rw26; -w2 (r+y) 61 +
bLrw2 1,61 ~bLw2 (r+y) 16 +W2Bo G +bLw2 1 B 61 +
W2 P26, +bLw2 1z B2 By +bewl? (r+y) 1,67 ~bewl w2 (r+y) 1s
& -bew2w3 (r+4) 1,62 +bewd? (r+y) 126 ~-bewl? 1, Bz 65 +
bewl w2 1y B2 62 +bew2w3 1, B2 62 -bew3? 1, 32 6% + 1 (DL + bew2
(wl+w2+w3) 67 +bL (11 +12) (bL+be (wl? +w2% +w3%) 68)) +
bewlelgef (r+01) +bL 1y (r+0) + bI? l% (r+02) +
bew2? 1,67 (r+0z) + bebLwl? 1367 (r+ 0y) +bebLw2? 1% &}
(r+0y) +bebLw3? 1367 (r+0;) +bew2w3 1,6} (r+o3) -
bewl w21y 6% 1,1 +B1,2 +bL 1z B1,; +bewl? 1,6% By, +
bewd? 1, 6% B1,2 ~bew2w3 1, 6% B1,3 + 11 (bL (r+ ) +
bLrw26; -bLw2 (r+ ) 6; + bLw2 B35 61 + be wl? (r+ ) 6% -
bewl w2 (r+ ) 6% —bew2 w3 (r+¥) 67 +bew3® (r+y) 6% +
B2 (-bL+bLw26; —be (wl2 -Wlw2+wW3 (-w2+w3)) 8%) +
bL1, (bL+be (w1 +w2% +w3?) 6}) (r+02) ~bewl w26% 1,1 +
bLB1,2 + bewl? 6% 1,2 + bew3d? 67 B1,2 -be w2 w3 6% fB1,3)) /
((1+bL (11 +12)) (1+ (13 +13) (bL+be (wl? +w2? +w3?)

A

6)110))))] / (bt (61 s pe (w17 4 w2% 4 553%) )

In[61]:= D[%, r] // FullSimplify



Appendix 2 - 4 LR risk-based capital requirements Modified modelnb 24

C Out{61]= ((1l+DbL (li+12)) (31l1+ds ((3bd+bL (-1+p)p) L1+ (-1+p)p (l+bL1ls))) -
(Wl +w2+w3) (L+bddy) 13 (1+bL (11+12)) 61 +
be (11 +1s) (2 (w1 +w2? - w2 w3 +w3% —wl (w2 +w3)) 11 +
ds ((2bd (w1? - wl w2 +w2% - (Wl +w2) w3+ w3?) +bL (w1 +w2? +w3%) (-1+p) p) 11 +
(wiZ + w22 +w3%) (-1 +p)p (1 +bL1z))) 6f +
d; (l% (bL (3 bd + bL (—l+p)2) -bd bl (Wl +w2 +Ww3) 6; + be (2 bd
(w12 -~ wl w2 + w2% - (wl + w2) w3 +w3%) +bL (wl2 +w2? +w3%) (-1+p)?) e{) +
1; ((3bd+2bL (-1+2)?) (1+bL1y) -bd (Wl +w2+w3) (1+DbL1,) 6 +
be ((wl? +w2? +w3%) (=1 +0)%+2 (bd (wl? -wl w2 + w2? - (Wl +w2) w3 + w3?) +
bL (wl% +w2% +w3%) (-1 +p)2%) 1,) 6%) +
(-1 +p)2 (L+bL1y) (1+1; (bL+be (wl?+w2Z+w3%)6§))))/
((L+bd (dy +dz)) (1+DbL (13 +15)) (1+ (11 +1z) (bL+be (w1? $w2? +w3?) &%)))

In[62]:= Assets = LoanDemandl + LoanDemand2 + LoanDemand3 + G

out[62]= -(lo (-1+ (11 +12) (-bL-be (wl?+w2® - (wl +w2) w3) 63)) +
12 (bLw3 (—§+ fio) 61 + B2 (~bL+DbLwW36; - be (wl? + w2? - (wl + w2) w3) 6%) +
bL (r+ Y+ P1,3) +bed? ((wl? +w2? - (wl +w2) w3) (r+¥) ~w3 (wl 1,1 +wW2B1,2) +
(W1Z+w2%) Bi,3)) + 12 (W= Bz +w3 (- +Po+P2) 61 -03+PB1,5+
1; (-bLw3 (¥ - o) 61+ Bz (-bL +bLw3 61 - be (wl? +w2? - (wl +w2) w3) 6%) +
bL (- 03 + f1,3) +be 67 (w12 +w2?% - (Wl +w2) w3) Yy +wlw3 o+
w2 w3 0p - wl? o3 - w2? o5 ~wlw3 By, ~w2w3 By, 2+ (W1Z +w2%) f,3))) +
Li(r+¢-Bo+w3 (-f+Bo+P2) 61 +B1,3+1z (~2bLwW3 (§~fBg) 61+
2f2 (-bL+bLw3 6 -be (wl?+w2? - (wl +w2) w3) &%) +
bL (r+2¢-03+2f31,3) +be@% ((w12+w22 - (Wl +w2) w3) (r+2¥y) +wlw3op +
W2 w3 0y -wl? 03 -w2? 03 - 2wl w3 f1,1 - 2W2 W3 f1,2 + 2 (wl% +w2%) B1,3)))) /
Q ((L+DBL (13 +12)) (1+ (11 +1z) (bL+be (wl1? +w2? +w3%)6%))) -
(1 (-1 + (11 + 1) (-bL+be (-w22 -w3% +wl (w2+w3)) 6§)) +
12 (bLwl (- + o) 61 +
Bz (~bL+bLwl 8; +be (-w2? -w3? +wl (W2 +w3)) &%) +bL (r+ 4 +1,1) +
be 88 ((w2? +w3? —wl (w2+w3)) (r+i) + (w2? +w3?) Bi,1 -wWl (W2 B1,2+wW3B1,3))) +
Li (r+Y-Bo+WL (=f+Bo+Bz) O +B1,1+12 (-2DLwWL (f-fBe) 61 +2f3
(-bL+bLwl o) +be (Wl -w2) w2+w1w3—w32) 6%) +bL(r+2y-01+2PB1,1) +
be@% ((w22+w32 -wl (W2+w3)) (r+2¥) - (w22+w32) o1 +wWlw2aoz+
wlw3 oz +2w2% By,1 +2w32 P11 - 2wl w2 By,2-2wWlw3fB1,3))) +
Lo (f-Bz+wWl (~f+Bo+B2) 6r~01+P1,1+ 12 (-PLwl (¥-pBo) 61+
Bz (-bL+DbLwl & +be (Wl -w2) w2 +wl w3 -w3?) 6%) +bL (Y- 0y + f1,1) +
be 6] ((w2? +w3? —wl (w2+w3)) i — (w2? +w3%) oy +wlw2 0 +
Wiw3 gy + w22 fBy,1 +w3% By, ~wlw2 By, -wlw3pB1,3)))) /
((L+bL (11 +12)) (1+ (11 +15) (bL+be (wl?+w2? +w3?%) &2))) -
(1o (=1+ (11 +13) (-bL-be (Wl? -wlw2+w3 (-w2+w3)) 67)) +
17 (bLw2 (-¢+ o) 61 +
Bz (-bL+bLwW26; -be (Wl1? -wl w2 +w3 (-w2+w3)) 6%) +bL (r+ i+ f1,,) +be &2
(w12 - wlw2 -w2w3+w3%) (r+y) -wlw2Ba,1+ (W12 +w3?) B1,2 - w2 w3 B1,2)) +
Li(r+y-Bo+w2 (-F+B0+PB2) 81 +B1,2+1z (-2bLwW2 (¥ ~f3) 61 +2 3
(-bL+bLw26; ~be (Wl1? -wl w2 +w3 (-w2+w3))62) +bL (r+2 -0z +2B1,2) +
be &% ((W1? ~wlw2 -w2w3+w32) (r+2y) +wlw2o; - (wl? + w3%) o +
w2w303—2wlw2/31,1+2w12/31,2+2w32/31,2—2w2w3/31,3)))+
Ly (W -Be+wW2 (~f+Bo+P2) 61 -02+P1,2+ 12 (-bLw2 (y-Bo) 61 +
Bo (-bL +bLw28; ~be (Wl? - wl w2 + w3 (-w2 +w3)) 6%) +bL (Y -0z +B1,2) +
be6f ((wl? - wl w2 - w2 w3+ w32) y+wlw2op - (wl? +w3?) op +
w2w3 03 ~wlw2 f31,1 +w12[31,2 +w3% By, —w2w3B1,2)))) /
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i« ) ({1 +DL (13 +12)) (1+ (11 +12) (bL+be (w12 +w2® +w3%) 62))) +
(/32 (-bL (3bd+DbL (-1 +p)%) + 2bdbL (wl + w2 +w3) &; -

(bd (bL (w1? +w2? +w3%) + 2be (wl? - wl w2 + w2? - (wl +w2) w3 +w3?)) +
be bl (w12 + w22 + w3%) (-1 +p)?) 6%) +bdbL &y
(- (Wl+w2+wW3) -2 (WL+w2+wW3) ¢+ (Wl+w2+w3) Bo-wlfBi,1-w2pB1,2-w30B1,3+
(W3 (r+¢+bL (r+y) 11 +bL (r+y) 12 -B2-bL1ls R +r w36 -w3 (r+¥) &1 +
bLrw3l, G -bLw3 (r+¢) 1,601 +wW3 By 61 +bLw3 13,6 +wW3 836, +
bLw3 1; B3; 61 +bewl? (r+4) 1,6} +bew2? (r+i) 1,6} -bewl w3 (r+4) 1,
65 -bew2w3 (r+) 1267 —bewl? 1, B2 6 -bew2? 1; B2 6% + be wl w3 1, B2 65 +
be w2 w31, 8265 +1; B2 (-bL+bLw36; -be (wl? +w2? - (wl+w2) w3) 65) +
1o (bL+bew3 (Wl +w2+w3) 6% +bL (11 +1,) (bL+be (w1? +w2? +w3?) 6%)) +
bewl w3 1,67 (r+o1) +bew2w3 1y 6% (r+0p) +bL 1y (r+03) +
bL? l% (r+o03) +be w3? 1, 8% (r+03) + be bLwl? l% 6% (r+o3) + be bL w2? l%
6% (r+a3) +bebL w32 1362 (r+a3) +bL 11 1, (bL+be (wl? + w2? + w3?) &%)
(r+ags3) -bewl w3 1ze§ 1,1 ~bew2w3 1, 8%/31,2—11 61 (bLw3 ¥ -bLw3
By +beb; (- (wl2 +w2? - (Wl +w2) w3) (r+y) +wlw3B;,1+w2w3f1,2)) +
Bi,3+ (11 +1z) (bL+be (w1 +w2?) &%) f1,2)) /
((1+bL (13 +12)) (1+ (13 +1g) (bL+be (wl? +w2Z +w3%) 62))) +
(WL (r++DbL(r+y) 1o -Bo-bL1;Ro+rwlE -wl (r+y) 6 +bLrwll; 6 -
PLWL (r+y) 1261 +Wl B3y 6y +bLwl 1y 306 +wl 3,0 +bLwlli; 36, ~bewl
W2 (r+ ) 1,6f +bew2? (r+y) 1,65 ~bewlw3 (r+y) 1, 6 +bew3? (r+y)
1267 +bewl w2 1; B2 6% - be w2? 1, 32 67 + be wl w3 15 B2 63 - be wd® 1; 3, 6F +
1y (bL+bewl (wl +w2+w3) 62 +bL (13 +12) (bL+be (w1? +w2? +w3?) 6%)) +
bL1l; (r+o01) + bL? l% (r+0o1) +bewl? 1, 6% (r+o1) +
be bLwl? 1267 (r+0y) +bebLw2? 1363 (r+oy) +bebLw3?13 6% (r+o;) +
be wl w2 1ze§ (r+02) +bewlw3126§ (r+03) +f1,1 +bL1;Bq,1+
bew2? 1,672 B1,1 +bew3? 1,62 1,1 -bewl w2 12 6% 81,2 ~bewl w31, 6% 31,3 +
1; (L (r+y) +bLrwl6; -bLwl (r+y) 61 + bLwl 3¢ 61 - bewl w2
(r+y) 6% +bew2? (r+y) 62 ~bewl w3 (r+ i) 6% +bew3? (r+y)
&2 + Bz (-bL+DbLwl 61 +be (-w2? -w3% +wl (w2+w3)) &%) +bL
1, (bL+be (wl1? + w2? + w3?) 6%7) (r+0y) +bL 1,1 + be w2? &}
B1,1 + be w3? ©f B1,1 ~bewlw26? By, ~bewl w36 f1,3))) /
((1+bL (11 +12)) (1+ (13 +12) (bL+be (wl? +w2? +w3%) 89))) +
(W2 (x+y+DbL(r+y) 1o -PB2-bL1;Br+rw26; -w2 (r+§) 8 +bLrw2l; 6; -
bLw2 (r+y) 12601 +wW2 By 61 +bL W2 1s g 81 + w2 3, 61 + bLw2 1, 3, 81 + bewl?
(r+y) 126% -bewl w2 (r+y) 1,6 ~bew2w3 (r+ ) 1, 6% + bew3? (r+4)
1,67 ~bewl? 1, B, 6} +bewl w2 1, 3; 6} + be w2 w3 1, 3, 6% - be w3? 1, B, 6% +
1y (bL+bew2 (Wl +w2+w3) 67 +bL (13 +15) (bL+be (wl? +w2? + w3?) 6%)) +
be wl w2 1, 8‘% (r+01) +bL1; (r+0s) +bIL? l% (r+o) +bew2? 1, 6% (r+og) +
be bLwl? 1267 (r+o0z) +bebLw2? 1367 (r+02) +bebL w3213 6% (r+02) +
bew2w3 167 (r+03) ~bewl w2126 1,1 +P1,2 +bL 1y B1,2 +bewl? 1,67 By, +
bew3? 1,67 B1,2 ~bew2w3 1, 6% 1,3 + 11 (bL (r+ 1) +bLrw26; - bLw2 (r + )
B1 + bLW2 P 81 +bewl? (r+ ) 67 ~bewl w2 (r+ ) 6% -bew2 w3 (r+ )
6§+bew32 (x+ ) 6§+/32 (-bL +bL W2 61 -be (Wl? - wl w2 + w3 (-w2 +w3))
65) +bL 1, (bL +be (w1?+w2? +w32) &%) (r+02) - be wl w2 6}
Bi1,1 +bLB1,2 +bewl? 6% 1,2 +bew3? 6 B1,2 ~bew2w3 6} B1,3))) /
((L+bL (1y+12)) (L+ (11 +1y) (bL+be (wl? +w2? +w3%) 62)))) +
bL(-1+p) (-bddp+bd (r+¥) ((-1+p)di+pde) + (-1+p) fB2)
1+bd (d; +dg)

O

bL (

bd (B1,1 +B1,2+B1,3) -
bd (-3r-3y+ (r+y+bL(r+y¥) 1l;+bL(r+y) 1, -B2-bL1l,fBs+
rw36; - W3 (r+¥) 6 +bLrw3l, 8, ~bLw3 (r+y) 1,8, +W3 361 +
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bLw3 1z o 61 +W3 P26, +bLw3 1y fiz 61 +bewl? (r+y) 1, 6% +
bew2? (r+y) 1,67 ~bewl w3 (r+ ) 1,65 —~bew2 w3 (r+¢) 1, 6% -
bewl? 1, ;6 -bew2? 1, 8,62 + bewl w3 1, 32 &5 + be w2 w3 1 B2 65 +
11 B2 (-bL+bLw36; -be (wl? + w2? - (wl +w2) w3) 65) +
1o (bL+ bew3 (Wl + w2 +w3) 67 +bL (1; + 1) (bL+be (wl? + w22 +w3%) 67)) +
bewlw31l, & (r+o1) +bew2w3 1,65 (r+o2) +bL1ly (r+03) +
bL? 13 (r+03) +bewd? 1, 6% (r+0s) +bebLwl? 1367 (r +03) + be bLw2? 13
&f (r+03) +bebLw3? 1367 (r+03) +bL1; 1 (bL+be (w12 +w2? + w3?) &%)
(r+o3) ~bewl w31, 6% f1,1 —bew2w31; ei B1,2-1161 (PLwW3 § -bL w3 f3p +
be 6y (- (w12 +w2? - (wWl+w2) w3) (r+y) +wlw3fi,1+w2w3p1,2)) +
Bi,3+ (11 +12) (bL+be (wi?+w2?) &%) fy,3) /
((1+DbL (13 +12)) (1+ (11 +13) (bL+be (wl?+w2? +w3%) 62))) +
(r+y+bL(x+y) 1y ~B2-bL1ly B +rwl6; -wl (r+y) 6 +bLrwll; 8 -
bLwl (r+¥) 1261 +wWl 061 +bLwl 1 By 61 +wl 26, +bLwl 1z 32 61 -
bewl w2 (r+) 1,62 +bew2? (r+y) 1262 ~bewl w3 (r+y) 1, 6% +
bew3? (r+y) 12 6% + bewl w2 1, By 67 - be w2? 1, B, 67 + bewl w3 1, 3; 6% -
bew3? 1, 8,65 + 1 (bL+bewl (wl +w2+w3) 6 +bL (1; + 12)

(bL+be (wl? + w22 + w3?) 67)) +bL 1y (r+oy) +bL2 1% (r+o01) +
bewl?1,6% (r+0;) +bebLwl?136% (r+o0;,) +bebLw2?156% (xr+0oy) +
bebL w3 l% 6% (r+0y) +bewl w2 126§ (r+oz) +bewl w3 1, 9% (r+o03) +
B1,1+bL1sB1,1 +bew2? 1,6} B1,1 +bew3? 1,67 1,1 -bewl w2 1562 31, -
bewlw3l, ei Bi,3+ 11 (DL (r+y) +bLrwl®; -bLwl (r+y) &1 +

bLwl By 61 -bewlw2 (r+y) 65 +bew2? (r+y) 67 -bewlw3 (r+y) 6%+
be w3% (r+u) 6% + 2 (-bL +bLwl &1 + be (-w2% - w3% + wl (w2 +w3)) &%) +
bL1, (bL+be (wl?+ w22 +w3%) 6%) (r+o0y) +bL By, +
be w2’ &% B1,1 +bew3?6} B, -bewl w2 6] 31,2 -bewl w36% f1,3)) /
((1+bL (11+15)) (1+ (11 +1p) (bL+be (wiZ+w2?+w32)6%))) +
(r+ Y+l (r+y) lo~Bo~bL1lyBo+rw28; -w2 (r+ ) 6y +bLrw2l; 6; -
PLW2 (r+y) 13 61 + w2 B O1 + bL W2 1z g 81 + w2 fz 61 + bLw2 1, B2 6; + be wl?
(r+4) 1, ef—beleZ (r+y) 1z 6% -bewZw3 (r+¥) lgef + be w3? (r+1y)
1,6 -bewl?1; B 62 +bewl w2 1, 32 6% +bew2w3 1z B2 67 -bew3? 1, 3262 +
1o (bL+bew?2 (Wl +w2+w3) 6% +bL (13 +12) (bL+be (wl? + w22 +w3%) 67)) +
bewl w212 6% (r+01) +bL1l; (r+a0z) +bLZ 1% (r+0z) +
bew2? 1,67 (r+oy) +bebLwl? 1363 (r+0;) +bebLw2? 136% (r+o0z) +
bebLw32136% (r+0;) +bew2w3 1,6} (r+03) -~bewl w2 15 6% 1,1 +
B1,2+bL1ly By, s +bewl? 1,6 B, +bew3? 1,62 31,2 -bew2w3 1, &% f31,3 +
1, (bL (r+4) +bLr w201 -bLw2 (r+y) 61 + bLw2 B¢ 61 + be wl? (r+ ) 63 -
bewl w2 (r+ ) 6{ -bew2w3 (r+y) ei +bew3? (r+y) e§+
Bz (-bL+bLw26; -be (wl? ~wl w2+ w3 (~w2+w3)) 6%) +
bL1, (bL+be (wl?+w2?+w3%) &6}) (r+0;) ~bewl w2 &% 3,1 +
bLB1,2 +bewl®6? 1,2+ bew3? 6] 1,2 -bew2w36f B1,3)) /
((1+bL (11+12)) (1+ (11 +12) (bL+be (wl? +w2? +w3?%) ei))))) +
. r
1+bd (d; +dz)
(-1+p) (~bddp+bd (r+y) ((-1+p) di+pdz) +(-1+p)B2))+
bdbe ((w2? +w3% ~wl (w2 +w3)) 1,1+ (W% ~wl w2 ~w2 w3 + w3?) B1,2 +
(wl2 +w2? ~ (Wl +w2) w3) f31,3) +
bd (bL (wl1? + w2? + w3%) Y+ be (2 (w1? +w2? —w2 w3 +w3? —wl (W2 +w3)) (r+y) -
(W1 (r+ Y +bL (r+ ) Ly +bL (r+4) 13 -Br -bL 1Bz +r w36 -w3 (r+i)
S1+bLrw3l; 81 -bLw3 (r+) 1,6, +w3 3061 +bLw3 1y 3567 +
w3 3261 +bLw3 1, ;6 +bewl? (r+1) 1,67 + bew2? (r+y) 1, 6% -
bewlw3 (r+¥) 1,6} ~bew2w3 (r+ ) 126 -bewl? 1; 8, 6% - be w2?

&2 (~bd bL (w12 + w22 + w3?) By + (be bL (w12 + w22 + w3?)
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C 1: ;67 + bewl w3l l, 8; 67 +bew2 w3 12 8267 + 15 B2 (-bL +bLw3 61 -
’ be (wl2 +w2? - (Wl +w2) w3) 8‘%) +1p (bL+bew3 (Wl + w2 +w3) 8‘% +
bL (11 +13) (bL+be (w1 +w2? +w3%) 67)) +bawl w3 1267 (r+0y1) +
bew2w3 1, 8% (r+agp) +bL1l; (r+o3) +bL? l% (r+03) +bew3?
1,6} (r+o3) +bebLwl? 1367 (r+03) +be bLw2? 1467 (r+03) + be
bL w3? l% 6% (r+o3) +bL1; 1 (bL+be (w12+w22+w32) 8%) (r+o03) -
bewlw3 1, & 1,1 ~bew2w31,6% 1,2 - 11 6; (bLw3 - bLw3 By +
be 8y (- (wl? +w2? - (wl +w2) w3) (r+ ) +wl w3 P11 +w2w3f1,2)) +
Bi,3+ (11 + 1) (BL+be (wi® +w2?) 6]) B1,3)) /
((L+bL (17 +12)) (L+ (13 +1p) (bL+be (w1?+w2?+w3?) 6%))) -
(WZ2 (r+Y+bL(r+y) 1y +bL (r+y) 1o -B2-bL1; R +rw36; -w3
(r+) 81 +bLrw3loB -bLw3 (r+¢) 16 +w3 3061 +bLw31l; 3061+
W3 B0 +bLw31; B 6y +bewl? (r+ ) 1, 6% + bew2® (r+ ) 1, 6¢ -
bewlw3 (r+¥) 1,82 —bew2w3 (r+¢) 1, 6% -bewl? 1, B 67 - be w2?
1,362 +bewlwdl; 367 +bew2w3 13267 +1; 2 (-bL+bLw3 61 ~
be (wi? +w2% - (Wl +w2) w3) 6%) + 1y (bL+bew3 (wl +w2+w3) 62 +
bL (1; +1;) (bL+be (w12 +w2? +w3%) 8})) +bewl w3 1,62 (r+oy) +
bew2w3 1,65 (r+02) +bL1l; (r+03) +bl? 12 (r+ 03) +Dbe w3?
1, 6% (r+o3) +bebLwi? 1367 (r+03) + be bLw2? 1262 (r+03) +be
bLw3%136% (r+03) +bL1; 1; (bL+be (w12 +w2? +w3?) 67) (r+03) -
bewlw31l, 6 1,1 ~bew2w3 1,672 f;,5-116; (bLw3¥-bLw3f+
be @ (- (Wl +w2? - (wl+w2) w3) (r+y) +wlw3fy,1 +w2w3By,2)) +
B1,3+ (11 +1z) (BL+be (wl? +w2%) 67) B1,3)) /
((1+DbL (11 +12)) (1+ (11 +13) (bL+be (wi?+w22+w3?)of))) +
(Wlw2 (r+y+bL(r+¢) lo-Bo-bL1l;Bo+rwWl 6 -wl (r+y) 61 +
bLrwll;®) ~bLwl (r+4) 1261 +wl 361 + bPLwl 13 B0 61 +
C Wl ;6 +bLwll; B0 -bewl w2 (r+y) 1,67 +bew2? (r+y) 1; 65 -
bewlw3 (r+¥) 1,6} +bew3? (r+y) 1,67 + bewl w2 13 32 65 -
bew2? 1, 3, 6% +bewl w3 12 32 6% ~bew3? 1, 3, 6% + 1, (bL +
bewl (Wl + w2+ w3) ef +bL (11 +15) (bL+be (wl? +w2% + w3?) 8%)) +
bL1ls (r+o1) +bL?1% (r+01) +bewl?1,6% (r+0;) + bebl
w1?136% (r+oy) +bebLw2?136% (r+o0y) + bebL w32 1367 (r+o;) +
bewl w21, 62 (r+0;) +bewl w316 (r+03) +f1,1+bL1y 1,1+
bew2? 1, 6% f1,1 +bew3d? 1,62 1,1 ~bewl w2 1, 6% B1,2 - be wl w3 1z
ei Bi,3+11 (L (r+y) +bLrwl&; -LLwl (r+¥) 61 +bLwlB6; -
bewl w2 (r+ ) ei +bew2? (r+y) 9%—bew1w3 (r+) 8%+bew32
(r+y) 6 +f; (-bL+bLwl 6; + be (-w2? - w3% +wl (W2+w3)) 67) +
bL1; (bL+be (wl®+w2? +w3?) &%) (r+o1) +bLB1,1 +
bew2? 6% 1,1 +bew3? 6] 1,1 ~bewl w265 31,2 -bewl w36f f31,3))) /
((L+DL (11 +12)) (1+ (11 +1z) (bL+be (wl?+w2?+w3?)6%))) -
(WZ2 (r+y+bL(r+y) lo-fR2-bLlyBo+rwl6; -wl (r+) 61 +
erWllg@l“bLWl (r+l,[f) 1261+wl/3061+wa112/3081+
Wl Bz6; +bLwl 1y B 61 -bewl w2 (r+4) 1; 67 +bew2? (r+y) 1,67 -
bewlw3 (r+4) 1,6} +bew3? (r+y) 1,67 + bewl w2 1, B, 6% ~
bew2? 1,3, 65 +bewl w3 1, fi; 6 —bew3? 1, 8,67 + 1y (bL +
bewl (wl+w2+w3) & +bL (11 + 13) (bL+be (w1?+w2? +w32) 6§)) +
bL1l, (r+o1) +DbL? l% (r+o1) +bewl? 1z 6% (r+01) +bebl
wl? 136 (r+o1) +bebLw2? 1267 (r+01) +be bLw3% 156% (r+01) +
bewlw2ly, © (r+0;) +bewlw3 1,67 (r+o03) + 31,1 +bL1ly 31,1 +
bew2? 1,62 1,1 +bew3® 1,67 1,1 -bewl w2 1,67 1,2 -bewl w3 1,
efBl,3+ll (bL(r+y) +bLrwlé -~bLwl (r+ ) &1 +bLwl 3o 61 ~
bewl w2 (r+4) 62 + bew2? (r+ ) 65 —bewl w3 (r+ ) 67 + be w3?



Appendix 2 - 4 LR risk-based capital requirements Modified model.nb 28

Cj (r+4) 6} + B2 (-bL+DbLwl &) +be (-w2? - w3? +wl (w2 +w3)) 6) +
bL1y (bL+be (w1? +w2? + w3%) 62) (r+01) +bL B, +
bew2? 67 1,1 +bew3? 6% 31,1 ~bewl w2 65 31,2 ~bewl w36% B1,3))) /
((1+bL (11 +12)) (1+ (11 +12) (bL+be (w1%+w2? +w3%) 67))) -
(Wl2 (r+ i+ bL(r+y) 1o Lo -bL1ly Bo+r w26 ~w2 (r+ ) & +
bLrw2ls6; -bLw2 (r+tf) 1261 +w2 B0 61 +bLw2 1y 3061 +
W2 B2 6 +bL w21l B, 6 +bewl? (r+ ) 1,65 ~bewl w2 (r+y) 1; 67 -
bew2w3 (r+t) 126% +bewd? (r+4) 1,67 ~bewl?1; 3,65 +
bewl w21y 2 6% + bew2w3 1p 3267 ~bew3? 122, 62 + 1, (bL+
bew2 (wl + w2 +w3) 6% + bL (11 + 1p) (bL+be (wl? +w2? +w3%) 6%)) +
bewlw2l, 8% (r+ o) +bL1ly (r+ o) +bl? 13 (r+0z) +
bew2? 1,67 (r+0p) +bebLwl? 1367 (r+02) +bebLw2? 1367 (r+agz) +
bebLw3? 1367 (r+0z2) +bew2w3 1,67 (r+03) ~bewlw2 1, 6% 1,1+
Bi,7 +bL 1y By, +bewl? 1,67 B, +bew3® 1,67 B1,s ~bew2 w3 1, 62
Bi,3+ 11 (bL (r+y) +bLrw26; ~bLw2 (r+y) 61 +bLw2 3 81+bewl2
(r+) 6} ~bewlw2 (r+1) 6% -bew2w3 (r+y) 6% + bew3? (r+y)
6% +fz2 (-bL+bLw26; -be (w1 ~wlw2+w3 (-w2+w3)) 65) +
bL1l, (bL+be (wl2 +w22+w32) ei) (r+az) —bewle@% Bi,1+
bL f1,2 +bewl? &7 Bi,2 +be w3? &7 £1,2 ~be w2 w3 &7 B1,3))) /
((1+DbL (11 +12)) (1+ (11 +1p) (bL+be (w1?+w2?+w3%)6%))) +
(Wl w2 (r+y+bL(r+y)lo-PB2-bL1l;Br+rw26; -wW2 (r+¥) 61 +
bLrw2l, 61 -bLw2 (r+y) 16 +w2Bp61 +bLw2 1, By 6y +
W2 B2 61 + bLw2 1 B2 61 + be wl? (r+y) 1, 6%—bew1w2 (r+d) 1, e%—
bew2w3 (r+¢) 1,6 +bew3? (r+y) 1,6} ~bewl? 1; By 6% +
bewl w2 1, B 62 + bew2 w3 1; B, 6% ~bew3? 1; B, 67 + 1y (bL +
bew2 (Wl + w2 +w3) 65 +bL (11 + 12) (bL+be (wl? +w2? + w32) 6%)) +
C bewlw21l, 6} (r+oy) +bL1l; (r+0z) +bl? 1% (r+oy) +
bew2? 1,67 (r+0;) +bebLwl? 1267 (r+0y) +bebLw2? 1262 (r+op) +
bebLw3? 1367 (r+0;) +bew2 w31, 6% (r+03) ~bewl w21y 6% 31,1 +
B1,2 +bL 1z B1,2 +bewl? 1; 67 By,2 + bew3? 1,62 By, - be w2 w3 1; 67
Bi,3+ 11 (BL(r+y) +bLrw26; -bLw2 (r+ ) 61 + bLW2 B¢ 61 + be wl?
(r+y) 65 -bewlw2 (r+) 65 -bew2 w3 (r+y) 67 + bew3? (r+y)
6} +f2 (-bL+bLw26; -be (Wl ~wlw2+w3 (-w2+w3)) 62) +
bL1; (bL+be (w1? +w2? + w3?) 6%) (r+o2) -bewl w2 6% 31,1 +
bLf1,2 + bewl? 6f B1,2 + bew3? 6% 31,2 ~be w2 w3 65 1,3))) /
((1+bL (17 +15)) (1+ (17 +1p) (bL+be (wl?+w2? +w3?) 6%))) -
w32 ((r+ Y +bL(r+y) lo-fBo-bL1, Br+rwl8 ~wl (r+y) 61 +
bLrwlls, & -bLwl (r+y) 1,61 +wWl By B1 +bLwlly,fBy61 +wlf,6 +
bLwl 1;8;6; ~bewlw2 (r+¥) 1,67 + bew2? (r+y) 1; 6% —-bewl w3
(r+y) 1267 +bewd? (r+4) 1,67 + bewl w2 1, By &% - be w2? 1, B, 67 +
bewlw31l; 367 -bew3? 1, 3267 + 1g (bL+bewl (wl +w2+w3) 67 +
bL (1; +12) (bL+be (wl? +w22 +w3%) 63)) +bL 1, (r+oy) +
bl2 13 (r+0y) +bewl? 1,67 (r+o0;) +bebLwl? 126} (r+o1) +
be bLw2% 1267 (r+o01) +bebLw3? 1365 (r+0;) + bewl w2 1, 67
(r+0) +bewl w31l (r+03) +B1,1+bL1s B, +bew2? 1,62 31,1 +
bew3? 1,67 1,1 ~bewl w2 1, 6% 31,2 ~bewl w3 1767 1,2 +
1 (L (r+ ) +bLrwl o) ~bLwl (r+¢) 6; +bLwl B8 —bewl w2
(r+y) 6% +baw2? (r+y) 6 -bewl w3 (r+if) 6% + bew3? (r+¢)
6% + Bz (-bL+bLwl 6; +be (-w2? - w3% +wl (w2 +w3)) 6%) +
bL 1y (bL + be (w12+w22+w32) 8%) (r+o01) +bL 31,1 +
be w22 &% B1,1 +bew3? &% B1,1 ~bewl w2 6% B1,2 ~be wl w3 6% B1,3)) /
((1+bL (13 +12)) (1+ (11 +12) (bL+be (w1% +w22+w32)63))) +
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C (r+¢+bL(r+y) 1, -B2-bL1yBr+rw26; -wW2 (r+if) 61 +bLrw2l, 61 -
bLw2 (r+ ) 1,61 +W2 By O1 +bL w21, B061 +W2B26; +bLw2 1y B8 +
bewl? (r+¥) 1,6} -bewl w2 (r+y) 1260% -bew2w3 (r+y) 1, 6% +
bew3? (r+ ) lzef—bewl2 1s B2 6% +bewl w2 1; R 8%+
be w2 w3 1, B; 62 -be w3? 1, 8, 67 + 1y (bL + be w2 (wl + w2 +w3) 6% + bLL

(11 +1z) (bL+be (wl? +w2?+w3%) 63)) +bewl w21, 6% (r+o;) +
bL1ly (r+oz) +bl? 1% (r+op) +bew2? 1, 6% (r+02) +be bl
w1? 18 6 (r+o02) +bebLw2? 1262 (r+0p) +bebLw3? 1362 (r+ o) +
bew2w3 1,67 (r+03) ~bewlw21,6% 8,1 +B1,2+bL1,pBy 2+
bewl® 1,64 31,2 +bew3? 1,67 B1,2 ~be w2 w3 1,67 By,3 + 11
(bL{r+y) +bLrw26; -bLw2 (r+{) 81 + bLw2 30 &1 +bewl? (r+4)
9%—bew1w2 (xr+ ) 8% -bew2w3 (r+1{) 6§ +bew3? (r+ ) 8§+
By (-bL+bLw26; -be (wl? —wl w2 +w3 (-w2 +w3)) 6§) +
bL 1y (bL+ be (w12+w22+w32) 8%) (r+0gz) -bewl w28§ Bi,1+
bL f1,2 + be wi® &% 1,2 +bew3® & B1,2 ~bew2 w367 B1,3)) /
((1+bL (11 +12)) (1+ (13 +12) (bL+be (w1? +w22+w3%) 62)))) +
w3 (Wl ((r++bL (rx+y) Li+bL (r+y) 1, -B2-bL1, B +rw36; -
W3 (r+y) O +bLrw31l; 0, -bLw3 (r+¥) 1, 6; +wW3 3y 61 + bL w3
12 B0 61 +w3 P20 +bLw3 1y 26 +bewl? (r+ ) 185 + be w2?
(r+4) 12605 -bewl w3 (r+y) 1,65 ~bew2w3 (r+¥) 1, 67 -be
wl1? 1; 32 6 -bew2? 1, 32 6 + be wl w3 13 32 6% + be w2 w3 1, 2 6% +
1; B2 (-bL+bLw36; - be (wl?+w2? - (wl +w2) w3) 62) + 1y (bL +
be w3 (wl+w2+w3) 6% +bL (1; +12) (bL+be (wl®+w2? + w3?)
63)) +bewlw3 1, 6% (r+oy) +bew2w3 1, 6% (r+0z) +
bL1ly (r+03) +bLZ13 (r+03) +bew3? 1,67 (r+o3) +
bebLwl? 136} (r+03) + be bLw2? 13 6% (r+ ga) + be bL w3? 13

C 6% (r+o3) +bL 1y 1; (bL+be (wl? + w22 +w3%) 6}) (r+a;3) -
bewl w31, 6% 1,1 ~bew2w312,60% 1,2 -11 61 (bLw3 ¢ ~ bl w3 3y +
be 61 (- (wl? +w2% - (wl +w2) w3) (r+¥¢) +wlw3B,1 +

w2 w3 B1,2)) +B1,3+ (11 +1z2) (bL+be (wl? +w2?) 6) B1,3) /
((1+bL (11 +13)) (1+ (11 +1) (bL+be (wl? +w2? +w3%) 6%))) +
(r+ ¢y +bL(r+y¢) lo-B;-bL1;BRr+rwl6 -wl (r+¥) 61 +
PLrwll; 61 -bLwl (r+y) 1261 +wWl B 81 +bLwlly 306 +
Wl 8261 +bLwll; B 61 -bewl w2 (r+¢) 1, 6§ +
bew2? (r+y) 1,85 —bewl w3 (r+ ) 1,65 +bew3? (r+y) 1, 6% +
be wl w2 1, B2 67 - be w2? 1, 32 6% + be wl w3 1 B3, 67 -
bew3? 15 B2 67 + 1o (bL+bewl (Wl +w2+w3) 6 +bL (11 + 1) (bL +
be (w1 +w2? +w32) 62)) +bL 1,y (r+o1) +bl212 (r+oy) +
bewl? 1,6} (r+aoy) +bebLwl? 14367 (r+01) + be bl w2? 13
G} (r+0y) +bebLw3® 1267 (r+0;) +bewl w215 6% (r+ay) +be
wlw3 1y 6% (r+03) +B1,1 +bL 1 B1,1+bew2? 1,62 31,1 + bew3? 1,
62 B1,1~bewl w2162 B;,,-bewlw3 1262 B1,3+11 (BL (r+y) +
bLrwl &, -bLwl (r+i¥) & +bLwl 336; ~bewl w2 (r+ ) 6%+
be w2? (r+y) 6% -bewl w3 (r+y) 6% + bew3? (r+y) 67 +
B2 (-bL +bLwl&; +be (-w2? - w3% +wl (w2 +w3)) 8%) +
bL 1z (bl +be (wl?+ w22 +w3?) 6}) (r+o1) + bL 1,1 + be w2t
6% B1,1 +bew326§ /31’1—bewle@fBllz—bewlw39§/31,3)) /
((1+DbL (11 +12)) (1+ (11 +12) (bL+be (w1 +w2?+w3%) 67)))) +
W2 ((r+y+bL (r+¢) L1 +bL (r+¥¢) 1o - B2 ~-bL1ly Bz +rw36; -
W3 (r+y) G +bLrw3l; 8 -bLw3 (r+¢) 161 +w3 35 &1 + bL w3
1,808 +w3B26; + bLw3 1, B2 61 + be wl? (r+¥) lg@§+bew22
(r+y) 1,6} ~bewlw3 (r+y) 1,62 ~bew2w3 (r+y) 1,6% -be
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In[63]:

i

(-1+p) ((-1+p)ch

wl? 1y By 6% -bew2? 15 3, 67 + bewl w3 1, 3267 + ba w2 w3 1; B2 65 +
11 B2 (-bL+bLw36; -~ be (wl? +w2? - (wl + w2) w3) 6%) + 1o (bL +
be w3 (wl +w2 +w3) 6§ + bL (11 +13) (bL+be (w12 +w2? + w3?)
65)) +bewl w3 1,68} (r+oy) +bew2w3 1, & (r+ap) +
bL1; (r+o3) +bl? 1% (r+a3) +bew3® 1,87 (r+a3) +
be bLwl? 1267 (r+o3) + be bLw2? 13 6% (r + 03) + be bLw3? 13
6% (r+as) +bL 11 1; (bL +be (wl? +w2® +w3%) 6%) (r+as) -
bewlw31:6% 8,1 ~bew2w31,60% 31,2116 (bLw3 ¥ ~bLw3 By +
be & (- (w1 +w2? - (wl+w2) w3) (r+4¢) +wlw3f,1+
W2 w3 B1,2)) +B1,3+ (11 + 1) (bL+be (wl® +w2?) 6]) B1,3) /
((1+bL (17 +12)) (1+ (11 +12) (bL+be (wl? +w22+w3?) 6%))) +
(r+¢+bL(r+y) 12 -PB2-bL1l;Br+rw26; ~w2 (r+¥) 61 +
bLrw2l; & -bLw2 (r+¥) 1,681 +w2 B 61 + bLw2 1y 3¢ 61 +
W2 3,61 + bLW2 15 8, 63 + bewl? (r+ ) 1, 67 -
bewl w2 (r+y) 1,67 ~bew2 w3 (r+1#) 13 6% + bewd? (r+4) 1,67 -
bewl? 1, 8,67 +bewl w2 1, 3,65 + be w2 w3 15 32 65 -
be w3% 1, B2, 6% + 1y (bL +be w2 (Wl + w2 +w3) 6% +bL (15 + 1)
(bL+be (wl? +w2% +w3%) 62)) +bewl w2 1, 6% (r+01) +bL 1,
(r+0;) + Dbl 15 (r+a;) +bew2? 1, 6% (r+oy) + be bL wl? l%
6% (r+02) +bebLw2? 1362 (r+02) +bebLw3? 1262 (r+ o) +be
W2w3 12 6% (r+03) ~bewl w21, 6% B1,1+B1,2 +bL 1z B1,2 + bewl?
1267 B1,2 +bew32 1,65 1,2 ~bew2 w3 1; 6% 81,2+ 11 (bL (r+¥) +
bLrw26; -bLw2 (r+ ) 6, + bL W2 By 61 + be wi? (r+ ) 6% -
bewl w2 (r+¢) 65 ~bew2w3 (r+4) 6% +bewd? (r+y) &7 +
B2 (-bL +bLw2 63 -~ be (w12 ~wl w2 + w3 (-w2+w3)) &%) +
bL 1; (bL +be (wl? +w2? + w3?) 8%) (r+0z2) -bewl w28§ Bi,1+
bLA1,2 +be wl? 67 By,2 + bew3? 6% 1,2 -bew2w36% B1,3)) /
((L+DbL (13 +12)) (1+ (17 +13) (bL +be (wl? +w2% + w3?)

2

6))1)))))) / (odbL (L + be (17 + 322 4 w3?) €0))

D[Assets, r] // FullSimplify

+pdz) _ (Wl +w2+w3) 1,6,

out[63]= 1+bd (d, +d2)

1+ (11 +12) (bL+be (wl? +w2% +w3?%) 67)
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C In[64]:= Loans = LoanDemandl + LoanDemand?2 + LoanDemand3

outf64j= -(lg (-1 + (11 +12) (-bL-be (wl? +w2% - (Wl +w2) w3) &2)) +
12 (bLw3 (= +Bo) 61 + 32 (-bL+bLw36; -be (w1? +w2% - (wl +w2) w3) 67) +
BL (r++PB1,3) +bed? ((wl? +w2? - (wl +w2) w3) (r+¥) —w3 (wl B1,1 +w2 fi1,2) +
(W1? +w2%) B1,3)) + 12 (W= B2+ w3 (~¥+Bo+P2) 61~ 03+ P13+
1; (~bLw3 (¢ - fg) 61+ By (-bL+bLw36; -be (w1 +w2? - (wl +w2) w3) 63) +
bL (¢ - 03 +fB1,3) +be8§ ((w1% + w2? - (Wl +w2) w3) Y + Wl w3 oy +
w2w3oz—w12 03—w22 03 - Wlw3 31,1 —~wW2wW3 1,2 + (w12+w22)/31,3)))+
Li(r+=-Bo+w3 (m¢+Bo+PB2)61+P1,3+1z2 (-2bLw3 (¥ -fBo) 61 +
282 (-bL+bLw36; -be (wl?+w2? - (wl +w2) w3) 6%) +
BL (r+2¢-03+2B1,3) +be? ((wlZ+w2? - (wl +w2) w3) (r+2¢) +wl w3 o+
W2 W3 0p - wl? o3 - w2? O3 ~2wWlw3PB1,1~2W2wW3B3y,2+2 (w12+n«122)/31,3))))/
((1+DbL (11 +12)) (1+ (11 + 1) (bL+be (w1? +w2% +w3?) 67))) -
(Lo (-1 + (13 +12) (-bL+be (-w2% -w32+wl (W2 +w3)) &7)) +
1% (bLwl (-4 +Bg) 61 +
Bz (-bL+bLwl 6) +be (-w2? - w3® +wl (W2 +w3)) 67) +bL (r+¢+fB1,1) +
be@% (w22 + w3% - wl (W2+w3)) (r+¥¢) + (w2? + w3?) Bi,1-wl (W2B1,2+w3fB1,3))) +
Ly (r+¥-Bo+wWl (+Bo+PB2) 61 +B1,1+1z2 (-2bLwWl (¥ ~fBo) 61 +2f32
(-bL+bLwl & +be ((wl -w2) w2+w1w3—w32) 8{) +bL (r+2¢-01+2fB1,1) +
be6? ((w2? +w3% -wl (W2 +w3)) (r+2y) - (w22 +w3®) o1 +wlw2 oy +
wiw3 oy +2w2? By, +2w3 By, -2wlw2 By, -2wlw3By,3))) +
Lo (U-Ba+wWL (~¥+Bo+fB2) O1-01+B1,1+12 (-bLWL (y-Pfp) 61+
B2 (-bL+bLwl & +be (Wl -w2) w2 +w1w3—w32) 8%) +bL (y-01 +B1,1) +
be &F ((w2? +w3? —wl (w2 +w3)) ¢ - (w2? +w3?) gy +wlw2 g +
, wlw3 o +w22/31,1 +w32/31,1~w1w2/31,2—w1w3/31,3)))) /
C ((1+DbL (13 +12)) (1+ (11 +12) (bL+be (wl?+w2% +w3?) &))) -
(lg (-1 + (11 +12) (-bL -be (wl® - wl w2 + w3 (~w2+wW3)) 8%)) +
12 (bLw2 (-4 + Bo) B +
B2 (~bL+bLw26; ~be (w12 -wl w2 +w3 (-w2+w3)) 6%) +bL (r+ ¢+ fB1,2) + be&f
((w1% - wlw2 - w2w3+w3%) (r+y) -wl w2 By, + (W12 +w32) 1,2 ~w2 w3 f1,3)) +
Li(r+ ¥ -Bo+w2 (~¥+Bo+P2) 61 +PB1,2+1z (-2bLW2 (¥ ~Be) 61 +28B;
(-bL+bLw26; -be (w].2 -wl w2 + w3 (—w2+w3))6%) +bL (r+2 ¢ -0z +2B1,2) +
be 6% ((W1% -wl w2 -w2 w3 +w3%) (r+2y) +wlw2 o, - (wl? +w3%) oy +
W2w3 03 - 2wl w2 B1,1+ 2wl B2+ 2w3% B, - 2w2 w3 B1,3))) +
Lo (-PBe+w2 (- +Bop+B2) 61 -02+B1,2+ 12 (-bLw2 (¢ -fo) 61+
Bz (-bL+bLw26; ~be (Wl ~wlw2+w3 (~w2+w3)) 6%) +bL (¢ - 02 +B1,2) +
be@f ((wl2 —w1w2—w2w3+w32) W+ wl w2 o1 - (w12+w32) op +
W2wW3 03 - Wl W2 31,1 +w12/31,2 + w32 Bi,z -w2w3B1,3)))) /
((1+DbL (13 +1)) (1+ (11 +1y) (bL+be (w12 +w2? +w3?) &2)))

In[65]:= D[Loans, r] // FullSimplify

11 (-3+ (13 +1p) (-3bL-2be (w12 +w2? - w2 w3 +w3% -wl (w2+w3)) 6}))
(1+bL (13 +12)) (1+ (11 +12) (bL+be (wl®+w2? +w3®) 6))

Out[65]=



Appendix 3
Proof that expression (17) has a negative sign under the assumption about risk-weights of loan

classes (w, <w, <w;)

In the expression (17)

W+ w2 —w (W, +w,)

W+ W) +wl
denominator has no influence on the sign of this expression because w; +w; +w; is always
positive.
So, the sign of expression (17) depends on the sign of the numerator:
wl+ w2 —w,(w, +w,)
1 2 3 1 27
Assoon as w, <w, <wj:

2
Wy < W)W,
2
Wy <W,W,
2 2
wy +wy <wy(w, +w,)

W +ws —wy(w, +w,) <0
Hence, under the initial assumption about risk-weights of loan class (w, <w, <w;), expression

(17) 1s negative.
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