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Abstract. The financial crisis of 2008 has been a major crisis in nations economies and has posed alot of
treat to investors’ portfolio in recent time. This paper intend to give detail discussion on the causes of this
crisis and provide a way forward in other to avoid future occurrence of the crisis. Some of the contributing
factors of this crisis are improper debt and poor portfolio management and jump risks in an investment
portfolio. In other to avoid future occurrence and bring confidence to investors, we considers the optimal
net debt ratio in the presence of collateral security, optimal investment strategies and consumption plan
of an investor who faces both diffusion and jump risks. The asset of the investor is divided into two
parts: assets in financial market and fixed assets. Assets in financial market are invested into a market
that is made up of a riskless asset and multiple risky assets. The fixed asset has a price that follows a
jump-diffusion process. Also consider in this paper, is the impact of labor force with the production rate
function of the labor market being stochastic. The objectives of this paper are to (i) maximize the total
expected discounted utility of consumption in the infinite time horizon, (ii) determine the optimal net
debt ratio for an investor under an economy that faces financial crisis, and (iii) determine the optimal
investment strategies of an investor who invest in an economy that is exposed to both diffusion and jump
risks. Furthermore, the optimal consumption and investment strategies as well as optimal net debt ratio
under power utility function were obtained.
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1. Introduction

The subprime mortgage crisis which commenced in 2006 when there was a steep rise in home
foreclosures and later became out of control in 2007, triggered the global financial crisis in 2008. This
has resulted to so many questions on what led to the crisis and how should the stakeholders address
these problems in order to avoid future occurrence. This crisis has resulted to so many challenges.
Some of which are as follows: the consumption rate dropped drastically and the housing market
went down, the number foreclosures rose and the stock market became vulnerable. Furthermore, the
problems of subprime crisis and home foreclosure has resulted to disagreement among consumers,
lenders, financial institutions and government. The mortgage crisis started with the bursting of
the U.S. housing bubble in 2001 and reached its peak in 2005. Some stakeholders believed that
an indiscriminate increase in the valuations of real properties was one the factors that contributed
tremendously to the crisis. That is, wrong valuation of financial instruments posed a lot of threat
to the financial system. The rapid increase in the valuation of real property was due to decreases in
home prices and mortgage debt. The International Monetary Fund (IMF) reported in its semiannual
Global Financial Stability Report released on April 8, 2008, that the fall in U.S. housing prices and
increase in debt on the residential mortgage market could lead to losses of $565 billion, excluding
losses from other categories of loans and securities. It was further asserted that in U.S., the total
potential losses was at about $945 billion, see [1].

One of the causes of financial crisis was that many firms were unable to pay their debt. But, [2]
asserted that the primary cause of the recession was the credit crisis resulting from the bursting
of the housing bubble. He enumerated four primary causes of the housing bubble to include: low
mortgage interest rates, low short-term interest rates, relaxed standards for mortgage loans, and
irrational exuberance. He concluded that the combination of the above factors led to severity of the
housing bubble and the resulting credit crisis.
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The increase in demand for housing in U.S. due to high expectation of high return in future led
to increase in mortgage value. Many property speculators took advantage of low interest rate by
purchasing houses with high values with the mind to resell at high price in future date. [3] stated that
the low interest rates and rises in housing prices induced a substantial demand for mortgages and
an unsustainable excess debt. He asserted that financial institutions were busy chasing high returns
thereby overusing the leverage tool and lowering the quality of mortgages. He further asserted that
high leverage can make the financial market vulnerable. When the housing bubble collapse, there
was high default rates on subprime, unemployment crisis, decline in productivity, collapse of many
businesses, reduction in consumer income and families experienced hardship. The mortgage loans
became vulnerable especially the loans made to higher-risk borrowers with lower income or lesser
credit history, which led to high level debt. These exposed lenders to more risks. In other to minimize
these risks that lenders are exposed to, it is vital to permits a borrower to offer his or her home or
any other valuable asset(s) as collateral in case of failure to repay the loan, which is referred to as
equity loan.

One of the major factor that led to the increase in home ownership rates and housing bubble was
the rise of subprime borrowing in U.S. The U.S. home ownership rate increased from 64% in 1994
and rise to an all-time high peak of 69.2% in 2004. As we know in economics principle, the higher the
demand of housing will lead to price hike. The demand for housing led to the rise of housing prices
thereby increases consumer spending and home values to 124%between 1997 and 2006, see [1]. As a
result of this, U.S. household debt increase with over 30% in 2007. Borrowers enjoy taking loan but
the challenge is to pay back. Most financial institutions give out loan to costumers without backed up
security. Some of these borrowers may default which may result to increase in debt rate. The major
challenge is how to recover these loans and minimize the debt ratio. Some of these debt may result
to bad debt due to the following factors: if (i) the loan is mismanaged; (ii) the borrower dies and
no members of the family are able to pay back the loan; and (iii) the investment of the borrower is
adversely affected by natural disaster, government policies and other uncontrollable factors. Hence,
the need for a back-up security on the loan given, which we referred to in this paper, as collateral
security. Introduction of collateral security will go a long way in reducing the incident of bad debts
in an investment portfolio. The accumulation of these bad debts may have resulted to the global
financial crisis in 2008.

In order to reduce the investment risks in an investment portfolio there is the need for investment
diversification. In this paper, we consider an investor’s problem who chooses to invest his or her asset
in financial market and fixed assets. The underlying assets in the financial market are riskless and
risky assets (stocks). One of the aims of the investor is to maximize the total expected discounted
utility of consumption over an infinite time horizon in the presence of financial crisis under three
control variables: optimal net debt ratio; optimal portfolio strategies and optimal consumption plan.
The investor is risk averse and chooses constant relative risk averse (CRRA) utility function. In this
paper, the fixed asset price and stock prices follow a jump-diffusion process with time dependent
drifts. The loan risks are reduced by ensuring that the borrower present a collateral security on
the loan, hence collateral security is introduce in our model. [3] considered the optimal debt ratio
and consumption plan for an economy that faces financial crisis. The impact of labour market
condition was put into consideration. He assumed the production rate function to be stochastic
and influence by the government policy and unanticipated risks. His aim was to maximize the total
expected discounted utility of consumption in the infinite time horizon under optimal debt ratio and
consumption plans. [4] studied a stochastic optimal control model, optimal debt ratio management
and estimation. They considered productivity of capital, asset return, interest rate, and market
regime switches. They maximize the utility of terminal wealth by choosing the optimal debt ratio.
They further considered hidden Markov chain technique and nonlinear filtering technique in order
to estimate the actual situation of the strategy.

Some work have been done in the area of optimal stochastic control and optimal debt management.
[5] considered stochastic optimal control and dynamic programming technique to derived an optimal
debt. He asserted that the deviation of the actual debt from the optimal, will serve as a warning
signal of a financial crisis. [6] explained how mathematical techniques of stochastic optimal control
can be applied to mortgage crisis. The optimal debt ratio was derived while the drift term is allowed
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to be probabilistic and subject to some economic constraints. He asserted that the crisis occurred
because the market failed to put into consideration pertinent economic constraints in the dynamic
stochastic optimization. He further derived the excess debt ratio. [7] applied mathematical model
of economic system to the development of financial crisis. He proposed that the severity of financial
crisis can be determined by means of superposition of the fluctuation on connected markets that
possesses a resonance behavior.

In the area of jump-diffusion process, see [8], [9], [10], [11]. [12] considered an insurer who faces
an external jump-diffusion risk that is negatively correlated with the capital returns in a regime
switching model, investment and liability ratio policies were selected in such away as to maximize
the investor’s expected utility of terminal wealth. [13] proposed a model that captured the dynamics
of asset returns with periods of financial crises which are characterized by contagion in the presence
of jump processes. They further proposed filtered values of the jump intensities as a measure of
market stress and they examined the out-of-sample forecasting abilities. [14] considered optimal
consumption and investment with bounded downside risk for an investor with power utility functions
in the presence of jump-diffusion process. They suggested that there is the need to impose on the
investor’s portfolio a stricter constraint which depends on the probability of having negative jumps
in the assets in the entire time period. [15] studied the optimal portfolio selection problem in jump-
diffusion models in the presence of a large number of assets. They derived a closed form solution for
the optimal portfolio weights by solving a set of ordinary differential equations.

The remainder of the paper is organized as follows. The financial models, dynamics of asset
returns, the asset value, debt process and collateral security are presented in section 2. Section 3
deals with the dynamics of the net wealth process and the income rate of the investor. The optimal
controls, value functions, optimal investment, optimal net debt ratio, optimal consumption and the
verification theorem are presented in section 4. Section 5 concludes the paper.

2. The Models

This paper consider two classes of assets: the assets in the financial market and fixed assets. Before
describing these assets, we first define our probability space.

2.1 Owur probability space

In this subsection, we begin by describing our financial models. Let (€2, 7, P) be a probability space
and W(t) = (Wg(t), Wp(t), Ws(t)) = (W(t), Ws(t)) defined on a given filtered probability space
(Q,F,F(F),P), where

W(t) = (Ws(t)Wp(t)),
Fi=0(W(s):s<t)and F(F) = {F :t € [0,T]}, is a n + m + d-dimensional Brownian motions
with respect to stock market risks, return from fixed asset and an income growth risks, respectively
at time, ¢ and W (t) is a m + n-dimensional Brownian motions with respect to stock market source
of risks Wg(t), n-dimensional Brownian motions, price of fixed asset source of risks Wp(t), an
m-dimensional Brownian motions and the income growth rate source of risk Wg(t) is the an d-
9179

dimensional Brownian motions at time ¢. P denotes the real world probability measure, the sign ”"”,
denotes transpose.

2.2 Dynamics of assets return in financial market

Consider Merton’s problem of maximizing the infinite-horizon of expected utility of consumption by
investing the amount R(t) in a market that is characterized by a set of risky assets and a riskless
asset. In other words, the investor selects the amounts to be invested in the n risky assets with prices
S(t) = [S1(t),...,Sn(t)] and a riskless asset with price Sy(t) at time ¢ € [0,00) as well as his or her
consumption path.
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The stock prices follow the exponential Lévy process. The dynamics of the underlying assets are
as follows:

dSo(t) = T’(t)Sg(t)dt, (1)
dSi(t) = Si(t) | pa(t)dt + > o dWs(t) + Z JidYist) | ,i=1,...,n (2)
j=1 =1

with a rate of interest r(¢) > 0, the expected growth rate of stocks p;(¢) > 0, i = 1,...,n and
volatilities of stocks {0 ;}7;_;. Ws(t) = [W1,5(t), ..., Wy,s(t)]" is an n-dimensional standard Brow-
nian motions. Yg(t) = [Y1,5(t),...,Yms.s(t)] is an mg-dimensional Lévy pure jump process with
Lévy measure \jvy(dz;), where \; > 0,1 =1,...,mg is a fixed parameter and the measure v satisfies
Jr min(1, |z])v(dz) < oo, =1,...,msg, so the jumps have finite variation. The constant .J;; is asset
i's scaling of I's jump. We assume that r(t) is bounded so that there exists k, > 0 such that

Vr(t) € [0,T] x R, |r(t)] < kr. (3)

We assume that the Lévy pure jump processes Yg(t) and the Brownian motions Wg(t) are
mutually independent and that the sum of the jumps has support on (—1,00) to guarantee the
positivity of S;.

We now re-write (2) as follows:

dS(t) = S(t.) (u(t)dt + cdWs(t) + JdY s(t)) (4)

where u(t) = [u1(t), ..., un(t)]’, ¥ = oo’ and

01,1 ---01n
g = 9y
On1 ---Onn
Jl,l Jl,ms
Jo=|
Jnd - Jnms

We assume that ¥ is a nonsingular matrix and positive definite matrix. The amount of fund
invested in stock, S(t) at time, ¢ is denoted by A(t) = [A1(t),. .., An(t)] and the remainder Ag(t) =
R(t) — A(t)I is invested in riskless asset, where I =[1,...,1) € R™

The wealth dynamics of assets in the financial market is given as follows:

dR(t) = M55 + A G, R(0) = Ry € Ry (5)

Using (1) and (4) on (5), we have

dR(t) = (r(R(t.) + A) (u(t) — rOI))dt + A()edWs(t) + AT, dY s(t), )
R(0) = Ry € R..

2.3 The fixed asset price

Here, we consider the fixed asset and its prices process at time t. Let the fixed asset be equal to
the product P(t)Q(t), where P(t) is the price of the fixed asset and Q(t) the quantity of the fixed
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assets at time ¢t. We assume that the fixed asset price P(t) in the financial market satisfies the
jump-diffusion process

dP(t) = P(t.) (a(t)dt + opdWp(t) + T pdY p(t)), (7)

where a : R x [0,T7] — R is the return rate of the fixed asset and is time dependent because
it changes overtime due to some macro- and micro-economic factors such as inflation, government
policies, natural effects, economic growths, e.t.c. T' the terminal time, the vector op = [01,...,0n]
is the corresponding volatility, Wp(t) = [Wi p(t),...,Wn p(t)]’ is an m-dimensional Brownian
motions and the constant vector Jp = [J1 p,..., Jm, p| is scaling factor of the fixed asset price
jump. Yp(t) = [Y1.p(t),..., Y, p(t)] is an mp-dimensional Lévy pure jump process with Lévy
measure \; pv; p(dz; p), where \; p > 0,4 = 1,...,mp is a fixed parameter and the measure v
satisfies [ min(1,]|z|)v(dz) < 00,7 =1,...,mp, so the jumps have finite variation. The constant
Ji.p is asset ¢’s scaling of i's jump. We assume that « is bounded so that there exists ko > 0 such
that

Va(t) € [0,T] x R, |a(t)] < kq. (8)

We assume that the Lévy pure jump process Y p(t) and the Brownian motion Wp(t) are mutually
independent and that the sum of the jumps has support on (—1,00) to guarantee the positivity of
P.

2.4 The asset value

Let K(t) be the asset values at time ¢ which is the sum of assets in financial market (AFM) R(t)
and fixed asset P(t)Q(t). It then follows that the asset value is

K(t) = R(t) + P(t)Q(?), 9)

where R(t) satisfies (6) and P(t) satisfies (7). It therefore follows that the change in the asset value
is

dK(t) = dR(t) + P(t)dQ(t) + dP(t)Q(t) = dR(t) + P(t)dQ(t) + C]li(t))(K(t) — R(t)). (10)
(10) now becomes
dP(t)
dK(t) = dR(t) + dP(t)Q(t) = dR(t) + W(K(t) — R(t)) + P(t)dQ(t). (11)

Substituting (6) and (7) into (11), we have

dK(t) = [r()R(t-) + A1) (u(t) —r(OI) + (K (t) — R(t))a(t)]dt + P(t)dQ(t)

(D@0, op(K () — R()AW(E) + (A6)T, Ip(K () — R()dY(2), (12)

where W(t) = [Wg(t), Wp(t)], Y(t) = [Ys(t),Yp(t)], and Yg(t) and Yp(t) are assume to be
independent. That is

ph = Cov[Ys(t), Ys(t)]; pb = Cov[Yp(t), Yp(t)];0 = Cov[Yp(t), Ys(t)]. (13)

It is imperative to note that the change of total asset value is composed of two parts. The quantity,
which is the investment part of AFM [r(¢)R(t) + A(t)(u(t) —r()I)]dt + P(¢)dQ(t) + A(t)odWs(t) +
A(t)J;dY s(t) is change due to the change in assets in the financial market at time ¢. The quantity
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(K(t) — R(t))[a(t)dt + opdW p(t) + I pdY p(t)] is due to the price change dP(t) which brings about
the capital gain or loss of the fixed asset value at time ¢.

In next subsection, we consider the debt process and collateral security which give rise to the net
debt process in the investment.

2.5 The debt process

Suppose the investor decides to borrow some amount of money L(t) with interest rate r(¢) at time
t. It is also assume that the investor consumes continuously at the rate C(t) at time ¢ such that

dC(t) = C(t)dt. (14)

Let I(t) be the income process with a growth rate 3(t), define as the product of the income growth
rate and asset value, see [3]. Then change in income is given by

dI(t) = B(t) K (t)dt. (15)

We can now define our change in debt dynamics using (14) and (15) as follows:

dL(t) = r(t)L(t)dt + dC(t) + P(t)dQ(t) — dI(t). (16)

2.6 The collateral security

The amount borrowed is assume to be back up with a collateral security. Let G(t) be the value of
the security on the debt L(t) at time ¢ such that

where £(t) is the expected growth rate of the security. We must express (16) in terms of G(t). Since
the amount (or asset) G(t) is to be removed from the loan L(t), it then follows that the following
holds:

d(L(t) — G(t)) = r(t)L(t)dt + dC(t) + P(t)dQ(t) — dI(t) — dG(t). (17)
Let Z(t) = L(t) — G(t) be the net debt at time ¢. We now re-write (17) as follows:
dZ(t) = r(t)Z(t)dt + (r(t) — £(t))G(t)dt + P(t)dQ(t) + C(t)dt — B(t) K (t)dt, (18)

which is the dynamics of our net debt at time ¢. One of the aims of this paper is to optimize the
net debt Z(t) not L(t), since the later has to a great extent protected by G(t).

3. The dynamics of the net wealth process

DEFINITION 1 Let X (t) be the net wealth process of the economy at time t defined as the difference
between the asset values K(t) and debt L(t) at time t. Mathematically,
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PROPOSITION 1 Suppose X (t) is the net wealth process of the economy, then

T = [r(t)(1 = p(t)) + m(t)(u(t) — (£ )

(1+2(t) +g(t))(alt) + B(t)) — c(t)]dt

m(t)o, (L+ z(t) + g(t))op)d W(t) (19)

w(), Tp(L+ () + 9(1)))d Y1),

) =z > 0.

Proof. Given X (t) as the net wealth process of the economy. By definition 1, we have that
X(t)=K(t)— L(t) = R(t) + P(t)Q(t) — L(t). (20)

Finding the differential of both sides of (20), we have the dynamics of the net wealth process as
follows:

dX(t) = dK(t) — dL(t) = dK(t) — d(Z(t) + G(t)). (21)
Substituting (12) and (18) into (21), we have the following:

) +A@) (p(t) — r(OT) + (K(t) — R(t))(a(t)
(t) = R()))dW () + (A@)J1, Ip(K(t) — R(1)))dY (),  (22)

dX(t) = [r(t)(R(t-) — Z(t) — G(¢
+A4(t)) — C())dt + (A(t)o, op(K
X(0) = 20 > 0.

But K(t.) = X(t_) + Z(t) + G(t), substituting it into (22), we have

dX(t) = [r(t)(R(t-) — Z(t) — G(t)) + A(t)(pu(t) — r(t )I)

+H(X () + Z(t) + G(t) — R(t))(a(t) + B(t)) — C(¢)]dt

+(At)o, (X(t-) + Z(t) + G(t) — R(t))op)dW (1) (23)
+(A@)I, Ip(X(t-) + Z(1) + G(t) — R(1)))dY(2),

X(0) = x> 0.

It is observed that R(t.) — Z(t) — G(t) = X(t) — P(t)Q(t). Substituting it into (23), we have the
following

G ; [r(£)(1 = p(£)) + () (u(t) — r(B)T)
HI+ 2(0) + 9(0) (0(0) + 5(1)) — c(0))ds
+(m(t)o, (1 + 2(t) + g(t))op)dW (1) (24)
+(m(t )Jz,Jp(l + 2(t) + g(t)))dY (t)
X(0 ) = x9 > 0,
where
p(t) = ;)(ggt) is the proportion of wealth invested in fixed asset at time ¢,
m(t) = )?((f?) is the proportion of wealth invested in risky assets at time ¢,
z(t) = )?((2) is the net debt ratio at time ¢,
ga(t) = )?((2) is the collateral security ratio at time ¢,
gr(t) = % is the proportion of wealth invested in the financial market at time t,

g(t) = ga — gr is the ratio of the "net income spread (NIS)” at time ¢,
c(t) = % is the consumption ratio of the investor at time t. O

Note that G(t) is the using asset while R(t) holding securities.
We assume that g(t) and p(t) are bounded such that

Vg(t),p(t) € [0,T] x R, [g(t)| < kg, [p(t)| < Ky, (25)
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where k4 and k, are constants.

3.1 The income rate of the investor

We assume that income growth rate is risky and is a stochastic process. It is affected by economic,
scientific, human, environmental and political factors. All these factors can bring about random
shocks on the income growth rate at time t. The rate of unemployment was identified by [3] as a
major factor that influence the income rate. He asserted that when the unemployment rate w is low,
the economy can be seen to be expanding, and production rate will be higher than expected, while
increase in unemployment rate w can bring about recession, and the production rate will be lower
than expected. Here, we assume the income growth rate 3(t) follows the dynamics

dp(t) = [f(B(1)) + B(t)n(w)]dt + osdW (1), (26)
B(0) = Bo,

where f(5(t)) : R — R is the expected production rate and is a solution to the ordinary differential
equation

df (B(t)) = ef(B(t))dt, f(6(0)) =1, (27)

€ is a constant, n(w) : R — R is a continuous function in w and represents the effect of unem-
ployment rate to production process. According to [3], if n(w) > 0, it implies that the economy is
expanding, if A\j(w) < 0, it implies that the economy in recession and if n(w) = 0, it implies that the
economy is in critical position. The vector o3 = [018,...,044] is the volatility of the income rate,
Wi(t) = Wig(t),...,Wqps(t)] is an d-dimensional Brownian motions of the income growth rate.
The vector p = (p1, p2) is the instantaneous correlation between the growth rate of asset value risks
(for stock and fixed asset price risks) and income growth rate risks. From now on, we assume that
n=m=d.

4. The Optimal Controls and Value Function

In this section, we consider the admissible strategies, optimal controls and value function.

4.1 The admissible strategies

For admissible net debt ratio z(t), we assume that for all 7" € (0, c0),
T
E/ 2(t)?dt < oo. (28)
0
For admissible portfolio strategy 7 (t), t € (0,00), we have
T
E/ m(t)m(t) dt < oco. (29)
0
For admissible consumption strategy ¢(t), t € (0,00), we have
T
E / c(t)?dt < oo. (30)
0

A strategy u(-) = {(2(t),7(t),c(t)) : t > 0} which is progressively measurable with respect to
{W(t), Wj(t) : 0 < s <t} is referred to as admissible strategy. Denote the collection of all admissible
strategies by A. It then follows that the set of all admissible strategy A can be defined as
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A= m@:(@pm)(»enxwwn,pg (t)2dt < oo;

E [y m(t)m(t)dt < o0 E [ c(t)?dt < oo}. (31)

4.2 The Optimal Controls and Value Function

In this section, we consider the optimal controls and the corresponding value function. Setting
X(t) =z and B(t) = 3, we define the value function as follows:

L(z, B) := sup,e o F'(z, B; ), (32)

where

F(z, Bu) = xﬂfo _&V )x(t))dt, (33)

d > 0 is the discounted rate and V(c(t)x(t)) utility of consumption.

The investor’s problem at time ¢ is to select the net debt rate, portfolio weight and consump-
tion rate processes {z(s),7(s), c(s)}t<s<oo Which maximize the infinite horizon, expected utility of
consumption

L(X(t)? B(t» max((s),c(s),m(s):t<s<oo} E; [fOO _JSV( ( ) (S))ds] )

jlt{)’?] :mdt+M[%Vv‘ﬂ +<1>[d24, (34)
X(0) = o, B(0) = Bo,
where
f(B(E) + B(t)n(w)

_ o
M= [X(ﬂ(t)a, (14 2(t) —i—g(t))ap)} ’

0
= [ xe 3005 50+ g0

We now consider an investor who chooses power utility function. Using stochastic dynamic program-
ming approach and Ité lemma for semimartingale processes, the Hamilton-Jacobi-Bellman equation
characterizing the optimal solutions to the investor’s problem is

LYL(z,B)) = 32%(no + (1 + 2z + g)op)(mo + (1 + 2

—i—g)UP)/me + 5050%[;5/3 + .1‘(,01’/’1’0 + pz(l +z+ g)ap)alng
+zr(l—p)+7n(p—rD)+ (1 +2+9g)(a+B)— L, (35)
+[f(B) + Bn(w)|Ls + As [p[L(z + 271, B) — L(z, B)|v(dz)

+Ap [r[L(z + I pI(1 + 2 +g), B) — L(z, B)|vp(dzp),
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with the transversality condition lim¢_,oo E[L(t, X (t),5(t))] = 0, where L, = ax, Lg = gg, Loy
g;%, L.g ax 7> Lgg = 852 The standard time-homogeneity argument for infinite-horizon problems
gives that
 s(s—t)
L(X(t),58(t) = E A d
(X(0),52)) {Z(S),C(S){Qa}){ﬁSSSoo} t[/t ‘ (ele)als)) S]
> &
= E TV (c(t t d
T {e(tw et —uyt<s<oo} | [/0 e TVIelt Fu)(alt +u)) u]

_ max o [ /0 b 6_5“V(c(u)(:v(u))du]

{z(u) c(u),m(u):0<u<oo}

= U(X(1),8(1)),

which is independent of ¢. The third equality in the above argument makes use of the fact that the
optimal control is indeed Markovian. It then follows that L(X (¢), 8(t)) = e U (X (t), 8(t)) and (35)
reduces to the following equation for the time-homogeneous value function U:

LYU(z,B)) = Vc(t)(xz(t)) — 6U(z, B) + %:1:27ra(7ra)’Um + 231+ 2+ g)mo0oUsy

+%a:2(1 + 2+ g)QJpa}DUM + ,()11'71’0'023[]935 +(14+2+ g)pgxapcr’ﬁUxﬁ

+30304Usp + alr(1 —p) + m(n—rI) + (1 + 2 + g)(a + B) — JUs (36)
+[f(B) + Bn(w)|Us + As [p[U(t,x + andi1, B) — U(t, z, B)|v(dz)

+Ap fR[U(t’ T + .TJPI(l +z+ g), 5) - U(t, x, ﬂ)]l/p(de),

with the transversality condition lim; o E[e U (X (t), 8(t))] = 0.
The maximization problem in (36) separates into one for z(t), with first-order condition

xzzwaa};Um + %562(22 + 229 + zZ)JPU}Um + ZPQ.I‘UpoJﬂUx/B

+zz(a+ B)Uy + Ap fR[U(t, x+aJpl(l1+2+g9),8) = U(t,z, B)|lvp(dzp), (37)
one for ¢(t):
3V(CE§‘C)$(S)) — 22U, (38)
and one for 7(t):
%.TZWJ(WU)/Umg: +22(1 42+ g)moopUsy + ,01$7T0'(723Uxﬁ (39)
+am(p = rDUp + As [p Utz +2mdiL ) = U(t,z, B)lv(d2).
For a given wealth x, the optimal consumption choice is therefore
(1) = [35] 7 (2Uy). (40)

In order to determine the optimal debt ratio, optimal consumption plan, optimal portfolio weights,
wealth and value function, we have to be more specific about the utility function V.

4.3 Power utility

Consider an investor with the following power utility, V(cz) = % for cx > 0 and V(cx) = —o0

for cx < 0 with CRRA coefficient v € (0,1) U (1,00). We now state formally the value function
satisfies the HJB equation (36):

max, {L"U(z,B) — 6U(z,B) + V(cz)} = 0. (41)
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The discounted rate § > 0 represents the preference rate of consumption. Now, for an arbitrary
admissible strategy u = (z,7, ¢), the objective function F(-) follows:

F(z,B,u) = Ey 5 [;° e OV (c(t)z(t))dt. (42)

We will assume a solution to (36) in the form

U, B) = “4<=, (43)
so that
W = (1= U, B)/:gbazlg%ﬁﬁ) = (1= U (, B) /2
b5 = hoU(@, ), “5057 = ha(1 = 1)U (x, )/, (44)
PO = [(hp)? + haslU (=, B)

Considering the three control variables z, 7 and ¢, (36) becomes

0 = max, » 0{237 70 (70) Upy + 22(1 + g)m00pUsy + 202100 5 Uyy + plzmraa’BUzg
+am(p —rI)U, +)\sz (x + 2nd)1, B) — U(z, B)|v(dz)
—|—1x2(2,z —|— 229+ z )apaPUm + nga:apa Upp + z2z(a+ B)Uy
+Ap [R[U(z + xJpI( +z+9),0) —Ulz, 5)]Vp(d2p) (45)
—zcUy + V(cx)} + 323 (1 + 29 + ¢*)opolpUsy
+(1+ g)pzl‘apUBUxﬂ + %a,gagUﬁg +z[r(1—p)+ (1 +g)(a+ B)]Us
HFB) + Buw)|Us — 60w, ) = 0.
Using (44) on (45), we have the following:
0 = max; r {—gmo(70)'v(1 = 7)U(z, ) — (1 + g)roopy(1 — 1)U (x, 5)
—zmoopy(1 —y)U(x, B) +p17raaﬁhg(1 —7)U(z,B)
+7T( —rD(1 - ) (z,8) + As [l + 71 D) U (2, B) — U, B)lv(dz)
—7(2z + 229 + 22)opopy(1 —)U(z, B)
+zp20pohs(l —y)U(z, B) + z(a + B)(1 = 1)U(z, B)
+Ap [R(L4+IpI(1 + 2+ g))! U (x, B) — U(z, B)vp(dzp)
—c(1=U(x, ) + V(ca)} — 5(1+ 29 + ¢*)apopy(1 — U (z, B)
+(1+ g)p2opoihs(l = NU (x, B) + 50305[(h)? + haslU (x3)
+[r(1—p)+ (A +g)(a+B)](1—-7U(z,B)
+[£(8) + Bn(w)lhsU(z, B) — 6U (x, B).

It therefore follows that the optimal consumption plan ¢* is

-1
o= (%) @-s). (@7

Now, dividing (46) through by —(1 — v)U(z, 5) < 0, so that max becomes min, we have

0 = min, r {370 (70)y + (1 + g)To0pLy + 200y — pimooshg
—m(p—rI) — f‘f,y [l + I D)7 = 1]u(dz) + (22 + 229 + 2%)opopy
—2pa0pojghg — 2(a+ B) = 2= [ [(1+IpI(1 4 2 +¢)))' ™7 = 1vp(dzp)
to— et + (L4 20+ 63)opopy — (1+ 9)paopolhs

— sy 7 (s)? + hag] — [r(1 — ) + (1 + g)(a + )]

— = [£(8) + Bn(w)hs + 1
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From (64), we deduce our optimal investment strategies, optimal net debt ratio and optimal con-

sumption strategy of the investor.

4.4 Optimal investment policies

The optimal policy for the portfolio weights strategy = is

’

m* = argmin fi(7),
™
where the functions
fi(m) = iro(no)y + (1 + g)moolyy + 2moohpy — pimooghg — w(p —rI) + mAgyr (nd 1)

and

Yy (n 1) = —1_17 R[(l + 73 D) — 1u(dz)

are both convex.

PROPOSITION 2 The optimal investment strategies of the investor is

w = (1 SR B2 s v 4 2ot o
~e gt DS o] Faris

Proof. By the first order conditions for the portfolio process, we have that

8]37(?) =o(n0)'y + (1 + g)oopy + z00py — prooghg — (u — 1)

+mAsJ I (23 1) = 0,

Define the scalar a = wJ;I. After multiplying (53) by %I’ J/¥71, we have that a must satisfy

a+ (14 glIE " oop + A TS oo), — BTN oophs — STIE (- r1)
+I2=T IS T4 (a) = 0,

then use (53) to solve for m:

’

T* = %2*1@ —rI) + %Eiloazahg — 22X oo — (14 9)X oo}
— 12551 T4 (a).

From (54), we have the following
¥1(a) = mi)\swl_lm[—a — (149l E ool — 21T T oo,

+ATI S ooghg + L TTE (1 —rT)).
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(54)

(55)

(56)
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Substituting (56) into (55), we have the following

"% 1 y-—-1 (JZI),E_IJZI 1 1 (JlI)/Z_lJlI
SR (TR ) (e i IS AP 0 5 o W2 Tl
T 5 (:u’ r ) < IIJizflJlI +'Y P1 B O'O'ﬂ I/JEZ*lJZI
¢1 @2
(z+g+1)S looh (1 CILVR 1} S WD 1 (57)
T 7op rys-131 ) TIEaa
& b

O
It shows that it is optimal to invest in a portfolio that comprises of four components:

(1) a speculative portfolio ¢ proportional to the market price of risk corresponding to the risky
assets through the relative risk averse index %,

(2) an income risk hedging portfolio ¢ proportional to the diffusion term of the income process
through the cross derivative of function A with respect to the income rate 8 and the relative
risk averse index 1,

(3) a hedging portfolio against debt risk ¢35 proportional to the diffusion term of the fixed asset
price through the net debt ratio z and NIS g,

(4) a hedging portfolio value ¢4 of the risky assets and a a control parameter that measure how
much of this portfolio value the investor is willing to take, risk-free funds holding the riskless
assets only.

(57) is the investor’s optimal portfolio strategies with jump-diffusion process.
It then follows that

Tk a>X g1
™ =D+ pys (58)
where
D, = (1 - %) LS (u— D) + 2p1hgS ool — (2 + g + 1) oo, (59)
4.5 Optimal net debt ratio policy
The optimal policy for the net debt ratio z is
2* = argmin fa(z), (60)
4
where the functions
fo(2) = 2moolyy + 5(22 4 229 + 2%)opoly — zpaoposhs — z(a+ B8) + P2(Jplz) (61)

and

P+ 24 ) =~ [ (043520 + 2 49)' — 1up(dzp) (62

are both convex.

PROPOSITION 3 The optimal net debt ratio of the investor is

o= (1 (Jp D? ) [”“3’ 4 b P2oeoshs  (adB) ) (63)

- 7 7
I'dJpJpoI opop Yopop Yopo
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Proof. By the principles of the first order conditions, we have that

afgiz) =moopy + (1 + g+ 2)opopy — proposhg — (o + B) (64)

+mpApd pIha (JpI(1 4 2 + g)) = 0.

Furthermore, we define the scalar b = JpI(1+ z + g). After multiplying (64) by VJP;, , we have that
b must satisfy

L p20polh (+/3) Apl'TpJp1 _
2000 Jpl + b — 220 g pf — LB oy meAe Il ) = 0. (65)

Yopop Yopop YopOp

It then follows that

i opop TI'O'O’P 20pogh
Vo(b) = ik prg ey - E0T T pT — b+ 2L g pT 4 2D g ). (66)

Yoo op

Substituting (66) into (64), we have the following

o = (1- 30 (3o + 0 - et - )], )

opo Yopop Yopo'h

O
(67) is the optimal debt ratio for an investor in the presence of jump process. The control parameter
b measure how much of the net debt that the investor (or the economy) is willing to tolerate.

ProprosITION 4  The NIS ratio g is

_ 1Ipdp I dp I Jp Iy D+(JrD?

= ToI(TJo T, 1) (68)
_(1— (JpI)? Toop p20poihg _ (a4B) | 1
I'JpJpl opoh Yopo' Yopo '

Proof. Using the fact that b = JpI(1 4 z* 4 g), it then follows that

2% = =tgdel (69)
Equating (67) and (69) and then simplify the result follows. O

Again, the economy will be free from debt if lim,_, (14 45.12% = 0. It is observe that the NIS
ratio g will play a vital role in minimizing the debt risk in the investment portfolio.

PROPOSITION 5  The economy is free from debt if

lim zx = 0.
b—s(14-g)JpI

Proof. By definition of limit for a function, given €, > 0, we can find é, > 0 such that
2" < e, V|b—(1+g)IpI| <0,.

But from (67), we have that

‘b—(l-i—g)JpI b= (1+g)JpI] 0, .
Jpl |J pI| |JpI| =
It then follows that d§, = |[JpIe,. a

We now have the following corollary.
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COROLLARY 1 IfAg =0 and \p =0, then

m* = 28 =) + B¥ ooshs — 28 ool — (14 g) oo (70)
and
N [ " 20p0zh +
2= (14 g) - e 4 20roa g fatd) (71)

Corollary 1 tells us that in the pure diffusive case, Ag = 0, we obtain the familiar Merton solution
T = %E_l(u —rl) + %E_IO'O'//B]IB — "% lool — (1 + g) X" Looh, (72)

and if the fixed asset price is a pure diffusive case, we have that Ap = 0, which implies that the net
debt ratio will be

’
T *oop
opop

 22rophs y (ath) (73)

orory | oropn

Z=—(1+g) -
COROLLARY 2 Suppose Proposition 5 holds, then Corollary 1 becomes

T = %E_l(u —rl)+ %2_100/5]15 —(1+g9)X toop

and
o ' *oo), p20p0ozhg (a+8)
g=-1- opop + apaév +>UPU%W'

PROPOSITION 6 Suppose Corollary 1 holds, then

1__ opo _ o+

h5:A<zlm—rn+u+g+¢)<Pﬂ°—zlm¢>— ?),
~ oo'p yoo'p
_ Yo0p
where A = P A e D P
Proof. Using (72) and (73), we see that the result follows immediately. O

Proposition 4 tells us that if the net debt ratio z is known, the derivative function hg can be
determined.

4.6 Optimal consumption policy
In this subsection, we give the optimal consumption plan of the investor and is given in the following
proposition.

PROPOSITION 7 The optimal consumption plan of the investor is

~y—1 _h(B)
Cr=zx e .

Proof. For the optimal consumption policy, with [g—g] -

in (47), we obtain the following:

1 h(B)

C* = (0U/aC) ™)L —NU(z,B) =z 7 € . (74)

O
It is observe that if A(3) > 0, consumption rate will increase as - decreases and decreases as -y
increases. We also observe that as h() becomes very large for all other parameters remain fixed,
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consumption tends to zero and consumption becomes very large as h(3) tends to zero. Clearly, if
h(B) < 0, consumption will continue to increase as h(f) increases. If v — +o00 and h(5) — —o0,
C* — 0 and vice versa.

4.7 Ezxplicit form of the HJB equation

We now give the explicit form of our HJB equation in this subsection.

PROPOSITION 8  The explicit form of our HJIB equation (64) is of the form

ol + b+ (3) + B — i, 8) =0

Proof. Using (57), (74) and (67) on our HJB equation (64), we have

3198951 (hg)* + hpgl + [ka + 25 [f(8) + Bn(w)]lhs — ki (z, 8) = 0, (75)

where

y—1 h(B) a?(-1 ’
k(e f) =27 e +3 | DiSDs+ pppidy ) “]

B e Gt (AR B
o [h+ 555 (o )
~Astn(a) = Apta(b) + gy (1+ 9+ 35 ) opopn
+2840) 4 21+ 2 + g2 + L —r(1—p).

ky = p1 HD/ + %} 0/’3 + J%Iapa/ﬁ} . (77)
Solving the following ODE hgg = (hg)?, we have a solution of the form:

(B(1)) = G1(t) — [Ga(t) + E(t)f]
{MMH)O (78)

where G1(t), Ga2(t), E(t) € R and G1(t) + E(t)8 > 0. (75) now becomes

osolha + ke + = [7(8) + Bu(@)llhg — ka (2, 8) = 0. (79)

O
Since (v, p, 7, %, Ji, Jp) are all not constants (where u(t) and r(¢) are time-dependent), the objec-
tive functions f; and fo are time-dependent. It is obvious that any optimal solution will indeed be
time-dependent. Again, the objective functions are state dependent as well. It then follows that any
optimal solution will be state dependent. In other words, any optimal portfolio strategy 7r/*(t) will
be a time-dependent and it follows that 7'* is dependent of time and state. Finally, the objective
functions f; and fo are strictly convex, goes to +oo in all directions, so that a unique minimizer will
always be obtained.
Finally, we have to check to ensure that the transversality condition is satisfied. We now substitute
the optimizers z* and ¢* into (34), and then taking expectations, one finds

L(t,z*(t),B(t)) = E; [/too e %V (c*(s)x*(s))ds| . (80)

*

Taking the limit as ¢ tends to infinity, there will exponential decay of (80). Substituting 7*, z
and ¢* into (24), we found that an investor with power utility who selects this optimal portfolio,
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optimal debt ratio and consumption plan will achieve a wealth process x*(t) = X*(¢) that follows a
geometric Lévy process.
The following proposition gives an explicit solutions for the scalars a and b.

PROPOSITION 9  Suppose the Lévy measure generate both asymmetric positive and negative jumps
with the following solvency constraints |a| < 1 and |b] < 1, then

il [_2 _ (2254~ 3(-1 + B(rs_ + As1) ]
(i) 1 6 (243 +27TB(As— — As+) — 9A(2 + B(As— + As4)) + NGE
—5 [4§ <2A3 +27B(As— — As+) —9A(2+ B(As— + As4)) + \/5) 3} ’
. 25(A2 +3(1+ Bi(Ap_ + Apy)))
() | % 32+ 2TBis — Ape) — 924 Bi(Ap- + Ap)) + Vs
s ([—2A§ +27B1(Ap— — Apy) — 9A1(—2+ Bi(Ap— + Apy)) + \/5]5)

Proof. (i) Since we allow the Lévy measure to generate asymmetric positive and negative jumps,
see [9]. So, we consider a Lévy measure such that

[ Aspdz/z, if z € (0,1]
mAsv(dz) = {—)\s_dz/z, if z € [-1,0) (81)
with Agy > 0 and Ag_ > 0. Setting v = 2, we have that mAgy(a) = —Ag+ log(1+a) —As—log(1—a)
and (54) becomes a cubic equation in a:

fsla)=a+A—=B[-Ast(1+a)" +Xs-(1-a)"'] =0, (82)
with solvency constraint |a| < 1, where A = (1+¢)I'Y}S oo+ 21T ool — BT IS ooz hg —

31327 (uw—rI) and B = I'J;X71J;I. The optimal solution to (54) is indeed solvable in closed
form under the solvency constraint:

o=

0= {_zA - (223 (A2=3(~14+B(\s_+)s1))) ]

(2A3+42TB(As_—Asy)—9A(2+B(As_+Asy))+VD)3 (83)

1 [4§, <2A3 +27B(As— — As4) — 9A(2+ B(As— + Asy)) + \@) ] ’

where @ = (—4(A?2 —3(—1+B(As_ +As1)))> + (243 +27TB(As_ — A5t ) —9A(2+ B(As— + As1)))?).
(ii) Similarly, we consider for the net debt ratio:

)\p+d2‘p/ZP, if zp € (0, 1]

mpApv(dzp) = {—)\szp/zP» if zp € [-1,0) >

with Ap4 > 0and Ap_ > 0. Setting v = 2, we have that mpAp1p(b) = —Ap4 log(1+b)—Ap_log(1—b)
and (65) becomes a cubic equation in b:

fp(d) =b+ A1 + Bi[-Ap+(1+b) "1+ Ap_(1 —b)" =0, (85)

where A = 270 JpI + (1 4 g)Tpl — 222% 0 3,7 — 040) 57 and By = 207

’ / ’ ’
opop 20p0p 20p0p 20p0p
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h— A 23 (A243(14+B1 (Ap—+Ap4)))
31 3[-243427By (A —Aps)—9A1 (~24Bi(Ap— +Aps)) VT3 (86)
+h ([_2A§> 4 27Bi(Ap— — Aps) — 941 (=2 + By(Ap— + Apy)) + \@]5)

where ¥ = (((—3 + A1)(241(3 + A1) + 9B1Ap_) + 93 + A1) B1Ap)? — 4(A2 + 3(1 + Bi(\p_ +
Ap+)))?). n

Proposition 9 (i): we observed that if

1 1
(14 g)oo)p + 200l — %aagfh — 51D = =5 (st — As)JL,
it implies that the investor has no exposure to jump risk. This is due to the fact that jumps in one
investment are used to hedge or offset jump risk in another investment.

Proposition 9 (ii): we observed that if

144+ moop  P20Poghs (a4 B) _ (Apy —Ap-)dpl
g opop 20p0lp 20p0lp 20p0lp ’

it implies that the investor net debt ratio has no exposure to jump risk.

5. Conclusion

In this section, we will give the concluding remarks of the results obtained in his paper. We obtained
the optimal net debt ratio in the presence of collateral security, optimal investment strategies and
consumption plan of an investor who is exposed to both diffusion and jump risks. The maximization
of the total expected discounted utility of consumption in the infinite time horizon under power util-
ity function was considered. The optimal consumption and investment strategies as well as optimal
net debt ratio under power utility function were obtained. We found that the optimal consumption
depend on the optimal wealth, income growth and the coefficient of CRRA utility function. Fur-
thermore, it was found that if A(5) > 0, consumption rate will increase as v decreases and decreases
as 7 increases. It was also found that as h(f) becomes very large, consumption tends to zero and
consumption becomes very large as h(/) tends to zero. We also found that if h(5) < 0, consumption
will continue to increase as h(f) increases and if v — +oo and h(8) — —o0, ¢* — 0 and vice
versa. We further found that the jump risks in the investment portfolios are hedge if

pL

(14 g)oop + z00p — 5

1 1
00y — 5 (1 —rT) = =5 (Asy = As )

and net debt ratio has no exposure to jump risk if

(1+9)+ Toop B P2UPU/5h5 _(a+p) _ ~(Apr —Ap_)JpI
g opo’p 20p0 20p0’ 20p0’

We found that it is optimal to invest in a portfolio that comprises of four components: first,
a speculative portfolio ¢; which is proportional to the market price of risk corresponding to the
risky assets through the relative risk averse index 1; second, an income risk hedging portfolio ¢o
proportional to the diffusion term of the income process through the cross derivative of function h
with respect to the income rate 3 and the relative risk averse index +; third, a hedging portfolio ¢3
of the fixed asset proportional to the diffusion term of the fixed asset price through the net debt
ratio z and NIS rate g; last, a hedging portfolio value ¢4 of the risky assets. A control parameter
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that measure how much of this portfolio value the investor is willing to take was obtained. Also,
the control parameter that measure how much of the net debt that the investor (or the economy) is
willing to tolerate was obtained.
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