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1. Introduction

Microredit is a low amount credit bearing interests granted to
micro-entrepreneurs who do not have access to regular bank ser-
vices.

This type of credit makes it possible for people who are excluded from
the banking system as we know it to create or develop an income-
generating activity. It can be granted to individuals as well as groups.

Previous mathematical models of microcredit: (Tedeschi[2006];
Khodr, M. Diener, F. Diener et Protter[2009]; Dhib, M. Diener et F.
Diener[2013])

The purpose of the research: find a new mathematics models for
analyze the other important characteristic of microcredit, namely the
mechanism that allows a beneficiary with some successive microcredit
can access a credit from regular bank.

2. Markov Chain Model

In the model, we introduce a Markov chain (Xt)t≥0, which consist
of four states:

• A (applicant)

•B− (beneficiary with a loan k−, an interest rate r )

•B+ (beneficiary with a loan k+, an interest rate r, k+ > k−)

• I (inclu with a loan k+, an interest rate r′, r′ < r)

B-B+A B+B- I

γ β− β+

1− β−

1− β+

1− γ 1− ε

ε

The transition matrix:

P =


1− γ γ 0 0

1− β− 0 β− 0
1− β+ 0 0 β+

ε 0 0 1− ε


Example of a trajectory:

•AB−B+IIIIIII ...

•AAB−AB−B+IIA...

3. Net Revenue

Net Revenue is the production function minus the cost function
Y (k) is the production function.
C(k) = c + (1 + r)k is the cost function.

Y (k) = kα

C(k) = c + (1 + r)k
(Y − C)(k−) = (Y − C)(k+) = 0

4. The Expected Total Profit

• The profit of one period

f (Xt−1, Xt) =

{
(r − r′)k+ if (I, I)

0 if not

• The total discounted profit of a trajectory
(X0, X1, ..., Xt, ...) for X0 = x

W (x) =
∑
t≥1

δtf (Xt−1, Xt)

δ is discount factor for a time of a loan.

• Proposition (Dhib/Diener)

E(W (x)) = δ(I − δP )−1Z(x)

where Z(x) = E(f (X0, X1)|X0 = x).

5. Resultats

• Proposition (application of the Perron-Frobenius theo-
rem)

Let (Xt)t≥0 be the above Markov chain with the state space S =
{A,B−, B+, I} and transition matrix P . The Markov chain has a
unique equilibrium state π∗,

π∗ =
1

ε + εγ + εγβ− + γβ−β+(ε, εγ, εγβ−, γβ−β+).

The proportions of four states tends to the equilibrium distribution
π∗, when t tends +∞.

• Parameter estimation

If the MFI has type data (Xt)t=0,...,+∞ then the Ergodic theorem

would allow it to calculate πXt and then γ, β− and β+ :

γ =
π∗
B−
π∗A

; β− =
π∗
B+

π∗
B−

; β
+

ε =
π∗I
π∗
B+

.

• Simulation of the distribution of total profit

– Number of loans (I, I )

Number of applicants/beneficiaries=500; Trajectory length=25;
γ=0.5, β−=0.9, β+=0.7, ε=0.02.

– Total discounted profit

Number of applicants/beneficiaries=500; Trajectory length=25;
γ=0.5, β−=0.9, β+=0.7, ε=0.02, r=0.2, r′=0.04.

• Absence of strategic default

To avoid a strategic default, the MFI has a make sur the parameters
have been fixed so that:

Wt(I) ≥ Wt(A) + (1 + r′)k+

• Application of the proposition (Dhib/Diener)

We apply the proposition (Dhib/Diener) to search the values γ and
ε at the condition of absence of strategic default.

– Case 1:

β−=0.9, β+=0.7, ε=0.02, r=0.2, r′=0.04

– Case 2:

γ=0.1, β−=0.9, β+=0.7, r=0.2, r′=0.04
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