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Abstract: This study models a distressed bank under Central Bank of Nigeria (CBN)

Chukwuemeka, Anyamaobi regulatory pressure where baseline valuation decays exponentially with multiplicative
seasonality effect. Three analytical paths and theoretical expected means were simulated
showing up and down horizontal trend lines instead of exponential growth. Sensitivity
analysis for volatility and drift shows both plots look alike with up and down horizontal
movements, unlike growth banks where volatility dominates. Results show distressed
pattern trapped sideways oscillation with slow decay, indicating that both growth rate and
volatility cannot rescue the bank under regulatory overhang. Implication is range-bound
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trading rather than buy-and-hold .The results provide insight into how regulatory policy
propagates across banks, how diversification benefits change across regimes, and how risk
managers can stress-test portfolios under policy uncertainty.
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1.1. Introduction

Recapitalization is typically modeled as a one-time
regulatory shock. However, the 2024 CBN exercise showed
that banks raise capital in seasons: Qarter-1 for rights issues,
Qarter-4 for retained earnings boosting. This seasonal
recapitalization creates periodic liquidity shocks that affect
two coupled markets: equity (where shares are issued) and
money market (where liquidity is withdrawn). However,
stochastic systems with regime-switching are well suited to
model this behavior because they allow parameters and
initial conditions to change at a known or estimated
switching time. The regime-switching framework captures
both the immediate jump effect at and the subsequent
evolution under correlated Brownian drivers. The results
provide insight into how regulatory policy propagates across
banks, how diversification benefits change across regimes,
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and how risk managers can stress-test portfolios under
policy uncertainty.

However, stock market prices have been examined in a wide
manner by many scholars. For instance, [1] studied the
stochastic analysis of stock market price model, and result
showed that the proposed model is efficient for the
production of stock prices. In a similar manner [2] studied
the stochastic analysis of stock market expected returns.
Their results of comparing the variances of four different
stocks indicated that stockl is the best among the stocks of
diverse companies, which is consistent with the work of [3].
Also, [4] considered a stochastic analysis of stock market
expected returns and growth-rates. In trying to stochastic
model [5] considered the stability analysis of stochastic
model for stock market prices and did analysis of the
unstable nature of stock market forces applying a new
differential equation model that can impact the expected
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returns of investors. While [6] suggested in their study,
some analytical solutions of stochastic differential equations
with respect to Martingale processes and discovered that the
solutions of some SDEs are related to other stochastic
equations with diffusion part. On the other hand, [7] looked
at the numerical techniques of solving stochastic differential
equations. Their results showed that if the discretization
value N is increasing, the Euler-Maruyama and Milstein
techniques were closed to exact solution. Also, [8] worked
on the stability of both analytical and numerical solutions
for non-linear stochastic delay differential equations with
jumps and they observed that the compensated stochastic
methods inherit stability property of the correct solution. [9]
studied the solution of differential equations and stochastic
differential equations of time varying investment returns and
obtained precise conditions governing asset price returns.
The proposed model showed an efficient and reliable
multiplicative inverse trend series. As if that is not enough,
[10] studied stochastic model of the fluctuations of stock
market price and obtained precise conditions for
determining the equilibrium price. On the other hand [11]
examined the stability behaviors of stochastic differential
equations (SDEs) driven by time changed Brownian
motions. In another dimension [12] studied stochastic
methods in practical delineation of financial models and
suggested useful delineation of asset stock price and
volatility.

The problem is that current models treat recapitalization as
discrete and uncoupled. [18] describes it as a shock but does
not model its seasonal periodicity. As a result, banks cannot
anticipate the coupled effect: when Bank A raises capital, it
drains liquidity from Bank B, raising interbank rates. This
coupling is stochastic because investor appetite is random.
The aim is to apply two coupled stochastic differential
equations to model the effect of seasonal recapitalization on
asset prices, liquidity and bank capital adequacy. The model
will have a seasonal recapitalization function driving both
systems. The gap is significant: no study in Nigeria has
modeled recapitalization as a seasonal coupled stochastic
process. [19] and [20] discuss regulatory interest rate shocks
but not recapitalization seasonality.This research introduces
seasonality into regulatory impact analysis.

This paper is prescribed as follows: Section 2.1 presents the
mathematical preliminaries, Results and discussion are seen
in Section 3.1 and paper is concluded in Section 4.1.

2.1: Mathematical Preliminaries

At this juncture we present few basic definitions as touching
this dynamic area of study, hence we have as follows:
Definition 1: Probability space: This is a triple (Q,F,4 )

where @ represents a set of sample space, F represents a
collection of subsets of q, while,, is the probability
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measure defined on each event A < F . The collection F is
a o -algebra or o -field such as o<F and F is closed
under the arbitrary unions and finite intersections. Hence it
is called probability measure when the following condition
holds.

(i) P(A)=0 for all AcQ
(i) P(Q)=1
(iii) ABcQ, AnB=¢then P(AUB)=P(A)+P(B)

Definition 2: A ¢ -algebra isaset F of subsets of o with
the following axioms:

() g0ecF

i) If AeF,then A°eF

(i) If A, A, .. eF, then Lo'j,o~K,(°O],ak eF

k=1 k=1
Clearly AC =Q— A is the complement of A.

Definition 3. Stochastic process: A stochastic process
X(t) is a relations of random variables
{X((7).teT,y€Q}, ie, for each t in the index set
T, X (t) is a random variable. Now we understand t as

time and call X (t) the state of the procedure at time ¢t . In

view of the fact that a stochastic process is a relation of
random variables, its requirement is similar to that for
random vectors.

2.1.1 Problem Formulation

Here, we have two-asset correlated constant Geometric
Brownian Motion model, the joint dynamics of Access Bank
and First Bank market efficiency with constant and seasonal
initial prices.

ds = 4,S¥, dt + 5,8, dw, (L.1)

ds® = 11,5 dt + o, S dw,? ( pdW® 4+ J1- p? dw,<2>) (12)
S =18+3cos(wt),S{? =12+ 2cos(wt)  (13)

where  S{) =18+3cos(wt),S{? =12+ 2cos(wt)
represents independent initial prices of Access and First , £

represents drift coefficient of Access Bank, @1 represents

volatility coefficient of Access Bank , 4, represents drift

coefficient of First Bank, Oz represents volatility coefficient



of First Bank, p represents correlation , A, B are seasonal
amplitude, @t is seasonal frequency

Wt(l),Wt(z) represents independent Brownian Motions and

t represents time.
2.1.2  Method of Solution

The investment equation consist of a system of variable
coefficient problem whose solutions are not trivial. We

adopt Ito’s lemma, let f (St(l),t) =In St(l) and taking the

partial derivatives yields:

50 S0 s g a4

of 1 o*f 1 ﬂ—o
"ot

According to Ito’s theorem gives:

S

t

df (s,“),t)zalsf”—aaf dWI“)+[yle” a +;azs}”2§]dt (1.5)

oSt

Substituting (1.4) into (1.5) gives the following:

02 502

t t

1.6
df(s{“,t):als}l)sldw‘“>+[ylsfl>1+1afsfl>2[— 1 ]+O]dt (1.6)
t

simplifying gives

s® s® 1
_ (€3 s S @ St~
=0,5, S0 dW,™ +| 4 02

t

S
(o W dt .7

tt

= als}”dwf” + ( U — % o} j dt

df (s§1> ,t) = ( 1 — %afjdt + o, dw," (1.8)

Integrating (1.8) fromQ 10 t gives

[dmns® = [df (Su,u)= j;(ﬂl —%af]du +[Loaw oy (1-9)

t
t
Ins® —Ins® = (/,Llu —%afuj + (oflth(l)u)0

0

s 1
|n($] = ( 14 —Eofjt + o, dw,Y
0

Taking the In of the both sides gives
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©) @) 1, (1)
S;7 =S, exp| 1y — 5 o, |t+o,dW, (1.10)

This gives the general solution of the SDE. To find the
particular solution

s\ (t)=18+3cos(wt) ,

= s\ exlo(“l _%ijt +0,dW," =18+ 3cos(t)
¥ =18+ 3cos(wt)

s (t) :18+3cos(cot)exp((y1 _%O-lz)t +Glth(l)j (1.11)

From(1.2), let f (St(z),t) =In St(z) and taking the partial
derivatives yields:

of 1 &f 1 o

5P s s s a 0} (1.12)

t

According to Ito’s theorem gives:

of

(2) +)_ (2)

df (%,t) = o8| 7
t

(pdw(l‘+ l—pde[(z))dW[ +[pzs}2’ x ., o-ZZS((Maf]dt

1 a
s 2 ot
(1.13)

Substituting (1.12) into (1.13) gives the following:

1 101 1
of (3%.t) = 0,8 @(pdw‘“) +i= p2aw? )dw‘ + [ﬂzs}“ Wﬁa;s‘“’z [- G j+0]dt
t t t

(1.14)
simplifying (1.14) gives
s® 5@ 1 g2
= 807 2 a4 I oW W, |y 22 02 2
SI SI SI t
(1.15)

=05,5"? ( pdWY + 1 p?dw,? ) dw, + ( i, — %agjdt

df (57.t) = (ﬂz —%oﬁjdt +o, (det(l) + 1—p2th(2))th
(1.16)

Integrating (1.16) from0O to t gives



[lamns® = ['df (s,u,u) = jo‘[yz —%ag}ju +[ o, (pdwf” + 1—p2dW[‘2))du

(1.17)

t t
Ins® —Ins = [uzu _%aguj +0, (det“) +41-p* dVVt(z)dWU)O

0

g®

1
In{@] :(ﬂz —Ea§]t+02 (pdV\/t(l) + l—pdet(z))
0

Taking the In of the both sides gives
t

s® =s eXp(uz —%05} + o (W + L p? th(Z)) (1.18)

This gives the general solution of the SDE. To find the
particular solution

Si? (t)=12+2cos(at)

=5 exp(u2 *%O’zzjt+0'2 (det(l) +\[lfp2th(2)) =12+ 2cos(awt)
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S\? =12+ 2cos(wt)

sP(t)=12+ 2cos(wt)exp(y2 —%ajjt +0, (det(l) ¥ 1_pzdwt(z))
(1.19)

Combining (1.11) and (1.19) gives complete solution of
the systems

S (t)=18+3cos(wt)exp ((,ui —%o-fjt + GldW‘(l)j (1.20)

(1.21)
s (t)=12+ Zcos(a)t)exp[y2 —%af)uaz(pdwlﬁl + 1_p2dW!(z))

3.1 Results and Discussion

Two assets with additive seasonal components, with
parameter values used for the simulations of graphical
solutions.

s® :18+3cos(a)t)(t)exp(,uﬁl —%afjt +oW,

St(2) =12+ 2cos.(cot)(t)[exp(y2 —%azzjt +0, (th(l) +\/1—p2Wtz)J

14, =0.15,0, =030,W," =1,t =1, 9, = 27t
i, =012,0,=025W."? =W =1,t=1,p=05

2 Two asset additive seasonality — analytical paths and means
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Figure 1: Three exact analytical paths per asset and theoretical expected means.

Figures 1 and 2 model a distressed bank under regulatory
pressure where baseline valuation decays exponentially with
multiplicative seasonality. Figure 1 shows three analytical
paths and expected mean exhibiting up and down horizontal
trend lines, indicating sideways trapped price with seasonal
spikes but overall decay. Future Meaning: For a distressed
bank, both volatility and drift lead to the same outcome -
sideways decay. Changing drift (growth rate) does not help

because drift is negative due to regulatory pressure.
Increasing volatility also does not give growth, it only
increases the size of the up and down swings. Both
sensitivity plots looking alike means the bank is insensitive
to normal growth factors , it is under regulatory overhang.
Future price will continue to oscillate horizontally and
slowly decay until recapitalization is concluded.
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2 Two asset additive seasonality — path sensitivity
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Figure 2: Asset Sensitivity using Identical Brownian increments

Figure 2: Three analytical paths per asset and theoretical
expected means showing up and down horizontal trend lines
due to multiplicative seasonality and decay path. This figure
shows a distressed bank, not a growth bank. The baseline
valuation is decaying, but the decay is not smooth. It shows
up and down horizontal movements because of
multiplicative seasonality. Future Meaning: The up and
down horizontal trend means the share price is trapped in a
sideways channel. It tries to rise due to seasonal news
quarterly results, CBN forbearance, recapitalization rumors
but falls back due to regulatory pressure and decay in
fundamental value. The three analytical paths show high
uncertainty, one path may go slightly up, one flat, one down,
but all are oscillating around a falling expected mean. This
is a classic distressed pattern , no clear trend, only noise.

4.1 Conclusion

This system extends Geometric Brownian Motion (GBM) to
two correlated assets with constant initial prices captures co-
movement via correlation. Results show (i) with up and
down horizontal lines means future price is trapped and
decaying with seasonal hope rallies that fail. Decision is sell
or avoid long-term, trade short-term only. (ii) where
volatility and drift plots look alike and both show horizontal
up and down means distressed bank is insensitive to normal
growth drivers (iii) both volatility and drift lead to same
sideways decay. Decision is do not buy for growth, use tight
stop-loss for trading, and wait for regulatory clearance. (iv)
Overall, Figures 1 and 2 represent a bank in regulatory
distress - capital should be moved to stable banks like
Access and First Bank until recapitalization succeeds.
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