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Abstract

One of the most critical responsibilities of bank managers is liquidity management. The
purpose of this study is to design and implement a combined mathematical model of the
Analytical Hierarchy Process (AHP) and Goal Programming (GP) for bank liquidity
management. Initially, a conceptual model was drawn up, followed by the definition of
model variables based on the bank's financial statements. Due to the presence of multiple,
conflicting goals and the differing importance of each goal, the GP technique was utilized.
The weighted nature of the GP model allowed for the calculation of the importance of
ratios affecting the bank'’s liquidity within the objective function through the Analytical
Hierarchy Process. The model was solved, and the analytical results were presented to
bank officials. Finally, the effectiveness of the proposed model was validated through a
survey of seven main questions related to seven evaluation dimensions from 30 banking
experts. Given the similarities in banking systems in the country, using the proposed model
and pattern of this research, with minor modifications, the necessary grounds for efficient
liquidity management can be provided in other banks as well.

Keywords: Bank, Liquidity Risk, Liquidity Management, Analytical Hierarchy Process,
Goal Programming.

Introduction

Banking is one of the most important
businesses in the economy and serves as
the primary bridge between the supply

et al., 2020). Banking is the art of
managing liquidity challenges, and
liquidity management plays a crucial role
in the survival, continuity, and success of

and demand of monetary resources. The
principal functions of the banking system
involve the management of the provision
and allocation of monetary resources and
the provision of monetary services in the
money market (Basel Committee on
Banking Supervision, 2008).

In Iran, banks operate as economic
service institutions that earn profits
through Islamic contracts and
partnerships with clients (Abdorrahimian
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banks. Consequently, it is expected that
economic enterprises with appropriate
liquidity management systems will have
lower risks of liquidity and bankruptcy.

Bank liquidity management includes
forecasting the bank's liquidity needs
over time and meeting these needs with
the least costs and risk and the
maximization of bank value. Liquidity
management is the process of managing
and balancing between risk and return.
(Glants & Mun, 2002).

Published by University of Isfahan

This is an open access article under the CC BY-NC 4.0 License (https://creativecommons.org/licenses/by-nc/4.0).

d 10.22108/FAR.2024.139765.2014



https://portal.issn.org/resource/ISSN/2322-3405
https://creativecommons.org/licenses/by-nc/4.0
https://doi.org/10.22108/far.2024.139765.2014
https://far.ui.ac.ir/?lang=en
mailto:anvary@modares.ac.ir
https://orcid.org/0000-0002-7495-8276

54 Financial Accounting Research, Vol. 15, Issue 3, N0.57, Autumn 2023

Given the multiple objectives of banks
and the difficulty or impossibility of
simultaneously  achieving all these
diverse and often conflicting goals, the
question of this research is what kind of
model is the optimal liquidity
management model for the banks? This
applied research aims to answer the
aforementioned question through the
design, implementation, testing, and
evaluation of a mathematical model of
liquidity management in banks, while
observing the ratios affecting the bank's
liquidity within the standard limit, to
optimize the amount of bank liquidity
and the variables of the liquidity system
inputs and outputs.

Methods and Material

To develop an optimal mathematical
model for bank liquidity management,
the steps include identifying the system's
input and output variables, recognizing
the most influential ratios, selecting the
appropriate mathematical model type,
determining the model variables and
parameters, establishing the system and
goal constraints, and formulating the
objective function. After solving the
model, the results were compared with
the bank's current state to plan the
transition to a desired state. Finally, the
effectiveness of the proposed model was
evaluated by 30 bank users and experts.

Findings

The proposed model enables sensitivity
analysis of parameters and the
examination of various scenarios. If there
are practical limitations, alternative
optimized solutions can be prepared to
implement the most feasible solution
vector and outline corrective actions in a
roadmap (Anvary Rostamy &
Nematolahi Ardestani, 2003). Although
these alternatives slightly deviate from
the optimal initial value, they offer the
most practical benefits. The model was
evaluated across seven dimensions:
flexibility, usability, impact, acceptability

of variables, accuracy of goal and
systemic constraints, and ease of
understanding and application by 30
banking experts. The evaluation results
confirmed the flexibility, practicality, and
suitability of the considered ratios and
variables, as well as the appropriateness
of the model's goal and systematic
constraints at a 95% confidence level.

Conclusion & Results

This research aimed at designing an
optimal ~ mathematical model  for
managing bank liquidity. The goal
programming model was used due to the
multitude and contradictions among
decision-making criteria. The model was
developed using data from a specialized
bank sample and then was tested. The
effectiveness of the proposed model was
reviewed, scored, and approved by 30
banking professionals and experts. The
results of solving the models enable the
formulation of a road plan and allow
managers to immediately see the results
of any potential changes in the model.
This modeling tool also enables managers
to create future scenarios and plan
corrective actions. Given the similarities
in the Iranian banking operations, despite
some differences, the application of the
proposed conceptual and operational
model with minor modifications will
provide the necessary conditions for more
efficient liquidity management in other
banks.

The authors suggest considering off-
balance sheet items and economic and
political shocks and risks in the model
completion and modeling using fuzzy
data. Future research could measure the
bank’s liquidity sensitivity to changes in
the economic market, such as changes in
exchange rates, the country's exports and
imports, and competitor markets like
capital markets and real markets.
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Table 1: Variables of the liquidity management model based on the information of the bank'’s sources and
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Table 2: Liquidity management model variables based on bank balance sheet information
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Table 3: The most important ratios affecting bank liquidity and their binding limits
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Table 4: Relative importance coefficients of ratios affecting liquidity in the objective function

(W) Gaa 1 5 el i Cormal il 5 S e Gl Ol e i3,
ARVNSE SR s \
/YoyYAY ) Y
/AYOVVA Gsdr 4 LU plusp b Olus (659 50 Cnd Y
+/+WAOAN Goles slaes o 4y (51 8 (Slaes e ol ¢
/T AYYN QY Loy LSSL ple Ol 4 LSS ple 53 b Ol Cud 0
CAAVAVY Golr sla a4 sddan 5 3 e 83"‘ obile Cnd 1
egeye ol IS 4 Gslas S oo | Y
oY laes e o kile a4 S Gas 53 A& 4y AB 4 g S A

et ol
/4 AOTA Gl ol 4 o Gl b a3 S0ke s q
> wi=)

Lol Ol s ol - Sile Jole aw & bla>|

0 bloslo, 3 ud 53 Jdhe b )

aj_:ﬁ-'s Q|J'_:,a el uﬁ)ﬁ t}_‘w BV



VENY _):"Li ‘(O\/)&Lﬁ «r}m a)l.o.:« chéfl{ L_JLA ‘A.;L‘ 6J\JJL~..> 6@&&5}‘

A

w ylas S o Sl 550 g 0 88
o £
AL 4 5 A8 S Hlasl 55 90 o 2 @9
Sades o
A ey ke e sl 3 50 o 5 810
(oo o ) Bsbio okils 4 Cxd Bk
o595 Jsl AE (34 50 A
bla=l o3 10
S s 3,1l I Ny, N
Sl S 3l ks N3
e 35 (65 9 50 Lol 3l Hlude 1Ny
Ssdo 4 LU
f e e o 3ol e (N5
Sols 4 (ol
s b ol cod skl Hlude :Ng
35 LSl ple ol 4 SSL il
b L
S Ol G 3l luze N7
Solr slaads 4 oddas 5
Golas S s skl lade Ngg, Ngp
be S &
i g A e ,ll] Iis Ngp, Ngp
Sykes 53 A&
o bl & Cad B AB a5 S0ke N1
(ole > J-g) Osdes
Ole,l 5 e Gl il ol
Olayl 51 e ol ol Oy

A s Gl S rasnel ol o

il o3 0 SSL

a8 ,S 53 Ol Tk 3l Koy oy
Lo daler 0 oas blasle 503 (gl ol
o SLGlas 5 mle SleMbl Al 4 a5
g albale jybas |9 s 4ot Sl
s asbale e slaesls Sl ey w3530
Sl bl aS Syso 5l ol 4 S
Jde Ol oo 2y 392 50 ol sS Jloy (slae, 5
L s aiin SO e S Glaeys gl

35 J s ek Sl

Copde Syl pomby 2L, Jhe 0
b Ko
Shosl il Jds s ), Say slaad o
Sl Llesle S Kol o e
Koyss ool ool o b =t Ki

0353 3] ol sl bl b i las Y
k
1 dsles LS‘;.’k 0333 o o W

e @U

I Cosgdee gl sl o) g0 Cod @y
Jsl Ole,l 5l 3550 o o By

S Ced STl 35 50 g 5 B2

L RCE = PYPPRUIPR -

33 835y Sams SN 3,50 o Ay
Ssder 4 LSSL 5L

Slres pw S 5Tl 5550 o 5 A5
oM slaes o 4 (S5l 8

55l Cles Cand Sl 55 40 o 0 188
L35 LSl ple ol € LGL L
S S Ol s 5l 5550 g 15 A7

Golbr Sl Al 4 e ldan g 3



14 oy Sl sl e

444444444444 L;ﬂjubj—djlfw.xglﬁdﬁs;g)uf\fb

m 1

v 12 2
| | X 0 g, Y- 0%20d 52 =0

i=g k=1 j=1 k=1

Cﬁj,&&)bﬁj@j.ﬂﬂwﬁﬁb}w

m 12 v 12
0 .
yjkOngll | Xi-07910d 91=0
j=l k=1 i=zg k=1
Cﬁj,&&)bﬁj@j.ﬂﬂwﬁﬁb}w
m 12 v 12
0 . ~
yjk0n92| | Xix- 0720d 92=0
j=l k=1 i=g k=1

G Gakio A8 s Sl Comd Ly sl
Bsdes olile
Y5, 0N, 015000 . d°00d 10 =0

&JJL&A}CUQ)}M.beAMCﬁJ}W
12

X - 0°1000d 10020

12
| [ sx.0]
i=l k=1 i k=l
olas 5 mle Dog a bs e saten Cud sl
12 12
| | 5inkO| | Yy - d°1020d 10220

i k=l i k=t

i=1,2,3,...33 , j=l...,m ,
i=1,2,3,...,40

Jae = il 2l djuul,; @l:.: .0
b (S o pde Syl (55 54k

2288 Sl o5 sk g0l ol s
Slaslle = 5 ol s3lmdis o, 310
el B S 0 Je o ol Slles 3 G
B Gu Jolds (fasiy 53 sddeslanal glaesls
Sl SO 3, Shes s aaly o las
s s s SGdB i gl ul s
B i glaend ol e L
Salbad lajlas i) 4 a5 L LSSL
L J s lmades Mo ) 5 Sloe 5

0 Jgdor Jledel s 4y 0t S bl KaS

10 ,12
b Mlnzzl | a, (w,d rw,d°)

r=1 k=1
Jde Coaa
St.
34 12 40 12 40 12
0 o
AT xeo] | v ol | vy dtudi=0
izl k=1 j=1 k=1 j=1 k=1
L;’L‘)T Cod gdee ‘sz_}\
SN 3 gl
m 12

v 412
yjkonll | Xik'do 0d 22=0

j=1 k=1 i=g k=1 21

m A"
| | yjkOnzl

j=l k=1 i=zg k=1

u.<u“..a\34 oo .C.',»J“J}J\?r.ﬂ

12 12

Xi- 0d%°20d 2=0
Sl g3 s

m 12 v 412
| | yjk0n3| | xik' dOSOd'3EO
j=l k=1 i=g k=1
4 LSL ple 55 b SOU (635 50 Cad o gds
EER
0 .-
Y,, 0Ny, . d°40d 4=0
Slaos o s (613 8 (Glaes s Lol g3 gdes
Sl
12 12

|V| X; 0 vl X, .ds0ds=0

i=g k=1 i=g k=1
Sl Ol 4 LSl sl 55 b SOL ol e

b SSL 35 e

v 12
Y210n6| | Xy .d%0d6=0

i=zg k=1

“ a.L.i':‘G:'-}fé LQLA&:; C\f\ okile Cd S d g0

ol sl at
v 12 0
Xoon| | x,. d%0d y=0
i=g k=1
Ele S Solas IS Cond o s
v 12
| Xik0n81

i=g k=1 j=1 k=1

12

Yj - d%:0d ea=0

m




VENY _)::{Li ‘(O\/)&Lﬁ ‘r}m a)l.o.:« ‘VJA;JJL‘ JLA ‘A.;L‘ 6J\JJL~..> 6@&&5}1

e Slasl Saal s Jis g 5
e e Oli 1 L Kous

oo Slasl gimsal ool Je Ol

S350 SLa e g ol Ly SOL S0

Laosls a8y sl e e L;uﬁm%ﬁ;u”d.u&@u 10 J ol
Table 5: Model solution results and optimal values of decision variables according to
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