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Abstract. The scientific article studies the effectiveness of using the Geometric Brownian Motion (GBM) model, which
is considered one of the modern methods for effective liquidity management in joint-stock business entities. The article
empirically analyzes the nature of random fluctuations in cash flows and their volatility based on a probabilistic-statistical
approach. In the case of “Qizilqumsement” JSC, logarithmic growth rates and GBM parameters (u and o) were estimated
based on data for 2017-2024. A cash flow forecast simulation for 2025-2035 was developed using Monte Carlo simulation
(1000 scenarios). As a result, it was proven that high volatility and a negative trend in cash flows were observed and that
it is necessary to introduce buffer mechanisms to manage liquidity risks.

Keywords: Geometric Brownian Motion (GBM), cash flows, liquidity management, volatility, Monte Carlo simulation, Cash
Flow at Risk (CFaR), 3o risk model, reserve buffers, current financial stability, forecasting, simulation.

Annotatsiya. Ushbu ilmiy maqolada aksiyadorlik jamiyatlarida likvidlikni samarali boshqgarishning zamonaviy usullaridan
biri hisoblangan Geometrik Braun harakati (GBM) modelidan foydalanish samaradorligi o‘rganilgan. Magolada pul
ogimlarining tasodifiy tebranishlari va ularning volatilligi ehtimollik-statistik yondashuv asosida empirik tahlil gilinadi.
“Qizilqgumsement” AJ misolida 2017-2024-yillar ma’lumotlari asosida logarifmik o‘sish sur’atlari va GBM parametrlari (u
va o) baholangan. Monte-Karlo simulyatsiyasi (1000 ta ssenariy) asosida 2025-2035-yillar uchun pul ogimlari prognozi
ishlab chigilgan. Natijada pul ogimlarida yuqori volatillik va salbiy trend mavjudligi aniglanib, likvidlik risklarini boshqarish
uchun bufer mexanizmlarini joriy etish zarurligi asoslab berilgan.

Kalit so’zlar: Geometrik Braun harakati (GBM), pul ogimlari, likvidlikni boshqgarish, volatillik, Monte-Karlo simulyatsiyasi,
Cash Flow at Risk (CFaR), 3o risk modeli, zaxira buferlari, joriy moliyaviy bargarorlik, prognozlash, simulyatsiya.

AHHOTauus. B pgaHHOM HayyHOW cTaTbe uccrnenyetcs 3dEKTUBHOCTb WUCMOMNb30BaHUS MOLENU FEOMETPUHECKOro
O6poyHoBckoro aBwxkeHunst (GBM), paccmaTtpuBaemMon kak oauH U3 COBPEMEHHBLIX METOA0B 3h(EKTUBHOIO yNpaBrneHnsi
NIMKBUOHOCTBIO B aKLUMOHEPHBIX obLlecTBax. B cTaTbe amnvpuyeckn aHanmanpyetcst Xxapaktep CriyvyaviHblX kornebaHui
OEHEXHbIX MOTOKOB M WX BOMATUIIBHOCTb HA OCHOBE BEPOSITHOCTHO-CTaTUCTM4YecKoro nogxopa. Ha npumepe AO
«Qizilgumsement» Ha ocHoBe AaHHbIXx 3a 2017-2024 rogbl ObINMM OLEHeHbl NorapudpmMmuyeckne Temnbl pocta U
napameTpbl GBM (u 1 o). C ucnons3oBaHnem mogenuposaHus MoHTe-Kapno (1000 cueHapueB) pa3paboTaH NporHo3
AeHexHbIx noTokoB Ha 2025—-2035 rogpl. B pesynbraTte BbiiBNEHbl BbICOKasi BONATUIbLHOCTb M OTpUuaTenbHas uHaMuka
[OEHEXHbIX MOTOKOB, a Takke 06OCHOBaHa HeobxoAMMOCTb BHeApeHusi OydepHbIX MexaHU3MOB ANs yrnpaBieHus
pycKkamu NMKBUOHOCTH.

KnioueBbie crioBa: reometpuyeckoe bpoyHoBckoe apwkeHne (GBM), oeHexHble MOTOKW, ynpaBneHne NUKBUOHOCTBHO,
BONaTUNbHOCTb, MogenupoBaHne MoHTe-Kapno, Cash Flow at Risk (CFaR), mogenb pucka 30, pe3epBHbie Gydepbl,
TeKyLas MHaHCOBas YCTONYMBOCTb, MPOrHO3MPOBaHNE, MOAENMPOBaHME.
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INTRODUCTION

In modern corporate finance, effective liquidity management is one of the important factors for the
sustainable development of joint-stock companies in their current state. In the context of global economic
uncertainties, rapid market volatility, and increased risk factors, the issue of accurate forecasting and
management of cash flows is emerging as a pressing issue on the agenda. As is known, traditional deterministic
models in many cases do not fully reflect the random and stochastic nature of cash flows. Therefore, models
based on probabilistic-statistical approaches, in particular the geometric Brownian motion (GBM) model, are
widely used in forecasting. This article also aims to develop the possibilities of using the GBM model to improve
the effectiveness of liquidity management in joint-stock companies and the scientific and methodological
foundations of its application in practice.

REVIEW OF LITERATURE ON THE SUBJECT

The classical theory of cash management and forecasting was developed in the studies of W. Baumol [1],
and the EOQ (inventory) model of optimal cash management [2] was systematized by J. Tobin. M. Miller and D.
Orr [3] put forward the theory of liquidity preference and optimal allocation of money demand in their scientific
studies. An improved version of the Miller—Orr model based on forecasting was systematized in the scientific
works of B. Stone [4]. In the works of such researchers as Frenkel JA and Jovanovic B. [5] the Baumol-Tobin
model was developed in a dynamic and stochastic form. Economists such as Salas-Molina F., Rodriguez-
Aguilar JA systematized modern and innovative approaches to cash management and forecasting [6]. Also, the
first risk and simulation-based models were systematized in the scientific works of P. Jorion [7], who conducted
scientific research on the concept of VaR and risk management.

RESEARCH METHODOLOGY

The methodology used was probabilistic statistical analysis, scenario modeling, CFaR and 3o risk
intervals, as well as empirical analysis. The object of the study was to assess the volatility of cash flows,
liquidity risks, and the level of financial stability based on the financial statements of the joint-stock company
“Qizilgumsement”.

ANALYSIS AND RESULTS

The basic theoretical basis of the Geometric Brownian Motion (GBM) model dates back to several works
by mathematicians and physicists. However, the first to use and widely disseminate the GBM model to model
the random movement of asset prices in finance was Paul Samuelson, and later Fischer Black, Myron Scholes,
and Robert Merton.

Brownian Motion and its financial counterpart, Geometric Brownian Motion (GBM), are widely used to
model the periodic fluctuations of cash flows in joint-stock companies. This model is especially useful in
accounting for the random nature and variability of financial indicators such as stock prices, earnings, and cash
flows.

Brownian motion is a random process that is based on fundamentally stable, centered normally distributed
variations. In an idealized form, the Brownian motion model can be expressed as follows:

W(t) ~ N0, t) (1)

Here, W(t) is the Brownian motion in the time interval; t is the time horizon, and N(0,t) represents the
normal distribution with mean 0 and variance t.

Cash flows for businesses (e.g., cash flow from operating activities) are often represented by the GBM
model, and the general structure of the model used in it can be expressed by the following formula:

dC,=uC.d,+7C dw, (2)

Where: C |is the cash flow at time t, j is the average growth rate of cash flow, o is the volatility; W | is the
standard Brownian motion, d is the small change in time, and dW ,is the random noise.

Brownian motion and the GBM model are important theoretical and practical methods for modeling the
cash flows of joint-stock companies based on periodic and random fluctuations. This model is useful for
evaluating investments, forming a company’s risk profile, and making financial decisions.

The GBM model has an analytical solution suitable for real-world situations, which can be expressed as
follows:
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Based on this analytical solution, it is possible to simulate the forecast indicators of what fluctuations are
expected in the future period in the cash flows of a joint-stock company. In particular, this model can be widely
used not only for cash flows, but also for cash flows from operating activities; for the forecast of expected
income from investment projects; for the simulation of free cash flow (FCF) forecasts, as well as for stress tests
in financial stability analyses and long-term forecasting of dividends.

Based on the above theoretical considerations and systematized models, we form forecast simulations
of cash and cash equivalents for JSC «Qizilqumsement» in accordance with the GBM model for the medium
term. In this case, we form dynamic trends in the enterprise’s cash and cash equivalents for 2017-2024 (Figure
1).

Qizilgumcement AJ: Cash & Cash Equivalents (2017-2024)

100000 A

80000 +

60000 -

40000 +

Cash and cash equivalents (mIn so'm)

20000 +

2017 2018 2019 2020 2021 2022 2023 2024
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Figure 1. Information on the nominal value of cash and cash equivalents for ]SC «Qizilqumsement», million soums

Based on the above statistical data, we perform the following to generate forecast simulations according
to the GBM model.

Based on the above dynamic trends, we calculate the logarithmic growth (log-return). The following formula
is used to calculate this logarithmic growth:

R.,=In(C /C 1) 4)

The estimated log-growth rates for the period 2018-2024 are mainly observed in the interval (-2;2) and are
presented below (Figure 2).

15 1,1473
1
0,5
0
-0,5

-1

-1,5

-1,165

-1,7373
2

Figure 2. Estimated log-growth for 2018-2024 years

Based on the GBM model, the necessary parameters (J and o) for calculating the cash forecast simulation
are estimated. In particular, y is the average log-growth, o is the standard deviation (volatility) of the log-
growth. As a result of the calculations, the average log growth for the nominal value of cash and its equivalents
for “Qizilgumsement” JSC based on the dynamic trends of 2018-2024 years was p = -0,1983 (annual), and the
standard deviation was o = 1,0372.

The GBM model and the stochastic equation for the simulation are expressed (2) below.

dCr = yCrdr + G'Crdl-'vr (5)
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In discrete-time representation, forecast simulation is calculated according to the following formula:

_ “25% 4o,
Crsy =C,#-e[“ o+ O WE.N@©1) (6

Here, C ,,, Was taken as the starting value of Cash.
Below are the expected value (Mean), Median, 5%-95% range, and standard deviation for each year
(Figure 3).

Qizilgumcement AJ: GBM Forecast (Monte Carlo 1000)
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Figure 3. Forecast simulation of the nominal value of cash and cash equivalents for “Qizilqumsement” JSC

Therefore, it can be concluded that due to the sharp fluctuations of money in the 2017-2024 years data,
the high o (volatility) was confirmed. This picture means that the ranges will be wide in the coming period as
well. p is negative (p < 0), that is, the “average trend” is expressed in the downward direction. Therefore, the
median forecast has the characteristic of a rapid decline. The simulation confirmed that starting from 2026,
the nominal value of money will be lower than the 2024 level. Based on the above, it can be noted that it is
advisable to set a liquidity buffer (minimum L limit) and “upper—lower—target” limits, and place excess funds in
short-term risk-free instruments.

For “Qizilqumsement” AJSC (2017-2024 years), GBM parameters (4, o) from the Cash and cash
equivalents line, a forecast for 2025-2035 years based on 1000 Monte Carlo scenarios, and risk/volatility
ranges were prepared in a simple-consistent form.

CONCLUSIONS AND SUGGESTIONS

Based on the results of the study, the following scientific conclusions were formulated:

The dynamics of the funds of “Qizilqumsement” JSC has high volatility, which is reflected in the parameters
of the GBM model (o = 1,0372).

The negative logarithmic growth rate (u = -0,1983) indicated a downward trend in cash flows in the coming
period.

According to the results of Monte Carlo simulations, it was determined that there is a high probability that
starting in 2026, the level of funds will be lower than in 2024.

Fluctuations in cash flows over a wide range increase liquidity risks, and traditional management methods
may be ineffective in this case.

Based on the above, the following suggestions can be systematized:

1. Introduction of a liquidity buffer (minimum cash reserve) in enterprises;

2. Continuous risk monitoring through CFaR and 30 models;

3. Investing excess cash and cash equivalents in short-term risk-free financial instruments;

4. ltis necessary to implement strategic financial planning based on the GBM model.

List of used literature:

1. Baumol W. J. The Transactions Demand for Cash: An Inventory Theoretic Approach // Quarterly Journal of Economics,
1952, 66(4), pp. 545-556.

2. Tobin J. The Interest-Elasticity of Transactions Demand for Cash // Review of Economics and Statistics, 1956, 38(3),
pp. 241-247.

3.  Miller M., Orr D. A Model of the Demand for Money by Firms // Quarterly Journal of Economics, 1966, 80(3), pp.
413-435.



4. Stone B. K. The Use of Forecasts and Smoothing in Control-Limit Models for Cash Management // Financial

Management, 1973. 1(1), 72-84.

2026-yil, aprel. Ne 4-son MUHANDISLIK VA IQTISODIYOT

5. Frenkel, J. A, & Jovanovic, B. On Transactions and Precautionary Demand for Money // Quarterly Journal of
Economics, 1980

6. Salas-Molina F., Rodriguez-Aguilar J. A. & Guillen M. A Multidimensional Review of the Cash Management Problem //
Financial Innovation, 2023

7. Jorion P. Value at Risk: The New Benchmark for Managing Financial Risk. 2007.

507




muhandislik

igtisodiyot

ijtimoiy-igtisodiy, innovatsion texnik,
fan va ta’limga oid ilmiy-amaliy jurnal

Ingliz tili muharriri: Feruz Hakimov
Musahhih: Zokir Alibekov

Sahifalovchi va dizayner: Abdurahmon Qurbonov

2026. Ne 4

© Materiallar ko‘chirib bosilganda “Muhandislik va igtisodiyot” jurnali manba sifatida ko‘rsatilishi
shart. Jurnalda bosilgan material va reklamalardagi dalillarning anigligiga mualliflar ma’sul.
Tahririyat fikri har vaqt ham mualliflar fikriga mos kelamasligi mumkin. Tahririyatga yuborilgan
materiallar gaytariimaydi.

“‘Muhandislik va igtisodiyot” jurnali 26.06.2023-yildan
O‘zbekiston Respublikasi Prezidenti Adminstratsiyasi huzuridagi
Axborot va ommaviy kommunikatsiyalar agentligi tomonidan
NeS-5669245 reyestr ragami tartibi bo‘yicha ro‘yxatdan o‘tkazilgan.
Litsenziya ragami: N2095310.

Manzilimiz: Toshkent shahri Yunusobod
tumani 15-mavze 19-uy




@ +998 93 718 40 07 https://muhandislik-igtisodiyot.uz/index.php/journal @ t.me/yait_2100



