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Abstract. In the early 20th century, economics and finance transitioned from
qualitative assessment to mathematical modelling, as Irving Fisher’s 1930 model
demonstrated. This model provided a crucial framework for comprehending con-
sumption, savings, and investment behaviour amid uncertainty. With the increas-
ing complexity of financial markets, the Fisher model became an essential tool
for investors and analysts in asset pricing, risk management, and optimal deci-
sion-making. Furthermore, Fisher’s separation theorem was pivotal in guiding
corporate investment decisions within corporate finance. Policymakers also
found value in the model’s capacity to evaluate the effects of economic policies
on consumption and investment, thereby contributing to the advancement of
modern economic and financial theories. The research first set up a mathematical
model in the perfect competition capital market to explore the Fisher model in
the financial market. In addition, the research finally launched an in-depth dis-
cussion of the Fisher model and expanded the limitations of its application. Fi-
nally, the Central Insights and Potential limitations of the Fisher Model are sum-
marised.
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1 Introduction

1.1 The Basic Introduction

During the early 1900s, investors sought assistance in selecting investment ventures.
This period also marked a transition in economics and finance from relying on empiri-
cal observation and qualitative analysis to embracing mathematical models and quanti-
tative analysis [1]. The introduction of the Fisher model by Irving Fisher in 1930 rep-
resented a significant milestone during this period of transition. The approach offered
by the Fisher model precisely fits what investors require, as it delves deeply into the
study of consumption, savings, and investment behavior. By providing a framework
that facilitates an in-depth analysis of consumer choices amidst uncertainty, the Fisher
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model aids economists and financial analysts in understanding and predict such deci-
sions [2].

With the rapid growth of the financial market, particularly in the early 20th century
in the United States, an increasing number of individuals and institutions became in-
volved in investing and trading various financial assets such as stocks and bonds. The
Fisher model provided a theoretical foundation for asset pricing and risk management
by addressing investment and consumption decisions amid uncertainty. This becomes
especially crucial as the capital market grows more complex and diversified. Addition-
ally, with the proliferation of financial instruments and greater interconnectedness
among global financial markets [3], investors require more sophisticated models to
comprehend and mitigate risks. The Fisher model offers an optimal decision-making
framework for investors by incorporating uncertainty and risk aversion factors, which
is highly significant for developing and assessing financial instruments like options,
futures, and derivatives.

As businesses expand and the economic landscape grows more intricate, they must
consider more significant uncertainty and risk when making decisions about invest-
ments and financing [4]. Fisher’s separation theorem offers a straightforward and effi-
cient guideline for companies to select investment projects that maximise net present
value without being swayed by personal consumption preferences. This principle has
evolved into a fundamental concept in contemporary corporate finance theory, aiding
businesses in making informed decisions within complex environments.

Economic policymakers must comprehend and forecast consumer and investor be-
haviour in diverse economic scenarios to formulate effective policies for fostering eco-
nomic stability and growth. The Fisher model offers an analytical framework that em-
powers policymakers to evaluate the effects of various policies on consumption, sav-
ings, and investment, thereby facilitating more rational and evidence-based policy de-
cisions [5].

Originating during a period of rapid advancement in economics and finance, the
Fisher model addresses the requirements of capital market development, financial in-
struments, risk management, intricate corporate financial decision-making processes,
and formulation of economic policies across multiple dimensions. By providing a rig-
orous mathematical framework, the Fisher model enhances understanding and manage-
ment of uncertainty and risk, thus laying a crucial groundwork for modern economic
and financial theory development [6].

1.2 The Fisher Model

The Fisher model is a mathematical expression of the Fisher separation theorem [7].
Fisher’s separation theorem is an economic concept that assumes that in the presence
of efficient capital markets, a company’s investment decisions should be independent
of the investment preferences of shareholders [8]. Therefore, a company’s primary mo-
tivation should be profit maximisation, regardless of shareholders’ preference for divi-
dends and reinvestment. Instead, it should focus on optimising its production function
to generate the highest possible return for shareholders [9]. Therefore, establishing the
Fisher model is an essential analysis method.
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During the construction of the Fisher model, it is assumed that a fully efficient capital
market exists where all cash flows are tradeable and have uniform prices for all partic-
ipants. Additionally, this market is characterised by symmetric information, instanta-
neous reactions, and negligible transaction costs. Consequently, in the Fisher Model,
identical cash flows correspond to equivalent returns, timeframes, and levels of risk.

1.3 The Basic Information

During the modelling process, an investment company, BlackRock, and the investment
banking division of HSBC were chosen as the investors. Simultaneously, four projects
were selected for the study, including the widely discussed Electric car project, the Real
estate investment industry facing potential collapse, and the Agriculture and War in-
dustry emerging from conflicts in various parts of the world. The study assumes that
interest rates will remain stable and that the interest rate (R) equals 10%.

2 METHODOLOGY

2.1  Data Set
As shown in Table 1, the four projects are used for modelling. As the basic information

mentioned, all the data of the four projects are calculated now and used in the following
steps.

Table 1. The four projects for the research

Project ﬁgn()M“' €; ( Million)
Electricity car (hereafter E) -250 288
Real estate investment (hereafter R) -200 144
Agriculture (hereafter A) -180 210
War industry (hereafter W) -380 760

2.2  Modeling

Basic Calculation. The research first calculates the returns of all investment projects

and sorts them in descending order of returns. The return of the investment project is

calculated through Equation (1).

C1-¢,
Co

€y

Return =
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The return of project W is 100%, project E is 68%, project A is 16.67%, and project R

is -28.00%.

Preliminary Drawing. Based on the results calculated in the previous step, the research

applies this series of descending returns for preliminary drawing.

Then, the research draws the transformation curve T; based on the set of existing

investment opportunities in a Co — C4 graph.
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Fig. 1. The preliminary image
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In Fig. 1, Segment AB represents the War industry, Segment BC represents electric
cars, Segment CD represents Agriculture and Segment DE represents Real estate in-

vestment.
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2.3  Final Drawing

In the previous article, the study assumed a perfect and complete capital market, and
investors can invest and borrow money at a unique interest rate of 10% (Which is as-
sumed in the basic information)

Firstly, the slope k of the Transformation Curve of the capital market is calculated
in Equation (2).

Tm: k = —(1 + 10%) )

The slope of the CML equals -1.1.

The Transformation Curve of the capital market is called the Capital Market Line
(CML).

Now, the research links the CML and the preliminary image. Moreover, the research
has drawn the final image, as shown in Fig. 2.
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Fig. 2. The final image
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Meanwhile, the Indifference Curve of HSBC and BlackRock was added to the image
to express the investor preference of these two companies, which was convenient for
further analysis in the following table.

The indifference curves came from the Equation (3).

U=CyxCy 3)

3 Analysis and Discussion

3.1  Analysis

Model Analysis. As shown in Fig. 3, the study determined that the intersection of the
transaction curve T;. Moreover, the optimal investment point is the CML at point D
(200, 1390). Investors will receive $200 million now and $1 billion 390 million in the
future. The company must decide which project to invest in and how much dividend to
give. The study introduced the capital market line to determine the amount of dividends.
This means the company can borrow money on the market at a given interest rate, which
is assumed to be 10%. Under this assumption, if investors need more money, they can
borrow at a 10% interest rate, and if investors have excess cash flow, they can lend at
a 10% interest rate [10].

The investor preferences of two companies, BlackRock and HSBC, are now ana-
lysed. BlackRock has a high tolerance for risk so BlackRock will invest in AB: War
industry, BC: Electricity car, CD: Agriculture, and lend its indifference curve’s inter-
section with the CML to point D in the capital market. Unlike BlackRock, HSBC has a
lower tolerance for risk, so HSBC will choose to invest in AB: War industry, BC: Elec-
tricity car, CD: Agriculture, and borrow in the capital market.

Furthermore, these cash activities in the capital market follow the Equation (4).

If PV =W, Thenthe FA=W({ +7r) 4)



In-Depth Understanding of the Fisher Model in the Financial Market 323

-
Ty -
c1
F= :o,f. 0)
1600’ \ f
v
:\ Blackrock -
E =|(G™M534) |
. I c
1400
D = (200N\1390)
1200
C = (380\1180)
1000
T1
800
B = (630, 760)

600 Y

400

200

200 0 200 400 600 800 1000 1200 1400 1600 1800
A =(1010,0) G ='1463.64,0) €O

Fig. 3. The Analytical Figure

3.2 Optimal Consumption Allocation

The calculation of optimal consumption allocation is another concrete application of
the Fisher model, which means that Fisher model can help enterprises effectively allo-
cate resources using limited capital, labor and raw materials on the most potential pro-
jects or products to improve production efficiency and economic benefits.

In computation, it is widely acknowledged that points where the derivative equals
zero hold significant importance. Our Fisher model aims to identify the most advanta-
geous investment option that offers maximum efficiency, with MRS being equivalent
to the gradient of the capital market line.

In this part of the study, the data set and images above are applied, but only one
consumer is assumed, and the R=10% above is continued.

The following is the process for calculating optimal consumption allocation through
Fig. 4.
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Fig. 4. The Analytical Chart 2

The Utility Function is U = €y X €4, and total differential is calculated through Equa-
tion (5), (6) and (7).

av="Yac, +%ac, =0 (5)
Tac, °lac, Tt
CldCO + Codcl =0 (6)
dCl CI
fh__h ™
¢, Co

And — % is the slope of the indifference curve — MRS (Marginal rate of substitution).
0

In this case, the slop is -1.1, which means C; = 1.1C,. The research does not have a
unique solution because there are infinitely many indifference curves. This line repre-
sents the set of points on the indifference curve with the same slope as the present value
line. Next, the study isolates the “right” indifference curve by considering the intercept
of the present value line. The present value line generated by the optimal investment
program is shown in Equation (8). Thus, C, is 731.82. Plug this into Equation, and it
is easy to find out that the corresponding C; value is 805.

C, = CM**—1.1C, = 1610 — 1.1C, (8)
To reach this point, the investor first selects the optimal investment program(War in-
dustry, Electricity car, Agriculture), which offers an allocation of Cy = 200, C; =
1390. Therefore, the investor must borrow the remaining 531.82 to reach his optimum.
The loan repayment in time-1 is 585, which reduces his time-1 consumption to 805.
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3.3  Discussion

In this part, the research will discuss the potential limitations of the Fisher model,
namely the impact of interest rate change and the impact of inflation.

3.4 Rate Effect

In market imperfections, disparities in borrowing and lending rates can arise, posing a
challenge for the Fisher model to tackle this matter comprehensively.

In order to provide a solution to this situation, the research changed Fisher’s model
to a certain extent.

Specific solutions to such problems are described below: First is the basic infor-
mation about this problem. The borrowing rate is 20% and the lending rate is 5%, and
the market is an Imperfect Capital Market. The other information is the same as the
research above.
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Fig. 5. The Analytical Chart 3

Initially, due to two distinct market rates, two separate CMLs will be depicted in Fig.
5. Consequently, there will be two points of intersection with the Transformation
Curve. These focal points signify the most advantageous investment projects for inves-
tors with varying risk preferences. The result of the investment is CM®* is 1600 and

cMax i51363.37.
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There is not a straight present value line anymore. The frontier of best investment
alternatives is a kinked line of three segments, as shown in the graph. Investment and
consumption decisions are not unrelated anymore

Finally, through the image, the research can conclude: First, the most patient inves-
tors will choose the projects: War industry, Electricity, and cars. Second, the ordinary
investors will choose the projects: the War industry, Electric cars, and some fractions
of Agriculture. Third, The risk preferred investors will choose the projects War indus-
try, Electricity car, Agriculture, Some fractions of Real estate investment

3.5 Inflation Effect

Because the Fisher Model assumes that there is no inflation in reality. Therefore, when
calculating, the nominal interest rate is treated as the actual interest rate. So that the
model can be built entirely, the research reverses the previous assumptions and adds
inflation to the list of considerations: the nominal interest rate is 5.25% and inflation is
6.2%.

These data show the relationship between the Nominal Interest rate (i ) and infla-
tion (1), using real data from the UK in 2023.

To solve this problem, the Fisher Effect was introduced as shown in Equation (9)
and (10).

A1+D)=10A+rn(1+mn 9

Formula Derivation:
l1+i=1+4+r+n+(r X m) (10)
As (r X ) is too small, This can be approximated for small rates by Equation (11).
r+m=i (11)

The real rate of return (r) is -0.95%. Thus the slop of the new transformation curve is -
1. It is evident that in the presence of high inflation, the actual interest rates calculated
using these formulas tend to become extremely low, approaching zero. This makes it
simpler for investors to determine that the present value of future consumption equals
the current consumption value. However, in cases where inflation fluctuates signifi-
cantly, accurately estimating the expected inflation rate becomes challenging and nom-
inal interest rate changes are infrequent. Consequently, the real interest rate becomes a
frequently changing unknown variable that CML cannot represent.

Additionally, fluctuations in inflation may give rise to other economic phenomena
beyond the basic assumptions of the Fisher model, such as currency mismatch and in-
flation spiral. Therefore, applying the Fisher model in such situations may not be fea-
sible.
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4 Conclusion

This paper presents the necessary dataset and illustrations for constructing a compre-
hensive Fisher model. Furthermore, it conducts an in-depth examination of the model,
incorporating utility functions and indifference curves from economics across disci-
plines, exploring the Fisher model’s practical implications and application methods,
and discussing investor profit maximisation scenarios. The author then critically anal-
yses the limitations of the Fisher model from a dialectical perspective, highlighting its
failure to account for varying interest rates on borrowing and Lending. The idealised
assumptions overlook many market factors while carefully examining inflation in the
study, indicating that the Fisher model lacks diversity.

In conclusion, this study asserts three critical perspectives of the Fisher model:
firstly, individuals can achieve superior investment returns based on their preferences;
secondly, people with different investment preferences can arrive at similar conclusions
through the model; finally, it elucidates why numerous asset management companies
have emerged in recent decades (as the Fisher model offers a solution for these compa-
nies to analyse how to provide diverse asset management services to clients with vary-
ing preferences).
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Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.
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