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Abstract:

Portfolio design is the most difficult aspect of financial investment decisions. This paper presents a trade-off solution
between low returns and portfolio stability by a fixed predetermined niveau of conservatism. A conservative model
that combines both risk-free assets as agricultural land and risky assets is proposed. An experimental model with
one-year historical data for four assets was built and tested to find a globally optimal solution using an evolutionary
algorithm. The results showed that a positive return can be realized with a share of 13-14% in the assets of
agricultural land.

Keywords: Evolutionary algorithms, Multi-criteria optimization problems, Portfolio design

© 2024 Published by peer-reviewed open access scientific journal, Computers and Informatics (C&I) at DergiPark
(dergipark.org.tr/ci)

Cite this paper as: Stoyanova, K, & Guliashki, V. Group drop of sustainability: Trade-off solutions between low returns and
portfolio stability, Computers and Informatics, 2024; 4(1); 13-19, https://doi.org/10.62189/ci.1271141

C&l, 2024, 4(1), https://doi.org/10.62189/ci.1271141
13


https://dergipark.org.tr/en/pub/ci
https://orcid.org/0000-0003-1578-7156
https://orcid.org/0000-0003-3221-7469
https://doi.org/10.62189/ci.1271141

COMPUTERS AND INFORMATICS

1. INTRODUCTION

Portfolio diversity has long been a primary concern for private investors, financial planners, and
institutional investors looking to maximize total return on a given level of risk while also lowering risk.
Traditionally, investors and financial planners have assigned relatively fixed shares of their holdings to
common asset categories, such as stocks or bonds, and then picked individual assets with some
consideration to diversification [1]. After the end of the health crisis caused by the COVID pandemic, the
expectations were for a quick recovery of the economy. In the last quarter, however, investment
sentiment began to change following signals of a new crisis caused by the war in Ukraine, and prospects
for a rapid economic recovery after the COVID crisis began to seem very unlikely. Investors continued
to seek asylum and, in addition to the most popular gold, began to pay attention to assets such as
agricultural land. These concerns, coupled with rising inflation, have prompted investors and fund
managers to reconsider investment portfolio heuristics and increasingly consider a formal portfolio of
balancing tactics, including real estate and, to a lesser extent, agricultural land in the set of available
investment classes. This has led to increased demand for agricultural land as an asset and an increase in
its price.

In response to these concerns, this paper examines the impact of including different types of assets in
portfolio formation [2], in particular agricultural land and bonds, as risk-free assets in order to improve
the efficiency of the mixed-assets portfolio.

Agricultural assets are one of the asset types that has piqued the interest of academics as well as
practitioners. In reality, agricultural land has generated significantly greater returns than non-agricultural
assets in prior decades [3], while simultaneously providing a superior inflation hedge due to the positive
correlation between agricultural land returns and inflation [4]. In [5] discovered that today's agricultural
land price-to-rent ratios are higher than in the past.

Furthermore, agriculture and traditional assets have a minimal association. This paper discusses a
portfolio selection model based on Markowitz's MVO model [6], including the agricultural land as a risk-
free asset [7] in the portfolio under the following constraints: limited percentage of investment in
agricultural land and bonds in the amount of not less than or equal to 50%, lower and upper bounds on
the capital. In particular, section 2 describes the Portfolio selection model. Section 3 presents the
experimental model based on one year of historical data on four assets and including agricultural land
as an asset. The results of the experiment, which examine the effectiveness of the proposed model, are
discussed in Section 4. Finally, Section 5 summarizes the findings of the sustainable solution for solving
optimization problems with agricultural land and stocks.

2. THE PORTFOLIO DESIGN PROBLEM

Portfolio design has gotten a lot of interest from academics and practitioners alike. It has shown most
multi-asset class portfolio literature [8] supports this conclusion. In [9, 10] was used non-traditional asset
classes in the portfolio design process resulted in additional diversification benefits ranging from 0.40
percent to 0.93 percent. Especially for managing investment activities, sustainable management
emphasizes decisions between risk minimization and a stable, acceptable return [11]. Numerous
concepts for making decisions in business-related domains have been given out in [12, 13]. These
realities necessitate the creation of complicated pilot models of optimal portfolios with various
optimization criteria [14] by the decision-maker. [15, 16] highlight important decision-making
methodologies in company management.
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The real-world optimization problems in the fields of finance and economics are frequently complex and
difficult to solve [17]. In many circumstances, such as portfolio optimization applications, they are multi-
objective issues, in which a number of objective functions must be optimized simultaneously, some of
which may be mutually contradictory in the general case [18]. The simple solution to such issues is to
create an optimization problem with a single target by scalarizing the many objectives into a single
function. Such issues' best solutions are non-dominated or "Pareto optimum" ones.

Most population-based multi-objective optimization applications follow the same methodology as
evolutionary algorithms (EAs), where each iteration is performed on a collection of solutions (referred to
as a population of individuals) and many solutions are produced [19]. The following are the primary
causes of the numerous applications and rising interest in the subject of Eas.

Various trade-offs are frequently sought depending on the user's choices. A special class of optimization
problems with linear constraints consists of problems in which linear constraints are also objective
functions. For them, it is accepted to call tasks of linear programming or abbreviated LP tasks. Thus, for
the LP problem

Fx)=c"x (1)

Where c is some fixed n-dimensional vector (this is not the most general form of specifying a linear
function, since there is no constant term here; however, it does not affect the solution, and therefore it
is usually omitted). The gradient of function (1) is ¢, and its Hessian matrix is identically equal to zero.

If ¢ is a non-zero vector, function (1) is not bounded below: its value can be made arbitrarily large in
absolute value by a negative number by moving along any non-zero x or which ¢’ x < 0. Therefore, in
order for the problem of minimizing such a function to have a finite solution, it must have some
constraints.

A portfolio is defined by a vector x := (xy, ..., Xn) € R”, which contains the weights x; € R, of asset i € {1, ...,
n} in its i-th component. All weights x; { € {1, .., n} should be nonnegative. In the standard problem
formulations, the weights of a portfolio are normalized:

n

D (x)=1 @)

i=1
Depending on the specific problem context there are additional restrictions on the weights, for example,
lower bounds (a common constraint is x; > 0), upper bounds, and/or integral constraints. The set of all
unconstrained portfolios is denoted by U < R”, and the set of feasible portfolios, satisfying the required
constraints is denoted by F < U. If the specific portfolio selection problem is unconstrained, it may be
assumed that F = U.

The model is as follows:

1
= X'¢x 3)
Subject to the constraints:

UTx > Prognosis Return “)
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xf (5)

| =L - Land a Bond| <50 %

_Zn:(xi)=1 6

To create many of the Pareto front solutions, the following steps are proposed: step one — for the assets
Agricultural Land and Bonds [19] target value is assumed to be <50 %; step two - a set of six optimization
tasks is chosen at various percentages of the constraint's minimal prognosis rate of return of 0,5 % (5).
The prognosis of return accepts the values from 0,5 % to 3 %. As a result, six globally optimal solutions
are produced, allowing the investor or decision-maker to select the best final alternative decision.

3. THE DATA SETTINGS FOR A PORTFOLIO WITH FOUR ASSETS

The above mathematical model is used to generate an optimal portfolio of four assets — stocks X;
(S&P500), Stocks X, (SMI), Bonds X3, and Agricultural land Xs. The data from May 2021 to April 2022
from Yahoo Finance were used, and agricultural land is included in the calculations with a 5% annual
return. Through these historical data, the covariance matrix was calculated, which served to set the task
for the optimal portfolio of stocks, stocks, bonds, and agricultural land. The portfolio optimization
problem is a quadratic programming problem so that the total return of the four assets in the portfolio
is not less than the prognosis return.

The portfolio optimization with Agricultural land is stated as follows:

min f (WITH A LAND FOR AGRICULTURE) = [14.04486651x:° + 2. (- 0.572138327)x1.x> +
2.(4.367726293)x1.x3 + 2.(2.56791E-33)x:1x4 + 19.05509916x,° + 2. (-17.0277074x2.x3 + 2. (1.02716E- (7)
33) X2 x4 + 2. (-9.24446F-33) x3 x4 + 4.81482E-35 x4,

subject to:
yTx = 24917842 x1 + 3.07581 x2 + 8.141973 x3 + 5.00000 x4 2 prognosis return 8
Asset Bonds <0,25 9)
Asset Agricultural Land <0,25 (10)
X1+Xo+Xx3+x4 =1 (11)
X1 +x2+Xx3+x4s =20 (12)

4. THE RESULTS SOLVING OF MODEL

Difficulties in solving the task are overcome by means of the robust optimization approach [20] and the
built-in solver of the heuristic algorithm, in particular genetic, where global solutions are obtained
despite the shortcomings [21]. Mixing different evolutionary techniques allows for finding an optimal
trajectory more precisely, reducing the search time [22]. The consequences of portfolio optimization at
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a fixed annual return of the asset agricultural land 5 % and fixed reserved share of the portfolio of 50%
for agricultural land and bonds for all six optimization problems for the different prognosis returns with
the solver by Excel and evolutionary algorithms [23] are summed up in Table 1 and 2:

Table 1. Sensitivity of Portfolio

Variable Cells
Final Reduced
Cell Name Value Gradient
SK$35 S&P yvec 9,05795E+29 0
SKS36 SMI yvec 7,53945E+29 0
SKS$37 Bond yvec 1,38174E+29 0
SK$38 Land yvec 2,46065E+29 0
Constraints
Final Lagrange
Cell Name Value Multiplier
$L$37 Bond constraint 0 0
SL$38 Land constraint 0 0
Table 2. The solving results
Variable Cells
Best Mean Standard Maximum  Minimum
Cell Name Value Value Deviation Value Value
SKS35 S&P yvec 90579477926054700000000000000000% 53112239982553100000000000000000% 3,11522E+29 9,97876E+29 7,35231E+27
SKS36 SMI yvec 75394461245925400000000000000000%  51247262953890100000000000000000% 2,86293E+29 9,8527E+29 2,50953E+27
SK537 Bond yvec 13817399653521100000000000000000% 47764635046587600000000000000000% 2,72133E+29 9,93448F+29 6,52739E+27
5K538 Land yvec 24606532335563800000000000000000%  50669577581480200000000000000000%  2,8954E+29 9,95448E+29 4,38603E+28
Constraints
Best Mean Standard Maximum  Minimum
Cell Name Value Value Deviation Value Value
51537 Bond constraint 0 0 0 0 0
51538 Land constraint 0 0 0 0 0

The solver has stopped before finding a globally optimal solution. The best-found solution, if any will be
given. All constraints and optimality conditions are satisfied. In four cases the best solution for investing
in agricultural land was sold by 13%, and in two cases by 14%.
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Figure 1. Pareto solutions

During the investment realization phase, the ideal amounts of each class of asset are bought. If the
portfolio's efficiency is favorable, it should be kept for a new period. Once this term has passed, a fresh
performance evaluation is conducted. If the efficiency of the portfolio is deemed to be insufficient, it is
reassessed, which can involve changing the investment objectives and the asset mix.
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5. CONCLUSION

This paper presents a robust solution to the portfolio optimization problem under a predetermined
degree of conservatism. Mathematically, this conservatism was expressed through the implied constraint
of investing in risk-free assets such as bond assets and agricultural land assets, as a total of less than
and equal to 50%. The model was solved using Excel's built-in genetic algorithm solver. The results
showed the effectiveness of genetic algorithms in finding the global optimal solution. Through the
formulated practical optimization problem, the solution for the trade-off between the low return and
the stability of the portfolio was shown. And by solving it through a modern method such as evolutionary
algorithms in a short computing time, the combination of assets in the portfolio is found. As future
research, additional constraints can be formulated, such as including agricultural fund shares in the
portfolio and combining other evolutionary algorithms for sustainable management decisions.
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