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Abstract

Negative macroeconomic trends increase the level of uncertainty of projects and reduce the accuracy of
forecasts. When implementing innovative projects, the risks associated with product sales multiply.
Forecasting future market volumes of innovative products using standard approaches is not efficient and
reduces accuracy. Standard approaches to modeling include regression models. The study examines supply
and demand factors for innovative products (using composite materials as an example). The aim is to
develop a toolkit for analysis of the composite materials market and to develop a model for forecasting
market volumes for aircraft and pipe products (as key segments of composite materials consumption). The
authors consider the specifics of composite materials projects and model the long-term market
development. In the process of studying supply and demand factors in the aircraft and pipe markets, the
authors analyzed and prepared multifactor models for forecasting their volumes. Among the factors that
determine market volumes, the authors consider such leading indicators as PMI in production, S&P GSCI
Commodity Total Return, consolidated leverage of composite materials producers. Leverage is calculated
from the components of the indicators that characterize the debt load, liquidity and business activity. We
have developed a model for forecasting prices for polyvinyl chloride, which will improve the accuracy of
financial modeling of projects in this area. With the use of developed models are given forecasted values
of the dynamics of the nominal value of the markets of aircraft and pipe products of the U.S. until 2030.
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1. Introduction

The state of the composite materials market has had an important impact on the development of
high-tech industries. The COVID-19 pandemic has had a negative impact on the demand for composite
materials in various end-user industries such as aerospace and defense, automotive and transport, wind
energy, construction and infrastructure. The global financial and economic crisis of 2020, caused by the
COVID-19 pandemic, has had a negative impact on demand for composites. The change of economic and
credit cycles affects the quality of forecasting the dynamics of the exchange commodities market, including
the composite materials market, as well as the expected results of companies and projects operating in this
market. Forecasting the future price dynamics of the underlying asset is also critical for financial institutions
that provide funding to companies operating in the composite materials market.

2. Problem Statement

The problem of predicting future price dynamics of the underlying asset is particularly relevant for
emerging markets. Financial assets of the banking sector do not work effectively for the country's economic
growth. This conclusion was confirmed by the correlation-regression analysis of two variables: volume of
corporate and private loans issued by the banking sector and gross domestic product. The retrospective
sample has been formed since 2003.

Thus, in Russia the correlation coefficient between variables is 0.56 (Figure 1). On the Chaddock
scale such a force of correlation can be described as moderate. However, in other countries, for example,
in the USA (Figure 2, 0.98), China (Figure 3, 0.9) the correlation between the variables is defined as very
high.
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Figure 1. The relationship of corporate and personal loans and GDP in Russia

Source: authors based on Refinitiv eikon (Thomson Reuters Eikon, 2020).
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Figure 02. The relationship of corporate and personal loans and GDP in USA

Source: authors based on Refinitiv eikon (Thomson Reuters Eikon, 2020).
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Figure 03. The relationship of corporate and personal loans and GDP in China

Source: authors based on Refinitiv eikon (Thomson Reuters Eikon, 2020).

The above charts show the low efficiency of the Russian banking system. An important root cause
of the poor efficiency of credit institutions is the low level of maturity of risk management. Mathematical
models of risk assessment are the key to decision making. However, the uncertainty of the external
environment and poor data quality lead to errors in the models used to assess the credit rating of clients,
thus, the quality of the loan portfolio decreases (Pomulev & Kalmykov, 2021).

The works presented on the declared theme are not enough to conclude that the theme is worked out.
Among the publications, which are devoted to methods of market analysis, including the use of modern
technologies, it is worth noting the following: Bataineh et al. (2020), Ganguly et al. (2011) and Mestre et
al. (2020).

The topic of credit risks is dedicated to the works of such authors as (Chursin et al., 2019; Ferretti et
al., 2019; Gadzo et al., 2019; Kalmykov & Pomulev, 2021; Pomulev & Kalmykov, 2021; Qayyum & Riaz,
2018; Samorodov et al., 2019). However, there are not enough publications devoted to specific demand and

supply factors on the composite materials market.
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3. Research Questions

Fundamental factors of supply and demand in the conditions of changing economic mesocycles.
Influence of debt burden of composite materials producers on the supply factor in the market. Specifics of
the composite materials production industry. Exogenous variables, which are leading indicators that signal
the dynamics of the market of aircraft products and related markets. Factors that affect the cost of finished
products and raw materials of enterprises engaged in the production of composite materials. Investigation
of approaches to modeling the market dynamics under conditions of uncertainty. Development of the

multifactor model for forecasting the future dynamics of the composite materials market.

4. Purpose of the Study

The purpose of the research is to develop a toolkit for analysis of the composite materials market
and to develop a model for forecasting volumes of the aviation and pipe products market (as key segments
of composite materials consumption).

Tasks of research:

- study the specifics of projects of enterprises in the sphere of composite materials;

- analyze supply and demand factors in composite materials market modeling;

- build a forecast model of dynamics of aircraft and pipe markets (as key segments of consumption
of composite materials market products);

- develop a price forecast model for composite materials market products.

Research hypothesis: external factors from the supply and demand side in the long term have a

determining influence on the dynamics of the composite materials market nominal value.

5. Research Methods

The correlation-regression analysis method is used as the main method for the significance of
factors. An important advantage of correlation-regression analysis is the fact that it allows to identify the
relationship between factors and regressor on the retrospective data and determine the degree of this
influence with a transparent interpretation of the force of influence of each individual indicator.

The model can be schematically presented in the following way:

Y=f(x)+e (1)

where

Y - target predicted indicator (market volume)

f - form of dependence of the target attribute on factors

x - set of factors, independent variables that affect the target attribute (macroeconomic parameters)

e - model error

Depending on the complexity of the modeled process, it is possible to build multi-dimensional
regression models, which allows you to take into account the diversity of factors. Economic and logical
analysis methods are used to select factors. The empirical basis of the study was provided by enterprises
engaged in the production of composite materials in Russia, Europe and the USA, obtained from official

statistical sources and as a result of practical work of the authors.
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6. Findings

6.1. We solve the task of modeling the composite materials market in several stages:

1. Analysis of demand factors in the composite materials market.

2. Analysis of factors from the composite materials market supply side
3. Forecast of aviation and pipe products market volumes.

Despite a general slowdown in the growth rate of the global market, under the baseline scenario, the
size of the global composite materials market will grow from USD 74.0 billion in 2020 to USD 112.8 billion
by 2025, with an average annual growth rate of 8.8%. The composite materials industry will grow as the
demand for high performance materials increases. The automotive and transportation industries account for
the largest share of the aggregate demand in the composite materials market by volume. Demand for
composite materials is expected to decline in 2020 due to the negative impact of the COVID-19 pandemic.
However, the end of isolation and recovery in end-use industries will stimulate demand over the forecast
period. Next, we will study the factors on the supply and demand side in the composite metals market and
their specifics, as well as build a factor model for the long-term development of the market.

Demand side factors. As we mentioned earlier, composite materials are used in a wide range of
sectors and one of the key ones is the aerospace and defense sector. The global aerospace and defense
materials market is projected to reach USD 23.82 billion by 2027, with a CAGR of 4.21% over the forecast
period.

According to the International Air Transport Association (International Air Transport Association,
2019), the demand for air travel in 2018 increased by 7.4% compared to the 2017 level. According to IATA,
air passengers accounted for 81.9% of the workload of aircraft, and cargo - 49.3%. The growing use of
aircraft for passenger and cargo transportation requires the use of efficient materials in the manufacture of
aircraft components. North America, especially the United States, has a strong domestic air travel industry,
with the country ranking second in terms of passenger air travel in 2018, according to IATA statistics. This,
combined with huge spending on military aviation, will allow the region to dominate the aerospace and
defense (primarily composite) market in the coming years. Market size in North America in 2019 was US
$9,878.83 million.

In Europe, market growth is based on France's ability to produce large volumes of commercial as
well as military aircraft. The market in the Asia-Pacific region will grow with increased investment by India
and China to expand their own aircraft manufacturing and development capabilities. Manufacturing costs
and one-time development continue to limit the distribution of composite materials in several areas.
Fiberglass composites have dominated the global composite industry in terms of volume and value over the
past 10 years. Fiberglass is in high demand because it is not expensive and has excellent physical and
mechanical properties such as strength, durability, flexibility, stability and light weight. Fiberglass
composites are mainly used in wind power, pipe and tank manufacturing, electrical and electronic
engineering, construction and infrastructure. However, due to COVID-19 in the above-mentioned
industries, there will be a decrease in demand for composite materials due to a decrease in demand for the
supply of aircraft, a decrease in the number of wind turbines, as well as car sales, a contraction in demand
in the oil and gas industry. The demand for composite materials will grow with the recovery in demand in

the end-use industries.
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Other growth drivers in this market are the growing demand for corrosion and chemical resistant
materials in the construction and pipe and tank industries. The global pipe and tank market is a multi-trillion
dollar industry. The Asia Pacific region will provide future growth for this market as sales are supported
by continued economic growth and infrastructure development in the region. Given the size of the market
and the prospects for its further expansion, the production of GRP pipes and tanks represents an attractive
opportunity for OEMs, suppliers of materials and components (primarily suppliers of composite materials).
The key application of composite materials in the described segment is corrosion protection. Corrosion is
a major problem in the production of GRP pipes and tanks. This problem can be found in a wide variety of
applications, from chemical storage tanks to offshore plants, sewage treatment plants and paper mills to
underground oil storage. The total cost of metal corrosion in the US alone is estimated at $ 280 billion.
Thus, we have identified the demand-side factors influencing the dynamics of the composite materials
market.

Supply side factors. The basis of the multivariate forecasting model from the side of supply factors
is the factor of consolidated leverage of companies producing composite materials. Leverage is calculated
based on the following components:

1. The consolidated Net Debt / EBITDA ratio - the average for the companies in the sector is
about 3.91).

2. Average ISCR/EBITDA - about 3.39.

3. Auverage value of the current liquidity ratio is 1.38.

4. Average inventory turnover period is 175 days.

For modeling purposes, the consolidated average of these factors is used, adjusted for weight
correction factors.
It seems appropriate to use two indicators as factors that can help predict the market volume:
1. PMI Manufacturing Sector.
2. S&P GSCI Commodity Total Return.
3. Forecasted dynamics of the aviation market and related markets.
4

Reduced leverage factor.

The PMI Manufacturing Sector (US Manufacturing Activity Index) is an index that is based on a
survey of purchasing managers in manufacturing. The index refers to leading indicators and allows you to
evaluate the value of whether the activity of their enterprises has grown, decreased or remained at the same
level (Kholodenko, 2019). According to the Markit (2015) Economics methodology, an index value below
42 for an extended period of time may indicate an impending recession.

The S&P Index is also a leading indicator that indicates the general situation of key enterprises,
which will allow forecasting the value of real assets. It is assumed that the PMI index is leading, if its
dynamics is negative, then after a certain time lag it will be reflected in the stock market indicators. As of
the current date, the Manufacturing Sector USA PMI has dropped to a record 36.6 since the 2008 crisis
Figure 4.
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Figure 4. MARKIT MFG PMI: United States

Source: authors based on Refinitiv eikon (Thomson Reuters Eikon, 2020).

The correlation between the S & P500 and the PMI over the time horizon since 2012 is a correlation

coefficient of 0.38. A summary information of the interrelationship analysis is presented in Table 1.

Table 1. Tube and aircraft market dynamics forecast models (demand side factor)

Statistic Forecast dynamics  of Forecast dynamics of pipe
aviation products market products market
Correlation 0,97 0,96
coefficient
Regression model Y=0,18X-9,57 Y=1,04X-38,36
R-squared 0,97 0,95

Source: authors.

6.2. Distinctive feature of the composite materials industry is the diversity of its constituent
subbranches. According to OKVED, the enlarged form differs in the production of basic chemicals,
as well as the production of intermediate and final products

The main chemicals for the production of composite materials include: alcophene, dibutyl phthalate,
dioctyl phthalate, diphenylolpropane, methyl tetrahydrophthalic anhydride, polyethylene polyamine,
roving, PVC suspension resin, PVC emulsion resin, epoxy resin, epoxy resin ED-16, ED-20. From the
manufacturer's point of view, the final product can be a product at any stage of the production chain from
primary products of raw materials processing (e.g. epoxy resins, reinforcing material, fillers, additives, etc.)
to the final products.

When forecasting market prices for products or raw materials, it is necessary to take into account a
whole group of parameters that are related to the market situation, purchasing power of the population and
other macroeconomic parameters. Often, indexes cannot reflect the full range of factors and market

expectations. Therefore, financial modeling can predict the sale price of a product or the price of a unit of
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raw materials (depending on the structure of the product) in the cost of production using correlation-
regression analysis.

This is justified if the industry specialization in a credit institution or fund is properly developed and
access to price information databases such as Thomson Reuters Eikon, 2020 is available (Thomson Reuters
Eikon, 2020). As an example of price forecasting, polyvinyl chloride (PVC - Polyvinyl Chloride (Poly
Vinyl Chloride) Suspension USA Fas Houston United States Dollar Per Metric) is used, a synthetic

substance is actively used in the chemical industry. Dynamics of polyvinyl chloride cost is presented at

Figure 5.
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Figure 5. PVC Suspension US FAS Houston $/MT

Source: authors based on Refinitiv eikon (Thomson Reuters Eikon, 2020).

As factors that can help to predict the price of the material, it seems appropriate to use two indicators:
- PMI Manufacturing Sector;
- S&P GSCI Commodity Total Return.

The observation period of the indicators was 96 months from June 2012 to present.

Table 2. Model of relationship between the price of polyvinyl chloride (PVC) and factors

Y (PVC) X1 (S&P Index) X2 (Markit MFG PMI
USA)
Correlation 0,74 0.54
coefficient
Regression model Y=0.07X+603.871 Y=15.849X+-24.376
R-squared 0.55 0.25

Source: authors.

The revealed dependence indicates a moderate correlation with the resulting S&P factor index (0.55)
and a low correlation with PMI index (0.25) (Table 2), which is due to different frequency of observations
(S&Daily values, PMI - monthly). In constructing the multiple regression equation, the average S&P index

value and the resulting PVC price index were calculated to obtain a comparable series of data (monthly
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step). After working with a time series of multiple R-squared equations, the equation was (0.81) with PMI
and S&P Index factors (2).

Y (forecasted PVC) = 474.0779 + 0.0981 (X1) + 0.1261 (X2) (2)

The economic sense of the equation lies in the ability to predict the price of PVC products in steps
per month, taking into account the leading S&P500 and PMI indices.

Prerequisites and limitations of using models:

1.The model depends on the quality of the predicted values of the factors that affect the resulting
indicator.

2.The model does not take into account regulatory and behavioral factors.

Price forecasting using the model gives a more accurate result for up to 12 months. Forecasting for
a longer period will require calibrating the model at six-monthly intervals, which is possible with systematic

project management.

7. Conclusion

We have calculated the statistics for building a regression model of composite materials market
forecast dynamics for each of the above demand factors. Below we present the resulting statistics for the
selected market segments. Historical and forecasted market dynamics for aircraft products are shown in the

Figure 6.

300
250
200
150 =& [
100

50

0
201020112012201320142015201620172018201920202021202220232024202520262027202820292030

[ Historical dynamics Forecast dynamics

Figure 6. Historical and Forecast Dynamics of Nominal Value of U.S. Aircraft Market

Source: authors based on Refinitiv eikon (Thomson Reuters Eikon, 2020).

The global commercial aircraft market, estimated at US$191.1 billion in 2018, is expected to grow at
an average annual growth rate of 2.93% to US$255.1 billion by 2028 (Figure 6). The Fisher test
(Fisher, 1922) for the above factor (F test) is about 0.00002 (well below the critical level of 0.005). The

value of P (the probability of error in the deviation of the null hypothesis) on the cut-off parameter - the

189


http://dx.doi.org/

https://doi.org/10.15405/epsbs.2021.04.02.23

Corresponding Author: A. A. Pomulev

Selection and peer-review under responsibility of the Organizing Committee of the conference
elSSN: 2357-1330

order of 0.01, although it is above the critical mark of 0.005, but taking into account that the coefficient P
for the factor itself is about 0.00002 the factor given can be used in the analysis.

The cut-off parameter coefficient for the given factor is of the order -9.57, the factor coefficient is
0.19. The coefficient of determination of the given factor with dynamics of the composite materials market
is about 0.96. Taking into account the given regression statistics, we conclude that we will use this factor

to construct a multifactor regression. Historical and forecasted dynamics of the pipe market (Figure 7).

90
80
70
60 R
50
40
30
20

10

n ¢ , n A . ,
v » N e o A\ S O AN AN ANV ™ A D AN D D N
NN NN N NN N A\ AN NN N N AN AN NG

v v v 14 14 v 4 v v 4 v v 14 14 14 v 4 v v

== Historical dynamics Forecast dynamics

Figure 7. Historical and forecasted dynamics of nominal value of the pipe products market
Source: authors based on Refinitiv eikon (Thomson Reuters Eikon, 2020).

The global market for pipe products is expected to reach $80 billion by 2030, showing a 1.6% CAGR
year-on-year (Figure 7). The Fisher test for the above factor (F test) is about 0.0002, which is below the
critical 0.005 coefficient level, as in the first case. The value of P (probability of error at deviation of the
zero hypothesis) for the cut-off parameter is about 0.0024, which is below the critical level of 0.005. The
coefficient P for the factor itself is of the order 0.0002 also on the acceptable level for including the given
factor into the multifactor regression analysis. The cut-off parameter coefficient for the given factor is of
the order -38, the factor coefficient is 1.04. The coefficient of determination of the above factor with the
dynamics of the evaluated index is about 0.95, we use it to build a multifactor regression. A further direction
for the study is to build a multiple model of the entire composite materials market as there is currently no
comparable data set and manual processing of the sample is required. The article analyzes the key factors
underlying the composite materials market dynamics forecasting model and, as a result, changes in the
aggregate credit risk of companies operating in this segment, which will be presented in the next article of
this cycle. Based on the results of the present research another direction of the research measures can be
outlined. It is behavioral finance. With its tools new factors can be taken into account: heuristics and their
perception of market participants (Bogatyrev, 2018). With behavioral asset pricing model, the research

obtains new perspectives and new promising results.
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