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Abstract

The impact of the exchange rate on the trade positions of national
producers and on the development of domestic production is one of the critical
issues for developing countries. Before the start of the full-scale invasion in
Ukraine, fluctuations in the exchange rate negatively affected the position of
national producers. After the start of hostilities in 2022, the real sector of the
economy suffered great losses and destruction. According to official data, the
number of losses for 2022 reached about 30% of GDP (NBU, 2023c). In the
conditions of the post-war period, improving the exchange rate policy, which
will contribute to strengthening the position of national producers, is one of the
important directions of economic recovery. This research is aimed at finding
optimal or improving current exchange rate policies to increase the level of
competitiveness of national producers.

The paper proposes three main policies that will contribute to the
strengthening of the exchange rate and the development of the real sector of the
economy. These include the share of international investments, improving the
expectations of economic entities and reinvestment to increase the production
capacity of industries. The relevance of the proposed policies is high during the
war, but the main attention was directed to the post-war period. Because of the
transition from a fixed currency regime to a flexible one.

The research results demonstrate the importance of exchange rate
revaluation, improvement of public expectations regarding exchange rate
fluctuations, attraction of international investment and increase in the reinvested
profit in the production capacity of industries for improving the competitiveness

of national producers, which is essential in post-war economic recovery.

Key words: exchange rate, competitiveness, trade, model, industries,

producers, currency, imports, policy.
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Chapter 1. Introduction

The country’s trade position on the international market describes not only
the level of development of domestic production but also reveals the degree of
interaction with partner countries, ensuring the redistribution of economic and
political influence. There is no single definition of the concept of “trade
competitiveness™ or its similar concepts such as “international competitiveness”,
and “international trade” in the scientific literature. One of the oldest definitions
Is the description of the concept of competitiveness as the “ability to produce”
and “ability to sell” (Balassa, 1962) goods and services. Nowadays, this
definition has been expanded and supplemented with such concepts as a
country's “ability to earn” and “ability to attract” (Petersen, 2021). This means
that the production and sale of goods are not sufficient conditions to describe the
competitiveness of the country. Because it is important not only to sell the
product but also to make a profit from its sale and attract investment to the
country.

The international trade competitiveness of the national producers is
essential from many perspectives for the county. One of them is the efficient
allocation of scarce resources (Vijayasri, 2013). Another no less important factor
IS that international trade leads to the acceleration of the economic development
of developing countries through the import of high-tech products. In general,
trade positively and significantly affects GDP per capita growth and income
growth (Busse & Koeniger, 2012). Such an impact on the income of the
population might lead to increasing of standard living and make it possible to
maximize consumer satisfaction.

One of the main factors affecting the level of trade competitiveness is the
currency exchange rate. The exchange rate shows the country's currency's price
relative to other currencies' prices (Mogler et al., 2019). However, the definition

based on tradable and non-tradable goods in the international trade exchange
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rate indicates the country's competitiveness (Kipici & Kesriyeli, 2000). A
primary relationship between two variables (exchange rate and trade) describes
an opposite interaction. With the growth of exchange rate fluctuations, the level
of international trade decreases due to the growth of instability in the domestic
market, which worsens the conditions of national producers. However, there are
many counterarguments to this statement. For instance, the impact of the
exchange rate can be minimized by hedging companies' currency and other risks
(Ethier, 1973).

Therefore, it is important to investigate the impact of exchange rate
changes on the country's trade opportunities, as well as to apply coordinated
exchange rate and trade policies (Yol & Baharumshah, 2005). An important task
iIs the research of optimal exchange rate policies that will contribute to

increasing the competitiveness of national manufacturers.
1.1 Problem Statement

There are two main changes in the value of the domestic currency —
reduction and increase. If the value of the national currency decreases under
demand-supply forces with a flexible exchange rate regime, then the value
depreciates. If the price of domestic currency declines, but under a fixed
exchange rate regime, then the currency devaluates. A similar logic in terms is
used when the value of the currency increases. Such «terminological
consistency» is important to avoid erroneous use of concepts (Smith, 2017).
From 1996 to 2014, the exchange rate regime in Ukraine was fixed, from 2014
to March 2022 - floating, and from the next month after the start of a full-scale
war (24.02.2022) in Ukraine - fixed.

During this time, the Ukrainian national currency was most affected by
devaluation. The largest increase in devaluation occurred in 2014 and amounted
to almost 200 percent (195%) (Batrakova T.I., 2016). In December 2013, the
dollar was equal to 8 UAH, and in November 2015 - 23.6 UAH. With the
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beginning of the full-scale invasion of Russia into Ukraine, the Central Bank of
Ukraine was forced to devalue the Ukrainian hryvnia by 25% to support the
economy and strengthen trade competition in the market (NBU, 2022).

The main goal of the research paper is the implementation of improved
exchange rate policies that will strengthen the position of national producers and
contribute to increase the level of competitiveness.

There are several theories of the impact of devaluation on the country's
trade balance. For quite a long time, the theory was spread that the devaluation
of the exchange rate has a positive effect on the trade balance, provided that the
sum of the elasticities of import and export prices is greater than one (Bahmani
et al., 2013). However, other scientists argue that devaluation is not able to
improve the trade balance and the position of national producers due to the weak
financial sector, the rawness of the economy, and other factors (Oleinikov &
Serova, 2019).

The author of this paper is inclined to the second theory and aims to verify
and prove this statement. Because the relationship between exchange rate
fluctuations and the trade balance has different effects depending on the
characteristics of the country's economy. In Ukraine, the dynamics of the trade
balance have been negative since 2005 (Macrotrends, 2023), despite the high
rates of exchange rate devaluation. Thus, the main problem is that the dynamics
of fluctuations of the Ukrainian national currency do not strengthen the position
of national producers in the long term and have a negative impact on their
position on the international market.

The concept of “competitiveness” in the work is considered from two
sides - the level of production capacity of the three main branches of the
economy — manufacturing, agriculture, and mining (the higher the production
capacity of enterprises, the more domestically produced goods on the market,
and accordingly, the higher the competitive position of manufacturers) and the

share of imports compared to domestically produced goods.
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1.2 Research Objectives and Questions

Given the negative dynamics of the trade balance and the moderate

devaluation of the exchange rate, the priority objectives are:

- Determine the impact of exchange rate fluctuations on the country's
trade positions, namely the imports and production capacities of the main
industries (manufacturing, agriculture, mining);

- To define the main problems of exchange rate fluctuations on trade
competitiveness;

- Analyse the reference mode of the exchange rate and main trade
indicators;

- Determine the balance between domestic production and imported
value-added goods and services to define how dependent national producers are
on imported products;

- Investigate the interrelationship of the influence of exchange rate
policy on the trade position of the national producers;

- Define the optimal level of the exchange rate that will contribute to
strengthening the development of the national commodity market;

- Develop recommendations for a long-term exchange rate policy.

According to the objectives, the main research questions are:

1. What is the optimal exchange rate policy that will improve the
position of national producers and increase their competitiveness? (main
research question)

2. What is the interaction between domestic producer positions and
exchange rate policy?

3. How to increase the competitiveness of national producers by

reducing the share of imported products?
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4, How the foreign exchange policy affects the country's trade position
and which policy is optimal for increasing competitiveness of domestic
producers?

The use of system dynamics methods to study exchange rate behavior is
not new. For example, some authors considered the exchange rate system as part
of the monetary sector (Faryna, 2014), and some modeled the impact of
macroeconomic factors on the exchange rate separately (Khan, 2020). However,
the novelty of this research lies in the fact that the developed model considers
not only the currency market sector (exchange rate change), but also the
commaodity market sector of the economy (domestic production and trade), and
the relationship between these sectors. According to the conducted searches, this
topic was not fully disclosed before.

1.3 Problem behaviour analysis

The dynamic of the exchange rate of the hryvnia (UAH) from 1997 to
2022 is depicted in Figure 1.1.
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Figure 1.1. The reference mode of the exchange rate UAH/USD (average
for the period) (NBU, 2023d).

The largest fluctuations in the value exchange rate occurred in 1998-1999,
2008-2009, 2014-2015, 2019-2020, and 2021-2022.
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The first devaluation of the hryvnia took place in 1998-1999. The main
reasons were the impact of the Asian financial crisis, the fall in GDP, the trade
balance deficit, and the growth of foreign debt. Additionally, the expansionary
fiscal and monetary policies of the government had a negative impact on the
economy. That led to instability that created uncertainty for investors and put
pressure on the exchange rate. Simultaneously, the devaluation stimulated the
export of goods producers, which led to an increase in the volume of sales of
foreign currency and supply on the market (Bereslavska, 2015). As a result, the
volume of foreign currency reserves of the NBU increased.

From 2000-2004 Ukraine achieved macroeconomic stability. During that
period was sharp economic growth, and low rates of inflation. At the same time,
political instability plays an important role during that time. There were tensions
between the president and parliament, which put downward pressure on the
hryvnia. Additional uncertainty was created by the transition to a market-based
economy. This was also facilitated by the fact that the position of the dollar in
the domestic market was somewhat weakened by its devaluation in international
markets (Basilevska & Voitko, 2013).

In 2008-2009, the dynamics of the hryvnia exchange rate experienced
significant fluctuations. The main factors of currency devaluation:

- Global financial crisis and its negative impact on the inflow of
foreign funds from abroad to the banking system;

- Drop in world metal prices in August 2008 by 15-20%. As a result
the export revenue significantly decreased, while the import value grow;

- Intensification of the capital outflow due to negative expectations
about the devaluation of the national currency;

In terms of exchange rate policy, since 2014, the national currency of
Ukraine has been significantly undervalued. This was caused by three
simultaneous crises: economic — caused by the annexation of Crimea and the

war in Donbas (Stepanenko & Pylynskyi, 2015); currency - because the fixed
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exchange rate had to be abandoned due to the deterioration of the foreign trade
balance and the growth of the budget deficit, and banking (Adamyk, 2016) -
because the oligarchic banking system led to an increase in overdue debts and a
panicked outflow of deposits. Instead, towards the end of the period (2019-
2021), the gradual growth of the exchange rate to the equilibrium leis is
observed.

At the beginning of the war in Ukraine (24.02.2022) the NBU fixed the
exchange rate at the level of 29,25 UAH per 1 USD and then increased the value
up to 36.57 on July 21, 2022. A fixed currency regime has its advantages and
disadvantages, one of which is the high cost of usage foreign exchange reserves.

However, such a policy of the central bank is a forced and necessary step
to maintain nominal stability in the conditions of war. The fixed exchange rate
policy is complemented by high-interest rates and currency restrictions. The

dynamics of trade balance indicators will be considered further (Figure 1.2).
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One of the important trade indicator is the current account balance. This is
one of three accounts of the balance of payments (BOP). The BOP shows the
fraction between funds received by the country from abroad and payments
abroad for a certain period. It consists of the current account, which represents
all transactions in terms of trade of goods and services, transfers, and
investments; the capital account, which includes the capital inflow and outflow,
foreign aid, and remittance; and the financial account, which shows the direct
investment, portfolio investment, reserve asset. The current account consists of
three balances: the balance of goods and services, and the balance of primary
and secondary income.

The export-import dynamics reflect the constant predominance of exports
over imports until 2004. Since then, the balance of goods and services is
constantly falling. The country’s negative trade balance has some risks for the
economy, such as the devaluation of the currency, dependence on the supplier
country, increase of external debt, and others. The lowest value was in 2008
which was triggered by the financial global crisis. That period was the first time
when the net export was negative (-17 million USD). However, after 2008
occurred sharp recovery of the economy. Another significant decline in the
balance of goods and services started in 2010 and was the deepest in 2013 (-15,6
million USD).

The main reasons for that were the combination of different shocks such
as geopolitical (revolution and occupation of the East region of Ukraine),
banking crisis, deterioration of trade, and reduction of the capacity of producers.
After the period of decline in trade activity, the economy sharply recrudesced.
Simultaneously, the balance of the secondary income remained positive.

Due to the full-scale war in Ukraine, the balance of goods and services
was — 14,8 million U.S. dollars. The main factor is the full-scale invasion in
2022. For instance, the inability to produce goods in the temporarily occupied

territories, disruption of logistics and transport connections between regions,
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blocking ports as the main trade routes, migration and forced relocation of
workers, loss of stocks, warehouses, and equipment, restrictions on electricity

consumption, loss of access to internal natural resources and so on.

1.4 Research Outline

Chapter | presents the topic of the research, the main objectives and
questions that will be answered, a dynamic behaviour description of the
problem. The Chapter Il is devoted to research methodology. Chapter IlI
describes the structure of the model, its main sectors, including its limitations
and assumptions. Chapter IV-V explains data validation and main policies.
Chapter VI presents the conclusions to the work and answers to the research

questions, as well as suggestions for further research.
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Chapter 2. Methodology

This chapter of the scientific paper is devoted to the disclosure of
methods, including a detailed description of the method of System Dynamics,
methods of data collection and processing, a review of scientific literature, and

research ethics. Further, each of them will be considered in detail.

2.1 Observation and research topic definition

The first stage of scientific research was literature review, formulation of
the scientific topic, the objective of the research. During the research of the
literature, the topic and purpose of the study were adjusted according to the
available studies. This made it possible to modify and specify the research topic
more accurately. The final version of the research topic is “The impact of
exchange rate policy on the level of trade competitiveness in Ukraine”. Trade
competitiveness is represented as the changes of export-import volumes in the
economy. In addition to this, in the model the import value is endogenous, and
export is exogenous because of different mechanisms of influence on the
formation of currency exchange rate policy and what is more important it is this
classification allows to give answers to the main research questions.

In accordance with the objectives, another such methods of scientific
research as the description (empirical method) of theoretical foundations, as well
as statistical analysis, generalization, classification were applied.

The main information sources of the study consist of legal acts, scientific
articles, regulations of the National Bank of Ukraine and the Ministry of Finance
of Ukraine, statistical data from the State Statistics Service of Ukraine, the
World Bank, reports of the National Commissions of the Financial Services
Market and official open resources from the Internet. These and other sources

will be depicted in more detail in this section.
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The important methods that were also used in the work are data processing

and modelling method. Let's begin with the last one.

2.2 System Dynamics Method

System Dynamics method was used to represent the relationships between
the real production sector, which includes international trade, and the exchange
rate sector. The origins of system dynamics began with the reproduction and
simulation of supply chain problems and were originally known as “Industrial
Dynamics” (Dangerfield, 2014). The founder of system dynamics methodology,
Jay Wright Forrester, developed a new tool that had a new approach to solving
strategic problems of a corporation to define policy problems (Forrester, 1958).
Today, the methods of system dynamics are widely used to display the complex
system and solve the main management policies problems in various fields of
economics and science.

The main advantage of this method is the deepening of the understanding
of the complex system, which makes it possible to identify the shortcomings of
different policies (Sterman, 2000). At the same time, with the usage of a
combination of the four simplest elements, five basic structures of system
dynamics method are formed, namely, accumulative relationship, instantaneous
cause-and-effect relationship, local loops feedback, main feedback loops,
nonlinearity (Sterman, 2002). Feedback loops describe three basic types of
system behavior - exponential growth (reinforcing loop), exponential decay
(balancing loop), and equilibrium (combination of the two types of loops).
However, to display complex economic systems, which can be characterized by
a large amplitude of oscillations, it is advisable to use a combination of different
feedback loops (Faryna, 2016). Simultaneously, the minimum necessary
condition to modelling the complex economic system is the presence of at least

one balancing feedback loop.

20



The method of system dynamics allows effectively display the
relationships between the exchange rate and the main factors of influence using
feedback links and modelling the nonlinear behavior of variables. The process of
building a model is an iterative process and includes such basic steps as defining
a dynamic problem to be solved, developing hypotheses of the behavior of
variables, representing relationships that are theoretically justified and
practically representative using the basic structures of system dynamics. The
final stages are testing the built model, checking its compliance with the
research objectives, and evaluating the effectiveness of the policy and different
scenarios. The final stage is the development of recommendations and thorough
conclusions, in accordance with the received results.

CLD (Causal Loop diagrams) plays an important role in the modelling,
with the help of which it is possible to display the main causal mechanism of the
complex system. This is a good start to the modelling (Haraldsson & Sverdrup,
2013). However, the phase of building of the CLD requires a comprehensive
understanding of the whole system and the connections between parameters.

The main software used for system dynamics modelling is Stella
Architect.

2.3 Data Collection

Data processing and collection is one of the most important and time-
consuming processes. The relevance and correctness of the scientific research
depends on the quality of the processed materials and sources. Initially, a large
amount of scientific literature was developed. The main resources are SSRN,
Scopus, Electronic Kyiv-Mohyla Academy Institutional Repository and
scientific repositories of other universities, Google Scholar. The information
search of the literature consisted in the application of various combinations of
Boolean queries, for example, the key words were "exchange rate", "trade

balance”, "devaluation”, "terms of trade", currency policy. From among the
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proposed list, only those sources that have the greatest relevance to the given
request and the purpose of scientific research were carefully selected.

In addition to scientific literature, other sources were also scientific
reports of the main financial institutions, the government and ministries that are
responsible for the implementation of foreign exchange, trade, and monetary
policy. For example, the document of the National Bank of Ukraine (NBU) -
Inflation Report was examined, which shows a detailed analysis of the current
macro situation on the market with a retrospective analysis and expected
forecasts. This is an official document that is published every quarter in order to
ensure the publicity and transparency of the monetary policy of the National
Bank of Ukraine (NBU, 2023b).

Publications of the State Statistics Service of Ukraine (SSSU) are another
important source of information. Statistical publications contain detailed
information on different categories, such as national accounts (SSSU, 2023a),
enterprise activity, foreign economic activity, trade balance, prices, and others.
The main government sources that were processed are legislative documents that
correspond to the topic.

The collection and processing of statistical data and parameters was based
on the following sources - SSSU, the Ministry of Finance, the National Bank of
Ukraine, as well as foreign sources - data from the World Bank, Trade Map,
Numbeo, Trading Economics, OEC World, CEIC Data, Trade Competitiveness
Map, Moody's Analysis (economic indicators).

The process of data collection and processing consisted in the
systematization, classification and grouping of data from the specified sources.
The information presented in the mentioned above sources is general and require
additional processing for further analysis and use in modelling. The main tool
that was used for data processing after their initial search is Excel.

Other sources of data collection were news resources and electronic

journals. These were articles from official Internet media, news, and blogs.
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Examples of such sources are BBC, Bloomberg, Investing.com, Forbes,
VoxUkraine, The New \oice of Ukraine. The main criteria for choosing a source
are the date of publication and the person's expertise in the field related to the
topic. However, defining the credibility of media sources is much harder than
other information sources (Keshavarz, 2021). That is why, each e-magazine was
chosen carefully.

Interviews of respondents and collection of data from them, which would
be used in the model, were not carried out. However, the model's logic and

structure were verified with external experts.

2.4 Literature Review

The built model reveals the basis relationship between the factors that
influence the formation of the exchange rate, one of the most important of which
is the export and import volume of the economy and explains the inverse
influence of the exchange rate on the country's trade positions. The interaction

between the factors will be considered in more detail further.

Exchange rate

The exchange rate is the price of foreign currency in relation to the
national one. The exchange rate is defined under demand-supply forces for
foreign currency (Kuznyetsova et al., 2017), which in turn are formed under the
influence of many factors such as the trade activity of the country, protection of
the national producers, the stability of the economy or economic growth, level of
income per capita, the impact of external shocks, and the internal motivation of
consumers to sell or buy currency. There are two directions of changes in
currency values — increasing and decreasing. The main difference between the
concepts of devaluation (revaluation) and depreciation (appreciation) has

already been mentioned.
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At the same time, there are a lot of exchange rate currency regimes
(Ghosh et al., 2003). That depends on the internal peculiarities of the policy of
the financial institutions, which is provided according to the national economic
conditions and development of the country in different sectors. Nevertheless, the
main basic exchange rate regimes are fixed, floating, managed to float, pegged.

In Ukraine, up to and including 2014, the exchange rate regime was fixed,
and since 2015 — managed float. Fixation of the exchange rate caused many
problems, including reduction of international reserves, loss of competitiveness
of domestic producers (llychok & Trevoho, 2016), devaluation of the national
currency, high level of inflation, etc. In fact, the exchange rate peg reflected the
illusion of stability. The flexible exchange rate regime in Ukraine was
maintained until the start of a full-scale war. After February 24, 2022, the NBU
fixed the hryvnia-to-dollar rate at UAH 2,2549; and the hryvnia-to-euro rate at
UAH 33,1707.

Trade position of the country

The strong international trade position of the country leads to expanding
the exchange of goods and services which are not available domestically. The
commaodity market becomes more competitive when local products are attractive
to foreign consumers and vice versa. The higher the trade competitiveness, the
cheaper home products (due to the price competitiveness). Many macro
indicators describe the trade competitiveness of the country, for example, such
variables as the balance of payments, current account, and the country's balance
of trade and terms of trade. The balance of trade represents the difference
between goods and services, export and import. If export exceeds import, then
the trade balance is positive - the country receives more import goods units for
one unit of its export goods - if not, the balance is negative. For each country is

essential to stimulate a positive trade balance because in that case, the
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international trade position of the country strengthens, and the earnings
increases due to high sales on the world market. In case of a deficit (when
imports exceed export) the country can use also borrowing from other countries.
Such a country is forced to go into more debt to pay for its consumption instead
of investing in its future growth. However, this concept is complex. Therefore,
under the influence of other important macrofactors, the role of exchange rate in
trade facilities might be reduced (Liew et al., 2003).

The impact of the exchange rate on the trade position affecting

foreign currency demand and supply

If the exchange rate depreciates and the price of the national currency
decreases, the national goods and services become cheaper in comparison with
foreign goods and services and more attractive and affordable to foreign buyers
as they can buy more with their own currency. The demand for national goods
increases which leads to rising export volumes in the country. When export
volume grows, the demand for national currency rockets, and as a result, the

local currency appreciates.
2.5 Research Ethics

All ethical principles, such as transparency, guarantees of anonymity and
confidentiality, honesty, and impartiality, as well as other norms that don't lead
to negative consequences for researchers and members of society, were
observed. Also, in order to avoid any ethical quarrels, during the research the
advice described in the book “The Student’s Guide to Research Ethics” (Stein-
Parbury, 2006) was followed. All literature sources are cited according to one of
the latest citation formats — APA 7" Edition, using the software package —
EndNote 20.
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Chapter 3. Model Development

The model building process consisted of creating a large number of
models and constantly iterating the existing ones. In order to best reflect the
problem of scientific research, taking into account the complexity of the chosen
economic system.

The model consists of the following three main parts - the exchange rate
sector, the real economy sector, and the price change sector. A complex system
of the model ensures the achievement of the goal of scientific research - to
reflect and investigate the impact of the foreign exchange policy on the country's
trade position and its feedback links.

In this chapter, the sectors of the model will be considered in detail. To
begin with the presentation of the logic of the main relationships between the

variables, which are displayed using the CLD.

3.1 CLD presentation

The CLD represents the main logic and links in the model, including the
feedback structure of the system (Santos et al., 2002). This section introduces
the main balancing and reinforcing loops. Each of them will be considered

further in a detail.

=+

Capacity
utilization

desired GDP
+

GDP

desired inventory

Inventory

Figure 3.1. CLD of production in the real sector of the economy
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To begin with B1 (Figure 3.1), the capacity utilization rate shows how
efficiently and to what extend the economy uses its resources. In other words, it
is the ratio between the output obtained at the current level of resources and the
potential output that can be achieved if the production capacity is used to the
maximum (CFI, 2019). Larger production capacities contribute to the increase in
production volumes, which in turn lead to the accumulation of inventory. It is
worth reminding that three main branches of the real sector of the economy are
added to the model — manufacturing (the largest of them), agriculture and the
mining industry. Therefore, inventories (like other variables) relate only to these
industries. A high level of inventory accumulation reduces the desired future
needs in inventory due to high financial costs of its maintenance, obsolescence,
spoilage, and other losses. The identified inventory volume stimulates
production.

It is also worth noting that the exchange rate is expressed in the number of

hryvnias (national currency in Ukraine) per dollar USA unit (UAH/USD).

demand-pull
inflaticn
i B2\ Real AD
" Price Index

Figure 3.2. The impact of the Price Index on the Real AD (CLD)

The concept of “demand-pull inflation” (B2 — Figure 3.2) arises under
conditions of growth in aggregate demand, but with a limited level of supply (its
fall or constant level). In the model, this type of inflation is reflected as a ratio of
Aggregate Demand to GDP and shows whether supply can or cannot meet
growing demand (Curry & Lock, 2022). This type of inflation and cost-push
inflation, which shows an increase in the price level due to an increase in
production costs (materials, wages, salaries, etc.) are the components of the
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general level of inflation. Therefore, with the growth of each of them, the overall
level of prices in the country increases. As a result, the real aggregate demand

decreases due to rising prices.

esired GDP
Capacity +

fization \ Capacity
+ desired GDP utlization desired inventary
r [’ -

GoP

GDP
) . R4
@ desired inventory Inventary

demand-pul f _demand-pull
inflation inflation Real AD

Real AD

C\- Frice Indexcr/ \ Price Indexo/

Figure 3.3. The impact of inflation on the production capacity of
industries (CLD)

Next, will be considered two loops simultaneously R3 and R4 (Figure
3.3). R3 — GDP -demand-pull inflation — Price Index — Real AD — desired GDP
— capacity utilization — GDP. R4 - GDP -demand-pull inflation — Price Index —
Real AD — inventory — desired inventory — desired GDP — capacity utilization —
GDP. These loops are based on the two previous ones. However, both are
reinforcing.

Capacity +
+/_outilizatinn
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Figure 3.4. The interrelationship between GDP and imports (CLD)

desired GOP
+
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Loop B5 is a balancing loop (Figure 3.4). An rising in GDP increases the
country's import capacity. Simultaneously, imports volumes have a negative

effect on net exports, which is defined as the difference between exports and
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imports. Net export is a component of Aggregate Demand. Therefore, the
increase in net exports has a positive effect on real aggregate demand, which

stimulates production and improving capacity utilization.

FC Demand
growth rate Real Imports
growth rate
+

&
+
Effect of FC Demand
and Expectations Real Imports
in USD

2 Official ER!

Figure 3.5. The relationship between import volumes, demand for foreign
currency, and the exchange rate (CLD)

Import and its growth rate creates demand for foreign currency (B6 —
Figure 3.5). The greater the volume of imports, the greater the demand for
foreign currency. If the demand for foreign currency increases, then the demand
for the national currency decreases relatively. Accordingly, the exchange rate of
the national currency falls, the currency devalues. Therefore, when the demand
for foreign currency increases, the exchange rate of foreign currency increases.
When the exchange rate increases, import prices also grow ceteris paribus. The
increase in import prices reduces the incentives to import, and therefore the
volume of imports decreases.

Relative price is the ratio of changes in prices on the domestic market in
the national currency and on the foreign market in US dollars, adjusted for the
exchange rate. The calculation of the relative price is the inverse of the
expression of the real effective exchange rate (REER) (Schmitz et al., 2011),

which reflects the level of competitiveness of national producers in the market.

29



(——\Rgal Imports
v e

+
Real Imports
Effect of FC Demand in USD

and Expectations
!R? ) +

+ Real Imports
Official ER in UAH

c\ Relative Priceo/-

- Index

Figure 3.6. Interaction of currency changes (exchange rate and demand
for foreign currency) and import volumes (CLD)

Thus, the growth of the national exchange rate means appreciation of the
currency (R7 — Figure 3.6). During the appreciation, the foreign currency rate
decreases, but the relative price of goods increases. This change means that the
price of goods and services in Ukraine becomes higher relative to the price level
in the rest of the world.

One of the consequences of that changes in the relative price is an increase
in import prices. Importing goods becomes more expensive than domestically
produced goods. As a result, import volumes are decreasing. Therefore, the

relationship is inverse.
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Figure 3.7. The main links of production capacities and imports for
industries (CLD)
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The last loop (B8 — Figure 3.7) describes the relationship between GDP
and imports. The growth of production capacity increases the opportunities for
imports. However, if there is an increase in imports, the volume of aggregate
demand will reduce due to a decrease in net exports. Thus, an excessive increase

in imported goods restrains the development of domestic production.
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Figure 3.8. The main CLD of the model

The combination of all links is presented in Figure 3.8. It reflects the
mutual influence of the main sectors of the model - exchange rate, production,
imports, and price changes. An important task was to determine the impact of
currency fluctuations on changes in the volume of imports and domestic
production. An additional influencing factor is the inflation, which affects the
volume of domestic production and, accordingly, the competitiveness of national

producers in the market.
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3.2 Description of the main sectors of the model

The model consists of four main sectors - the exchange rate sector, the
sector of real economy, which includes foreign trade, import sector and the price
sector. In addition to this, the model was extended and includes three main
industries of the national economy - the manufacturing industry, which is one of
the largest, the mining and agricultural industries.

The peculiarity of Ukraine's economy is its large reserves of raw
materials. According to the volume of grain exports, the country is among the 5
leaders in the world (according to the data of the pre-war period). In addition,
Ukraine contains large deposits of combustible minerals, which were also
exported to other countries (before the war). Deposits of many natural minerals
set a benchmark for the trade of resources and shifted the focus from the
development of powerful domestic production. Thus, the share of manufactured
goods with high added value has been decreasing since 2000. However, such
development and distribution of industries makes the economy vulnerable to
exchange rate fluctuations and market prices for raw materials. Therefore, a
strategic goal is the implementation of new policies for the development of
internal real sectors of the economy. This issue is especially relevant in the post-
war period. When reconstruction plans are being developed to restore and
rebuild the industries of the economy, which were destroyed because of Russia's

invasion in Ukraine. To begin with the presentation of exchange rate sector.

3.2.1 Description of the Exchange rate Sector

In Ukraine, the foreign currency exchange rate is formed under the
influence of demand and supply for foreign currency on the interbank market.
The Central Bank of Ukraine can regulate the exchange rate with tools such as

currency interventions. The sector reflects the demand for foreign currency,
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which arises under the influence of changes in import volumes (import growth
rates). The greater the volume of imports, the greater the demand for currency.
Since the export component was included as an exogenous variable, the supply
of foreign currency is not represented in this sector (Figure 3.9).

In addition, terms of trade (ratio of export and import prices) were
included in the formation of demand for foreign currency. However, the
influence of this indicator is not significant in comparison with the change of
import prices. The terms of trade and the change in import volumes represent the
inflows and outflows of foreign currency. That is why, these two variables are

the main parameters which were used to model the demand for foreign currency.
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Figure 3.9. Exchange rate sector
The dynamics of the exchange rate is formed under the influence of the

following main factors - the direct impact of demand for foreign currency (the

supply was not included) and expectations.
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Expectations of the population (expected value of the ER) are one of the
powerful factors that strongly influence exchange rate fluctuations. One of the
examples is crisis in the market due to political, geopolitical, economic and
other factors, during which exchange rate expectations increase. The population
begins to actively buy more stable foreign currency, increasing the demand for
it. As a result, the exchange rate increases and further deepens the crisis in the
market. Therefore, the expectations of the population are an important factor
influencing the dynamics of the exchange rate. In order to reduce the impact of
the negative expectations of the population, the Central Bank actively
implements and adheres to the policy of transparency and communication -
reporting on the results of the current policy and intentions for the future.

The expectation variable is given by the graphical function in the model. It
reflects a change in the population's willingness to purchase foreign currency. In
the equilibrium state, the value of the function becomes 1. During the crisis
years (for example, 2014, 2020, 2022), there is an increase in future expectations
regarding the exchange rate, so the function increases. On the contrary, under a
balanced and prudent monetary policy, economic growth, expectations are
decreasing.

International investment also affect the demand for foreign currency. From
the investor's point of view, the main motivation of investing is to borrow funds
in the country where the interest rate is low and to invest the funds in a security
whose yield depends on the interest rate. Thus, the higher the rate, the higher the
return for the investor. Therefore, raising the rate can contribute to the inflow of
foreign currency, increasing the investment attractiveness.

With an increase in foreign investments, the demand for the national
currency increases, as the currency is converted into the national one for the
purpose of investment. When demand increases, the rate of the national currency

increases, and accordingly the exchange rate appreciates.
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3.2.2 Description of Import Sector
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Figure 3.10. Import sector

The real import volumes is influenced by such main factors as relative
prices, import prices and changes in GDP (Figure 3.10). Relative prices show
the competitiveness of domestic goods and services. For example, an increase in
relative prices can occur due to an increase in domestic prices or a decrease in
the exchange rate. The high level of inflation makes domestic production more
expensive, and the appreciation of the exchange rate contributes to the increase
in imports. An increase in imports has a negative effect on domestic producers,
who will have less incentive to develop production and imporve capacity
utilization rate.

As mentioned earlier, the increase in import prices has a negative effect on

import volumes, while the increase in GDP has a positive effect.
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3.2.3 Description of the Price Index Sector

The price sector is depicted in the Figure 3.11.
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Figure 3.11. Price Index Sector

The price sector includes two components of inflation — cost-push
inflation and demand-pull inflation. Let's consider the first one. The higher the
production costs (raw materials, wages, price of components...), the higher the
prices of domestically produced goods and services. One of the peculiarities of
Ukrainian industries is the high share of imported goods in comparison with the
own manufactured. An increase in the price of imported goods increases the
prices of domestic production. Therefore, the cost-push inflation indicator
includes the changes in the prices of domestically produced goods and imported
goods. Also, the price index consists of the demand-pull inflation component. If
the demand for goods and services increases, and the supply is unchanged or

decreases, then domestic market prices increase.
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Therefore, the Indicated price depends on the two factors - on the
stimulation of demand (demand-pull inflation) and the impulse of expenses
(cost-push inflation) (Dadashova & Faryna, 2015). The pull effect occurs due to
the excess of aggregate demand over GDP, and the push effect is formed due to

changes in the cost of production.

3.2.4 Description of the Real Sector of the Economy

The Figure 3.12 shows the Real sector of the economy.
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Figure 3.12. The real sector of the economy for three industries
First of all, it is worth noting that the real sector of the economy is

represented by three industries - manufacturing, agriculture and mining.

Accordingly, the volumes of aggregate demand, GDP, imports and other
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variables are calculated for these industries separately. The collection and
processing of data was done by industry.

The manufacturing and commodity markets represent a system of
exchange relations between business entities regarding the purchase and sale of
goods and services in accordance with the laws of supply and demand. The
object of the manufacturing market is a good that has a defined material form, as
well as a service, idea, product, or material that has qualitative and quantitative
characteristics. Subjects of the commodity market are both legal entities and
individuals engaged in the production, or purchase of goods. The role of the
state in relations between buyers and sellers usually acquires intermediary
functions. For example, in such matters as quality and safety criteria of the
provided goods and services.

The main conditions for the functioning of the manufacturing and
commodity market are (Rumyantsev & Kovalenko, 2006):

- ensuring the competitiveness of product manufacturers;

- the free cross-industry movement of goods;

- formation of pricing depending on supply and demand;

- independence of business entities in their expressions of will, and
independence in making business decisions;

- possession by the participants of market relations of complete and
unbiased information about supply and demand, phases of economic
development, price level.

The trade competitiveness and strong position of the national
manufacturing and commaodity producers play an essential role in the spurring of
economic growth, intensive increasing of the sector of real production, and
creation of new jobs. The development of the markets and support of the key
domestic features of producers should be a priority for developed and especially

emerging countries. If the country has a strong trade position in the world
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market, then its international competitiveness is high, which is a positive side for
foreign and domestic markets.

Since imports are a component of the domestic aggregate demand of the
country, it is important to accurately reflect the simplified model of the Real
sector of the economy. Domestic demand stimulates the production of national
producers to satisfy this demand. At the same time, the volume of produced
goods and services affects the volume of imports, just as imports affect the

demand for production.

3.3 Adequacy of Model Boundary

The built model has certain boundaries. Firstly, the system includes only
three main industries — manufacturing, mining, and agriculture, not considering,
for example, construction and other industries of the economy. Secondly, the
model reflects the main sectors of the Ukrainian market and does not consider
the specifics of foreign markets. However, it includes the dynamics of the
exchange rate and inflation of the main trading partner of Ukraine. The change
of the main trading partners before and after the war in terms of export and
import volumes is presented in Table 3.1-3.2. It is also worth noting that such
boundaries of the model make it possible to achieve the main goal of scientific
research (Forrester & Senge, 1979). The entire modelling process was based on
the literature review and official data sources.

Table 3.1. Main trading partners of Ukraine by share of exports (Minfin, 2022)

2021 2022
China (11,8%) Poland (15,4%)
Poland (7,7%) Romania (8,2%)
Turkey (6,1%) Turkey (6,6%)
Italy (5,1%) China (5,3%)
RF (5,0%) Germany (5,2%)
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Table 3.2. Main trading partners of Ukraine by share of imports (Minfin, 2022)

2021 2022
China (15%) China (15,1%)
RF (9,1%) Poland (9,9%)
Germany (8,2%) Germany (8,3%)
Poland (6,8%) Turkey (5,2%)
Belarus (6,6%) USA (4,2%)

Before the war (before 2022), the main trade partners (in terms of export
and import) of Ukraine were such countries as China, Poland, Turkey and the
Russian Federation, Belarus. With the beginning of the full-scale invasion, the
countries of the European Union, the United States, China, and Turkey became
the main partners. This indicates a radical reorientation of trade relations in the

international market.

3.4 Model Assumptions

The main assumptions of the model are as follows.

1. Cost-push inflation is based only on the change of prices for
domestically produced goods and imported goods.

2. Export is exogenous variable because imports create demand for
foreign currency.

3. Model focuses on the interaction of the Ukrainian national currency
(hryvnia — UAH) and the USD as the currency of the United States of America.
Other currencies are not included in the model.

4, The production capacities of the real sector are not used to the
maximum, but only by 85% (Berdynskykh, 2019). This assumption was based
on pre-war Ukrainian data, since during the war this indicator is much lower.

5. Since the model reflects three main directions, it is assumed that the
change in import growth rate is weighted average value between industries.
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Chapter 4. Model Simulation and Validation

4.1 Simulation results of the model
4.1.1 Exchange rate Sector
The dynamics of the exchange rate and demand for foreign currency is

shown in Figure 4.1,
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Figure 4.1. The model behavior of the Real Exchange rate (A) and
Foreign Currency Demand (B)

Exchange rate (Figure 4.1 A) and foreign currency demand (Figure 4.1 B)
fluctuations reflect the impact of crises at different period. The growth of the
exchange rate began in 2014, when a change in currency regimes took place. By
2019, it was possible to improve currency regulation and stabilize currency
expectations. As a result, the appreciation of the exchange rate took place in
2019. The Covid-19 crisis has negative consequences for the stability of national
currency. However, one of the most influential factors that caused the greatest
decline in economic growth was a full-scale invasion of Russia in Ukraine in
2022. The exchange rate quickly and significantly devalued as a response to
shocks in various sectors of the economy.

According to the base scenario, the future dynamics of the exchange rate
will increase after 2022, and then gradually decrease - appreciates. In general,
the dynamics of the exchange rate has an oscillating cyclical trend, which is
affected by the phase of economic growth, seasonal trade volumes, crisis

situations and others. In addition, it is worth noting that the simulation of the
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exchange rate in the work considers the scenario of a flexible currency regime
and the impact of its fluctuations on the country's trade positions. Despite the
fact that in Ukraine since the full-scale invasion, the exchange rate has been
fixed. The purpose of this work is to consider the different scenarios for the
dynamics of a flexible exchange rate and its impact on the country's trade
position under the conditions of the transition from a fixed currency regime to a
flexible one in the post-war period. And to determine the best policy that will
promote the development of domestic production and increase the competitive

advantage in the market.

4.1.2 Import and Real GDP Sectors
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Figure 4.2. The model behavior of the Real Imports of Agriculture (A),
Mining (B), Manufacturing (C)
The dynamics of import volumes of the three industries have common

features (Figure 4.2). For example, the expansion of the main production
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capacity of industries occured until 2022. For the future period, according to the
basic scenario, a fall and a gradual recovery are predicted.

One of the features of Ukrainian industries is the high fraction of imported
goods. The share of these products is the highest in the manufacturing sector.
For example, the Ukrainian manufacturing sector produced only 30% of
machines, equipment, computers, and other high-tech goods (SSSU, 2023b).
The remaining 70% was imported from abroad. Therefore, when comparing the
volume of imports and the GDP of production, it can be stated that domestically
produced goods make up a small part of the total volume.

In the mining sector, fuel products are imported the most, despite the high
share of own deposits of combustible resources. Raw materials are exported, and
goods with high added value are imported. A similar situation is observed for the
agricultural industry.

Further, will be considered the dynamics of real GDP and GDP capacity
(Figure 4.3).
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Figure 4.3. The model behavior of the Real GDP (A) and GDP capacity (B)

It is predicted that the volume of GDP capacity and as result the GDP will
significantly decrease in the war and post-war period. The main reasons for such
dynamics are occupation of territories, disruption of supply chains, limited
access to electricity and labour migration. Despite the internal movement of
production capacities, manufacturing volumes remain the lowest for the entire
period. One of the biggest losses is the loss of the mining industry. Since many
deposits are located in the Eastern region of Ukraine, which is temporarily under

43



occupation. The negative consequences for the agricultural industry are limiting
the cultivation of crops and blocking sea routes, which were mainly used to sell

agricultural products.

4.2 Key findings of simulation results

The simulation results of the historical behaviour of the variable reflect
the main crisis periods that have occurred since 2010.

The exchange rate sector depicts devaluation processes of the national
currency rate, and fluctuations in demand for foreign currency caused by various
factors. The biggest and most significant crises occurred in 2014 and 2022. The
dynamics of imports and real GDP also reproduces the impact of these crises.

The future dynamics of the main indicators will depend on the duration of
the full-scale invasion. According to the base scenario (assuming the end of the
war in 2023), there will be a significant decline in the production capacity of the
economy in all industries. The main reasons for this are the disruption of supply
chains, the destruction of production and infrastructure facilities in the
temporarily occupied territory, labour migration of the population, and limited
access to electricity. However, provided the end of the war, the development of
strategic reconstruction plans and international investments, there will be a
gradual recovery of Ukrainian production. This basic scenario is reflected in the

dynamics of the forecast values of the analysed variables.

4.3 Tests of model validation

This section of the work is dedicated to validation the built model using
various tests such as calibration, sensitivity analysis, parameter test and others.
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4.3.1 Model Calibration

One of the main tasks of calibration is to approximate the dynamics of the
series reproduced in the model to its historical data. The main model variables
such as the exchange rate, import volumes and GDP were calibrated. The
purpose of calibration is model validation and reproduction of historical data
dynamics. Since the modelling is an iterative process, calibration was carried out

at each stage of system building.

4.3.2 Unit Test
All units of variables are precisely defined and correspond to the scientific

literature and real data.

4.3.3 Integration Error Test

Euler integration method was used in the model. Methods such as Ranga-
Kutta 2 and Ranga-Kutta 4 were also analysed. When choosing other methods,
minor changes in the numerical values of the variables were observed. However,
there were no significant deviations. Therefore, the main Euler method was

chosen.

4.3.4 Behaviour Replication Test

One of the important factors of the model is the reproduction of the
behaviour of the historical values of variables. The obtained results are shown in
Figure 4.4.
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Figure 4.4. The behavioural dynamic of main variables simulated by the

model and its historical data

The dynamics of simulated results are most accurately reproduced in
exchange rate, the manufacturing and mining sectors, although there is a minor
deviation, and less precisely - in the agricultural industry. Factors that affect this
are the time lag and discrepancy in official data from different sources (probably
due to different statistical data processing methodologies).The reasons of
deviation from historical values for exchange rate are the omission of modelling
the supply of foreign currency, since according to one of the assumptions of the
model, exports are an exogenous variable. Also, other macro indicators, such as
currency interventions, can distort the dynamics. However, this is already a
direction for further research.

For the statistical measurement of the deviation, the mean square error

(MSE) was calculated based on the methodology presented in the article
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(Langarudi & Radzicki, 2013). The obtained results by main series are shown in

Table 4.1.

Table 4.1. Inequality statistics of the main variables

U Um Us Uc
Exchange rate 0.096164| 0042006 0.007978 0.950016
Import AGR 0.359249] 0609735 0.006661 0383604
Impart Mining 0.186922| 0.335206) 0145240 0.519554
Impaort Manufacturing 0.160958| 0528260 0.023736 0.448004
Real GDP AGR 0237784 0773903 0.048099 0.177998
Real GDP Mining 0210712 0234492 0.089481 0.676027
Resl GDP Manufacturing 0.144683| 0002950 0.015595 0.981456

The obtained correlation results allow to conclude that most of the values
of Uc are greater than 0.5. If the values of Uc are close to 1, this indicates that
the model accurately reproduces historical data. In the table 1, the largest value
was obtained for the Real GDP manufacturing industry, and the smallest - for
agriculture. It is also worth noting that for the exchange rate Uc is also high,
which is a good result.

To sum up, according to the statistics of the main variables, the model

reproduces their historical dynamics.

4.3.5 Structural Model Test

The structure of the model reflects the main cause-and-effect relationships
in accordance with the literature review and official data. In addition to this, all
component models are logically connected and scientifically based. To
determine whether this structure is correct, the data triangulation method was
applied, which consists of the use of various methods of data collection - the
study of scientific literature, the analysis of social media posts, and publications

of state institutions.
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4.3.6 Parameter Test

The main task of this test is to check parameters for their compliance with
real values, official data, or literature. The parameters must be scientifically
correct, based on academic literary sources or official data. All the specified
criteria were observed during the building of the model. For example, the
parameters of GDP and Price elasticity was chosen in accordance with the
literature, and all data were taken from the official sources of the State Statistics

Service of Ukraine and the National Bank of Ukraine.

4.3.7 Extreme Condition Test
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Figure 4.5. Extreme test for Desired inventory coverage parameter

The extreme condition test allows to test the maximum and minimum
values of the parameters. This is important to check the logic and correctness of
the model even with extreme parameter values. All parameters were tested in the
model. Let's consider an example of the parameter of desired inventory
coverage. The results of the maximum values are shown in the Figure 4.5 for the

real GDP of the agricultural and manufacturing industries.
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4.3.8 Sensitivity Analysis

Sensitivity analysis allows to assess the reliability of the model's
simulated results and check the uncertain variables. Correct reproduction of the
behaviour of the main variables is one of the important tasks of system
dynamics. Sensitivity analysis provides a diagnosis of the impact of parameter
uncertainty on behavioural relationships (Hekimoglu & Barlas, 2010).

Variables of all blocks of the model were examined for sensitivity to
changes in parameters. All of them are given in the model. The main summary
of the sensitivity test would be considered further.

To begin with the parameter of desired inventory coverage. That indicator
shows the current level of inventory that is in production and what period of
time the inventory can cover. The main details of the sensitivity test for the

inventory coverage ratio are given in Table 4.2.

Table 4.2. Sensitivity test for changes in the inventory coverage parameter

Parameter Desired inventory coverage ratio

Type of distribution Uniform, 0.5-1

Indicators such as the exchange rate, demand for currency, GDP and
imports are sensitive to changes in this parameter. Changing inventory coverage
has its advantages and disadvantages. The advantages are the flexibility of
meeting demand, ensuring uninterrupted production. The main disadvantages
are high inventory holding costs, risks of obsolescence, and reduced liquidity.
Therefore, if the indicator is high, then the value of GDP and, accordingly,
imports increase. Because an increase in production capacity provides an
opportunity to increase the level of inventories. If imports increase, the demand
for foreign currency growths accordingly. It, in turn, increases the deviation of
the exchange rate, increasing the rate of foreign currency. The results of the

sensitivity test are depicted in the Figure 4.6.
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Figure 4.6. Results of the sensitivity test for Official exchange rate and

foreign currency demand

In the Figure 4.7 are shown the behaviour of the real imports and GDP.
However, for visual presentation, the graphics include only examples of the
agricultural industry. Imports and GDP of other sectors of the economy are also

sensitive to changes in inventory coverage ratio. That graphs are displayed in the

model.
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Figure 4.7. Results of the sensitivity test for Real Imports and Real GDP

The sensitivity of the exchange rate, imports and GDP is low or absent to
the parameters such as GDP elasticity or import price elasticity. This means that
the given uncertainty of these parameters does not significantly affect the

dynamics of the main indicators.
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However, another sensitivity test is devoted to the time parameters of the

model (Table 4.3), which play an important role in the formation of the

exchange rate, the inflation index, and the inventory gap.

Table 4.3. Sensitivity test for changes in adjustment time

Parameters

ER adj time,
Index Price adj time,
Desired inventory gap adj time

Type of distribution

Uniform,
0.28-0.52,
0.63-1.17,
0.735-1.365

The results of the sensitivity test for time parameters are shown in Figure 4.8.

One of the most sensitive variables is the exchange rate variable. As mentioned

earlier, the exchange rate is set on the interbank market, where currency is

bought and sold. Such auctions take place every day, except for weekends.
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Figure 4.8. Results of the sensitivity test for time parameters
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Deviation from the schedule can negatively affect the determination of the
course in the market. Therefore, the longer the exchange rate formation period,
the greater the fluctuations and deviations of the exchange rate itself will be
observed in the market.

A similar logic is observed for the price index and real imports and GDP.
In addition, it is worth noting that the demand for foreign currency is the least

sensitive to changes in time parameters.
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Chapter 5. Policy Analysis

Three main policies have been added to the model, which, according to
research and empirical evidence, have an impact on the exchange rate and can
positively influence the stimulation of domestic production. Let's recall that
these policies consider scenarios of possible fluctuations in the exchange rate in
the event of a transition from a fixed to a free-floating currency regime.

The importance of the transition from a fixed exchange rate to a flexible
one is also substantiated by the American professor of Ukrainian origin - Yuri
Horodnichenko. He argues that the exchange rate should be flexible, but
fluctuations should occur within a defined and permissible a narrow range
(Gorodnichenko, 2022). Thus, the exchange rate will change (rise or fall) under
the influence of market forces, but within the corridor and at a rate determined
by the Central Bank.

Therefore, the main task of the policy is to promote the strengthening of
the exchange rate, which might have a positive effect on the trade
competitiveness of domestic producers. Such policies include improving
expectations and increasing international investment. The connection between
the exchange rate and the trade and exchange position, as well as domestic
production is inverse. That means that it describes not only the influence of the
exchange rate on producers, but also the mutual influence of production
capacities on the strengthening or weakening of the national currency.
Therefore, one of the policies will concern the development and restoration of
domestic production, namely investments in technological support of production
processes.

Further, will be analyzed the effectiveness of policies and the obtained

result in more detail.
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5.1 Analysis of exchange rate policies

In the absence of policies, according to the base scenario of the model, the
exchange rate will reach the level of UAH 35.59 to the US dollar by the end of
2030. However, with the implementation of the policy of improved expectations
and international investments in the economy, the national exchange rate of the
hryvnia will strengthen. The dynamics of various scenarios of exchange rate

behavior are shown in Figure 5.1.
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Figure 5.1. The future dynamics of exchange rate with different

combination of implemented policies

Improving the expectations of the population will contribute to the
strengthening of the exchange rate (scenario 2). However, this change is not
significant compared to the baseline scenario. Such factors as the end of the war,
the return of the workforce, the recovery and reconstruction of the economy, and
the transparent and defined monetary policy of the central bank will contribute
to the improvement of expectations. Of course, expectations have an impact on
exchange rate fluctuations, but this is not the main tool for determining the
stability of a national currency.

The logic of the policy equation of the expected value of the Exchange
rate is the following. During a war, the expectations of economic agents are

high, which negatively affects the exchange rate, leading to its devaluation.
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However, in the post-war period, due to investment attraction, labor force return,
balanced monetary policy, the expectations of the population should improve.
Accordingly, the dynamics of the expected value of Exchange rate variable is
decreasing when applying the policy.

A more important policy that can strengthen the exchange rate is the
increase in international investment. The policy is based on an increase in the
share of international investments in the post-war period.

The role of international financial aid from abroad during the crisis period
Is essential for any country. Such financial support ensures the solvency of the
country, and its ability to fulfill obligations on time, and compensates part of the
economic losses incurred due to different shocks that led to the crisis. Since the
beginning of the full-scale war in Ukraine, many countries, and regions provided
significant financial, humanitarian, and military aid, without which Ukraine
could not conduct defensive action, carry about citizens, and maintain the
economy.

Figure 5.2 depicts all three types of foreign support — military,

humanitarian, and financial according to from which country or region it was

received.
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Figure 5.2. Top-6 countries with the highest fraction of government
assistance to Ukraine since the beginning of the full-scale war to November
2022 (KIEL, 2023)
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The largest investor with the highest contribution and support is the
United States. The total amount of support equals 48 billion euros. A significant
sum (34.97 billion euros) of assistance was received from European Union
Institution. The 7.05 billion euros contributed by the United Kingdom. The
support from Germany is 5.44, from Canada — 3.79, and from Poland — 3 billion
euros. In addition to this, from Figure 5.2 can be seen that all countries except
EU Institutions provide more assistance which is aimed at the military sector.
This reflects a primary necessity of Ukraine to defend its borders. However, the
essential part of support is financial foreign aid, which prevents the occurrence
of default and maintains reserves at the necessary level, which is sufficient for
the performance of the country’s obligation and covers three months of imports.

Possible combinations of all policies are listed in Table 5.1. The
combination of two policies ensures an appreciation of the exchange rate to
UAH 28.81 per US dollar.

Table 5.1. Combination of all policies and the results of exchange rate

International | Expectations | Reinvestment | Exchange rate

Investment Policy in technology | results

Policy Policy
Scenario 1 0 0 0 35.59
Scenario 2 0 1 0 33.98
Scenario 3 1 0 0 30.15
Scenario 4 0 0 1 30.07
Scenario 5 1 1 0 28.81
Scenario 6 0 1 1 28.74
Scenario 7 1 0 1 24.98
Scenario 8 1 1 1 23.90

Future international financial investments will contribute to the

strengthening of the exchange rate. Because it will create demand for the
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national currency. At the same time, the level of the interest rate is important, on
the basis of which profitability for a foreign investor will be based. A higher
interest rate provides a higher yield on a security (for example, a governmental
bond). Therefore, in the model, the calculation of international investments is

based on the policy rate of the Central Bank.

5.2 Analysis of real sector policy

According to the studies of the Ukrainian industries, it can be concluded
that in the three selected sectors there is a high share of imported goods
compared to domestic production. Therefore, the third policy is aimed precisely
at the reinvestment of the profits of the companies of the three areas of industry
in technological support, which will increase the production capacity.

For countries with large raw material reserves, there is a danger of a "raw
material trap” or "Dutch disease". The concept of “Dutch disease” means the
dependence of the economy on the export of one or two types of raw materials,
which form the main income of the country. Instead, the development of own
production is low, and therefore domestic demand is ensured at the expense of
imported goods and services. The term originated in 1977 to describe the
backwardness of the manufacturing and processing sectors of the economy in
the Netherlands following the discovery in 1959 of a large natural gas field in
Groningen (Brahmbhatt et al., 2010).

Therefore, the third policy (reinvestment in technology) is based precisely
on the growth of domestic production in industries, increasing the share of
reinvested profits of companies. The results of this policy and the previous two

are shown in graphs 5.3 -5.5.
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Figure 5.3. The future dynamics of Real Imports and Real GDP in the

agricultural industry

The recovery of the agricultural sector will depend not only on the
improvement of the applied technologies, but also on the speed of demining of
the area of agricultural land, the restoration of infrastructure and the attraction of
the workforce. That is why the growth from reinvestment in the technological
improvement of the industry slightly increases the volume of GDP. However, it
is worth noting that the GDP of the sector is a complex system that includes
many interrelated components. Therefore, investments play a significant role in

the recovery of this industry.
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Figure 5.4. The future dynamics of Real Imports and Real GDP in the

mining industry
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A feature of the mining industry is their concentration in the regions where
the greatest hostilities took place, and which experienced the greatest
destruction. Therefore, to restore the sector, it is necessary to build the entire
infrastructure from scratch. Then gradually introduce increased reinvestment in
production capacity. That is why the dynamics of the recovery of the sector is

long-term and gradual.
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Figure 5.5. The future dynamics of Real Imports and Real GDP in the

manufacturing industry

The country's manufacturing capacity also suffered heavy losses from the
full-scale invasion and will require big investment to rebuild. However, in an
optimistic scenario - under the conditions of the end of the war and gradual
reconstruction, the policy of increasing reinvestment will contribute to the
increase of production capacities and the development of the sector. An
important condition is an increase in the share of domestically produced goods
and services. At the same time, the focus should be on niche products. In the
post-war period, the defense complex will develop rapidly. However, it is also
important to focus on the production of cars, engines, locomotives, aircraft,
vehicles, and light industries. Therefore, the policy of growing the share of

reinvestment can increase the volume of GDP.
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5.3 Implementation Obstacles

The considered policies make it possible to achieve a result, but at the
same time there are many obstacles that can become an obstacle to the
implementation of policies or their effectiveness.

Firstly, even if the war ends in the near future, the priority direction of
gradual recovery will be the reconstruction of housing, demining, etc. Improving
expectations is not a priority for government policy. Therefore, the
implementation of this policy will take more time.

Secondly, the massive destruction and occupation of the territory caused a
lot of damage in various industries and sectors of the economy. Of course, the
restoration of the real sector is an important area of reconstruction, but the more
critical areas are the rebuilding of infrastructure, logistics, and housing.
Therefore, the redistribution of the involved investments will be carried out in
accordance with the urgency and importance of the tasks. This means that the
share of investments in the recovery of production of industries in the coming
years will be smaller than in other directions, inhibiting the recovery and
development of the real sector.

Thirdly, in order to restore the production capacities of the industries, a lot
of additional work is needed to return agricultural land, mineral deposits and
land to the pre-war period. Most of the territories were mined, flooded, burned
or completely destroyed. This in turn again slows down the implementation of

policies.
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Chapter 6. Conclusion

6.1 The key findings and summary

The main goal of the scientific research was to identify the mutual
influence and relationships between the fluctuations in the exchange rate and the
trade position of the country. Trade competitiveness meant the country's
domestic production capacity in three main sectors and the dynamics of trade

with the outside world, which was based on a study of import volumes.

This study should answer the main research question - "What is the
optimal exchange rate policy that will improve the position of national
producers and increase their competitiveness?" on the condition that in the post-

war period there will be a change in currency regimes - from fixed to flexible.

Based on the results of the modelling and the obtained results, it can be
concluded that in order to increase the incentives for the recovery and
development of the domestic sector of production, it is necessary to ensure the
appreciation of the exchange rate. This is possible due to three main policies,
which were discussed in detail in the work, namely - improving the expectations
of economic subjects, attracting international investments and reinvesting in the

production capacities of industries.

The appreciation of the national currency increases incentives for
importers. This causes competition in the domestic market, as imported goods
are cheaper compared to domestically produced goods. In order to be
competitive in the market, domestic producers have to also reduce the price of
their own goods. One of the ways to reduce the price of domestically produced

goods is to increase the productivity of own production through the
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improvement of technological support. In other words, in order for the domestic
manufacturer to remain competitive on the market, it is necessary to invest in

innovative production technologies.

In addition, an important task for producers is to focus on the
manufacturing of goods for final consumption, rather than intermediate ones.
The feedback of the increase in production on the exchange rate is that only the
reorientation of the country from the export of raw materials to development and
investment in domestic production will be able to strengthen the exchange rate
of the national currency. On the contrary, as long as the country's economic
position depends mainly on the export of raw materials and natural resources,

the strength of the national currency will weaken.

A potential solution is investment and development of domestic
production. This issue is especially relevant in the post-war period, when large
manufacturing entities were destroyed and need capital reconstruction.
Therefore, it is important that the government develop plans for the recovery
and reconstruction of the real sector of the economy, based on investments in
innovative manufacturing and strategies for the development of niche industries,
such as the production of vehicles, engines, household appliances, computers,
etc. The agro-industrial and mining sectors also require large capital investments
for reconstruction, as well as a reorientation from the exclusive sale of raw
materials to their domestic production. The factor that will contribute to the
strengthening of the national currency is the attraction of foreign investments. It

will also improve the expectations of the population.
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6.2 Limitations of the research

The main limitations of the work were time limitation. As part of the
researching, requests were made to the employees of the National Bank of
Ukraine to verify the scientific hypotheses of the model. However, due to lack of
time and busy schedule, most of them postponed consultations for the period
when the work should be written. Therefore, time constraints did not allow
deepening the work of interviews of experts with extensive practical experience.

Another limitation is the inconsistency of datasets from official sources. A
common practice of Ukrainian statistical data collection is the introduction of a
new methodology of data calculation and processing. This makes it impossible
to work with an array of data, as it must first be reduced to one dimension. This

also created certain limitations of the research.

6.3 Further research

There are several directions for further research and deepening of
scientific results. Firstly, more branches of the real sector of the economy can be
added for an in-depth comparison.

Secondly, the model does not include the component of foreign currency
supply, as export is an exogenous variable. A possible further research may be
the expansion of the model and the construction of the export component, which
will form the block of foreign currency supply.

Thirdly, we can add the real sectors of other foreign countries - the main
trading partners of Ukraine.

Finally, it is worth noting that there are many factors that affect the
exchange rate. These include currency interventions, amounts of international
reserves, interest rates, and others. Therefore, the scientific research can be

expanded by the impact of additional macro indicators on the exchange rate.
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industry.

The exchange
rate expresses
the price of one
currency unit
relative to
another
currency.

The price index
reflects the
change in
prices over a
certain period
of time.

Volumes of
real imports,
which are
presented for
three main
industries of
the economy -
agricultural,
mining and
manufacturing.
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The change in
demand for
foreign
currency is
formed mainly
due to changes
in imports, or
more precisely,
its growth. The
change in terms
of trade and the
impact of
international
investments
have a smaller
impact.

The change in
the exchange
rate reflects the
impact of the
effect of
changes in
foreign
currency
demand and
expectations,
which are
adjusted for
time. Exchange
rate
fluctuations
depend on the
time
dimension.

The change in
the price index
is based on the
gap between
the indicated
prices and the
current prices,
which are
adjusted for
time.

The volume of
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based on the
share of
imports
multiplied by
GDP. The
change in
import volumes
is influenced
by the impact
of relative
prices, the
effect of GDP
and changes in
import prices.
Also, since
imports create
demand for
foreign
currency, the
dynamics of
imports is
determined by
the change in
the exchange
rate.

The growth of
the exchange
rate has a
negative effect
on the price of
imports, and,
accordingly,
leads to a
decrease in its
volumes.

The total
volume of
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"Effect_of_Cost-
push_inflation"[AGR]*0.25+
"Effect_of_Cost-
push_inflation"[MINING]*0.25
+ "Effect_of_Cost-
push_inflation"[MANUFACTU
RING]*0.5

"Effect_of demand-
pull_inflation"[AGR]*0.25+
"Effect_of demand-
pull_inflation"[MINING]*0.25
+ "Effect_of demand-
pull_inflation"[MANUFACTU
RING]*0.5

IF TIME <2022 THEN
desired_GDP/GDP_capacity
ELSE 0.85

GRAPH(TIME) Points:
(2010.00, 1.091), (2011.00,
1.046), (2012.00, 0.998),
(2013.00, 1.005), (2014.00,
1.249), (2015.00, 1.433),
(2016.00, 1.124), (2017.00,
1.137), (2018.00, 1.098),
(2019.00, 1.041), (2020.00,
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dmn

dmn

dmn

dmn

adjust the
nominal
demand for the
level of
inflation.

Weighted
average cost
inflation for all
industries, with
the following
coefficients.
Manufacturing
-0.5,
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0.25,

Mining - 0.25.

Weighted
average
demand-pull
inflation for all
industries, with
the following
coefficients.
Manufacturing
-0.5,
Agriculture -
0.25,

Mining - 0.25.

The production
capacities of
the industries
that are utilized
to manufacture
the goods and
Services.

The inflation
index shows
the change in
the prices in
Ukraine of
goods and
services over a
certain period
of time.

Sources:
https://index.mi
nfin.com.ua/ua/
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GRAPH(TIME) Points:
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GRAPH(TIME) Points:
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GRAPH(TIME) Points:
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Index of
changes in
world prices
for all
countries.

Sources:
Inflation,
consumer
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https://data.wor
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The GDP
deflator is
expressed as
the ratio of
nominal GDP
to real GDP
and shows the
level of
inflation in the
country.

Sources:
https://www.uk
rstat.gov.ua/
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The required
volume of
GDP,
according to
the needs of
aggregate
demand and the
desired size of
inventory.

The desired
level of
inventory is
calculated to
determine the
necessary
quantity of
goods to meet
the demand in
the market.

The inventory
level reflects
the amount of
time that can be
covered solely
by the use of
inventory.

The time
required to
cover the
inventory gap.

Desired
inventory level
adjusted for
current
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]

GRAPH(TIME) Points:
(2010.00, 65686), (2011.00,
83956), (2012.00, 64448),
(2013.00, 88024), (2014.00,
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(2016.00, 117406), (2017.00,
108805), (2018.00, 149395),
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GRAPH(TIME) Points:
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GRAPH(TIME) Points:
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(2022.00, 1300000), (2023.00,
1400000), (2024.00, 1250000),
(2025.00, 1420000), (2026.00,
1680000), (2027.00, 1700000),
(2028.00, 1880000), (2029.00,
2010000), (2030.00, 2100000)

min
UA

inventory and
time required
to close the

gap.

Volumes of
aggregate
demand for
goods.

Sources:
https://www.uk
rstat.gov.ua/
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"Effect_of C
ost-
push_inflation
"[Industries]

"Effect_of de
mand-
pull_inflation
"[Industries]

Effect of FC
_Demand_and
_Expectations

Effect of GD
P_and_Import
_Price[Industr
ies]

effect of GD
P_on_Import[
Industries]

(1-

fraction_of imports_with_polic
y)* Producer_Price_Index+
fraction_of imports_with_polic
y*Import_Price_Index/100

Real _AD/Nominal_GDP

(FC_Demand_growth_rate*Exp
ected_value_of ER*(1-
policy_status 2)+
FC_Demand_growth_rate*Poli
cy_Expected value_of ER*pol
icy_status_2)

effect_of GDP_on_Import*0.7
+effect_of Import_Price_on_|I
mport*0.3

GDP_growth_rate®GDP_elastic
ity_of_Imports

dmn

dmn

dmn

dmn

dmn

Cost inflation
shows the
change in
prices for
resources
(materials, raw
materials,
wages)
necessary for
the production
of goods.

Demand-pull
inflation shows
how much the
demand for
goods and
services
exceeds the
market supply.

The variable
reflects the
multiplicative
effect of two
factors -
changes in
foreign
currency
demand and
expectations.

The effects of
changes in
price and GDP
are multiplied
by coefficients
that reflect the
degree of
importance of
the effects. For
the GDP effect
- 0.7, and for
the price effect
-0.3

This variable
considers how
much the
volume of
imports will
change with a
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effect_of _Imp
ort_Price_on_
Import

Effect_of inte
rnational_inve
stment

Effect_of Rea
|_Imports_gro
wth_rate

Import_Price_growth_rate”pric
e_elasticity_of Imports

GRAPH(TIME) Points:
(2010.00, 0.090438356),
(2011.00, 0.0775), (2012.00,
0.075560109), (2013.00,
0.070260274), (2014.00,
0.102273973), (2015.00,
0.252958904), (2016.00,
0.177868852), (2017.00,
0.132082192), (2018.00,
0.171273973), (2019.00,
0.169794521), (2020.00,
0.079153005), (2021.00,
0.075328767), (2022.00,
0.186575342), (2023.00, 0.250)

Real_Imports_growth_rate[AG
R]*0.25+
Real_Imports_growth_rate[MI
NING]*0.25+
Real_Imports_growth_rate[MA
NUFACTURING]*0.5

dmn

dmn

per
year

change in GDP.

This variable
considers how
much the
volume of
imports will
change with a
change in
Import Prices.

The dynamics
of international
investments are
based on the
change in the
interest rate. A
higher rate
promotes
greater
leverage
through higher
returns on
securities. The
higher the
indicators of
international
financial
assistance, the
more stable the
national
currency is due
to the increase
in demand for
it.

This variable
reflects the
weighted
average growth
rate of import
volumes. The
largest industry
of the economy
IS
Manufacturing.
Therefore, the
weight
coefficient is
0.5, for the
remaining
Agricultural
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ER_adj_time

Expected_val
ue_of ER

0.4

GRAPH(TIME) Points:
(2010.00, 0.978), (2011.00,
0.978), (2012.00, 1.000),
(2013.00, 1.166), (2014.00,
1.227), (2015.00, 1.238),
(2016.00, 1.210), (2017.00,
1.144), (2018.00, 1.028),
(2019.00, 0.934), (2020.00,
1.133), (2021.00, 0.950),
(2022.00, 1.088), (2023.00,
1.110), (2024.00, 1.077),
(2025.00, 1.177), (2026.00,
1.199), (2027.00, 1.199),
(2028.00, 1.149), (2029.00,
1.133), (2030.00, 1.133)

year

dmn

and Mining
industries, the
weight is 0.25.

A time
indicator that
displays the
rate of change
of the exchange
rate and the
achievement of
the desired
level.

The
expectations of
the population
have a high
influence on
the level of the
exchange rate.
When negative
expectations
appear on the
market, panic
begins and
people actively
start buying a
more stable
currency
relative to the
national
currency unit.
Therefore, the
exchange rate
begins to
rapidly
devalue. In the
conditions of
improved
expectations,
there is a
strengthening
of the exchange
rate.

The data is
calculated
based on the
historical
dynamics of
changes in the

80




interbank
exchange rate.

GRAPH(TIME) Points:
(2010.00, 33590), (2011.00,
47180), (2012.00, 77343),
(2013.00, 75524), (2014.00,
110795), (2015.00, 185799),
(2016.00, 216795), (2017.00,
253619), (2018.00, 277789),
(2019.00, 341439), (2020.00,
326801), (2021.00, 449742),
(2022.00, 314819.4)

GRAPH(TIME) Points:
(2010.00, 29679), (2011.00,
44585), (2012.00, 39608),
(2013.00, 45354), (2014.00,
Export[MINI | 57142), (2015.00, 61155),
NG] (2016.00, 63133), (2017.00,
92705), (2018.00, 100230),
(2019.00, 108259), (2020.00,
133761), (2021.00, 214132),
(2022.00, 149892.4)

GRAPH(TIME) Points:
(2010.00, 375131), (2011.00,
487724), (2012.00, 432171),
(2013.00, 384255), (2014.00,
451705), (2015.00, 567085),
(2016.00, 627559), (2017.00,
770370), (2018.00, 870875),
(2019.00, 806402), (2020.00,
811773), (2021.00, 1119275),
(2022.00, 783492.5)

min GF

UA | Sources: EXT
H https://www.uk ' RAP
per | rstat.gov.ua/ OLA
year TED

ExportfAGR]

ExportfMAN
UFACTURIN
Gl

The export
price index is
based on the
Paasche Price
Index, which
shows the
change in the
dmn | price of export
I goods and
services
according to
the base year.

GRAPH(TIME) Points:
(2010.00, 126.0), (2011.00,
125.6), (2012.00, 98.1),
(2013.00, 101.0), (2014.00,
94.8), (2015.00, 82.3),
(2016.00, 96.2), (2017.00,
115.9), (2018.00, 111.8),
(2019.00, 100.1), (2020.00,
104.6), (2021.00, 148.2),
(2022.00, 90.8), (2023.00,
95.0), (2024.00, 105.0),
(2025.00, 115.0), (2026.00,
120.0), (2027.00, 110.0),
(2028.00, 125.0), (2029.00,
127.0), (2030.00, 125.0)

Export_Price_
Index

Sources:
https://www.uk
rstat.gov.ua/
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Exports|AGR
]

Exports[MINI
NG]

ExportsfMAN
UFACTURIN
Gl

FC_Demand_
growth_rate

GRAPH(TIME) Points:
(2010.00, 33590), (2011.00,
47180), (2012.00, 77343),
(2013.00, 75524), (2014.00,
110795), (2015.00, 185799),
(2016.00, 216795), (2017.00,
253619), (2018.00, 277789),
(2019.00, 341439), (2020.00,
326801), (2021.00, 449742),
(2022.00, 310000), (2023.00,
300000), (2024.00, 350000),
(2025.00, 320000), (2026.00,
430000), (2027.00, 420000),
(2028.00, 450000), (2029.00,
500000), (2030.00, 550000)

GRAPH(TIME) Points:
(2010.00, 29679), (2011.00,
44585), (2012.00, 39608),
(2013.00, 45354), (2014.00,
57142), (2015.00, 61155),
(2016.00, 63133), (2017.00,
92705), (2018.00, 100230),
(2019.00, 108259), (2020.00,
133761), (2021.00, 214132),
(2022.00, 149892.4), (2023.00,
160000), (2024.00, 150000),
(2025.00, 150000), (2026.00,
210000), (2027.00, 200000),
(2028.00, 210000), (2029.00,
230000), (2030.00, 240000)

GRAPH(TIME) Points:
(2010.00, 375131), (2011.00,
487724), (2012.00, 432171),
(2013.00, 384255), (2014.00,
451705), (2015.00, 567085),
(2016.00, 627559), (2017.00,
770370), (2018.00, 870875),
(2019.00, 806402), (2020.00,
811773), (2021.00, 1119275),
(2022.00, 770000), (2023.00,
740000), (2024.00, 1030000),
(2025.00, 910000), (2026.00,
910000), (2027.00, 1090000),
(2028.00, 1160000), (2029.00,
1160000), (2030.00, 1220000)

Foreign_Currency_Demand/INI
T(Foreign_Currency_Demand)

Export volumes

min by industry.

UA Sources:

https://www.uk
rstat.gov.ua/

Reflecting the
dmn | dynamics of
I changes in
demand for
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fraction_of i
mports[AGR]

fraction_of i
mports[MINI
NG]

fraction_of i

GRAPH(TIME) Points:
(2010.00, 0.163286111),
(2011.00, 0.141365084),
(2012.00, 0.208428858),
(2013.00, 0.199313622),
(2014.00, 0.19269107),
(2015.00, 0.139591666),
(2016.00, 0.158095905),
(2017.00, 0.151912735),
(2018.00, 0.14295805),
(2019.00, 0.158667677),
(2020.00, 0.154058408),
(2021.00, 0.110514493),
(2022.00, 0.1275), (2023.00,
0.1014), (2024.00, 0.1029),
(2025.00, 0.1174), (2026.00,
0.1087), (2027.00, 0.1159),
(2028.00, 0.1203), (2029.00,
0.1145), (2030.00, 0.1290)

GRAPH(TIME) Points:
(2010.00, 1.88599567),
(2011.00, 1.9480699),
(2012.00, 1.765710171),
(2013.00, 1.488262116),
(2014.00, 1.323854256),
(2015.00, 1.531747887),
(2016.00, 0.907926047),
(2017.00, 1.098649878),
(2018.00, 0.98010455),
(2019.00, 0.782342841),
(2020.00, 0.595072814),
(2021.00, 0.596734524),
(2022.00, 0.681983858),
(2023.00, 0.551), (2024.00,
0.562), (2025.00, 0.632),
(2026.00, 0.638), (2027.00,
0.667), (2028.00, 0.643),
(2029.00, 0.701), (2030.00,
0.725)

GRAPH(TIME) Points:

dmn

foreign
currency. The
greater the
growth in
demand for
foreign
currency. The
higher the rate
of growth.

Share of
imports
according to
self-calculated
data from an
official source.

Sources:
https://www.uk
rstat.gov.ua/
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mports[ MAN
UFACTURIN
€]

fraction_of i
mports_with_
policy[Industr
ies]

GDP_capacity
[Industries]

GDP_elasticit
y_of _Imports

(2010.00, 1.389139395),
(2011.00, 1.67336784),
(2012.00, 1.647605513),
(2013.00, 1.76298858),
(2014.00, 1.717559232),
(2015.00, 1.601647588),
(2016.00, 1.71559066),
(2017.00, 1.656785105),
(2018.00, 1.710808925),
(2019.00, 1.71837779),
(2020.00, 1.464080848),
(2021.00, 1.509855079),
(2022.00, 1.725548917),
(2023.00, 1.638), (2024.00,
1.493), (2025.00, 1.435),
(2026.00, 1.623), (2027.00,
1.536), (2028.00, 1.507),
(2029.00, 1.594), (2030.00,
1.623)

fraction_of imports*(1-
policy_status_3)+

fraction_of imports*0.7*policy
_status_3

labor*labor_productivity

0.95

dmn

min
UA
H/ye
ar

dmn

Share of
imports with
adjustment of
future values
according to
the policy.

Maximum
production
capacities of
industries.

GDP elasticity
reflects the
impact of GDP
on imports. In
other words, to
what extent a
change in GDP
contributes to a
change in
imports. The
coefficient is
close to 1,
which means
that the growth
of GDP will
lead to the
growth of
Imports as
much as the
GDP has
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GDP_growth_
rate[Industries

]

GDP_in_UA
H_DATA[AG
R]

GDP_in_UA
H_DATA[MI
NING]

GDP_in_UA
H_DATA[M
ANUFACTU
RING]

Import_in_U
AH_DATA[A
GR]

changed.

The indicator

Nominal_GDP/DELAY (Nomin dmn | reflects the rate
al_GDP, 0.5) | of GDP
growth.

GRAPH(TIME) Points:
(2010.00, 85341.0), (2011.00,
114894.0), (2012.00,
117335.0), (2013.00,

136368.0), (2014.00, min

165934.0), (2015.00, UA | Sources:
249012.0), (2016.00, H https://www.uk
288578.0), (2017.00, per | rstat.gov.ua/
314628.0), (2018.00, year

373753.0), (2019.00,
368109.0), (2020.00,
410974.0), (2021.00,
625004.0), (2022.00, 437502.8)

GRAPH(TIME) Points:
(2010.00, 71585.0), (2011.00,
96938.0), (2012.00, 90260.0),
(2013.00, 88602.0), (2014.00,
86014.0), (2015.00, 111220.0),
(2016.00, 144145.0), (2017.00,
190279.0), (2018.00,
226685.0), (2019.00,
232393.0), (2020.00,
204701.0), (2021.00,
369992.0), (2022.00, 258994.4)

GRAPH(TIME) Points:
(2010.00, 247942.0), (2011.00,
294824.0), (2012.00,
318064.0), (2013.00,
290024.0), (2014.00,
327651.0), (2015.00,
438702.0), (2016.00,
546930.0), (2017.00,
691861.0), (2018.00,
789727.0), (2019.00,
822705.0), (2020.00,
874436.0), (2021.00,
1119575.0), (2022.00,

783702.5)

GRAPH(TIME) Points: min

(2010.00, 13935.0), (2011.00, UA | Sources:
16242.0), (2012.00, 24456.0), H https://www.uk
(2013.00, 27180.0), (2014.00, per | rstat.gov.ua/
31974.0), (2015.00, 34760.0), year
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Import_in_U
AH_DATA[
MINING]

Import_in_U
AH_DATA[
MANUFACT
URING]

Import_Price_
growth_rate

Import_Price_
Index

(2016.00, 45623.0), (2017.00,
47796.0), (2018.00, 53431.0),
(2019.00, 58407.0), (2020.00,
63314.0), (2021.00, 69072.0),
(2022.00, 55258.0)

GRAPH(TIME) Points:
(2010.00, 135009.0), (2011.00,
188842.0), (2012.00,
159373.0), (2013.00,
131863.0), (2014.00,
113870.0), (2015.00,
170361.0), (2016.00,
130873.0), (2017.00,
209050.0), (2018.00,
222175.0), (2019.00,
181811.0), (2020.00,
121812.0), (2021.00,
220787.0), (2022.00, 176630.0)

GRAPH(TIME) Points:
(2010.00, 344426.0), (2011.00,
493349.0), (2012.00,
524044.0), (2013.00,
511309.0), (2014.00,
562760.0), (2015.00,
702646.0), (2016.00,
938308.0), (2017.00,
1146265.0), (2018.00,
1351072.0), (2019.00,
1413718.0), (2020.00,
1280245.0), (2021.00,
1690396.0), (2022.00,
1352317.0)

This indicator
reflects the

Import_Price_Index/DELAY(I dmn dynamics of
mport_Price_Index, 1) I )
changes in
import prices.
GRAPH(TIME) Points: The export
(2010.00, 118.1), (2011.00, price index is
120.6), (2012.00, 110.2), based on the
(2013.00, 101.3), (2014.00, Paasche Price
98.3), (2015.00, 89.8), dmn Index, which
(2016.00, 96.4), (2017.00, shows the

114.0), (2018.00, 112.3),
(2019.00, 100.2), (2020.00,
99.6), (2021.00, 124.6),
(2022.00, 125.1), (2023.00,
123.0), (2024.00, 122.0),

change in the
price of import
goods and
services
according to
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(2025.00, 115.0), (2026.00,
110.0), (2027.00, 105.0),
(2028.00, 106.0), (2029.00,
110.0), (2030.00, 105.0)

Index_Price_a
dj_time

indicated pric | Price_Index*Average CP_Infla
e tion*Average_DP_inflation

GRAPH(TIME) Points:
(2010.00, 3115.6), (2011.00,
3410.3), (2012.00, 3308.5),
(2013.00, 3389), (2014.00,
3091.4), (2015.00, 2870.6),
(2016.00, 2866.5), (2017.00,
2860.7), (2018.00, 2937.6),

labor[AGR] | (2019.00, 3010.4), (2020.00,
2721.2), (2021.00, 2692.7),
(2022.00, 2300), (2023.00,
1100), (2024.00, 1000),
(2025.00, 1000), (2026.00,
1300), (2027.00, 1500),
(2028.00, 1500), (2029.00,
1600), (2030.00, 1900)

GRAPH(TIME) Points:
(2010.00, 784.7), (2011.00,
800.2), (2012.00, 414.3),
(2013.00, 423), (2014.00,
382.2), (2015.00, 344.7),
(2016.00, 345.8), (2017.00,

labor[MININ | 344.6), (2018.00, 355.2),

G] (2019.00, 372.1), (2020.00,
363.4), (2021.00, 364.5),
(2022.00, 310), (2023.00, 270),
(2024.00, 240), (2025.00, 220),
(2026.00, 250), (2027.00, 250),
(2028.00, 260), (2029.00, 260),
(2030.00, 290)

laborfMANU | GRAPH(TIME) Points:

year

per
year

pers
on

the base year.

Sources:
https://www.uk
rstat.gov.ua/

The time
required to
reach the
indicated price.

The indicated
price is based
on the impact
of two types of
inflation and is
calculated as
the cumulative
impact of these
indicators.

The number of
the working
population in
three main
industries.
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FACTURING
]

labor_product
ivity[Industrie

s]

Net_Export[In
dustries]

Nominal_AD]
Industries]

Official_ER_
DATA

(2010.00, 3461.5), (2011.00,
3352.7), (2012.00, 3236.7),
(2013.00, 3170), (2014.00,
2898.2), (2015.00, 2573.9),
(2016.00, 2494.8), (2017.00,
2440.6), (2018.00, 2426),
(2019.00, 2461.5), (2020.00,
2358.6), (2021.00, 2313.2),
(2022.00, 2000), (2023.00,
1400), (2024.00, 600),
(2025.00, 900), (2026.00, 900),
(2027.00, 700), (2028.00, 700),
(2029.00, 1100), (2030.00,
1500)

(ordinary_labor_productivity+o
rdinary_labor_productivity*rein
vestment_in_technology)*(1-
policy_status_3)+
(ordinary_labor_productivity+o
rdinary_labor_productivity*poli
cy_reinvestment_in_technology
)*policy_status_3

(Exports-
Real _Imports_in_UAH)

Domestic_demand+Net_Export

GRAPH(TIME) Points:
(2010.00, 7.9768), (2011.00,
8.0522), (2012.00, 8.0653),
(2013.00, 8.2913), (2014.00,

min
UA

Labor
productivity is

H/ye | adjusted for
ar/pe | fraction of

rson

min
UA

min
UA

UA
H/U
SD

reinvestment.

Net exports are
the difference
between
exports and
imports to
reflect foreign
demand for
domestically
produced
goods.

Aggregate
demand for
goods, which
according to
economic
theory consists
of
Consumption,
Government
purchase,
Investment and
Net Export.

Sources:
https://www.uk
rstat.gov.ua/
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Official _ER_
growth_rate

ordinary_labo
r_productivity
[AGR]

ordinary_labo
r_productivity
[MINING]

16.38), (2015.00, 24.15),
(2016.00, 27.2), (2017.00,
28.11), (2018.00, 27.76),
(2019.00, 23.79), (2020.00,
28.33), (2021.00, 27.33),
(2022.00, 36.9343), (2023.00,
NaN), (2024.00, NaN),
(2025.00, NaN), (2026.00,
NaN), (2027.00, NaN),
(2028.00, NaN), (2029.00,
NaN), (2030.00, NaN)

Official ER/DELAY (Official_
ER, 1)

GRAPH(TIME) Points:
(2010.00, 29.3550199),
(2011.00, 30.6370322),
(2012.00, 27.94750913),
(2013.00, 28.0586941),
(2014.00, 36.99659659),
(2015.00, 66.22778781),
(2016.00, 96.33165543),
(2017.00, 117.4286061),
(2018.00, 137.2529862),
(2019.00, 110), (2020.00, 160),
(2021.00, 230), (2022.00, 100),
(2023.00, 100), (2024.00, 140),
(2025.00, 140), (2026.00, 160),
(2027.00, 140), (2028.00, 160),
(2029.00, 140), (2030.00, 150)

GRAPH(TIME) Points:
(2010.00, 103.5289495),
(2011.00, 112.4537524),
(2012.00, 171.8687747),
(2013.00, 137.0661133),
(2014.00, 136.2616071),
(2015.00, 221.5061105),
(2016.00, 376.742437),
(2017.00, 581.8124916),
(2018.00, 706.7690006),
(2019.00, 738.3701532),
(2020.00, 737.9556384),
(2021.00, 1258.84231),
(2022.00, 670), (2023.00, 460),

dmn

min
UA
H/ye
ar/pe
rson

The rate of
growth of the
exchange rate
shows the
dynamics of
the change in
the official
exchange rate.

The labor
productivity of
one worker per
year.
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ordinary_labo
r_productivity
[MANUFAC
TURING]

policy effect
of internation
al_investment

Policy Expect
ed value of
ER

(2024.00, 430), (2025.00, 570),
(2026.00, 700), (2027.00, 640),
(2028.00, 700), (2029.00, 710),
(2030.00, 720)

GRAPH(TIME) Points:
(2010.00, 65.60614944),
(2011.00, 91.33591962),
(2012.00, 81.15815483),
(2013.00, 76.82664854),
(2014.00, 92.94693021),
(2015.00, 162.9420552),
(2016.00, 283.2858842),
(2017.00, 429.9656908),
(2018.00, 524.6307102),
(2019.00, 560.5464086),
(2020.00, 571.3930341),
(2021.00, 706.2310683),
(2022.00, 400), (2023.00, 280),
(2024.00, 370), (2025.00, 370),
(2026.00, 520), (2027.00, 670),
(2028.00, 760), (2029.00, 800),
(2030.00, 860)

GRAPH(TIME) Points:
(2023.000, 0.300), (2023.700,
0.300), (2024.400, 0.350),
(2025.100, 0.350), (2025.800,
0.298), (2026.500, 0.246),
(2027.200, 0.250), (2027.900,
0.250), (2028.600, 0.200),
(2029.300, 0.200), (2030.000,
0.150)

GRAPH(TIME) Points:
(2010.00, 0.978), (2011.00,
0.978), (2012.00, 1.000),
(2013.00, 1.166), (2014.00,
1.227), (2015.00, 1.238),
(2016.00, 1.210), (2017.00,
1.144), (2018.00, 1.028),
(2019.00, 0.934), (2020.00,
1.133), (2021.00, 0.950),
(2022.00, 1.088), (2023.00,
1.110), (2024.00, 1.077),
(2025.00, 1.177), (2026.00,
1.166), (2027.00, 1.144),
(2028.00, 1.116), (2029.00,

dmn

dmn

According to
the basic
scenario, in the
first months of
the post-war
period, it is
necessary to
raise the rate,
and then
gradually
adjust it with a
downward
trend.

Future
expectations of
the population
depend on
many factors.
According to
the base
scenario,
expectations
are expected to
improve due to
the end of the
war, the
attraction of
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1.110), (2030.00, 1.122)

policy_reinve
stment_in_tec 0.2
hnology

policy_start_ti
me

2022

IF(policy_switch_1=1)AND(po
licy start_time<TIME)THEN(1
)ELSE(0)

policy_status
1

IF(policy_switch_2=1)AND(po
licy start_time<TIME)THEN(1
)ELSE(0)

policy_status_
2

dmn

year

dmn

dmn

infections, and
the return of
the workforce.

The future
policy
envisages an
increase in the
investments
involved to
increase the
production
capacity of
enterprises of
the industries.

Year of
introduction of
the policy. By
default, the
start of the
policy is 2022.
However, other
years of policy
implementation
are also
possible.

To activate the
status of the
policy, itis
necessary that
two conditions
be fulfilled -
the inclusion of
the policy
switch and the
determination
of the time
period of the
policy's
application.

To activate the
status of the
policy, it is
necessary that
two conditions
be fulfilled -
the inclusion of
the policy
switch and the
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policy_status_
3

policy_switch
1

policy_switch
2

policy_switch
3

IF(policy_switch_3=1)AND(po
licy start_time<TIME)THEN(1

)ELSE(0)

0

0

0

dmn

dmn

dmn

dmn

determination
of the time
period of the
policy's
application.

To activate the
status of the
policy, it is
necessary that
two conditions
be fulfilled -
the inclusion of
the policy
switch and the
determination
of the time
period of the
policy's
application.

The value of
the policy
switch can only
beOorl,
where 0 - the
policy is not
implemented,
and 1 - the
policy is
applied.

The value of
the policy
switch can only
beOorl,
where 0 - the
policy is not
implemented,
and 1 - the
policy is
applied.

The value of
the policy
switch can only
beOor1l,
where 0 - the
policy is not
implemented,
and 1 - the
policy is
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price_elasticit
y_of_Imports

Producer_Pric
e_Index

Real _GDPJIn

dustries]

Real GDP_D
ATA[AGR]

-0.1

GRAPH(TIME) Points:
(2010.00, 1.187), (2011.00,
1.142), (2012.00, 1.003),
(2013.00, 1.017), (2014.00,
1.318), (2015.00, 1.254),
(2016.00, 1.357), (2017.00,
1.165), (2018.00, 1.142),
(2019.00, 0.926), (2020.00,
1.145), (2021.00, 1.622),
(2022.00, 1.800), (2023.00,
1.700), (2024.00, 1.650),
(2025.00, 1.500), (2026.00,
1.600), (2027.00, 1.400),
(2028.00, 1.300), (2029.00,
1.200), (2030.00, 1.210)

Nominal_GDP/Deflator GDP

GRAPH(TIME) Points:

(2010.00, 78294.49541),
(2011.00, 103508.1081),
(2012.00, 109352.2833),
(2013.00, 131375.7225),
(2014.00, 135677.8414),
(2015.00, 160033.419),

(2016.00, 263061.0757),
(2017.00, 282684.6361),

dmn

dmn

min
UA
Hlye
ar

min
UA

per
year

applied.

The price
elasticity of
imports reflects
the impact of
price changes
on imports. The
relationship is
inverse,
meaning that
an increase in
price reduces
imports by
10%.

The producer
price index
reflects the
level of
changes in the
prices of raw
materials,
materials and
intermediate
consumption
goods, which
affect the cost
of goods
produced by
national
manufacturers.

Sources:
https://www.uk
rstat.gov.ua/

Real GDP is
calculated by
dividing
nominal GDP
by the deflator.

Sources:
https://www.uk
rstat.gov.ua/
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Real GDP_D
ATA[MININ
€]

Real GDP_D
ATA[MANU
FACTURING

]

(2018.00, 339775.4545),
(2019.00, 376389.5706),
(2020.00, 333042.1394),
(2021.00, 476738.3677),
(2022.00, 435759.761),
(2023.00, 435759.761),
(2024.00, 435759.761),
(2025.00, 435759.761),
(2026.00, 435759.761),
(2027.00, 435759.761),
(2028.00, 435759.761),
(2029.00, 435759.761),
(2030.00, 435759.761)

GRAPH(TIME) Points:

(2010.00, 60358.34739),
(2011.00, 79197.71242),
(2012.00, 94020.83333),
(2013.00, 86272.63875),
(2014.00, 74729.80017),
(2015.00, 79670.48711),
(2016.00, 103701.4388),
(2017.00, 132691.0739),
(2018.00, 192105.9322),
(2019.00, 219860.9272),
(2020.00, 228460.9375),
(2021.00, 206123.6769),
(2022.00, 208530.1127),
(2023.00, 208530.1127),
(2024.00, 208530.1127),
(2025.00, 208530.1127),
(2026.00, 208530.1127),
(2027.00, 208530.1127),
(2028.00, 208530.1127),
(2029.00, 208530.1127),
(2030.00, 208530.1127)

GRAPH(TIME) Points:

(2010.00, 240253.876),

(2011.00, 281052.4309),
(2012.00, 276337.0982),
(2013.00, 275165.0854),
(2014.00, 254585.0816),
(2015.00, 304865.8791),
(2016.00, 460378.7879),
(2017.00, 587318.3362),
(2018.00, 698255.5261),
(2019.00, 794116.7954),
(2020.00, 828849.2891),
(2021.00, 868560.8999),
(2022.00, 636122.1591),
(2023.00, 636122.1591),

94




(2024.00, 636122.1591),
(2025.00, 636122.1591),
(2026.00, 636122.1591),
(2027.00, 636122.1591),
(2028.00, 636122.1591),
(2029.00, 636122.1591),
(2030.00, 636122.1591)

GRAPH(TIME) Points:
(2010.00, 12784.40367),
(2011.00, 14632.43243),
(2012.00, 22792.17148),
(2013.00, 26184.9711),
(2014.00, 26143.90842),
(2015.00, 22339.33162),
(2016.00, 41588.87876),
(2017.00, 42943.39623),
(2018.00, 48573.63636),
Real_Import_ |(2019.00, 59720.8589),
DATA[AGR] |(2020.00, 51307.94165),
(2021.00, 52686.49886),
(2022.00, 55037.84861),
(2023.00, 55037.84861),
(2024.00, 55037.84861),
(2025.00, 55037.84861),
(2026.00, 55037.84861),
(2027.00, 55037.84861),
(2028.00, 55037.84861),
(2029.00, 55037.84861),
(2030.00, 55037.84861)

GRAPH(TIME) Points:
(2010.00, 113835.5818),
(2011.00, 154282.6797),
(2012.00, 166013.5417),
(2013.00, 128396.2999),
(2014.00, 98931.36403),
(2015.00, 122035.1003),
(2016.00, 94153.23741),
(2017.00, 145781.0321),
Real _Import_ |(2018.00, 188283.8983),
DATA[MINI |(2019.00, 172006.6225),
NG] (2020.00, 135950.8929),
(2021.00, 123001.1142),
(2022.00, 142214.1707),
(2023.00, 142214.1707),
(2024.00, 142214.1707),
(2025.00, 142214.1707),
(2026.00, 142214.1707),
(2027.00, 142214.1707),
(2028.00, 142214.1707),
(2029.00, 142214.1707),

min | Sources:
UA | https://www.uk
H rstat.gov.ua/
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Real _Import_
DATA[MAN
UFACTURIN
€]

Real _Imports
_growth_rate[
Industries]

Real _Imports
_in_USDIInd
ustries]

reinvestment
in_technology

Relative_Pric
e_Index

(2030.00, 142214.1707)

GRAPH(TIME) Points:

(2010.00, 333746.124),

(2011.00, 470304.0991),
(2012.00, 455294.5265),
(2013.00, 485112.9032),
(2014.00, 437264.9573),
(2015.00, 488287.6998),
(2016.00, 789821.5488),
(2017.00, 973060.2716),
(2018.00, 1194581.786),
(2019.00, 1364592.664),
(2020.00, 1213502.37),

(2021.00, 1311401.086),
(2022.00, 1097659.903),
(2023.00, 1097659.903),
(2024.00, 1097659.903),
(2025.00, 1097659.903),
(2026.00, 1097659.903),
(2027.00, 1097659.903),
(2028.00, 1097659.903),
(2029.00, 1097659.903),
(2030.00, 1097659.903)

TREND(Real_Imports_in_USD
, 1)

Real _Imports_in_UAH/Official

_ER

0.05

((CPI_UKR/INIT(CPI_UKR))/(
CPI_WORLD/INIT(CPI_WOR
LD)))/

(Official_ ER_growth_rate)

per
year

min
us
Dlye
ar

dmn

dmn

Volumes of
real imports
expressed in
foreign
currency.

The share of
reinvested
profit in the
development
and technology
of domestic
production.

Relative price
shows how
much price
growth in one
country is
higher or lower
than in another.
Or how price
growth in
Ukraine differs
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from price
changes in the
world.

The terms of
trade reflect the
ratio of export
prices to import

prices,
Export_Price_Index/Import_Pri dmn | measuring the
TOT
ce_Index I change
between
inflows and
outflows of
foreign
currency.
The total
indicator of the
real volume of
imports in the
. national
Total_Real_| Real_lmports_!n_UAH[AGR]+ min | currency for all
) Real _Imports_in_UAH[MININ .
mports_in_U . UA sectors, which
AH G]+Real_Imports_in_UAH[M H i< necessary o
ANUFACTURING] >sary
determine the
initial value of
the demand for
the foreign
currency.
Cumulative
Total Real | Real _Imports_in_USD[AGR]+ min | volume of
Moors in US Real_Imports_in_USD[MININ US |importsin
DpD ATA G]+Real_Imports_in_USD[MA D/ye foreign
- NUFACTURING] ar | currency by all
industries.
Run Specs
Start Time 2010
Stop Time 2030
DT 1/4
Fractional DT True
Save Interval 0.25
Sim Duration 1.5
Time Units Year
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Pause Interval 0

Integration Method Euler
Keep all variable results True
Run By Run

Calculate loop dominance information | True
Exhaustive Search Threshold 1000

Array Dimension  Indexed by Elements

AGR
Industries Label (3) | MINING
MANUFACTURING

Custom Unit Aliases Equation
US Dollars g SD

kilowatt hours per day kWh/day
kilowatts kilowatt | kW

Per Year 1/year
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APPENDIXES
APPENDIX A

Figure A.1. All model sectors
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APPENDIX B

Table B.1. Data for Export and Import by industry

Mining Manufacturing | AGR Mining Manufact. | AGR
2010 | Export 29679 375131 33590 | Import 135009 344426 13935
2011 | Export 44585 487724 47180 | Import 188842 493349 16242
2012 | Export 39608 432171 77343 | Import 159373 524044 24456
2013 | Export 45354 384255 75524 | Import 131863 511309 27180
2014 | Export 57142 451705 110795 | Import 113870 562760 31974
2015 | Export 61155 567085 185799 | Import 170361 702646 34760
2016 | Export 63133 627559 216795 | Import 130873 938308 | 45623
2017 | Export 92705 770370 | 253619 | Import 209050 1146265 | 47796
2018 | Export 100230 870875 277789 | Import 222175 1351072 53431
2019 | Export 108259 806402 341439 | Import 181811 1413718 58407
2020 | Export 133761 811773 326801 | Import 121812 1280245 63314
2021 | Export 214132 1119275 | 449742 | Import 220787 1690396 69072
2022 | Export 149892.4 783492.5 | 314819.4 | Import 176629.6 1352317 | 55257.6

Table B.2. Data for Net Export and GDP by industry

Mining Manufact. AGR Mining Manufact. AGR
2010 | Net Export -105330 30705 19655 | GDP 71585 247942 85341
2011 | Net Export -144257 -5625 30938 | GDP 96938 294824 114894
2012 | Net Export -119765 -91873 52887 | GDP 90260 318064 117335
2013 | Net Export -86509 -127054 48344 | GDP 88602 290024 136368
2014 | Net Export -56728 -111055 78821 | GDP 86014 327651 165934
2015 | Net Export -109206 -135561 151039 | GDP 111220 438702 249012
2016 | Net Export -67740 -310749 171172 | GDP 144145 546930 288578
2017 | Net Export -116345 -375895 205823 | GDP 190279 691861 314628
2018 | Net Export -121945 -480197 224358 | GDP 226685 789727 373753
2019 | Net Export -73552 -607316 283032 | GDP 232393 822705 368109
2020 | Net Export 11949 -468472 263487 | GDP 204701 874436 410974
2021 | Net Export -6655 -571121 380670 | GDP 369992 1119575 625004
2022 | Net Export -26737.2 -568824 | 259561.8 | GDP 258994 .4 783702.5 | 437502.8
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