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The assessment of investment efficiency, as a vital determinant of sectoral economic growth,
constitutes a fundamental basis for formulating long-term development strategies for the
mining sector. The purpose of this exploratory study is to measure the efficiency of
investments in fixed capital in the mining industry, which occupies an important place in the
structure of Azerbaijan's exports, using a more progressive method. Cross-correlation and the
lagged investment efficiency index proposed by the author were used as methods. As a result,
it was determined that investments in fixed capital within Azerbaijan's mining industry begin
to reflect in industry output after a six-year period. The lagged investment efficiency index
was calculated on the basis of this information and was divided into three divisions. Investment
efficiency was assessed differently in the divisions. Although inefficiency was observed in
division 1, efficiency was seen in divisions 2 and 3. Since the lag-based investment efficiency
index is a macroeconomic proportional analysis methodology, it can be concluded that the
balance between the investment-output proportion in the Azerbaijani mining industry has been

maintained.

1. INTRODUCTION

The main factors characterizing the economic development
of countries have always been of interest to economists.
Especially after force majeure events such as the Global
Financial Crisis and the COVID-19 pandemic, the analysis of
economic development has become somewhat more relevant.
It should be noted that investments are being evaluated as one
of the factors that play an important role in the development of
the national economy [1-3]. However, in an economic reality
where resources are limited and demands are endless, the
efficiency of investments comes to the fore as an important
factor. This is why studying the efficiency of investments is
vital, especially for developing countries.

The efficiency of investments in different sectors has been
studied by a number of researchers. Some researchers have
studied the efficiency of investments in a specific sector, while
others have made a comparative analysis of the efficiency of
investments in different sectors. For example, Shmatkovska et
al. [4] examined the efficiency of investments in the
agricultural sector, and Kapsoli et al. [5] examined the
efficiency of investments in infrastructure. On the other hand,
Qazi and Ammad [6] examined the efficiency of investments
in sectors such as energy, agriculture, wholesale and retail
trade, services, manufacturing, infrastructure, finance and
insurance, mining and quarrying, and construction, and Binh
[7] examined the efficiency of investments in sectors such as
agriculture, forestry and fisheries, industry and construction,
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and services.

The mining industry as a whole is of essential importance in
the activities of various sectors of the economy and in
providing society with essential raw materials [8, 9]. This
industry mainly combines metal and energy raw materials [10].
However, the author might state a literature gap regarding the
efficiency of investments across sectors in Azerbaijan. In
general, studies have been conducted on the renewable energy
sector [11], oil and gas sector [12], banking sector [13], as well
as tourism sector [14] and agricultural sector [15] in
Azerbaijan. Yet, there is a gap in measuring the efficiency of
investments, especially in the mining industry.

The main objective of the study is to measure the efficiency
of investments in the mining industry of Azerbaijan.
Azerbaijan's rich oil and gas deposits have also characterized
the development of the mining industry. For this reason,
measuring the efficiency of investments in the sector in
question is also significant.

The novelty of the exploratory study is mainly focused on
the calculation of efficiency with a new method, such as the
investment  efficiency index, formulated through
macroeconomic proportional analysis based on cross-
correlation, proposed by the author.

The research aims to address the following questions:

RQ1: What is the lag time of fixed capital investments in
the Azerbaijani mining industry?

RQ2: Are fixed capital investments in the Azerbaijani
mining industry efficient?


https://orcid.org/0000-0003-1441-440X
https://crossmark.crossref.org/dialog/?doi=10.18280/ijsdp.200931&domain=pdf

These two research questions will determine the main
directions of the work.

2. LITERATURE REVIEW

Investment lags characterize the number of years after
which investments affect some other factor. Several studies
have analyzed investment lags. For example, according to
research by the Australian Bureau of Agricultural and
Resource Economics (ABARE), in a study conducted within
the Australian mining industry, investments in a new mining

project affect mining output with an average lag of 3 years [16].

Campbell [17] studied the companies on the InformationWeek
Top 500 list and found that IT investments affect companies'
performance benefits with an average lag of 3-4 years.
Provenzano and Bull [ 18] note in their research on the African
continent that the start of new mines affects the development
of urban areas located within 20 km of those mines by about 2
times after 15 years. It should be noted that the opening of new
mines results in investment in this area. Therefore, here the
delayed impact of investments directed to the opening of new
mines on the development of cities around these mines is
analyzed.

Table 1. Research on investment lags

Refs. Analyses Result
. . Investment growth in
Aggregéilfp?rlillqi-Serles, Agriculture, Forestry and
Intertemporal M’o del of Fisheries, Wholesale Trade,
[19] Country-Investment Transpgrt, POS@ and .
(and the Current Warehousing and Fm.anc:lal
Account) to a Sectoral- and Insurar}ce SCIVICEs
Level responded with a one-year
lag.
Pallsamitall ridlbies) Foreign investments affect
[20] Lag Model the country's economy with a
2-year lag.
Investments in tangible assets
show their impact after
Non-Linear Poisson- gpproximate@y .8_9 years,
[21] Lag Structure Model investments in intangible
assets after approximately 12
years, and investments in ICT
after approximately 14 years.
R&D investments have a
[22] Panel Regression positive effect on the market
Analysis value of firms over a certain
lag.
Lag periods of R&D
investments to enterprise
value in automobile
. . manufacturing are equal to or
[23] Regression Analysis greater than gg years. The lag
period of R&D investments in
the Internet industry is 4
years.
Panel Vector Chinese investrnen.t directly
[24] AutrereEe Mokl affects the economic grovyth
(PVAR) of Belt flnd Rpad developing
countries with a 6-year lag
Dynamic Panel Investments in IT have an
[25] Approach of impact on a firm's
Generalized Method of performance after the first
Moments year.

Source: compiled by the author

Since the first research question of the study was to
determine the investment lag in fixed capital in the mining

4026

industry in Azerbaijan, some of the studies that include
investment lags in accordance with the research question can
be seen more clearly in Table 1.

As can be seen from Table 1, a number of researchers have
analyzed how many years later investments in different sectors
show themselves in some other variable or the lagged effect of
investment.

Since the second research question is related to the
efficiency of investments, it is also necessary to investigate the
analysis in this direction. A number of researchers have
conducted studies in this field [26-28]. For example, Zeng et
al. [29] use DEA analysis in their study to find that the
efficiency of investments in the new energy industry in China
is somewhat low.

Campano et al. [30] analyzed the efficiency of investments
in 27 European countries using the Incremental Capital-Output
Ratio (ICOR). As a result, the efficiency of investments in
each country can be clearly observed.

At the same time, Ma [31] used DEA analysis to find that
there is some variability in the effectiveness of clean energy
investments in China, which decreases in some years and
increases in other years.

Faizza [32] uses ICOR in his study and notes that
investment efficiency in East Java, Indonesia, is higher than in
other regions.

Table 2. Research on investment efficiency

Refs. Analyses Result
Investment/GDP Ratio, Inves.tment efficiency in Ch_ina is
. showing better results than in the
[33] Incremental Capital- . .
Output Ratio (ICOR) Newly Industnahzeq Countries of
East Asia.
According to the Malmquist index,
Sichuan Province has high
investment efficiency in 9
Incremental Capital- industries (including mining) out
[34] Output Ratio (ICOR), of 14 industries.
Malmquist index The ICOR analysis shows that
investment efficiency in Sichuan
province has been declining over
the years.
Investments directed at the
[35] Incremental Capital- economy of some regions are more
Output Ratio (ICOR)  effective than those directed at
other regions
. The efficiency of investments
[36] sl Copil- directed at the economy is
Output Ratio (ICOR) .
relatively weak.
[37] Data envelopment  Investment efficiency in the food
analysis (DEA) sector is low
[7] it o el inciza\l/:esctirzz?;sesﬁj;;iegsg she;::iors
Output Ratio (ICOR) .
over time.

There has been a slight decline in
the efficiency of investments in
agriculture in the post-pandemic

[38] Incremental Capital- period. However, efficiency is still
Output Ratio (ICOR) observed in overall investments.
This is because the agricultural
sector in the region is more labor-
intensive than capital-intensive.
[39] Incremental Capital- Investments in the tourism sector
Output Ratio (ICOR) have been effective
SBM-DEA Method, The efficiency of green investment
[40]  Spatial Autoregressive is low in enterprises that pollute

Models the environment a lot
Source: compiled by the author




Studies by wvarious scholars on investment efficiency
analysis are reflected in the table (Table 2).

Although these studies measure the efficiency of
investments, some of them almost do not take into account the
lags of investments. This can lead to certain errors. That is why,
in this study, it may be necessary to propose an efficiency
index that takes into account the lags of investments in order
to obtain better results.

3. MATERIALS AND METHODS

The methodological basis will be the author's calculations
based on official data of the State Statistical Committee of the
Republic of Azerbaijan. The quantitative method will be used
in the research work. Thus, cross-correlation will be used to
calculate the lags of investments in fixed capital in the mining
industry, and a slightly different version of ICOR, which is
considered a macroeconomic proportional ratio, will be used
to calculate the efficiency of these investments. The novelty of
the research is the use of a more progressive method formed
from the unity of these two methods.

First, as mentioned, cross-correlation will be used to clarify
how many years later investments in fixed capital in the
mining industry affect the output of the mining industry.
Bourke [41] notes that cross-correlation shows the correlation
between two variables. In this case, while keeping one variable
constant, lags are added to the other variable. Ausloos et al.
[42] analyze the relationship between foreign direct
investment and GDP by holding one variable constant and
adding lags to the other, which they call the adjusted Pearson
correlation to allow for the introduction of time lags. However,
the formula that the researchers specifically mention is the
classic cross-correlation formula. Therefore, cross-correlation
will be used to find the lag of the impact of fixed capital
investment in the mining industry.

_ Z{=k+1(xt =)Wtk — )
VI i1 G =02 VBT 1 O — 7)?
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In the framework of the study, here x is the output of the
mining industry, y is the investment in fixed capital in the
mining industry, and y. is the lagged indicator of investment
in fixed capital in the mining industry. In some methods, when
adding lag, it is usually observed that the maximum lag
indicator is taken as one-fourth of the sample size [43]. This
means that it is recommended that the added lag not exceed
this limit. For this reason, the sample size in the research study
will be divided by 4. In general, this method is used not only
in the field of economics, but also in other fields, which
characterizes the method's applicability in various fields of
science [44-48]. Finding the appropriate lag during cross-
correlation is characterized as the lag that gives the highest
value [49]. In some literature, it is observed that the first
significant lag is also taken as the basis [50]. This study will
be based on the lag that yields the highest value. An analysis
of the relevant literature characterizes a correlation coefficient
greater than 0.6 as a strong relationship [51-53]. Therefore, the
threshold for identifying strong correlations was set at 0.6. The
Gretl program (version 2025 b) will be used in the
visualization process, at the same time as calculating the cross-
correlation and some relevant tests.

In the study, fixed capital investments in the mining
industry were coded as Inv_FA, and output in the mining
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industry was coded as Min_ Out. First, it is necessary to
conduct a normality test of the variables, which is reflected in
the table below (Table 3). It should be noted that conducting
correlations with constant values makes the results more
reliable. For this reason, normality tests were initially
conducted on constant values of the variables. However, due
to the violation of the normality hypotheses, nominal values
were used.

Table 3. Test for normality of Inv_FA and Min_Out

Result P Value Result P Value
Inv_FA Min_Out
Doornik-Hansen 0.2772 0.871 4.1433 0.126
Shapiro-Wilk W 0.9726 0.731 0.9195 0.057
Lilliefors 0.1200 ~=0.49 0.1151 ~=0.55
Jarque-Bera 0.3723 0.830 3.8016 0.149

Source: calculated by the author

The calculations show that both variables are normal. The
p-value of the normality tests for both variables is higher than
0.05 [54]. This means that the cross-correlation method can be
used.

It should be noted that, in order to provide more reliable and
interpretable results, several transformations of the investment
and output series were tested, including first differences and
log growth rates. However, these transformations produced
strong deviations from normality (Shapiro-Wilk, p < 0.05),
which made Pearson-type cross-correlation statistically
inappropriate. For this reason, the analysis was conducted on
level series that preserved both normality and the temporal
structure necessary to identify the relationship between
investment and output.

The next step is to find the investment efficiency using a
slightly different method from ICOR. In a number of studies,
it is possible to see that the indicator has changed while
maintaining the basic principle of ICOR [55, 56]. ICOR
measures the efficiency of investments as a whole, and the
higher its value, the lower the investment efficiency [57].
Usually, the measurement of ICOR in the classical sense is as
follows [28, 58]:

AK 1

ICOR:Ayzﬁ

2

Here, AK is the change of Gross Fixed Capital Formation, /
is the gross investment, and AY is the change in output, usually
GDP. The study presents an alternative investment efficiency
index using the inverse of the classical ICOR indicator, which
is considered an important macroeconomic proportional
indicator.

9

i

IEI = 3)

Here, gy is the arithmetic mean annual growth rate of
output in the sector and g; is the arithmetic average annual
growth rate of fixed capital investments in the sector, which in
the context of the study is the mining industry. However, an
important issue here is the lag factor. It is expected that this
formula will be applied after finding the lag, in which case the
formula takes the following form.

IEI oy = g"i

It—1,

4)



Here, g, is the lag investment indicator. Higher values
indicate greater output growth per unit of previous investment
growth.

IEI 144 = 1 indicates a proportional (neutral) response;

IEI 144> 1 indicates a super-proportional response (greater
investment efficiency);

IEI 144 < 1 indicates a sub-proportional response (lower
investment efficiency).

However, an important aspect here is the interpretation of
negative indicators.

Negative investment, positive output-this may indicate, first
of all, a short-term increase in the efficiency of capital use due
to the activation of underutilized opportunities. Although the
occurrence of such a situation reflects not the efficiency of
new investment flows, but the higher productivity of existing
assets, it still represents a short-term and temporary efficient
stage in the investment-output relationship.

Positive investment, negative output-The main reason for
this is precisely the inefficiency of investments and the
suboptimal allocation of resources. Therefore, the negative
indicator that arises in such a case should be considered as
inefficiency.

Negative investment, negative output-both variables
decrease at the same time, usually reflecting broader economic
downturns or external shocks. However, here, the concept of
relative efficiency can be formed. Thus, the ratio of these two
negative indicators, characterizing economic contraction,
gives a positive number, which requires some additional
interpretation. If both variables are negative, then the value
IEI 144 <1 indicates relative efficiency, since output decreases
by a more moderate amount than investment.

At the same time, if both variables are negative, then the
value [EIl ;;; > 1 indicates relative inefficiency, since
investment decreases by a more moderate amount than output.

4. RESULT AND DISCUSSION

Within the framework of the first research question, it is
necessary to find out the lag in fixed capital investments in the
mining industry of Azerbaijan.

Provenzano and Bull [18] calculated the lag effect of
investments in the mining industry on the development of
cities around the mines and found that there was a nearly 2-
fold development over 15 years.

However, in this study, the lag effect of investments in fixed
capital in the mining industry of Azerbaijan on the output of
the mining industry will be analyzed. For this, the period 2000-
2023 was selected.

The main purpose of choosing this period is related to the
continuation of the shock therapy factor in Azerbaijan until the
2000s and the completion of the economy's recovery after
approximately 2000. This can be considered one of the main
limitations of the study.

One more limitation should be noted. As it is clear from the
methodology section, this study uses cross-correlation
analysis as the main tool to identify the temporal relationship
between investment and output.

This method was deliberately chosen because it allows us to
reveal the structure and direction of the association without
imposing strict model assumptions.

Although cross-correlation provides a clear and intuitive
understanding of the time dynamics between investment and
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output, future studies could complement this approach with
causality-based econometric models (e.g., Granger or ARDL
tests) to further validate and deepen the results.

The table shows the cross-correlation results of 6 lags added
to fixed capital investments in the mining industry (Table 4).

It can be seen from the table that the high lag value is
determined at lag 6. Here, the 74 result is determined as 0.8595.
This correlation coefficient characterizes the presence of a
strong relationship.

On the other hand, the heatmap shows the same result
(Figure 1). The heatmap shows that the highest lag value
appears exactly when lag is 6 (the darkest red colour).

Table 4. Cross-correlation coefficients, using the
observations 2006-2023

Inv_ Inv_F Inv_F Inv_F Inv_F Inv_F Inv_F Min_

FA A1 A2 A3 A4 A5 A6 Out
1.000 0.8544 0.6392 0.4694 0.2835 0.1784 0.2171 0.1931 Inx_F
1.0000 0.8651 0.6566 0.4788 0.3026 0.1991 0.2461 IZV—IF
Inv F
1.0000 0.8651 0.6606 0.4952 0.3331 0.3761 A
1.0000 0.8764 0.6921 0.5433 0.4341 IKVBF
1.0000 0.8919 0.7276 0.5281 IZV—“F
Inv_F
1.0000 0.9045 0.7717 AS
Inv_F
1.0000 0.8595 A6
1.0000 Min-_©
ut
Source: calculated by the author
1
Inv_FA 03 02 02 0.2
Inv_FA_1 05 03 02 02 08
Inv_FA_2
9 06
Inv_FA_3 4 05
Inv FA 41 03
e —4 04
Inv FA_S 4 02
Inv FA 6 4 02 102
Min_Out | 02
T . — 0
F & & e S

Figure 1. Heatmap of the cross-correlation coefficients

Table 5. Student t-critical test

Ik T-Value T-Critical** T-Critical***
0.8595 6.72619756 2.11991 2.92078

Note: ** 95 percent confidence level, *** 99 percent confidence level
Source: calculated by the author

However, it is also necessary to conduct a Student t-test to
test the significance of the obtained coefficient (Table 5) [54].

As a result of the Student t-critical test, it can be noted that
the obtained coefficient is significant. Because the t-value is
greater than both the t-critical value at the 95 percent
confidence level and the t-critical value at the 99 percent
confidence level. Therefore, it can be noted that investments



in fixed capital in the mining industry in Azerbaijan affect
output after 6 years (lag=0).

For comparison, it should be noted that this lag is 3 years
longer than the average investment lag in Australian mines, as
according to ABARE research, the average investment lag in
the Australian mining industry is 3 years [16].

At the same time, this lag is 5 years longer than the
investment lag in various sectors of the economy in New
Zealand. Thus, Razzak [19] in his study concluded that the
investment lag in the agriculture, forestry and fishing,
wholesale trade, transport, postal and warehousing, and
financial and insurance services sectors of the economy in
New Zealand is 1 year. However, the lag analysis for the
mining industry was not conducted here.

On the other hand, the lag obtained for Azerbaijan is
approximately 2-3 years shorter than the lag period of
investments in tangible assets in European countries. As a
result of a study conducted by Grebel and Nesta [21] for 12
European countries, it was determined that the lag period of
investments in tangible assets in these countries is 8-9 years
on average.

The result obtained is somewhat close to that of Xie et al.
[23]. Thus, the researchers concluded that the lag period of
R&D investments in automobile manufacturing in China can
be equal to or higher than 5. Although automobile
manufacturing is considered an industry, it has different
specificities from the mining industry. On the other hand, the
investments made here are R&D investments, unlike
investments in fixed assets. In general, the method of
calculating lags is different in each article and is not identical
to the method in this study.

The next research question will measure the efficiency of
fixed capital investments in the mining industry in Azerbaijan.
The proposed method will be used for this. Taking into
account the lag of 6, the efficiency is calculated in the
following table (Table 6).

Table 6. Efficiency index of fixed capital investments in the
mining industry in Azerbaijan

Inv_FA Min_Out Avglnv_FA Avg Min_Out IEL

Years Years Growth Growth i
1 2000-2006 2006-2012 45.17% 19.47% 0.43
2 2006-2012 2012-2018 4.72% 7.71% 1.63
32012-2018 2018-2023" 9.16% 14.12% 1.54

Source: calculated by the author; n: The last period (2018-2023) is
incomplete due to the absence of 2024 data

Growth rates for investment were calculated from 2001
relative to 2000, while for output, calculations started from
2007 relative to 2006, reflecting a 6-year lag to capture the
lagged impact of investment on output. The average annual
growth rate was then obtained as the arithmetic mean of all
year-to-year growth rates in each 7-year window. The IEls
was finally obtained as the ratio of average output growth to
average investment growth. Although inefficiency of
investments was observed in division 1, efficiency of
investments was observed in divisions 2 and 3. It should be
noted that the third section is incomplete due to the lack of data
for 2024 at the time of analysis. Therefore, the corresponding
value should be interpreted with caution, reflecting a five-year
period rather than a full six-year period. The mining industry
also characterizes oil and gas production. These sectors
contain the most foreign direct investments and modern
technology transfers in Azerbaijan. Therefore, an increase in
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efficiency is observed over the years.

This brings to the fore a somewhat similar picture to other
analyses. Thus, Li [34] found in his study that 9 sectors,
including the mining industry in Sichuan Province, China,
have high investment efficiency. According to the researcher’s
result, the Malmquist index value of the investment efficiency
of the mining industry in Sichuan Province, China, is 1.124,
which makes the investment efficiency of the mining industry
ranked 3rd among the investment efficiency of the 14 sectors
studied. However, the researcher used the Malmquist index
here, which is different from our method.

On the other hand, Ateljevic et al. [39] used ICOR, which is
somewhat similar to the research method here, and found that
investments in the tourism sector in Bosnia and Herzegovina
were effective. The study showed that the ICOR calculated for
the tourism sector in Bosnia and Herzegovina decreased from
0.17 in 2017 to 0.12 in 2022, which implies an increase in the
efficiency of investments.

The results obtained are actually an important
macroeconomic proportion. In fact, there is a ratio between the
two indicators here, which corresponds to the specifics of the
macroeconomic proportion. The important direction here is
precisely the preservation of this balanced proportion. That is,
the fact that the average growth rate of the sector's output is
not higher than or at least equal to the average growth rate of
investments in that sector is an indicator of disproportionality.
In other words, this situation is a disruption of the balance
between the investment-output proportion. From this, it can be
characterized that proportionality is maintained between
investments in fixed capital and the output of Azerbaijan's
mining industry.

5. CONCLUSIONS

In the period of uncertainty in the international economy,
the efficient use of investments is necessary. Investments are
an indispensable factor for the sustainable development of the
economy, including its various sectors. The mining industry
can be considered a very important sector within the
framework of being a supplier of raw materials to the main
sectors of the economy and meeting the necessary needs of
society. Since Azerbaijan is a country that exports oil and gas,
finding the efficiency of investments in the mining industry
here can act as an important indicator in the preparation of
strategic plans that include the main vectors of economic
development in the long term.

The lag of fixed capital investments in the mining industry
in Azerbaijan has been determined as 6 years. In parallel, high
investment efficiency was observed. In fact, the use of the ratio
of two economic indicators when calculating efficiency
characterizes the presence of macroeconomic proportionality
here. A high lag investment efficiency index indicates that
macroeconomic proportionality is maintained. Therefore, the
results of this exploratory study will be important for studying
the state of the investment-output ratio in other areas.
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