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Abstract. In the proposed paper, we investigate macroeconomic stability by
using indicators proposed by World Bank. In order to define aggregate index of
macroeconomic stability, we use instruments of intuitionistic linguistic fuzzy
set.
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1 Introduction

World Bank describe macroeconomic stability as follows: when the inflation
rate is low and predictable, real interest rates are appropriate, the real exchange rate is
competitive and predictable, public sector saving rates are compatible with the
resource mobilization requirements of the program, and the balance of payments
situation is perceived as variable [1].

According to the Maastricht Treaty [2] macroeconomic stability is measured
through five variables:
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- Low and stable inflation (the Maastricht criteria capped at 3 % );

- Low long-term interest rate (the Maastricht criteria restricted to the
range of 9 %);

- Low debt to Gross Domestic Product ratio (the Maastricht criteria
capped at 60 % of GDP);

- Low deficit (the Maastricht criteria capped at 3 % of GDP);

- Monetary stability (the Maastricht criteria permitted fluctuation of at
most 2.5 %).

In order to calculate level of macroeconomic stability, econometric models
are mainly used. By means of linguistic intuitionistic fuzzy number we will calculate
aggregate index of macroeconomic stability of Azerbaijan for the period 2010-2016
years [3]. With this purpose, we use following macroeconomic indicators:

Growth rate of Gross Domestic Product - GGD;
Inflation % - INF;

Interest rate % - INR;

National debt relative to GDP % - NAD;
Budget Deficit (% of GDP) - DEF;
Exchange-rate - EXR;

Current account balance (% of GDP) - CAB;
Unemployment rate % - UNE;

Growth rate of Foreign Investment — FEI
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Calculating parameters of linguistic intuitionistic fuzzy set

On the basis of K.Atanassov [4] intuitionistic fuzzy set (IFS) J.Wang and H.Li
proposed a linguistic intuitionistic fuzzy set [5].

A = {(x,[Seco, Ha(X), va(X)])Ix € X} 1)

where Sex) €S, Ma:X—[0,1] and  v,:X — [0,1], that satisfies the
condition pa(x) +va(x) < 1, ua(x) and vy (x), represent the membership and non-
membership degrees, respectively, of elements x to the linguistic value Sgy,.

For each intuitionistic linguistic set A = {(x, [Saqo, Ha (), va(X)]Ix € X},
there is iy (x) = 1 — pa(x) — va(x), which is called the fuzzy intuitionistic index of
the element x of the linguistic variable Sy, .

For the intuitionistic linguistic set A = {(x, [Seco, ka(X), va(®)]}Ix € X},
(Se(x) » (Ma(¥),va(x))) triple is called an intuitionistic linguistic fuzzy number.



By using thresholds recommended by Maastricht treatment and Alert
Mechanism European Commission [6] for indicators of macroeconomic stability,

linguistic variable Sq . is defined:

Linguistic variables of macroeconomic stability indicators Table 1
Unstable-S,, Low stable-S,
1 GGD -00 -1.05 0.1 0 1.25 25
2 INF 9 9.5 +00 3 6.25 9.5
3 NAD 55 65 +00 25 425 60
4 INR 9 9.5 +00 35 6.5 9.5
5 DEF 9 95 +00 35 6.75 10
6 EXR —0 —-50 -32 -11 -10
7 CAB -0 2 25 -3 25 -2
8 UNE 11 11.5 +00 75 9.75 12
9 FDI -0 -3 25 -3 -2.25 -15
Continue table 1
Stable-S, High stable-S;

1 | GGD 2 25 3 25 4.25 7

2 | INF 25 3.25 4 0 15 3

3 NAD 10 20 30 0 7.5 15

4 INR 1 25 4 -3 0 3

5 | DEF 15 2.75 4 -15 0.25 2

6 | EXR -11 0 11 -30 -30 30'

7 CAB -4 1 6 5 175 30

8 UNE 55 6.75 8 4 5 6

9 FDI -2 0.65 3.3 3 10 +00

In order to define membership and non-membership values, Attanassov’s function

[7] is used:
%;Q ift<x<t
Uz ifx=t
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For calculating membership and non-membership function are used reduction
coefficients (ug wy) which take into account accuracy of statistical information. The
calculations’ results of membership, non-membership degree and linguistic indices
are presented in table 2.

IFN of macroeconomic stability indicators Table 2
2010 2011 2012
So u v So u v So u v
1| GGD Ss 08 016 | S5, 007 092 | S, 036 062
2 | INF s, 067 025 |s 039 056 | s, 053 04
3 | NAD S, 078 018 | 5, 0024 097 | S, 09 005
4 | INR s, 074 022 | s, 056 04l | s, 066 0.3
5 | DEF s, 053 043 | s, 068 028 | s, 083 013
6 | EXR s, 08 008 |s, 073 019 | s,  08L 009
7 | CAB s, 013 08 |Ss, 02 075 | S, 064 028
8 | UNE s, 034 062 ]S, 051 043 | S, 024 0.68
9 | FDI s, 051 042 | s, 066 025 | s, 062 031
Continue table 2
2013 2014 2015 2016
So U v So U v So U v So U v

GGD | 5, 048 049 | 5, 036 062 | S, 079 016 | S, 09 005
INF | S, 032 064 | S, 075 004 |S 025 072 | S, 08 0.1
NAD | S, 09 005 | S, 09 005 |sS 09 005 | s 044 054
INN | S, 053 044 | S, 02 072 |S, 033 045 | 5, 078 017
DEF | S, 068 028 | S, 049 049 | s, 015 08 | s, 053 043
EXR | S, 08 006 | S, 08 005 s 017 08 | S, 08 005
cAB | s, 071 02 | s, 053 040 |S, 058 035 | S, 013 086
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UNE S3 0.85 0.05 S3 0.76 0.15 S3 0.85 0.05 S3 0.76 0.15
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FDI | s, 067 o024 | s, o065 028 |5, 071 02 |s 07 02

Then, the weights of k-th macroeconomic indicators in t-years are obtained by
applying following formula [8]:

Mk
k= 7(#;(“%(@)) 4)
2%:1(#k+”k(5—:)
and Yo =1
Weights of macroeconomic indicators Table 3

\ \2010 2011 2012 2013 2014 2015 2016




1 GGD 0,15 0,02 0,06 0,08 0,06 0,16 0,15
2 INF 0,13 0,10 0,10 0,05 0,16 0,05 0,14
3 NAD 0,14 0,01 0,16 0,15 0,16 0,18 0,07
4 INR 0,14 0,14 0,12 0,09 0,04 0,08 0,13
5 DEF 0,10 0,17 0,15 0,11 0,08 0,03 0,09
6 EXR 0,16 0,19 0,15 0,15 0,16 0,03 0,15
7 CAB 0,02 0,06 0,12 0,12 0,09 0,12 0,02
8 UNE 0,06 0,13 0,04 0,15 0,14 0,18 0,13
9 FDI 0,10 0,17 0,11 0,11 0,12 0,15 0,12
1 1 1 1 1 1 1

In order to calculate Aggregate Index of Macroeconomic Stability (AIMS) for
each year, intuitionistic linguistic weighted average (ILWA) developed by J.Wang
and H.Li [5] is used:

ILWA = (St 0(a) (1~ Miema (1 = (@i DM Miea (v(afy M) ©)

The obtained results of calculations are given below:

AIMS (2010) = (S, ;(0.71,0.22));
AIMS (2011) = (S, ,(0.60, 0.33));
AIMS (2012) = (S, ,(0.74,0.19));
AIMS (2013) = (S, 5(0.76, 0.14));
AIMS (2014) = (S, ,(0.74, 0.13));
AIMS (2015) = (S, 4(0.75, 0.15));
AIMS (2016) = (S, 5(0.78,0.13));

As it is seen from result of calculation, macroeconomic stability was satisfying in
2010-2014, but in 2015-2016 the level of macroeconomic stability decreased and
became low.

As it is seen from the table 2, fluctuation and decrease of GGD from high stability

(S3) in 2010 to instability level (S0) in 2016 in dynamics of GGD trio can be mainly
associated with price changes in oil sector due to global financial crisis. The change in
oil price in the world market had its impact on GDP growth, as oil sector has the large
share in GDP of Azerbaijan. Thus, the sharp decline in oil prices since the end of
2014 has led to a decline of the oil volume in GDP and the fact, that a devaluation has
not been observed with a noticeable increase in the non-oil sector in a short time, led
to instability in GDP.



Fluctuations in inflation can be mainly related to monetary policy governed by
Central Bank. As large oil revenues in the country led to increase in the volume of
currency reserves. In order to ensure and diversify economic stability in the country,
monetary policy regulating inflation rate was implemented. In 2013-2014, as a
consequence of implemented policy, high stability in the rate of inflation was
provided. In subsequent years, the financial crisis occurred in the world resulted in
decline of the national currency in the country. As a result, since long-term economic
stability could not be achieved with a regulated monetary policy, the transition to
floating exchange rate was started, which led to a change in inflation rate. Thus,
fluctuations toward inflation instability were started.

The main factor of economic growth in the country during oil boom, which lasted
until 2015, was oil revenues.

Loans are mainly directed to households (44% of credits in 2014), trade (15%),
which are mostly non-commercial sectors that depend heavily on oil revenues, and
construction (14%). The sum of share of industrial sector in credit portfolio of banks
was 10%. Thus, the role of interest rate (INR) in economic growth this period was
low and it is wrong to link high economic growth to the interest rate. The fall of
interest rate from S3 to S1 in 2015-2016 is associated with decrease of the role of oil
factor in this period.

The main reason of transition of national debt to GDP ratio (NAD) from low
stability level (S1) in 2010 to high stability level in 2011 is increase in oil production,
foreign currency flow to the country and relative increase of national currency
(exchange rate- EXR). However, fall to instability level (SO) started from 2012 and
continued up to 2016 was linked to decline in oil production on a regular basis. The
high level of stability in 2016 can be associated with a downturn in indebtedness and
an increase in gas production.

The main reason of high level stability (S3) in budget deficit (DEF) was at the
expense of transfers to State Budget by Oil Fund.

Macroeconomic stability level (S2) of exchange rate (EXR) in 2010-2014 turned to
the main factor for keeping exchange rate of manat stable during those period. The

transition to low stability level (S1) and instability level (SO) can be explained with
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the sharp decline of oil price in the world market and decrease in exchange rate of
manat.

The rise of current account balance (CAB) from medium stability level (S2) in
2010 to high stability level (S3) in 2011 was related to increase in positive saldo of
CAB- from 15.0 blin. U.S. dollars to 17.1 blin. dollars. Due to the substitution of
positive saldo with negative one in 2015-2016 (0.2 blin. dollars and 1.4 blin. dollars
relatively)related with decline in crude oil price in the world market for more than
two times, its stability level decreased from high stability (S3) in 2014 to medium
stability (S2) in 2015.

Unemployment rate (UNE) was almost 5% and stayed in high stability level (S3)
during 2010-2016. State programs directed to ensuring social-economic development
of regions, creating new work places, developing non-oil sector and etc. have a
certain role in maintaining high stability level observed in unemployment rate.

The stability level of foreign investment growth rate (FDI ) remained stable
(medium stability level-S2) during 2010-2016 years. It is associated with high level
and dynamic growth of foreign direct investments. It was 3.5 blIn. dollars in 2010, 4.4
blin. dollars in 2011, 5.3 blin. dollars in 2012, 6.3 blin. dollars in 2013, 7.5 blin.
dollars in 2014, 7.5 blIn. dollars in 2015 and 7.4 blin. dollars in 2016.

Conclusion

Proposed approach to the analysis of macroeconomic stability give us possibility to
define weak and strong sides of macroeconomic process in the country. It enables
optimal control over macroeconomic processes. By using the result of investigation,
in the future, we can forecast the direction of development of macroeconomic state of
the country.
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