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Abstract

The article presents the development of methods for forecasting economic growth.
Since the 1950s, researchers have paid more attention to economic growth research. Many
analysts and economists have focused on methods of forecasting economic growth and
have tried to find the principal methods that influenced it.

In the 2000s, economists found out that more than 500 exogenous or indigenous
factors affect economic growth. Every national economy has its specifications which makes
the forecast of its economic growth uncorrelated with the others. Some of them are heavily
affected by oil and gas production, the others — by financial or customer service and a
dozen of influenced national economies are affected by the production in agriculture [3].
The economy of Armenia is not an exception. The author showed dynamics of Armenian
economic growth, by which factors it has been affected, brought some comparisons with
the region's countries. The authors used various econometric models to predict economic
growth. The tiniest model, which the author constructed based on the ordinary least squares
method, showed that Armenia's economic growth is mainly affected by four factors:
Foreign Direct Investments, exports, national savings, and the amount of provided loans in
Armenia. The quality of the model was 98% which is very high. The most considerable
affection have foreign direct investments (FDI). If the FDI increases by 1 billion dollars,
gross domestic product (GDP) will rise by 4.52 billion dollars, 36% of Armenia's GDP in
2019. The affection of Exports is not low either. If the amount of Exports increases by 1
billion dollars, that would raise gross domestic product (GDP) by 1.58 billion dollars which
is 13.6% of Armenia's GDP in 2019. The author also tried to predict the economic growth
of Armenia for ten years, from 2020-2029. The author used both ARIMA and SARIMA
models to forecast economic growth. The results were interesting because they showed the
economic crisis of 2020 due to the COVID-19 pandemic and the need for change in fiscal
and monetary policies. It can be a warning sign to the ministry of Finances, Central Bank of
Armenia, to consider critical changes in these policies.

Keywords and phrases: exogenous and indigenous factors, economic growth,
financial crisis, ARIMA, OLS.
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<U3uusuuh SLSsUULUL Usk yutvhuussunrue

utLu<hs Uurs23uu
Cwjwunwuh yhnmwlwu nunbuwghnwlwu hwdwuwnpwu,
wnunbuwghnwywu ghunnyeniuubph eEluwdnt, wuhuwnbuwn

q64Nre NESrNU3UL
Cwj-nnuwlwu (Ujwynuwlwu) hwdwuwpwi,
nunbuwghnwywu ghunnigyniuubph wuwhpwuwn

Cwdwnnwnwghp

<nnywénud ubipyuwywgywsd £ nunbuwlwu wéh Ywufuwwmbudwu dbpnnub-
ph qupgugnwip: <Gunwgnunnnubpp wunbuwlwu wéh hGwnwgnunniegniuutiphtu
wnwyb] U&& nupwnpniejniu uyub) Gu nupdub] wugjw| nwph 50-wywu pYwlwu-
ubiphg: Pwqdwpehy Yybpndwpwuubp bW munbuwgbinutp hpbug woluwwnmwuput-
pnud wunpwnwndb) Bu munbuwlwu wéh Ywujuwwnbudwu dGennubphu W thnp-
66| ginubip wju gnpdnuubipp, npnup wgnnw Gu munbuwlwu wéh ypw: 2000-w-
Ywtu pYwlwuubppt muwmbuwgbnubpp gt thu wybh pwu 500 Lygngbu b Eu-
nngbiu gnpdnuubip, npnup wgnnud thu nunmbuwlwu wéh Ypw [1]: Snipwpwts-
Jnip wgguiht nunbuniyeintu ntuh hp wnwuduwhwwyniejntuubpp, npnup nuwnb-
uwlwu wéh Juwufuwwnbiunwip nwpdunwd Gu wybih phs Ywwwygywd dinwu Gpyp-
ubph nuwnbunigynuubiph Ybpndnyeniuubpphu: Uh pwuhup ypw wanbignigjniup
ubdwwbu Ywhujwsd £ twypwhnpwiht wpwnwnpwupubph dwywihg, djnwubpp
Ywhuqwsd tu Ppuwtvwlwu b uywnnnulwu dwnwnieniuutiphg, huly dh swnp
wj| Gpypubph wggquiht nuwmbunypjwtu UGé Jwutwpwdhup unwgynd £ gyni-
nuwwnunbuwwu wpunwnpwuputph wpwwnpnyeniupg b uwywnnudphg: <wjwu-
wmwuh inuwmbunyeniup Unyuwbiu pwgwnnienit sk <Enhuwlubipp ubipywjwgpb
Gu <wjwunmwuh nunbuwlwu wéh nhuwdhlwu, wju gnpdnuubpp, npnup wg-
nnud GU upw pw, lmwpwdwopowuh dh pwuh Gpyputiph hbn wnwpb) Gu hwdbdw-
wmwlwuubip: <Gnhuwlubpu oguwgnpdt| Gu wwppbp Eynundbunpphyulwu dnnbj-
utip, npwbugh Ywufuwwbubu nunbuwywu wép: Oguwagnpdbing thnppwgnyu
pwnwynwuhutiph dbpennp Ywnnigyb) b dwpbtdwnpywlwu dnnbi, npp gnyg £ vw-
(hu nunbuwlwu wéh Yypw wgnnn 4 gnpdnuubipp’ ONRL-ubipp, wpunwhwudwu
swywip, wgqwjht futwjnnnipntutbpp W npwdwnpywsé Jupytiph dwywp: Un-
nblh npwyp Ywqgdb) £ 98%, npp 2w pwpép gnigwupg t: Udbuwdbd wgnbignipe-
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Jnwut niubighp £ ONRU-p: Gt ONRUL-h dwywip wéh 1 dhjhwpn UWUL nnjwpny, w-
ww <LU-U Ywbh 4.52 dhjpwpn UWU'L nnupny, npp Yuqdnud £ 2019 pwlwupu
Cwjwuwnwup <LU-h 36%-p: Upnwhwudwt dwywubph wgnbgnientup Lu thnpp
sk Gpb wpunwhwudwu dwywjutipu wéku 1 dhjhwpn WWUL nnjwpny, www <LU-
U Ywdh 1.58 dhjhwpn UWUL nnwpnyd, npp Yuqdnd £ 2019 pqulwupu <wjwu-
nwuh <LU-h 13.6%-p: <bnhuwyp ubipyuwjwgptip E uwl 2020-2029 pywywuutinp
hwdwp nunbuwlwu wéh Ywufuwwnbund' ogunwgnpdting ARIMA Jwufuwwnbu-
dwt thwpebep: Uprynwpubpp hGnwpppphp Gu, pwup np wwwybpnud Gu Ynpn-
uwyppnup hwdwywpwyh hGnbwupubpp, puswybu twlb unbndénd wuhpwdty-
wneintt uwnwnbnt thnithnfunieyniuutip hwpyuwpjntinwihtu bW npwdwywpywihu
pwnwpwlwunipyniutubpnud:  <nnywdp Ywpnn b wgnwuowu [hubp $huwuuubipp
Uwhuwpwpnigjwt b YGUnpnuwwu pwulh hwdwp, npnup Ywpnn Gu ogunyby
hnnwdh wpryntuputiphg U Ywwnwnpb| thnhntunyeniuubip ybipnugjw| pwnwpwyw-
uniyniuubipnud:

Pwuwih pwnbp U pwnwlwuwwygnyeyniuubp. Lunngbu U Eygngbu
gnpénuubip, nunbuwlwu wé, $huwtuwlwu 6quwdwd, ARIMA, OLS:

NNPOI'HO3 SKOHOMMNYECKOI'O POCTA APMEHUHU

AHAUT MKPTUSIH
ApMSIHCKHIA TOCYAapCTBEHHBIA Y KOHOMUYECKUN YHUBEPCUTET,
KaHIUAAT SKOHOMHYECKUX HAYK, aCCUCTCHT

T'EBOPT TIETPOCSH
Poccuiicko-apMsSHCKUI YHUBEPCUTET,
KaHJIUAAT SKOHOMHUYECKUX HAYK

AHHOTAIIUSA

B crathe mpencraBieHa pa3paboTka METOJOB MPOTHO3MPOBAHUS 3KOHOMHYECKOTO
pocta. C 1950-X TOAOB HCCEemOBATENId YISISAIOT OOJbIle BHUMAHWS HCCIECIOBAHUAM
9KOHOMHYECKOTO pocTa. MHOTHE aHAIMTUKKA U SKOHOMUCTHI YIS BHUMaHUE METOIaM
MPOTHO3a SKOHOMHYECKOTO POCTa ¥ NBITAIUCh HAWUTH TE TJABHBIC METOJBI, KOTOPHIC
Biusiid Ha Hero. B 2000-x romax 5»KoHOMHCTHI Haumu Oosnee 500 3K30TeHHBIX H
WHJIOTEHHBIX (PAKTOPOB, BIHUSIOMIMX Ha SKOHOMHUYECKUU pocT. Kaxkmas SKOHOMHKA MMEET
CBOM CIICIU(UKAINN, KOTOPHIC JAETA0T MPOTHO3UPOBAHHE SKOHOMHUYECKOTO POCTa ITOH
CTpaHBl HEKOPPEIHPOBAaHHBIM C MPOTHO3aMH SKOHOMHYECKUX POCT JPYTUX CTpaH.
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DOKOHOMHMYECKHI POCT HEKOTOPBIX CTpPaH 3aBHCUT OT IPOAYKIHUH HEPTEra3oBBIX
MPOXYKTOB. OKOHOMUYECKHMH pPOCT JAPYIMX CTpaH 3aBUCHT OT (DUHAHCOBBIX W
MOTPEOUTETBCKAX CEPBUCOB. A I HEKOTOPBIX CEIbCKOE XO3SIMCTBO SIBISIETCS TJIABHBIM
(hakTOpOM, BIMAIOIINM HAa 3KOHOMHYECKHH POCT. ApPMEHMs HE HCKIIOYCHHE. ABTOPHI
MPEACTABUIN TUHAMHUKY SKOHOMHUYECKOTO pocTa ApMeHHH, (aKTOpbl, KOTOpbIE Ha HeEe
BIIMSTEOT, ¥ TIPOBEJIM CPABHEHNE C HECKOJIBKUMH CTPAaHAMHU PErHoHa. ABTOPBI HCIIOJIB30BATH
pa3IUYHblE YKOHOMETPUUYECKUE MOJENU JUIsl MPOTHO3HPOBAHUS SKOHOMHUYECKOTO POCTA.
Hcnons3yss MeTol HaMMEHBIIMX KBaJpaToOB, OblIa IOCTPOCHA MaTeMaTHYecKas MOJIENb,
KOTOpasi MoKa3bIBaeT 4 (hakTopa, BIMSIOMNX HA YKOHOMUYECKHH POCT, @ IMEHHO: TIpsIMbIC
WHOCTpAaHHbIE WHBECTHLINH, OOBEM OKCIOpTa, HalMOHAJIbHbIE cOepexkeHHs U 00beM
IpeJoCTaBIeHHbIX KpenauToB. KadectBo Momenu cocraBuio 98%, 4To SBISETCS OYEHBb
BbIcOKMM TiokazateneM. [IMU okazanu Hambonbmee Baussaue. Ecou TTMU BeipacTyT Ha 1
Musuaapa gaosutapos, BBIT BeipacTer Ha 4.52 Muwuinapaa J0JUTapoB, 9YTO cocTaBiseT 36%
BBII Apmennu B 2019 roxy. BimsHue skcmopra Toke He MasieHbKoe. Ecim 3KCIopTHI
BhIpacTyT Ha 1 muumapa noswiapo, BBIT Beipacter Ha 1.58 mMuunapaa 1omaapoB, 4To
cocrapisier 13.6% BBIT Apmenun B 2019 romy. ABTOpBI TakKe NMPEACTABHIM MPOTHO3
sKOHOMMYecKoro pocta Ha 2020-2029 roapl ¢ MCHOIB30BAaHUEM MAKETa MPOTHO30B
ARIMA. Pe3ynbraTbl HHTEpPECHBI, MOTOMY YTO OHHU WJUIIOCTPUPYIOT TOCIEICTBUS
SMHAEMHUH KOPOHABHPYCa, a TAKXKe HEOOXOMMOCTh BHECCHHSI U3MEHCHNH B (PUCKAIIBHYIO
JICHE)KHO-KPEAUTHYIO TOJNUTHKY. CTaThd MOXeT OBITH CHUrHajioM st MUHHCTEpCTBa
¢uHaHCOB U L{eHTpanbsHOrO 6aHKa, KOTOPBIH MOXKET HCIOIb30BaTh PE3YJIBTATH CTAThH IS
BHECEHMS U3MCHEHUH B BHIICYKa3aHHYIO ITOJIUTHKY.

KaioueBble ci0Ba W CJI0BOCOYETAHMS: OHJIOTCHHO-IK30T€HHBIE (DaKTODBI,
9KOHOMHYECKUI pocT, huHaHCOBBIN Kpusuc, ARIMA, OLS.

Gross Domestic Product or (GDP) is the most common indicator to show
dynamics of countries' economic growth. While trying to make some predictions,
researchers use the time series of this indicator. There are tons of factors that affect
economic growth, and every day there are new factors that appear to affect it. Some
economists say that more than 80 significant and minor factors can somehow affect
economic growth [9]. This statement predicts economic growth as a significant
challenge. Some international research centres such as the World Bank, International
Monetary Fund, and many others in almost every country that annually develop new
methods to predict economic growth.

Researchers can either do theoretical and empirical research to find new patterns
in economic growth. The goal of theoretical research is to find exogenous and
endogenous factors which affect economic growth. Furthermore, that will help show
the level of affection on economic growth and develop new fiscal and monetary
policies if necessary [7].
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The goal of empiric research is by using the collected data to construct
mathematical models which will predict the future indexes of economic growth. In this
article, the author did empirical research predicting the future values of economic
growth using the time series prediction model ARIMA and did theoretical research
which helped find the factors that affected economic growth and calculated the level of
affection via the OLS method.

A common opinion states that research uses more endogenous or exogenous
factors in their study as they find their roots from microeconomics and agglomerate
another factor, making the model more useful [4]. But some researchers say that using
only endogenous factors in a model can become useless in a state of crisis, and there
will be a need to construct a new model which consists of other endogenous factors [5].
That is why the optimal solution for the model construction is using both endogenous
and exogenous factors, which the author did in this article.

This article aims to show the dynamics of Armenia's economic growth through
its existence as an independent country and then to forecast the future values of
economic growth.

This diagram shows the GDP of Armenia from 1990-2019 [2].

After the disintegration of the Soviet Union, Armenia's economy appeared in a
bad situation. Not only did the main source of money flow disappear, but the
earthquake of Spitak happened in 1988, which took the lives of more than 25000
people and the war with neighbour Azerbaijan started and lasted till 1994. The battle
was victorious, but it took a lot of resources from the country. Then, after the collapse
of socialism, the era of capitalism started in Armenia. That was followed by the
privatization of big companies, which were the heart of the economy, and they began to
work with less productivity, which brought the country near collapse. But afterwards,
the country's economy started to recover, and from 2002 till the financial crisis in 2008,
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Armenia's GDP grew by 162%. But in 2009, due to the financial crisis, the economic
loss was tremendous -14.1%.

This diagram shows the dynamics of the economic growth of Armenia from
1990-2019 [10].

In 2016 the third financial crisis happened in Armenia. Affected by the sanction
on the Russian Federation and the depreciation of the Ruble, which caused the transfers
from Russia to Armenia, economic growth slowed down a lot. Still, it then recovered in
the next year due to the right chosen fiscal and monetary policies.

Researches still predict the future values of the economic growth of Armenia,
which is affected by COVID-19 and the second war with Azerbaijan. Some researchers
predict that economic loss in 2021 will be -4.5% in Armenia. That is not the worst
indicator in a region. Georgia, Turkey and Iran are predicted to have -5.5% economic
loss.

After analyzing the dynamics of economic growth, there is a need for
predictions. The first method used by the author to predict the future values of
economic growth in Armenia is ARIMA time-series econometric model. The first step
is to analyze the collected data to understand its usability. In this diagram are shown
the results of the ARIMA model for the data from 1990-2019. The author used Python
programming language to do the calculations [6].
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ARMA Model Results

Dep. Variable: GDP  HNo. Observaticns: 3@
Model: ARMA(1B, @) Log Likelihood -665.753
Method: css-mle  S.D. of innovations 9344P8774.266
Date: Tue, 15 Dec 2828 AIC 1355.587
Time: 1@:29:33 BIC 1372.321
Sample: 91-81-19%  HQIC 1360.886
- gl-81-20819

coef std err Px|z| [@.825 8.975]

const 6.855e+89 3.18e+89 1.983 8.857 1.82e+88 1.23e+10
ar.L1.GDP 1.1978 9.188 6.377 8.0608 9.830 1.566
ar.L2.GDP -@.3167 8.29a -1.e91 8.275 -@.886 @.253
ar.L3.GDP B8.1837 8.291 8.631 8.528 -8.387 8.754
ar.L4.GDP -8.1133 8.284 -8.399 8.698 -8.669 8.443
ar.L5.GDP B.e858 8.283 B8.383 8.762 -8.469 8.641
ar.L6.GDP B.1669 8.282 8.591 8.554 -8.386 8.728
ar.L7.GDP -8.2222 9.280 -8.795 8.427 -8.770 9.326
ar.L8.GDP -8.e714 9.278 -8.257 8.797 -8.616 8.473
ar.L9.GDP B8.8706 8.271 8.261 8.75%4 -@.460 8.681
ar.L18.GDP -8.8369 8.18a8 -8.285 8.837 -8.389 8.316

Roots

Real Imaginary Modulus Freguency

AR.1 -8.5486 -1.8751] 1.2834 -6.3242
AR.2 -@.5486 +1.8751] 1.2834 B.3242
AR.3 -1.4476 -8.45397] 1.5171 -8.4516
AR.4 -1.4476 +8.45397 1.5171 0.4516
AR.S 1.8586 -0.1168] 1.8571 -0.e176
AR.6 1.8586 +8.1168] 1.8571 B.8176
AR.7 @.5984 -1.88813] 1.2389 -8.1784
AR. 8 @.5984 +1.8801] 1.2389 B.1784
AR.O 1.3832 -1.7617] 2.1913 -8.1486
AR.1@ 1.3@32 +1.7617] 2.1913 B.1486

From this diagram this statement it can be processed that the constant annual
value of GDP equals 6.1 billion USD, and the factors that affect economic growth add
the remaining value to generate the overall yearly GDP. In 2019 Armenia's GDP was
13.63 billion USD.

To check the accuracy of this model, the author constructed the autocorrelation
graph, which shows the lags or years which can be used for prediction.

This diagram shows the autocorrelation graph indicating the limits of lags
collected to predict the future values of economic growth.
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From this graph can be processed the statement that only the first five years are
not eligible to use in prediction or do not affect predictions much as the following
years. It is logical because in the first five years, as told previously, war and
earthquakes happened, which happens not so often and are unpredictable.

Using statsmodels library's SARIMAX prediction model in this graph is shown
the prediction of economic growth from 2020-2029.
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Shown results make interest because they predicted the economic loss in 2020
and the recovery in 2021. GDP mean from 2021-2027 is 12.5 billion USD which is less
than in 2019. And only in 2028 model indicates economic growth. These results show
a crucial need to change both fiscal and monetary policies, which can bring economic
growth earlier than 2028.
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After the prediction, there was a need to understand the main factors which
affect economic growth [8]. At first, eight factors were chosen to construct econometric
on. Still, the correlation matrix of affecting factors made the author choose only 4 of
them, which are foreign direct investments (FDI), Exports (exp), National Savings
(Sav) and Provided Loans (Loan).

The regression function had this appearance:

GDP = a + B; FDI+; exp+p; Loan+p, Sav+g;

Using OLS method of statsmodels library author calculated the results of

affection of chosen factors.
OLS Regression Results

Dep. Variable: GDP  R-squared: 8.981
Model: OLS  Adj. R-squared: 8.978
Method: Least Squares  F-statistic: 287.3
Date: Tue, 15 Dec 2820 Prob (F-statistic): 1.21e-18
Time: 13:22:55  Log-Likelihood: -584.16
No. Observations: 27  AIC: 1178.
Df Residuals: 22 BIC: 1185.
Df Model: 4
Covariance Type: nonrobust

coef std err t P> t| [@.825 6.975]
const 2.379%9e+88 2.55e+88 8.934 @.381 -2.91e+88 7.672+08
FDI 4.5224 8.952 4,748 8.800 2.547 6.4497
expe 1.5759 8.295 5.336 9.800 8.963 2.188
Sav 0.6288 8.38e3 2.876 8.858 .01 1.257
Loan 1.4799 8.793 1.865 8.876 -8.166 3.126
Omnibus: 2.457  Durbin-Watson: 0.599
Prob(Omnibus): 8.287 Jarque-Bera (JB): 1.248
Skew: -8.863 Prob(JB): 8.538
Kurtosis: 1.958 Cond. No. 5.82e+09

Regression function gained this appearance:

GDP = 2.4 billion + 4.52FDI1+1.58 expe+0.63 Sav+1.48 Loan

The model accuracy or Adj, R-squared is 98 % which is good. The factors are
significant in a 93-95% ratio. The F-statistic which shows whether factors and
economic growth are linear correlated is near to 0.

The results show that if foreign direct investments grow by 1 billion USD then
GDP will grow by 4.52 billion USD and so on.
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