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Abstract

Investigating the investment trend of the past decade in the country shows that the
average growth of investment in those years has been decreasing. Factors such as the
high attractiveness of the country’s non-productive markets, the high cost of the business
environment, currency fluctuations, and the problems caused by the embargo, etc, have
led to a decrease in investment and created a volatile environment with uncertainties in
this variable. Due to the importance of investment in the macro economy, unfavorable
conditions of the country and resulting insecurities will lead to a decrease in investment
and economic growth. Therefore, this research aims to simulate the uncertainty variables
of private and government investment due to the base years of 1997 and 2011, from 1961
to 2021. we performed This simulation using the Vasichek mean reversion stochastic
differential equations method, which has an advantage due to the examination of the
assumptions of competing models (neural network, ARIMA, etc.) [1, 2]. According
to the simulation results, in all the years except 1963, Private investment uncertainties
were more than government investment uncertainties. Also, the highest amount of private
investment uncertainties are related to 2014, 2015, and 2013, respectively, and the lowest
amount is related to 1961, 1963, and 1962, respectively. Meanwhile, the highest amount of
government investment uncertainties are related to 1978, 1979, and 1980, respectively, and
the lowest amount is related to 1961, 1962, and 1964, respectively.
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1. Introduction

Investigating the investment trend in the last decade of the country shows that it
was not even able to cover the depreciation of previous investments, which had very
negative consequences on the country's economic conditions, employment, etc.

Based on this, in developing countries and especially in Iran, in terms of
geographical, political, and economic location, there is a high degree of
uncertainties that are very influential on the economy and macroeconomic
variables, and neglecting those leads to making wrong decisions and unacceptable
results. Investment, especially private and government investments, as one of the
important and influential variables on the economic growth and development of
countries, is affected by several factors, which will face uncertainties as a result.
Therefore, to simulate the uncertainties of the two mentioned variables, it is
appropriate to use stochastic processes; which, while considering the effects of
uncertainty, model the randomness of the variable with higher accuracy due to its
continuous and non-derivative Wiener component.

Therefore, identifying and simulating the uncertainty of private and public
investment variables will be a guide for policymakers and investors, based on this
and according to the importance of the topic, in this study, modeling and simulating
the uncertainties time series of private and government investments using the
method of Vasicek*‘s Mean Reverting Stochastic Differential Equation method from
1961 to 2021 based on the base years of 1997 and 2011 has been addressed.

2. Methodology

According to the characteristics of the data of this study, Vasicek ‘s Mean Reverting
Stochastic Differential Equation method has advantages over competing methods
to simulate the uncertainty variables of private and public investments. This model
was introduced in 1977 by Uldrich Vasicek and then, due to the slowness or
speediness of reaching the average, was modified as follows. In this model the
instantaneous interest rate follows the bottom stochastic differential equation:

1) dx(t)= 0(u-x(t))dt+odwt

In it, x(t) is a random variable, 0 is the rate or speed at which the simulation
response approaches the long-term mean, p is the long-term mean, o is the standard
deviation; Wt is a risk-neutral Wiener process that models a continuous stochastic
flow into the system. That is the equation of motion that approaches the average
value of the random variable over time (Vasichek, 1977).

This model cannot be used in the MATLAB program in the same way because
to enter the information into the programming, the discretization and the solution
numerical method must first be determined for it. The solution numerical method
used in this study is Euler-Maruyama discretization which transforms the
information into vectors and updates them frequently in the simulation to provide
the best possible solution within the time limitation, which means that the
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simulation results will be close to the long-term average. It should be noted that the
basis for calculating the uncertainties of this study was the time-varying standard
deviation of the real data and the updating of their vectors during the simulation
process.

3. Data

The data in this research are the formation of public and private gross fixed capital
based on the base years of 1997 and 2011 from 1961 to 2021, whose we extracted
those statistics from the Central Bank website.

4. Discussion

In this study, we simulate the 4-time series of private and government investment
uncertainties based on the base years of 1997 and 2011 using the Vasichek mean
reversion stochastic differential equations method from 1961 to 2021. In addition, we
extract the random model based on Vasichek for two uncertainty variables of private
and public investment in the period under review as follows:

(2) dx(t) = 0.5(y; — x(t))dt + o;dw,

The simulation results of private and public investment uncertainties show that
in all the years except 1963, Private investment uncertainties were more than
government investment uncertainties. Also, the highest amount of private
investment uncertainties are related to 2014, 2015, and 2013, respectively, and the
lowest amount is related to 1961, 1963, and 1962, respectively. One of the main
reasons for the high uncertainty of private investment in the mentioned years is the
occurrence of severe currency fluctuations and its lag impact on economic
variables. On the other hand, the years 1963 and 1962, respectively, have had the
least uncertainty of private investment, and the events affecting them include the
expansion of economic cooperation between Iran and America; the granting of a
35-million-dollar loan to Iran by the American time president, as well as the sale of
state-owned factories and Privatization was mentioned to support the
implementation of the land reform plan. The sum of these factors has led to an
increase in private sector investment and a decrease in the uncertainty of this
investment in the two years mentioned. Meanwhile, the highest amount of
government investment uncertainties are related to 1978, 1979, and 1980,
respectively, and the lowest amount is related to 1961, 1962, and 1964, respectively.
One of the main reasons for the high uncertainty of government investment in the
mentioned years can be related to the enormous political and social transformation
or the change of the ruling regime of Iran and the victory of the Islamic Revolution,
as well as the occurrence of an imposed war. For the years 1962 and 1964, which
respectively had the least uncertainty of public sector investment, in addition to the
mentioned reasons for lowest private investment uncertainty, we can state the
granting of two hundred million dollars of credit for the sale of military weapons to
Iran by the American time president.
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5. Conclusion

The simulation results of private and public investment uncertainties show that in
all the years except 1963, Private investment uncertainties were more than
government investment uncertainties. Also, the highest amount of private
investment uncertainties are related to 2014, 2015, and 2013, respectively, and the
lowest amount is related to 1961, 1963, and 1962, respectively. One of the main
reasons for the high uncertainty of private investment in the mentioned years is the
occurrence of severe currency fluctuations and its lag impact on economic
variables. The highest amount of government investment uncertainties are related
to 1978, 1979, and 1980, respectively, and the lowest amount is related to 1961,
1962, and 1964, respectively. One of the main reasons for the high uncertainty of
government investment in the mentioned years can be related to the enormous
political and social transformation or the change of the ruling regime of Iran and
the victory of the Islamic Revolution, as well as the occurrence of an imposed war.
In the end, the policy recommendations include 1) attention to the important issue
of the uncertainty of private and government investments due to the importance of
the aforementioned variables on the country's growth and employment; 2) periodic
simulation of the uncertainties of these variables using Vasichek mean reversion
stochastic differential equations to analyze and investigate periodic differences and
identify the causes of their fluctuations and try to reduce them, 3) and also provide
public access to the periodic simulation statistics these variables for guidance of
domestic and foreign investors; we can present to policymakers.
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Tab. 3: Simulated Uncertainties of Private and Government Investment Variables Based on

Vasicek‘S Mean Reverting Stochastic Differential Equation (Base Year 2011).
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Tab. 4: Simulated Uncertainties of Private and Government Investment Variables Based on

Vasicek‘S Mean Reverting Stochastic Differential Equation (Base Year 1997).

Siaobll | bl Siaobll [ bl Siaobll | el
CS g | oS alopw | Sl | g)iSalopw | i alomes | Jl | i alope | gy alogw | o
oy 9 s o A O o 9

NN Y5 WAY SONY INAR W o o WY
DALY Fran WWAY SO oYYy WHY WAY sy WWFY
s XY Fra. \YWAY 05 oYy WY ARVAN wv VWYY
SVAY ¥oAy WA YD IR A\rad A4 WYY WYY
la¥s") \ra\ld WA SYY. [AZAYA WO YVaY YV VWYY
FENY fyva WAY SYNY Fax \izg yax AR A
FASS FALY A [4 R YASN WY YA ww \WYS
v-ay A% wa | ;s YAV weA [ vrsy YA \EY
v sy wa. N ¥ wa [ e Yo5v VYA
wa. ¥ax W2y DARF - WY- YDAV MA W
YEYY FAAY way DAYS Yoss WYY yavy Yy WY
g YAA way INEN'S YoFA WYY A7ARY Yy AR
VER) YADA war [ ewa Yorv w [ faar YOV \YoY




HW TS

V¥ ¥ YAO¥ AR [V ¥FA¥ W (AR ¥ v oy
wy- YAYA was [N v ¥¥50 WYO lante Yo Wor
wys YANY way oA Y¥YY WY \SA N Yoo
WAY VY AR OFYY YA Www WAY AP \YoF
WAy A Ard waa NAE YYOA WYA iaa DAYY wov
\ARE Y& Mo Ovay Y W Y-y [\ Ay VYYWOA

[NAR AR WA V4 OFe¥ o

HANA FYYY WA SEAY OFAY \r

(3 (slmaidly tie

SYolao b9y ploly (93 9 (o9t ISl pw sl usie 005 (gilodnnd la bl sluel il
sl 3 B (63 )lge AYVE 5 VWA Ll cela o Lobulyy Somaly 35Slio 4 cadS 3l 3obas sl s

o liobll jl it ogad 6yl ake o (sla Slisebll WY Jlo (sliztal 4 s Jlo olos o (A
Gl 0390 (g3 (£ 1S wLo s

WYAY 5 YR AYAY (el Jlo 4y b o (o ity ogas (658l poo (sl lisoboll e o 1ty (@
o9 YU Blas bYS 5l Sl WEY g WEY OYFe oo Jlo 4 by coipar o] Jlade opyieS g
WAY 5 WA sl Jlo (65l s Sllug 4 Glgice |y 8o sladlo )3 (pogad ()15 4l p Slaboll
ot ol Gl ol @y 5 (pogas (ISl o 5 5 eolatdl (olo o 5y adby L &S ol Cos
bl csilodnd B9y 10 315 JL8 693 (sl 15 a8 ol oy 35 W Jlo ( 3yb 5l .l axslis 50
Slsablb o 268 Shls a5 WFY g WWFY o Jlo a8 canl b )3 ol 545 00 yao )] Jlro LBl 0l
Db ieS & olge b o1 5 gl 3558 g Lasje odes @by jl &S Wladgy pogad (55l 4l p
el 4 Kyl Cs (2yap0 Caslyy (gm0 5 6)Y5 Cysabeo YO ply sllac] 15, sl o ) o3latdl glae)San
25 o)kl il s Mol g)b sl 2l Blgisy jslaiods (silopogad pbsl 5 (5> ol IS 593 523
g Bedlopj I alesw (5S Cage 50l 5 olul (lag)len (oS 5 (8L ply ()b ]
Tk > G5 gl LA ploew )8 (18 pda el YIS 53 pal el g fcunl 0l olup gel
355 B and) ol o3l L2l 1) (£ S dyle pos Can e pogas i IS Al s 5553 ¢yl oMo
2 59 Jolse (oolasdl 1 Lol sl dtusgns £odsds 55 WEY o o5 10 pld gy ol LS 53 ol
Ol cege ¢ Jelge cul ggaome .l 03gs y95'e pL8 I | yidan cpgamme)d poguad i (5 NS ayle pus
el 015 59830 Jlo 93 53 ()15 Alo s pl (Slinebll (falS g (cogad is ()lS b p

9 WYOR 5 YDA VDY (gl Jlo & bypye o ity (g ()8 eloy (slo Slinaboll ylade o it (&
Slaabll 39 YU baas LoV 51 (S sl WWFY gIWFY VYo cla Jlo a bgs o s 5y )] Jlade o a8
S iy i b slel g b Shi 95553 4 Gl |y po5de s le 1> (Hgd gyl ke pu
Olgise oMol MBI L Lol )3 oy Cosd (eood S g989 (et g oMl OMBI (G390 9 02!

S (o8l o bl calsyo ()] 53 g sl d2lge (i prenad 3 2 Sluebll b o]y 2 i cS



ol 2 ol s i td D Ll’,, K o 53l b H

Lol 3 3 5 3 0350y Sl 4 i 1Sk gl 5 1925 Ll 4513 3,5 o 5 ol
35 Olgis Ol 8 (oo Six L bl ) sl 039 b g liSele s plosil g (bl 4 plad] g
Sz bl loj g Chlud pess Gl pas g e lopj 1 ol w058 Jdda j5 S g989 (Lo 52
)309)'19 3% s 2 cL;‘B)Jo)‘ | 039y Yl (omwyy Dy90 lebJL» )JL» )‘ GIJ}) Lg)bfdala)w LngLgJLm]o]L\
d])g d)\/.) u9~L~° Caun 92 )Lg;cl L;Uo.c] ‘G;l;uﬁjolls u:)mf d])b L;UaJL» L;l)g (u) A )0 ol )f:) >)|9A
oo ouly 05§ Se5 Sty Sepel €y omter oy syl Ol 4 el ks g5
Sppb AYFY o WY el Lo )0 cuipiay (Jod Lisn (o)l 8 Al yu Sluebll
SIS ayle s 815 (giloannd Slaabll (gl jiio 4y bgsye (5)lj8lp 5 sloaidly 55 (B) b (¥) slologes

(VY b Jl) Souanly Jso 39 (ine (95 (6158 aslo g Bl (6 5lavdmad (linoblU puiio (g0,15500 1Y 415905

(Baios saidly 1 aie)
Graph. 2: Simulated Uncertainty Variable Graphs of Government Investment Based on
Vasicek‘S Model (Base Year 2011).
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Graph. 3: Simulated Uncertainty Variable Graphs of Government Investment Based on
Vasicek‘S Model (Base Year 1997).
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Graph. 4: Simulated Uncertainty Variable Graphs of Private Investment Based on Vasicek‘S
Model (Base Year 2011).
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Graph. 5: Simulated Uncertainty Variable Graphs of Private Investment Based on Vasicek‘S
Model (Base Year 1997).
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