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Abstract: This study uses historical data and modern statistical models to forecast future Gross Domestic Product (GDP) in Jordan.

The Wavelet Transformation model (WT) and Autoregressive Integrated Moving Average (ARIMA) model were applied to the time

series data and yielded a best-fitting result of (2,1,1) for estimating GDP between 2022-2031. The study concludes that GDP is expected

to increase with a positive growth rate of around 3.22%, and recommends government agencies to monitor GDP, strengthen existing

policies, and adopt necessary economic reforms to support growth. Additionally, the private sector is encouraged to enhance production

tools to achieve economic growth that benefits all sectors of society.
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1 Introduction

The capacity of the economy to generate products and
services at the local as well as global scale serves as a
barometer for measuring the development and economic
improvement of all nations. No matter what a nation’s
economy may look like—industrial, commercial,
agricultural, or even service-based—the volume of
revenue from domestic output is regarded as a sign of
economic strength. In order to raise their GDP, all nations
adopt various strategies and look for elements that
encourage production because doing so will certainly
have a positive ripple effect on the economy and the
overall well-being of society. When examining the
nation’s economy over the decades and years, it is seen as
its economic profile, which highlights the success factors
and the degree of development and growth that have
occurred in it over time. This review is essentially done to
identify the economy’s weaknesses and strengths, which
are either increasing or decreasing in importance [46] and
[1].

All economies and governments have seen throughout
history how GDP is impacted by numerous local or
external factors. While countries can control internal
variables and use them to their advantage, for the external

factors they have no power to alter them; instead, they can
only force them to adapt collectively [2] and [62]. The
ability of planners to develop plans based on useful
realistic numbers, to obtain these realistic figures, and to
achieve these objectives, it requires a thorough review of
previous results in order to build precise future forecasts,
this ability distinguishes random economic planning from
rational economic planning. Therefore, predicting future
economic effects is now one of the most crucial aspects of
effective planning and scheduling of policies [3] and [4].
Modern economies started to review past economic
results from previous periods and establish future
expectations based on these results. The gross domestic
product for all countries turn into main concern in how to
measure, develop and increase it so as country rises it to a
higher economic level. The effective future financial
planning requires considering all economic variables at
the local level and at the external level of the state
because future financial success requires the ability to
increase future resources by taking advantage of past
historical financial practices. Therefore, forecasting the
macro factors of the economy such as gross domestic
income, inflation, interest rates, consumption, investment,
tax is one of the reasons for the success of the economy
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since these forecasts is regarded as essentials for
decision-making process [3] and [5].

The problem of the study crystallizes in the failure of
many of the financial and monetary policies followed by
the state in improving the economic level by increasing
the gross domestic product due to the weakness in the
Orientalism of the financial future for the state; several
observation by many researches and international
organizations were concentrated on gross national
product as the most crucial factor that reflects the
economy growth. i.e. [6,7,8,9,10,11,47,62]. since it
embraces the total value of economy goods, services,
personal consumption, government procurement, in
addition to the public and private inventory of country
[12,13]. Recently, forecasting of GDP has come to be of
great importance to all economies around the world due
to the fact that economic growth indicators are vital for
the both of government and community, as well as to
other countries that are dealt with country economically
[13,14]. The lack of attention and interest of
policymakers and in modern and advanced scientific
mathematical methods in forecasting GDP, that serve
policy-making, this study mainly assembled to prove the
ability of past financial results in extrapolating future
results so that policies are developed and implemented on
a clear ground to achieve these future goals. Forecasting
future GDP nowadays is realized as the superior measure
for the wealth of the nation, thus countries with high GDP
are considered rich countries, while countries with low
GDP are seen as poor countries and they harness all their
resources to rise to wealthy countries.

In view of the importance for measuring and
forecasting GDP annually, studies on this subject will be
inspired as long as the economy continues since
decision-makers must continually be provided with
up-to-date numbers and forecasts that serve their
decisions concerning the percentage of GDP growth. The
current study is motivated by the continuous need for our
country as emerging economy to be updated with all
information concerning the level of progress in GDP and
whether the future expected trend satisfy policy makers
expectations. Moreover, the study is regarded to be a
complementary one to other similar studies worldwide in
follow-up the recent developments in GDP for developed
countries. What gives this study originality is its
employment for advanced and more accurate data about
future trend of GDP by modern mathematical and
statistical models; also this study is distinguished by its
invented ability to provide more up-to-date information
on future GDP position, which is helpful and supportive
to the decision-making process for economists whom
search to reduces the cases of future economic
uncertainties; furthermore, the study can establish an
evidence to be a reference for government economic
agencies and legislators about the anticipated future
development of the country’s economy as a whole.

The organization of the paper after the introduction
will be as follows: the second part is for the theoretical

framework and the literature review of the study, the
methodology and methods will be in the third section, the
fourth section will be for data, analysis and discussion,
and the last part will be for conclusions and
recommendations.

2 Theoretical Background and Related

Literature

2.1 Gross Domestic Product (GDP)

When we examine the historical development of the GDP
scale, we discover that Willian Beatty was responsible for
its invention before 1700 AD. This measure was
straightforward and developed to combat the greed of
land and farm financiers who imposed unfair taxes during
the Dutch and English wars between 1654 and 1676.
Charles Defenat created this metric in 1695, and Simon
Kzench introduced the first modern notion of GDP in
1934. Kzentech stated in a U.S. Congressional Economic
Report that this measure can be used to assess the
well-being of society. In 1991, the United States of
America adopted Kzench’s ideas that were embodied in
world economics by measuring economic growth in total
domestic production rather than total national production.
The GDP measure had been adopted as the primary
method for gauging economic development in any nation
following the Bretton Conference in 1944 [53].

Traditionally, GDP is suggested by many historians,
i.e. [3,4,15,16,17,18,47,48] as the representative of the
market monetary value for all goods and services
produced during a specific period of time, usually a year,
this measure is constantly adopted to compare living
standards in different countries, as it has been proven that
the use of GDP per capita (nominal) does not reflect
differences in social welfare between countries and does
not accurately measure inflation levels, so GDP at the
gross level is more accurate and appropriate than GDP at
the individual level. Thus, when the value of the GDP of
countries is reported each year, details are made about the
contributions of the different sectors of industry, trade or
services to this output, which may appear in the annual
reports of government agencies per capita at the country
level of GDP. The Organization for Economic
Cooperation and Development (OECD) defined GDP as a
total measure of production that covers the total loads
added by the population, institutions, and participants in
production and services, with the addition of any taxes
and the introduction of any support provided by the
government. This is just one example of the many
national and international economic institutions that have
provided a set of definitions of GDP. The International
Monetary Fund noted that the GDP reflects the monetary
value of all consumer goods and services purchased by
consumers and generated in a particular country
throughout a year [8,9,19]. For many years, economists
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have used the GDP as the benchmark for global
comparisons and as a primary measure of economic
advancement, describing it as the most reliable and
powerful indication of a nation’s progress and
development [20,21,22,47,53]. The modernization of the
economy, however, resulted in numerous critiques of this
indicator, demonstrating that it ignores a number of other
factors, including resource investment, environmental
effects, and unpaid labor. As a result, critics have
proposed alternative economic models to measure
economic growth and development, such as the Donut
economy, which incorporates additional indicators of
economic success, such as the Better Life Index, which is
published by the Organization for Economic Cooperation
and Development [19]. Theoretically, every notion of
GDP that has been developed and every one of its
measurements have the same effect on GDP; these
measurements can be divided into three categories: The
first reflects the value of all finished goods and services
generated by society over a specific time period, typically
a full year [2,53,62]. The second represents the value of
the total increased value of all economic sectors plus
taxes, minus any gifts or other forms of financial or
in-kind assistance given to the government. Regarding the
third, it reflects the entire income from output in the state
after deducting wages for employees and production tax it
is the total amount of output income in the state, less
employee pay and production taxes [14,22]. These three
measurements were highlighted as the methods for
calculating GDP; the first was categorized as the cost or
expenditure method, the second as the production
method, and the third as the revenue method [53,63].

2.2 Future Prediction of GDP

The concept of economic forecasting is the creation of
methodologies and techniques to predict anticipated
future economic results. Economic forecasting can be
made at the aggregate level for all elements of the
economy combined, such as forecasting GDP or gross
national product, or it can be allocated to specific
economic factors like inflation, unemployment, or fiscal
deficit, and it can be allocated to a specific economic
sector such as the financial sector [3,4,17,23,47].
Economic forecasting generally aims to determine the
level of economic prosperity or growth of a country or a
particular sector. There are many interested in economic
forecasting’s results such as government agencies, central
banks and international funds such as the International
Monetary Fund or the Organization for International
Cooperation and Economics [8,9,19]. In addition to
increasing individual awareness, numerous local and
international study centers are also interested in GDP
forecasting. Academics and economic scholars are also
drawn to this topic of study. Because the indications that
arise from these forecasts need to be revised on a regular

basis, these projections are typically ongoing and
unstoppable.

During the last five decades, those interested in
forecasting such as economic researchers and
mathematicians have developed many methods of future
economic forecasting, where all these methods have been
used in data analysis of economic variables, and a
methodology with similar steps has been adopted in most
forecasting methods. When the researcher makes a
forecast, he begins to determine the scope, which includes
identifying the variables and economic topics to be
researched based on the needs of the target group that
benefit from the forecasts. In the second step, literary
sources, studies and points of view that help in
interpretation, commentary and comparison of forecasting
results are reviewed, in the third step accurate and reliable
data are collected about the economic variables targeted
for forecasting from databases or from any appropriate
sources. In the fourth step, the researcher determines the
relationships between the variables studied, such as
identifying independent variables and dependent or
intermediate variables, but in the fifth step, these
relationships are translated into models through
mathematical equations that clarify the assumed
relationships between the variables, and in the last step,
the results are drawn, the results are interpreted and
discussed, and comparisons are made to the results [24,
25,26,47,49].

Because its well known that the gross domestic
product is made up of a number of elements, including
consumer spending, government spending, total
investment, and foreign trade, forecasting benefits should
be used to support plans and policies relating to these
components. In addition, forecasting generally has a
number of advantages and benefits that benefit all groups
at all levels of the state, society, or even other nations, as
well as any groups that gain from the outcomes of
economic forecasting [8,9,19]. At the individual level,
forecasts can show the stability of the economy, and this
encourages members of society to spend their incomes on
consumption and reduce savings, which increases
productivity to meet society’s consumption. Therefore, it
is clear that confidence in income stability is a strong
indicator of economic stability and this reduces the
burden on the government on societal spending [3,27].
The results of economic forecasting also benefit
government agencies to develop financial plans and
determine their programs better to face any possible
economic fluctuations indicated by future forecasts;
prediction of future economic numbers are suggested as
an appropriate guide for the movement of investment in
the country, moreover, forecasts serve government and
community in several economic issues such as trade
balance, unemployment, taxes and inflation [3,17,19].
Future forecasting benefits companies operating in the
country in reducing future uncertainties, which enhances
their ability to avoid or reduce risks related to future
changes and better control the conduct of their business
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by developing appropriate business strategies and making
decisions that support the company to achieve its goals by
adapting its resources to the future [9,22]. Develop a
comprehensive vision of future work, re-evaluate costs
and types of future products and services, in addition to
building future budgets for sales and profits [8,19].

Many methods of future economic forecasting have
been developed over the last fifty years by those with an
interest in forecasting, such as economists and
mathematicians. All of these methods have been used in
the data analysis of economic variables, and the majority
of forecasting methodologies have adopted a
methodology with similar steps. When a forecast is made,
the researcher first establishes the scope, which entails
choosing the variables and economic areas that should be
investigated in light of the requirements of the target
audience that will gain from the forecasts. The second
step involves reviewing literary works, studies, and points
of view that aid in the interpretation, commentary, and
comparison of forecasting results. The third step involves
gathering accurate and reliable data about the economic
variables targeted for forecasting from databases or other
suitable sources. In the fourth step, the researcher
establishes the relationships between the variables under
study, such as identifying independent and dependent or
intermediate variables; however, in the fifth step, these
relationships are translated into models through
mathematical equations that clarify the assumed
relationships between the variables; and in the final step,
the results are drawn, the results are interpreted and
discussed, and comparisons are made to the results. As
accuracy is considered one of the most crucial criteria for
the success of the economic forecasting process, a set of
statistical tests have also been adopted by researchers to
ascertain the level of accuracy of information collection,
the accuracy of the tools used to predict, and the accuracy
of the results.

In general, the accuracy of the results is affected by
the variety of future forecasting methods, this can be
utilized in addition to the prediction makers’ expertise
and knowledge [47,49,54]. The methods and techniques
for future economic forecasting vary between qualitative
methods and short- or long-term quantitative methods
according to the need for these forecasts. Qualitative
methods depend on survey methods, opinion polls,
interviews, questionnaires or observation method, these
methods aim to design relational models for the opinions
of experts and specialists in certain economic fields in
order to determine future trends in these areas [47]. As for
the other type, which is quantitative methods, it depends
on real numerical data from the past and uses statistical
quantitative models through which the direction of future
numbers can be predicted based on historical numbers,
and the quantitative method usually depends on time
series for multiple periods of time, where they can be
examined and predicted using statistical methods such as
correlation and simple and multiple regression, and more
advanced methods with high accuracy have recently

appeared to predict time series data such as
Autoregressive Integrated Moving Average (ARIMA)
[28,46,47].

2.3 Formal Studies on Autoregressive Integrated

Moving Average (ARIMA)

[47] pointed out the criticism of many statistical methods
for their inaccuracy in predicting the future is accurate
and appropriate for time series has encouraged many
mathematicians and statisticians to search for highly
accurate statistical methods in forecasting, including
Autoregressive Integrated Moving Average (ARIMA).
This method has been adopted by many researchers, i.e.
[3,4,7,10,11,25,29,30,46] when predicting the direction
of GDP due to the urgent need for high-accuracy figures
that can be used as a basis for understanding the evolution
of GDP and its fluctuations, and since GDP appears in
numbers for several years as a time series, ARIMA has
proven highly effective in predicting its future accuracy.

GDP is usually volatile in nature, but its temporal
results may appear in several directions, it may be in a
trend upward or downward or stable, and the ARIMA
model can accurately predict these three cases, whether
they are annual, quarterly, monthly or even on daily basis.
There are many statistical forms of ARIMA but in this
study, the methodology of [47] and later developed by
[31,32] will be employed to reach an accurate forecast
about the GDP in Jordan.

It is noteworthy that many researchers such as [2,3,4,
23] after multiple experience in using several statistical
measures to measure economic growth, suggested that
ARIMA found one of the best statistical measures capable
for predicting future growth with high accuracy and with
a slight deviation from the expected, and the researchers
also showed that the moving average depends on partial
autocorrelation and autocorrelation functions; moreover,
the [48] framework was suggested as the best automatic
algorithm that was also applied by the deployed both of
[33] and [61] whom focused on time series data as the
major determinant for estimation the ARIMA parameters.
Some researchers, like [34] also employed time series that
were extracted from the financial markets and created a
multi-factor dynamic proposed system (VAR) to measure
growth in GDP; similarly, [35] also succeeded in using
ARIMA model to estimate GDP in china environment
after predicting china GDP from 2007 to 2011 relying on
data on GDP from 1978 to 2006. Equal results were
found on ARIMA accuracy by [38] when they used data
from 1952 to 2007 and revealed that ARIMA predicted
future GDP with variance of only 5% between actual
GDP and predicted GDP. Similar results were also
achieved by [20,21,22,36,37].
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2.4 Economic Environment in Jordan

Jordan is classified economically as a developing country,
and its geographical location imposed on it the status of
unstable countries due to the political conditions
surrounding it and because of the ongoing regional
conflicts in the Middle East, which made it economically
affected by these political, economic and social tensions
that occur in the region [9,55,56]. Despite the continuous
attempts and efforts by the Jordanian government and the
investment sectors, Jordan has suffered since
independence in the forties of the last century with
fluctuating in economic results such as prices of goods
and services, production and various resources [8]. Jordan
has for several decades developed economic strategies
and plans aimed at increasing economic growth, and
many of these policies have succeeded in improving the
economic level in the country, and Jordan has established
several economic partnerships with Western countries
such as the United States of America, the United
Kingdom and many European countries, and has also
created economic links and partnerships with neighboring
countries in the Middle East, North African countries and
East Asian countries, as these links contributed to
improving the balance of payments and led to acceptable
economic growth despite the scarcity of economic
resources in Jordan [9].

During the last two decades, the Jordanian
government has made fundamental changes to the
composition of the Jordanian economy in order to
increase openness to global markets and began to
liberalize markets and follow the open economy
approach, where the government has taken a set of
economic measures aimed at raising the level of the
economy and increasing its productivity, as it has
privatized many sectors such as the industrial and health
sectors, energy and communications sectors, and
promoted private education and health by encouraging
private schools, universities and private hospitals [9]. The
official authorities also conducted a comprehensive
review of legal and economic legislation, as they
amended the Tax Law and the Social Security Law, made
amendments to commercial laws and regulations, and
established private investment zones and industrial cities
in all big cities of the country [8,57]. However, despite all
the economic measures taken by the official authorities,
the Jordanian economy continued to suffer, as it faced
many crises and external influences such as the first and
second Gulf wars, the Iraq crisis and the war in Syria,
where these influences led to a rise in production inputs, a
decrease in exports, an increase in the cost of living and a
rise in energy prices, which affected the Jordanian
economy by appearing very slow [9]. Despite some
assistance and support provided by Western countries and
Gulf countries through grants and aid, the Jordanian
economy as a developing country lacking basic resources
and wealth has remained at a modest growth level [59].

In order to improve the GDP, many international
institutions and organizations, especially the World Bank
and International Monetary Fund provided advice and
recommendations to carry out many economic reforms by
changing economic policies, raising government
intervention in many internal economic activities such as
energy, water and electricity prices, and raising the sales
tax [60]. the results of the statistics of the GDP that
shown in figure 1 show that the average growth was 7.6%
from 1965 to 2021, and the results that appear indicate
that there is a decrease in the growth rate, as the rate of
Growth 3.6% in the last 10 years and 2.5% in the last five
years; this decrease in the last two years might be justified
by the pandemic of Covid-19 [8,9].

Fig. 1: GDP Annual Growth Rate

3 3. Methodology of The Study

The methodology for the study is shown in Figure 2. It
consists of a number of steps, beginning with the
collection of time series data on GDP that will be used for
forecasting, followed by an explanation of the
methodology using the appropriate mathematical models
(Wavelet Transform formula) and, finally, the analysis of
the data using statistical software to determine the best
ARIMA model for prediction.

Fig. 2: framework of the study
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3.1 ARIMA model

ARIMA model is an auto regression (AR) model and
viewed as a process applied on lagged values of time
series data, this model is equated as follows:

Yt = α0 +α1Yt − 1+α2Yt − 2+ ...+αpYt − p (1)

The moving average (MA) of the framework is
correlated if AR have other mechanisms that generates Y
value; but it must contain past values with its error terms.
The MA (q) is assembled as:

εt = β1εt +β2εt − 2+β3εt − 3+ ...+β qYεt − q (2)

This model has inaccuracies resulted from white
noise; this is donated to as ARMA (p, q) process when Y
retains both of AR and MA qualities. The methodology of
[45,50] is followed which basically derived from
(Box-Jenkins model) in order to label and predict the
proper statistical model that can be applied to represent
how the sampled data were formed. However, because of
the non-stationary nature of time series numbers, a
differences of time series will result in a stationary time
series data thus, the model assumes that if the selected
data was stabilized after multiplication with (d), we
donate (I) to the date series. Therefore, the initial time
series is ARIMA but only if ARMA (p, q) was functioned
to the series of data that is I(d), (p,d,q). Moreover, this
equation for ARIMA model assumes the use of
correlogram in order to identify the values for p, q that
used in AR and MA. The framework also assumes that
the ordering for the moving average q, ACF stops or dies
down beyond lagging q at the same time the
autoregressive for the order of p, and PACF also stop or
dies down post the lagging of p for the AR (p) methods.
[49] noted that this model diagnose is mostly applied
basing on Mean Absolute Percent Error ((MAPE) and
also applied by Root Mean Square Error (RMSE) by
value of (MAPE).

3.2 Wavelet Transform Equation

In order to realise the accurate estimation for future data,
the initial observation of time series data is changed to
time scale domain by application of a mathematical
model known as Wavelet Transform (WT). Since the
majority of financial data are non-stationary, the model
works extremely well with this type of data. Discrete
Wavelet Transform (DWT) and continuous Wavelet
Transform are two sub-types of WT (CWT) as pointed
out by Several researches such as [39,40,41,49,51]. The
properties of each of these functions are the same across
all applications. The WT’s equation for each function will
be described in this paper. These suggestions are equally
originated by the work of [42,52].

The wavelets methods and assumptions are structured
on Fourier enquiry, this theory adopts the fact that any
function is the total value for both of sine and cosine
scores. The WT is generally the function of time
represented by t which follows a simple law, identified as
wavelet admissibility state [52]:

Cϕ =

∫ ∞

0
(
|ϕ f |

f
)d f < ∞ (3)

The QF is donated to the transformation of Fourier
function for frequencies of (f, for Q(t)). The WT is
donated to method mean that might be applicable to
several applications; for instance, the analyzing image
and the signals processes. This method was formalized to
overcome the complications allied to Fourier
transformations in the case of confronting non stationary
data signals that could confined in interval of time or
space and frequencies. The most common forms of WT
are function-family; the wavelet father type represents the
smooth and low frequencies fragments for particular
signals; on the hand the mother wavelet type define the
details for high frequented parts; the formula in equation
3 demonstrate the two types of wavelet propositions,
where, j= 1,2,3. . . . . . ..., j for the J-level [52]:

Φ j,k = 2−
j
2 φ(t −

2 jk

2 j
) (4)

Where J denotes the maximum scale sustainable by the
number of data points and the two types of wavelets stated
above, namely father wavelets and mother wavelets and
satisfies:

∫
φ(t)dt = 1and

∫
ϕ(t)td = 0 (5)

time series data, i.e., function f(t), is an input
represented by wavelet analysis, and can be built up as a
sequence of projections onto father and mother wavelets
indexed by both k, k = 0, 1, 2,... and byS=2j, j=1,2,3,. . .J.

Referring to formula 4 the f (t) function is donated to
the input of wavelet analysis, that is used to be
constructed up for the sequence of both mother and
mother of wavelet index, that represented by k, when k=
0,1,2. . . . . . . and defined by S in equation 5 when S=2j, j
1,2,3. . . . j. The analysis for the reality of desecrated
sample of data involves generating lattice in order to
conduct the necessary calculations. Scientifically its more
suitable to apply a dyadic development as represented in
formula 4, this expansion is assembled in equation 6 as:

SJ,K =

∫
φ(t)dt = 1(and)dJ,K =

∫
ϕ(t)td = 0 (6)

The orthogonal for wavelet framework is an estimation
for f (t) as:
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F(t) = ∑SJ,KΦJ,K(t)+∑dJ,K

ϕJ,K(t)+∑dJ−1,KϕJ−1,K(t)

...+∑d1,Kϕ1,K(t) · · · (7)

SJ(t) = ∑SJ,KΦJ,K(t) (8)

DJ(t) = ∑dJ,KΦJ,K(t) (9)

The coefficients for the estimations of WT series is
equated in equation 6, particularly for the discrete signal;
the Sj (t) and Dj (t) are representative for both of smooth
and details [43]. In the case that data pattern is found
highly irregular, the wavelet should repeatedly apply in
order to decrease the errors for the root mean (RMSE)
among the signal prior and post transforming; thus, any
noise obtained from the original series can be discharged,
consequently we intended to apply WT for two times on
the data.

3.3 Accuracy of Mathematical Model

As the aim of the study is to obtain the best estimation
results; therefore, before starting discussion for
comparison of framework a discussion will be firstly
undertaken on the criteria’s that were applied to warranty
the fair comparison. The three selected criteria for
accuracy are Mean square error (MSE), Root mean square
error (RMSE) in addition to the Mean absolute error;
these categories were formally experimented by several
historians and found fit to equate performance differences
among models [42,44,62].

4 Results

4.1 Data description

The study’s data set included Jordan’s gross domestic
product (GDP), which was taken from the Central Bank
of Jordan’s (CBJ) annual reports and the general
department of statistics. The data set, which was chosen
as a time series, encompassed the years 1965 to 2021.
The data were examined using Matlab and Mini-tab
statistical software, which is recommended as the best
suitable software for using ARIMA, in order to estimate
the future GDP. The research hypothesis, dependent and
independent variables, as well as the anticipated statistical
tests, are all shown in Table 1.

As the figure screen has a non-linear route, the results
for the Histogram, Accumulated Histogram, and
Descriptive Statistics for the Study Time Series are shown
in Figure 2. Because the data is non-stationary in nature,
it is classified as random data that varies from year to
year.

Table 1: Data analysis Matrix

Fitted ARIMA Model

Research hypothesis Modelling and prediction of GDP

Dependent variable GDP

Independent variable Time (year)

statistics His, Acc.His, des.stat, WT, ARIMA

Fig. 3: Data Description of GDP

4.2 Decomposition of Time Series Data

There are a Consensus among analysts that time series
data consists of three elements; trend, noise and
seasonality [3,4,17,23,25,46]. Thus decomposition aims
to separate these three elements in order to read and
explain the results properly. The trend component show
the volatility of data in states of increase and decrease;
whilst the seasonal component aims to decrease the
volatility of data by repeating processing of data to the
time series, as for the third element Noise its aimed to
reduce the noise state of data through randomization [21,
22].

The results in figure 4 the decomposition of data using
WT, but pre proceeding in sample decomposition its
worthy to point out that the sampled time series has been
reformed by the log function since high volatility is
noticed in time series. As shown in the figure the
decomposition represented of: a1 as the approximated
coefficients that assemble for the appropriate estimation;
d1, illustrates the volatility or fluctuation of data;
accordingly, the mathematical equation can be assembled
as S= a1 + d1, where S donated to the original data.

When screening the results displayed in figure 4, we
see that the timing plots for GDP exhibit random
fluctuations. This result indicates that the data are
non-stationary in nature and volatile across the analyzed
time, and as a result, are not constant in terms of mean or
variance. The spectral analysis of WT must be used when
the data are in a non-stationary state since they typically
exhibit a seasonal tendency. Since the primary
characteristics and volatility of time series data are
clarified by d1, the non-stationary nature of time series
allows the transformation process of data from random
trend to linear trend. There are several oscillations that are
mixed in with the GDP results across the study period, as
the findings of d1 in the figure also demonstrate.
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Fig. 4: Data Description of GDP

Once the decomposition steps applied on time series
data, an ARIMA methodology is applied to allocate the
suitable model for predicting Jordanian GDP, the results
are shown in table 3.

Table 2: ARIMA forecasting models

Fitted ARIMA Model

Model (2,1,1)

MASE 0.3708

RMSE 0.0699

Table 2 show the models of ARIMA that detected by
means of MASE and RMSE; by performing Gaussian
MLE criterion, both of ARIMA models parameters were
predicted; grounding on ARIMA frameworks the best
fitted models that selected is those with the lowest score
of MASE which is (0.6878) and the lowest value of
RMSE that is (0.0699) with the most fitted ARIMA with
value of (2,1,1). Based on articulated ARIMA fitted
model, the results in figure 5 that show the GDP trend
from 1965 to 3031, the figure suggests that the Jordanian
economic growth represented by GDP is estimated to be
upward sloping trend; this results is supportive to
economy by such optimistic results. As the figure
illustrate that the upcoming ten years in Jordanian
economy tend to be compensational for the previous
declined years.

Fig. 5: GDP original and forcasted

5 Conclusion

The study was driven by the need to forecast the future
trend of the GDP in Jordan by utilizing time series data
from earlier periods and incorporating them into
high-precision mathematical prediction models to
forecast GDP growth in the future. Time series data on
GDP covering the years 1965 to 2021 were gathered from
databases at the Central Bank of Jordan and the
Department of Statistics. These time series data will be
used as a foundation to forecast GDP growth over the
following 10 years, from 2022 to 2031. The study
adopted the model WT in the first stage to build data and
identify oscillations and outliers. In the second stage, the
ARIMA model was employed, which was agreed upon by
most researchers as one of the best models for predicting
future data, as it was used to predict GDP. The study used
the quantitative research approach, which depends on the
analysis of real data derived from the market.

After gathering the study’s original time series-based
data and testing them using the study model, it was
discovered that the data were non-stationary by nature; as
a result, they were transformed into stationary data to
better suit the study. During the process of model
development, the initial data is found to be non-stationary
and is then modified to become stationary. The ARIMA
(2,1,1) model, which has the lowest BIC values of all the
early ARIMA models, is chosen for analysis and GDP
forecast. The findings demonstrate that for the appropriate
framework, the fitted model’s effect R square value is
high (95%) and its mean absolute percent error is quite
small. As a result, the estimation’s accuracy was high.
Therefore, it has been determined that during the next ten
years, Jordan’s GDP will continue to rise at a level
consistent with its recent development trend; the
anticipated average growth rate would be close to 3.22%.

5.1 Implications, limitations and future research

The present study is acknowledged by its contribution to
previous research regarding the use modern estimation
mathematical model in forecasting the expected future
enhancement in economic growth represented by GDP;
the little research on this issue specifically in emerging
countries was a motivating factor to conduct this analysis.
The study brought more insight and shed more light on
how to policy makers can utilize the results of such
forecasting’s in formulating plans, polices and strategies
on a clear sight for future upcoming results. The study
also concentrated in to the ability for adaptation of policy
makers and government agencies to future trend of GDP;
moreover, the results directed to interested parties on how
to overcome any probable risks attained from future
economic situation, for example governments might seek
for local or external support for funding economy.

The study linked the past results with future results
which is crucial for decision makers to point out any past
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deficiencies in monetary or financial results and correct
them in future action; such practices guide the policy
makers on the country level or on corporate level for more
efficacy in utilizing available resources that participates in
production or service. Promoting the tools and techniques
of measurement is also an implication for researchers,
analysts which enables them to obtain accurate,
appropriate and transparent numbers for both past and
future results. The results achieved from such foresting’s
increases the level of cooperation between all country
sectors whether private or public institutions enhance any
future unsatisfied expected future results.

The outcomes of our research offers some
implications that are helpful for applying forecasting in
different settings. The desire to obtain reliable relevant
financial information mandates government to plan and
execute based on this forecasting’s. Therefore, adopting
such methods in planning helps government in general
and public in particular. Furthermore, the modern
forecasting techniques empower policymakers in
convincing official and public with their strategies and
plans. The provision of new planning methods without
benefit from such methods regarded as a weakness point
in countries that hardly seek to enhance their economic
position. The emergence of forecasting methods also can
be used as controls for effective use of resources in order
to achieve the desired goals. The real value of forecasting
methods will not be achieved unless the ideal
employment of these methods by competent persons
whom have the required knowledge in utilizing future
trends in present actions.

Without a doubt, it has become known to everyone
that government cannot continue with traditional planning
old systems, in an accelerated world and an economic
environment with high competition that has exceeded the
borders of countries, it has become necessary for
government and even companies in private sectors have to
insert these forecasting methods into financial culture.
This activity will result in unlimited transparent and
reliable information useful for making economic
decisions; hence, if government and companies want to
maintain their growth and continuity, they are obliged to
provide efficient, effective and figures to all interested
parties. Therefore, it is recommended that the officials
and government agencies to continue monitoring the
gross domestic product, strengthen existing policies,
plans, and laws, and adopt the necessary economic
reforms to support the anticipated economic growth. It
also needed to encourage the private sector to enhance
and develop all production tools to assist the government
in achieving distinguished economic growth whose
consequences are mirrored in all sectors of society.

In scientific research, there is no study without
limitations, similar to other studies conducted on this
topic this study faced several limitations, including the
time period on which the study was conducted, as this
study covered a forcasted period of 10 years; for some
professionals and researchers the period is too short and

that this study may need longer periods of time. Also, one
of the limitations is related to the type of forecasting
method (ARIMA), some could argue that other methods
are more efficient in the field of forecasting such as
(SARIMA, ARIMAX) or artificial neural networks
(ANNs) and recurrent neural networks (RNNs). The third
limitation is related to the selected variables for the study;
most of forecasting research focused on GDP, but still
there are many indicators for economic growth such as
Consumer Price Index (CPI), or unemployment figures,
analysts might claim that these indicators are better than
GDP. Future research on this topic can develop the study
through the use longer time periods for forecasting
example more than 10 years, also future researchers can
use other growth indicators such as (CPI) or
unemployment; also future researcher can employ another
types of forecasting methods other than ARIMA.’

References

Article in a Journal

[1] J. Galimberti. Forecasting GDP Growth from Outer Space,

Oxford Bulletin of Economics and Statistics, 82 (4), pp. 697-

722. doi: 10.1111/obes.12361.(2020).

[2] M, Abonazel, Abd-Elftah, A. Forecasting Egyptian GDP

Using ARIMA Models. Reports on Economics and Finance,

5(1), 35-47,(2019).

[3] l, Hussain, Ghufran, B., and Ditta, A. Forecasting Inflation,

Exchange Rate, and GDP using ANN and ARIMA Models:

Evidence from Pakistan. Sustainable Business and Society in

Emerging Economies, 4 (1), 25-32.(2022).

[4] R, Lalon, and Jahan, N. Predicting Economic Performance

of Bangladesh using Autoregressive Integrated Moving

Average (ARIMA) model, Journal of Applied Finance and

Banking, Vol. 11, No. 2, 2021, 129-148. Journal of Applied

Finance and Banking, Vol. 11, No. 2, 2021, 129-148.

https://doi.org/10.47260/jafb/1125. (2021).

[5] C, Hongye, Wenxuan Qiu, Prediction Analysis of Shenzhen

GDP Based on ARIMA Model and Implementation

in R Language, Academic Journal of Computing and

Information Science, Vol. 5, Issue 10: 28-34, DOI:

10.25236/AJCIS.2022.051005.(2022).

[6] G. Abdullah, Applying the ARIMA Model to the Process

of Forecasting GDP and CPI in the Jordanian Economy,

International Journal of Financial Research Vol. 12, No. 3,

Special Issue; 2021, pp 70-77. doi:10.5430/ijfr.v12n3p70,

(2021).

[7] j, Garnitz, Lehmann, R., and Wohlrabe, K. Forecasting

GDP all over the world using leading indicators based

on comprehensive survey data. Applied Economics, 51(54),

5802-5816.(2019).

[8] IMF, Jordan – Seventh and final review under the stand-by

arrangement ad proposal for post-program monitoring.

IMF Country Report No. 15/225. Retrieved- from:

http://www.imf.org/external/pubs/ft/scr/2015/cr15225-

.pdf.(2015).

[9] World Bank. Washington D.C.: The World Bank. Jordan –

Recent Developments.(2021).

c© 2023 NSP

Natural Sciences Publishing Cor.

www.naturalspublishing.com/Journals.asp


826 O. Alsinglawi et al.: Deployment of Mathematical WT and ARIMA Modelling

[10] Xu Mingyan. Prediction and Analysis of Jiangsu Province’s

GDP Based on ARIMA Model and BP Neural Network

Model [D]. Shandong University, (2020).

[11] M, Zakai. time series modelling on GDP of Pakistan.

Journal of Contemporary Issues in Business Research.

2014;3(4): 200-212.(2014).

[12] C. Bortoli, Combes, S., Renault, T. forecasting GDP

growth by reading newspapers, Economie et Statistique, 2018

(505-506), pp. 17-33, doi: 10.24187/ecostat.2018.505d.1964,

(2018).

[13] O. Cepni, Guney, I.E., Swanson, N.R. Forecasting emerging

market GDP growth rates: The role of latent global

economic policy uncertainty and macroeconomic data

surprise factors, Journal of Forecasting, 39 (1), pp. 18-36. doi:

10.1002/for.2602.(2020).

[14] J. Ahmad, and Harnhirun, S. Co-integration and

causality between exports and economic growth: evidence

from the ASEAN countries. The Canadian Journal of

Economics/Revue Canadian d’Economique, 29, 413-

416,(1996).

[15] C. Dritsaki, C. Forecasting real GDP rate through

econometric models: an empirical study from Greece. Journal

of International Business and Economics, 3(1), 13-19. (2015).

[16] M. Segnon, ; Gupta, R.; Bekiros, S.; Wohar, M.E.

Forecasting US GNP growth: The role of uncertainty. J.

Forecast. 2018, 37, 541–559.(2018).

[17] A. Uwimana, Xiuchun, B., Shuguang, Z. Modeling

and forecasting Africa’s GDP with time series models.

International Journal of Scientific and Research Publications,

8(4), 41-46. (2018).

[18] H. Yang, Li, X., Qiang, W., Zhao, Y., Zhang, W., Tang, C.

A network traffic forecasting method based on SA optimized

ARIMA–BP neural network, Computer Networks, 193, doi:

10.1016/j.comnet.2021.108102. (2021).

[19] OECD. (2015). ’OECD Glossary of Statistical

Terms - Gross domestic product (GDP) Definition’

(http://stats.oecd.org/glossary/detail.asp?ID=1163) accessed

19 Jan (2015).

[20] C. Chuku, Simpasa, A., Oduor, J. Intelligent

forecasting of economic growth for developing

economies, International Economics, 159, pp. 74-93.

doi: 10.1016/j.inteco.2019.06.001, (2020).

[21] M, Zolfaghari.; Gholami, S. A hybrid approach of adaptive

wavelet transform, long short-term memory and ARIMA-

GARCH family models for the stock index prediction. Expert

Syst. Appl. 2021, 182, 115-149. (2021).

[22] R, Slepaczuk. Applying Hybrid ARIMA-SGARCH in

Algorithmic Investment Strategies on S P500 Index. Entropy

2022, 24, 158-166. (2022).

[23] R, Mohammed, A. and Ahmed, I. A. Forecasting Egyptian

GDP using ARIMA models, Reports on Economics and

Finance, Vol. 5, No. 1, pp. 35- 47. (2019).

[24] Roy Batchelor. ”IMF and OECD vs. Consensus

Expectations”, Applied Economics, 33(2), pp. 225-235.

(2000).

[25] M, Kiriakidis, Kargas, A. Greek GDP forecast estimates.

Applied Economics Letters, 20(8), 767-772.(2013).

[26] A, Richardson, van Florenstein Mulder, Vehbi, T.

Nowcasting GDP using machine-learning algorithms: A

real-time assessment, International Journal of Forecasting,

37 (2), pp. 941-948. doi: 10.1016/j.ijforecast.10.005. (2021).

[27] U, Christogonus, Chinwendu Alice Uzuke, Dominic

Obioma Ugoh. (2010). Application of ARIMAX Model on

Forecasting Nigeria’s GDP. American Journal of Theoretical

and Applied Statistics. Vol. 10, No. 5, 2021, pp. 216-225. doi:

10.11648/j.ajtas.20211005.12, (2010).

[28] Y, AWEL, Forecasting GDP Growth: Application of

Autoregressive Integrated Moving Average Model, Empirical

Economic Review, 2018, Vol. 1, No. 2, 1-16. (2018).

[29] M, Liu, Li H., Zhou Y., Wang W., Xing F. Substructural

damage detection in shear structures via ARMAX model

and optimal sub pattern assignment distance, Engineering

Structures, 2019, 191, 625-639. (2019).

[30] O, Alsinglawi, O, S Alwadi, Mohammad Aladwan, M Saleh,

Predicting Jordanian’s GDP based on ARIMA modeling,

Italian journal of pure and applied mathematics – N. 47–2022

(12–25) .(2019).

[31] R, Litterman, Forecasting with Bayesian vector auto

regressions–Five years of experience, Journal of Business and

Economic Statistics 4 (1986) 25-38. (1986).

[32] D, Stockton, and Glassman, J. E. An evaluation of the

forecast performance of alternative models of inflation. The

Review of Economics and Statistics, 108-117. (1987).

[33] R, Tsay, and Tiao, G. C. Use of canonical analysis in

time series model identification. Biometrika, 72(2), 299-315.

(1985).

[34] Q, Mei, Liu, Y., Jing, X. Forecast the GDP of Shanghai

Based on the Multi-factors VAR Model. Journal of Hubei

University of Technology, 26(3). (2011).

[35] Z, Wang, and Wang, H. GDP Prediction of China Based

on ARIMA Model. Journal of Foreign Economic and Trade,

210(12). (2011).

[36] Y, Atanu, Ette Harrison E., Nwuju Kingdom, Nwaoha

Willian C. (2020). ARIMA Model for Gross Domestic

Product (GDP): Evidence from Nigeria, Archives of Current

Research International, 20 (7), 49- 61. (2020).

[37] S, Sahinoz ; Cosar, E.E. (2018). Economic policy

uncertainty and economic activity in Turkey. Appl. Econ.

Lett. 25, 1517–1520, (2018).

[38] N, Wei, Bian, K. J. ; Yuan, Z. F. Analyze and Forecast

the GDP of Shaanxi Province Based on the ARIMA Model.

Journal of Asian Agricultural Research, 2(1), 34-41. (2010).

[39] C, Chiann, Morettin PA. A wavelet analysis for time

series. Journal of Non parametric Statistics. 1998;10(1):1-46.

(1998).

[40] G, Kirchgassner. Wolters and U. Hassler Univariate

Stationary Processes, in Introduction to Modern Time

Series Analysis, Springer, Berlin, Heidelberg, 27-93.

https://doi.org/10.1007/978-3-642-33436-82. (2013).

[41] L, Young. The Box-Jenkins Approach to Time Series

Analysis and Forecasting: Principles and Applications,

RAIRO-Operations Research Recherche Opérationnelle, 11,

129- 143. https://doi.org/10.1051/ro/1977110201291. (1977).

[42] S, Al Wadi, Ismail MT, Karim SAA. A comparison between

the Daubechies wavelet transformation and the fast Fourier

transformation in analyzing insurance time series data. Far

East J Appl Math ;45(1):53-63. (2010).

[43] A, Al-Khazaleh, Al Wadi S, Ababneh F. Wavelet transform

asymmetric winsorized mean in detecting outlier values.

Far East Journal of Mathematical Sciences ;96(3):339-348.

(2015).

c© 2023 NSP

Natural Sciences Publishing Cor.



Appl. Math. Inf. Sci. 17, No. 5, 817-828 (2023) / www.naturalspublishing.com/Journals.asp 827

[44] M, Miah, Tabassum, M., Rana, M. Modelling and

Forecasting of GDP in Bangladesh: An ARIMA Approach,

J. Mech. Contin. Math. Sci, 14, pp. 150-166. (2019).

[45] A, Kumar, K.E., Kalaga, D.V., Sai Kumar, C.M., Chilkoor,

G., Kawaji, M., Brenza, T.M. Forecasting the dynamics

of cumulative COVID-19 cases (confirmed, recovered

and deaths) for top-16 countries using statistical machine

learning models: Auto-Regressive Integrated Moving

Average (ARIMA) and Seasonal Auto-Regressive Integrated

Moving Average (SARIMA), Applied Soft Computing, 103,

art. no. 107161. doi: 10.1016/j.asoc.2021.10716, (2021).

Books

[46] T. Nyoni. ARIMA modeling and forecasting of Consumer

Price Index (CPI) in Germany (No. 92442). University

Library of Munich, Germany (2019).

[47] G. Box, E., Jenkins, G. M., Reinsel, G. C., and Ljung, G. M.

Time series analysis: forecasting and control. John Wiley and

Sons.(2015).

[48] G. Box, E. P., Jenkins, G. M. Time Series Analysis:

forecasting and Control. San Francisco: Holden-Day,

Cambridge. (1976).

[49] C, Chatfield . The Analysis of Time Series: An Introduction.

CRC Press. (2016).

[50] P, Gujarathi, and Gunasekar. Basic Econometrics, McGraw

Hill Pvt. Ltd. (2012).

[51] J, Frain. Lecture Notes on Uni-variate Time Series Analysis

and Box Jenkins Forecasting, Economic Analysis, Research

and Publications. (1992).
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