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Key Points 

Saudi Vision 2030 aims to improve Saudi Arabia’s ranking on the Global Competitiveness Index from 
25 in 2015–2016 to within the top 10 by 2030. It also strives to increase the share of non-oil exports 
in non-oil GDP from 16% in 2016 to 50% by 2030. To achieve these goals, decision-making process 

should be better informed about the driving forces of Saudi Arabia’s competitiveness. To this end, we consider 
the real effective exchange rate (REER) as a measure of external price competitiveness, as it captures 
domestic and global changes in prices. We then examine the REER using a two-stage modeling framework: 
First, we estimate the REER equation, which allows us to assess the impacts of theoretically formulated 
determinants on competitiveness. Second, we extend the KAPSARC Global Energy Macroeconometric Model 
with the estimated equation, which provides a framework for simulating impacts of the theoretically formulated 
determinants and other variables relevant to policymakers regarding the country’s competitiveness. The 
framework also allows us to account for feedback loops. We conduct a policy scenario analysis to quantify the 
competitiveness effects of the Public Investment Fund’s (PIF) new strategy for 2021–2025.

The main findings can be summarized as follows:

  Saudi external price competitiveness has mainly been shaped by relative productivity in the non-oil sector, 
followed by government consumption, relative productivity of the oil sector and net foreign assets (NFA). 

  Historical misalignment analysis indicates that deviation of the REER from its equilibrium values  
(i.e., appreciation and depreciation) have remained within an acceptable range. 

  Additional governmental investments in the economy through the PIF new strategy will increase productivity 
in the non-oil sector, and Saudi Arabia’s external price competitiveness will improve as a result.

Several policy insights can be derived from this research.

  Initiatives that can boost future productivity should be implemented. The PIF investments are worth 
emphasizing in this regard.

  An increase in government consumption can raise both the observed level and competitiveness of the 
REER. The extent to which this increase may undermine competitiveness depends on whether the 
observed level exceeds the competitiveness level. Therefore, policymakers should be regularly informed 
about misalignments in the REER. In addition, government consumption and public investment should 
consider substituting imports with locally produced goods and services to avoid any potential deterioration 
of the trade balance. Local content development would also help diversify the Saudi economy.

  Attracting more foreign investment and other assets from the rest of the world may lead to technological 
development and improvement in the business environment as well as the economic, financial and 
social infrastructure. It may also lead to a reduction in the NFA position, causing the REER of the riyal 
to appreciate. That is, foreign investment may increase competitiveness. However, if such appreciation 
causes the observed values of the REER to exceed its competitiveness values, competitiveness may 
worsen. This, in turn, necessitates regularly monitoring misalignment and updating the decision-making 
process accordingly.
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Introduction

The Kingdom of Saudi Arabia’s strategic plan 
Saudi Vision 2030 outlines targets that it aims 
to achieve by the end of the decade. One of 

its key goals is to improve the Kingdom’s ranking 
in the Global Competitiveness Index from 25 in 
2015–2016 to within the top 10 by 2030. Saudi Vision 
2030 also targets an increase in the share of non-
oil exports in non-oil gross domestic product (GDP) 
from 16% in 2016 to 50% by 2030. Achieving these 
strategic targets will require improvements in Saudi 
Arabia’s competitiveness. To help policymakers 
better understand the driving forces of external 
competitiveness, we employ a novel modeling 
framework to investigate the main determinants 
of the real effective exchange rate (REER) as a 
measure of external price competitiveness.

The REER, which is based on the Balassa-
Samuelson concept and encompasses a ratio 
of domestic and foreign prices, is a widely used 
measure of competitiveness (see Balassa [1964]; 
European Commission [2002]; IMF [n.d.]; Nagayasu 
[2017]; Peters [2010]; Samuelson [1964]; UNCTAD 
[2012]). Both appreciation and depreciation of the 
REER beyond a desired equilibrium may harm 
economic growth via different channels. For 
example, the depreciation of the REER may induce 
exports and discourage imports, and vice versa 
in the case of any appreciation (Rodrik 2007). 
Therefore, determining an equilibrium path for the 
REER that accounts for how it is shaped by its 
driving forces has become an important research 
focus. Identifying this path can inform policymaking 
to improve a country’s competitiveness. Existing 
empirical studies do not provide sufficient insights 
into the main determinants of Saudi REER-based 
competitiveness because very few researchers have 
investigated the topic. In those few studies, oil prices 
were considered the only driver of REER, ignoring 
other key fundamentals. Moreover, existing studies 
do not provide a holistic view, as they are based 

on a single equation—that is, a partial equilibrium 
framework. Only Razek and McQuinn (2021) applied 
a vector error correction model (VECM) to estimate 
the magnitude of currency misalignment between 
observed REER and estimated long-term equilibrium 
REER as an external competitiveness indicator. 
While still a partial equilibrium model, this is better 
than a single-equation-based analysis.

Therefore, the objective of this study is to develop 
a novel modeling framework for REER-based 
competitiveness to support the decision-making 
process.1 This modeling framework enables us 
to analyze the Saudi REER as a measure of 
international price competitiveness and determine 
its equilibrium path both historically (1980–2018) 
and in the near future (up to 2025). As a conceptual 
framework, we use the behavioral equilibrium 
exchange rate (BEER) approach because it 
can empirically link the REER, as a measure of 
competitiveness, to domestic (including country-
specific) and external fundamentals. Such 
fundamentals include productivity, net foreign 
assets (NFA), government spending and other 
macroeconomic indicators (see, e.g., Baffes, 
Elbadawi, and O’Connell [1999]; Clark [1997]; 
Clark and MacDonald [1999, 2004]). We conduct a 
cointegration analysis, as it addresses stochastic 
properties of the considered variables and hence 
eliminates concerns regarding spurious results 
(see, e.g., Engle and Granger [1987]; Granger and 
Newbold [1974]). Our analysis yields policy insights 
that might help decision-makers develop relevant 
measures to further improve Saudi competitiveness, 
and thereby achieve the above-mentioned goals of 
Saudi Vision 2030.

Our two-stage modeling framework constitutes a 
methodological contribution to the REER literature. In 
the first stage, we specify and estimate the equations 
that link the REER to its theoretically articulated 
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and country-specific determinants. This enables us 
to examine how these determinants have shaped 
competitiveness historically (1980–2018). In the 
second stage, we incorporate the estimated REER 
equation into the general/full equilibrium KAPSARC 
Global Energy Macroeconometric Model (KGEMM; 
see Hasanov et al. [2020, 2022]). Doing so enables 
us to assess how determinants included in the REER 
equation as well as other policy-relevant variables 
affect Saudi competitiveness in the near future (up 
to 2025). Thus, the policy recommendations of this 
study are not simply derived from a single-equation 
estimation framework (i.e., the partial equilibrium 
used in previous studies). They are also based on 
simulation analyses using a macroeconometric 
model (i.e., KGEMM). A macroeconometric model, 
as a full/general equilibrium framework, has two 
main advantages over a single-equation or other 
partial-equilibrium frameworks. It allows for feedback 
loops, and it assesses the effects of additional 
variables (including policy levers) not included in a 
single equation (e.g., Elshurafa et al. [2022]; Bandara 
[1991]; Ballantyne et al. [2020]; Beenstock and Dalziel 
[1986]; Cusbert and Kendall [2018]; Hasanov [2019]; 
Hasanov, Javid, and Joutz [2021]). For example, in 
the single-equation analyses of REER conducted in 
many previous studies, relative productivity is treated 
as an exogenous variable. However, given its nature, 
this variable should be treated as endogenous. 
To this end, macroeconomic models provide 
comprehensive representations of processes, and 
thus deliver broader information content compared 
to single-equation and other partial equilibrium 
frameworks.

We also make several contributions to the 
literature on Saudi competitiveness. First, unlike 
many previous studies, we do not limit ourselves 
to oil prices. We analyze a broader set of REER 
determinants, including relative productivity, net 
foreign assets and government consumption. This 

eliminates the omitted variable bias issue while 
providing broader information about the driving 
forces of Saudi competitiveness. Additionally, we 
examine the effects of relative productivity in the 
non-oil and oil sectors separately. Development of 
the non-oil sector is the cornerstone of the economic 
diversification plan in Saudi Vision 2030. Hence, 
different aspects of this development, including 
productivity, should be considered. Second, to 
obtain robust empirical findings and provide well-
grounded policy recommendations, we perform 
robustness checks. We do so not only by employing 
various estimation and testing methods, but also by 
considering alternative specifications of the REER 
used in the literature. Third, we do not just estimate 
the historical relationship between REER-based 
competitiveness and its driving factors; we also 
provide an outlook for Saudi price competitiveness 
through 2025 using policy scenario analysis. The 
policy analysis examines the likely economic 
outcomes of investing in the non-oil sector to 
improve domestic productivity in the Kingdom by 
building on the recent work of Razek and McQuinn 
(2021). Fourth, we assess misalignments of the 
Saudi REER for both in-sample and out-of-sample 
periods, thereby providing a clear picture of the 
Kingdom’s competitiveness and the necessary 
adjustments, which yields useful information for 
decision making processes.

The rest of this paper is organized as follows. In 
section 2, we review relevant literature, before 
discussing theoretical considerations and the 
determinants of Saudi Arabia’s competitiveness in 
section 3. We present our data and econometric 
methods in sections 4 and 5, respectively. We 
present the results of our empirical analysis in 
section 6 and discuss our empirical findings in 
section 7. In section 8, we present our policy 
simulation analysis, before offering some concluding 
remarks and policy insights in section 9.

Introduction
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Literature Review 

determinants of real exchange rate movements in 
the Kingdom. They used first-differenced values 
for the consumer price index (CPI), REER, oil 
production, and real oil price in domestic currency 
from February 1980 to February 2000. They found 
that real shocks dominate nominal shocks and 
that oil production, rather than oil price shocks, 
plays a significant role in explaining exchange 
rate movements. They argued that oil production 
stabilization would result in exchange rate 
stabilization. We think that this study has some 
weaknesses. First, the authors concluded that the 
variables in their analysis were I(1). However, they 
did not test whether the variables were cointegrated. 
If the variables are cointegrated and estimations 
do not account for this, the econometric results 
can be misleading because of the omitted variable 
bias issue. The authors also stated that they used 
the Akaike information criterion (AIC) to select the 
optimal lag in the augmented Dickey-Fuller (ADF) 
test. However, they used likelihood ratio testing 
for their VARs without justifying why they switched 
from one lag selection information criterion to 
another. Additionally, they did not include graphs of 
the variables in the study to provide readers with 
more information, such as how the variables’ time 
profiles evolved, how closely they moved together 
and whether they exhibited a leading or lagging 
effect. Lastly, they stated that they used seasonally 
unadjusted monthly data, but it is not clear how 
they dealt with seasonality; that is, whether they 
seasonally adjusted the variables before using 
them or used seasonal dummy variables to capture 
seasonal patterns that could affect their results.

Habib and Kalamova (2007) generated a REER 
series for Saudi Arabia and applied a time series 
analysis to examine the impact of the real price of 
oil on Saudi real exchange rate movements.  
Their results showed that the real price of oil  
has no impact on the real exchange rate. They 

Studies on the Saudi REER as a measure 
of price competitiveness and the effects 
of misalignment are scant. Suliman 

and Abid (2020), Aleisa and Dibooĝlu (2002), 
Habib and Kalamova (2007) and Altarturi et al. 
(2016)2 quantitatively modeled determinants of 
Saudi Arabian riyal (SAR) movements. However, 
they studied neither Saudi Arabia’s currency 
misalignment nor international competitiveness. 
Couharde et al. (2018), Grekou (2018), Mozayani 
and Parvizi (2016), Coudert, Cécile and Mignon 
(2008) and Coudert and Couharde (2008) applied 
panel data analysis to groups of countries, including 
Saudi Arabia, over different time periods. These 
studies either did not discuss the results for Saudi 
Arabia in detail or warned readers to interpret 
the results with caution. To our knowledge, only 
Razek and McQuinn (2021) have studied Saudi 
Arabia’s currency misalignment and international 
competitiveness. Below is a review of the limited 
literature on Saudi Arabia’s exchange rate and 
currency misalignment as a measure of international 
competitiveness. 

Using monthly data between 1986 and 2019, 
Suliman and Abid (2020) employed an error 
correction model (ECM) to examine the short- and 
long-term effects of the two-way relationships 
between the nominal West Texas Intermediate (WTI) 
oil price and the Saudi REER. They did not include 
other variables in the model. Their results confirm 
cointegration of the two variables and show causality 
from oil prices to the REER in the short-term. 
However, they show a bi-directional relationship in 
the long run, as appreciation of the Saudi currency 
causes a relative increase in oil demand, and 
accordingly an increase in oil price. 

Aleisa and Dibooĝlu (2002) employed a vector 
autoregressive (VAR) model, assuming long-term 
neutrality of nominal shocks, to examine the 
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attributed the absence of any relationship 
between the exchange rate and oil price in Saudi 
Arabia to price subsidies, flexible labor markets, 
accumulation of NFA and the sterilization of oil 
revenues. They also stated that because the U.S. 
is an important trade partner, movements of the 
nominal effective exchange rate follow those of 
the U.S. dollar. Hence, they reflect fluctuations 
against the currencies of trade partners. Although 
we appreciate that this is one of very few studies 
to investigate the Saudi REER, we believe that this 
study would have benefitted if Habib and Kalamova 
(2007) had addressed the following issues. First, 
they did not explain why they utilized the Dubai 
oil price instead of the Arabian crude oil price, 
which is more relevant for Saudi Arabia. Second, 
the authors stated in footnote 24 that there was 
no cointegration between the REER and the real 
oil price in the full sample, 1980–2006, but there 
would be cointegration if the sample was truncated 
to start in 2001. This finding seems to contradict 
their Figure 2-C, which shows that since 2001, 
the REER and the real oil price have moved in 
opposite directions; thus, it is hard to believe that 
they share a common trend. Third, it is possible 
that the authors did not find a long-term relationship 
between the REER and oil prices because they 
used a bivariate specification in the cointegration 
analysis. Theoretically, the REER is not only driven 
by terms of trade (TOT), proxied by oil prices in that 
study, but also by other fundamentals, including 
productivity, NFA and government spending. Hence, 
the bivariate specification is subject to an omitted 
variable bias problem. This bivariate specification 
problem is significantly present in the short-term 
estimation, such that variation in the growth rate of 
the real oil price and its two lags can only explain 
3% of the variation in the REER growth rate. This 
means that approximately 97% of information is 
missing due to the omission of relevant variables in 
the analysis. The authors stated that they could 

not find NFA for the full sample or proper GDP and 
employment data for Saudi Arabia to construct the 
productivity variable. However, they could have 
used a ratio of non-tradable price to tradable price 
as a measure of productivity. Empirical analyses 
of the REER frequently use this ratio. Finally, it 
would provide more clarity for readers if the authors 
discussed how they decided on the maximum 
number of lags and how they ended up with two 
lags in their short-term analysis (see Habib and 
Kalamova [2007], 23, Table 6). 

Applying a wavelet methodology to daily data from 
Organization of Petroleum Exporting Countries 
(OPEC) members, Altarturi et al. (2016) conducted a 
correlation analysis between the growth rates of oil 
prices and nominal effective exchange rates. They 
found that exchange rate changes lag behind oil 
price movements in countries that peg their currency 
to the U.S. dollar. Although they emphasized the 
importance of taking oil price fluctuations into 
account when formulating exchange rate policies, 
they did not consider other theoretically articulated 
determinants of exchange rates. Additionally, they 
used daily data to conduct the correlation analysis, 
which is unusual and too noisy to investigate the 
macroeconomic aspects of exchange rates. 

Couharde et al. (2018) used panel data for 182 
countries and applied the BEER approach3 to 
estimate equilibrium REERs from 1973 to 2016 and 
currency misalignments during 2015–2016. Their 
sample included Saudi data and accounted for NFA, 
TOT and the ratio of real GDP per capita relative 
to trade partners (to proxy the Balassa-Samuelson 
impact). Grekou (2018) expanded on Couharde 
et al.’s (2018) study by examining similar data as 
well as trade openness for 186 countries, including 
Saudi Arabia, from 1973 to 2017. Nevertheless, they 
advised that the results for Saudi Arabia should be 
interpreted with caution. Coudert and Couharde 

Literature Review
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(2008) used panel data from 1974 to 2004 for  
128 countries, including Saudi Arabia, to estimate 
misalignments using the BEER approach; however, 
they discussed the results for the full sample without 
providing details on Saudi Arabia’s case. Mozayani 
and Parvizi (2016) used panel data for 11 OPEC 
countries from 1990 to 2012 to estimate currency 
misalignment. They discussed the results for the full 
sample with a focus on Iran and without details on 
the Saudi case.

Whereas Couharde et al. (2018), Grekou (2018), 
Coudert and Couharde (2008) and Mozayani 
and Parvizi (2016) used panel data to estimate 
currency misalignments for a set of countries 
that include Saudi Arabia, Razek and McQuinn 
(2021) applied time series analysis to explore the 
Saudi case. Razek and McQuinn (2021) used data 
on Saudi Arabia from 1986 to 2019. Following 
Clark and MacDonald (1999, 2004), Eckstein and 
Friedman (2011), Couharde et al. (2018), Grekou 
(2018), Giordano (2019) and Fidora, Giordano, and 
Schmitz (2021), they applied a VECM model and 
the BEER approach to estimate the magnitude 
of currency misalignment between the observed 
REER and estimated long-term equilibrium REER 
as an indicator of external competitiveness. They 
employed Saudi Arabia’s international reserves 
to capture the country’s productivity as well as 
its ability to borrow. Additionally, they used the oil 
market risk premium and global demand for oil to 
capture the role of oil as a commodity and financial 
asset. They also considered military expenditures 
and government expenditures, which are mainly 

directed to non-tradables. One of Razek and 
McQuinn’s (2021) main findings is that there is room 
to improve Saudi Arabia’s domestic productivity. In 
this study, we build on Razek and McQuinn’s (2021) 
work by examining the likely economic outcomes of 
investing in the non-oil sector to improve domestic 
productivity in the Kingdom. We include government 
consumption in our econometric analysis and 
government investments by the Public Investment 
Fund (PIF) in our model simulations.

Like Razek and McQuinn (2021), Suliman and Abid 
(2020), Habib and Kalamova (2007) and Aleisa and 
Dibooĝlu (2002), we conduct a time series analysis 
in this study. Razek and McQuinn (2021) used the oil 
market risk premium, Suliman and Abid (2020) used 
WTI oil prices and Habib and Kalamova (2007) used 
Dubai oil prices. It is not clear to us which oil price 
measure Aleisa and Dibooĝlu (2002) utilized. We 
employ a government expenditure variable rather 
than an oil price variable because the latter affects 
the Saudi REER indirectly through government 
expenditure. Habib and Kalamova (2007) justified 
not including a productivity variable because of the 
lack of quarterly data on GDP. We extend on Razek 
and McQuinn (2021), who accounted for productivity 
in the tradable and non-tradable goods and 
services sectors by constructing relative productivity 
measures for the non-oil and oil sectors to account 
for their impacts on competitiveness separately. This 
is because the economic policy agenda outlined 
in Saudi Vision 2030 is focused mainly on the 
development of the non-oil sector. We employ the 
KGEMM model to conduct policy simulations.

Literature Review
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Theoretical Background and 
Determinants of Saudi Arabia’s REER 

factors but also country-specific factors (e.g., oil 
prices in the case of oil-dependent economies) to be 
considered in a competitiveness analysis.

Building on Clark (1994), Baffes, Elbadawi, and 
O’Connell (1999) and Clark and MacDonald (1999, 
2004), this approach is based on the theory of 
uncovered interest rate parity (UIP). Estimates are 
based on the assumed realization of the potential 
long-run relationship between exchange rates and 
relevant economic fundamentals. The UIP concept 
is represented by equation (1): 

qt = Et(qt+i) – (Rt – Rt
*) (1)

where qt and Et(qt+i) are the observed and expected 
real exchange rate at time t, and Rt and Rt

* are the 
domestic and foreign real interest rates. According 
to this approach, Et(qt+i) is merely determined by the 
economic fundamentals (e.g., productivity, NFA and 
government consumption), TOT and openness in the 
long run. Hence, the REER is modeled as a function 
of these economic fundamentals in the long term 
and as a function of the interest rate differential in 
the short term. 

Razek and McQuinn (2021), Giordano (2019) and 
Fidora, Giordano, and Schmitz (2021) discussed 
different approaches for modeling currency 
misalignments and the advantages of the BEER 
approach in more detail. Giordano (2019) and 
Fidora, Giordano, and Schmitz (2021) provided a 
survey of the explanatory variables in the literature 
on the BEER approach and recommended a 
general-to-specific approach to test for potential 
determinants and derive a model specification that 
fits the economy of interest. In other words, one of 
the advantages of the BEER approach over other 
approaches is that it can be modified to consider 
country-specific characteristics, which are believed 

Theoretical Background

The REER is an aggregate price competitiveness 
indicator that reflects the productivity and efficiency 
of production, distribution and marketing chains 
as well as exchange rates between a commodity’s 
importer and exporter (Leichter, Mocci, and 
Pozzuoli 2010). Peters (2010), Nagayasu (2017), 
the European Commission (2002) and international 
organizations, such as the International Monetary 
Fund (IMF), World Bank and United Nations 
Conference on Trade and Development (UNCTAD), 
have discussed price competitiveness as a 
macroeconomic term measured by the REER. 
UNCTAD (2012) stated that the REER remains a 
superior indicator of a country’s competitiveness. 
Comunale and Mongelli (2020) and Giordano 
(2019) used the REER as a proxy for price 
competitiveness, and Razek and McQuinn (2021) 
discussed the appropriateness of using the REER 
rather than the Global Competitiveness Index (GCI). 
Hence, we consider the REER to be a measure of 
Saudi Arabia’s price competitiveness. 

The BEER approach is widely used to estimate 
the REER and calculate currency misalignments 
to derive a measure of external competitiveness. 
We chose the BEER framework because it can 
be empirically linked to domestic and external 
fundamentals such as terms of productivity, NFA, 
TOT, openness, government spending and other 
macroeconomic fundamentals (see, e.g., Baffes, 
Elbadawi, and O’Connell [1999]; Clark [1994]; Clark 
and MacDonald [1998, 2000]). Put differently, 
the BEER framework enables a country’s global 
competitiveness to be examined as a function 
of domestic and global driving forces (see, e.g., 
Lauro and Schmitz [2013]). Additionally, the BEER 
framework enables not only theoretically predicted 
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consumer goods and retail; and telecom, media and 
technology (PIF 2021). 

Second, a large portion of Saudi Arabia’s 
government revenues come from oil exports (see, 
e.g., Al Moneef and Hasanov [2020]; Hasanov et al. 
[2021]). Government consumption, again regardless 
of how it is measured, has a considerable positive 
effect on the Saudi CPI, which is the numerator in 
the REER formula, as described in the data section.4

Third, unlike other fundamentals, such as 
productivity or government consumption, oil prices 
affect the REER indirectly, rather than directly. 
Considering the composition of the REER, oil 
prices do not directly affect domestic prices, prices 
charged by main trading partners or the nominal 
effective exchange rate (NEER). Likely channels 
whereby oil prices could affect domestic prices 
include oil export revenues,5 government revenues 
and government expenditures.6 In a number of 
studies (e.g., IMF [2018, 2019]), researchers have 
noted that the effect of oil prices on the NEER 
is quite limited in oil exporting economies with 
fixed exchange rate regimes. Oil is purchased in 
U.S. dollars (USD), and an increase (decrease) 
in oil prices results in an increase (decrease) in 
foreign reserves denominated in USD. This creates 
excess demand for the local currency in the foreign 
exchange market when the government converts 
its foreign reserves into the national currency for 
spending purposes. This could result in appreciation 
of the local currency, but it does not happen 
because the nominal exchange rate of the national 
currency to USD is fixed. This results in high prices 
as central banks in oil-dependent economies 
usually intervene in the foreign exchange market by 
selling or printing more national currency. The Saudi 
Arabian Monetary Authority (SAMA) alleviates 
pressure on the SAR–USD exchange rate by 
intervening in the forward market to ensure its long-
term stability (Al-Hamidy 2012).

to play important roles in shaping the equilibrium 
level of the REER in a given economy (see,  
e.g., Alshehabi and Ding [2008]). 

Determinants and Model of the 
Saudi REER

In previous studies, researchers have considered oil 
price to be a key driver of the REER in developing 
oil-exporting economies (Aleisa and Dibooĝlu 
2002; Habib and Kalamova 2007; Hasanov 2010; 
Hasanov et al. 2017). Some even considered oil 
price as the only driver of the REER, ignoring other 
key fundamentals (IMF 2018, 2019; Suliman and 
Abid 2020). One of the novelties of our research is 
that instead of using oil price as the key explanatory 
variable of Saudi Arabia’s REER, we model the 
impact of oil prices on REER indirectly. We do this 
primarily through government spending, NFA and 
productivity, as discussed below. 

First, modeling the role of government spending is 
particularly integral for the objective of this study. 
Razek and McQuinn (2021) and Meshulam and 
Sanfey (2019) employed the ratio of government 
expenditure to GDP to model the impact of non-
tradable goods and services on international 
competitiveness. Applying this ratio to Saudi 
economic data, Razek and McQuinn (2021) 
graphically illustrated that Saudi government 
expenditures are primarily directed to the non-
tradable goods and services sector. Likewise, this 
is reflected in the PIF’s strategy for 2021–2025 to 
achieve the Saudi Vision 2030 goals and support 
the development of the national economy. The 
strategy focuses on 13 sectors: renewables and 
utilities; aerospace and defense; automotive; 
transportation and logistics; food and agriculture; 
construction and building components and services; 
entertainment, leisure and sports; financial services; 
real estate; metals and mining; health care; 

Theoretical Background and Determinants of Saudi Arabia’s REER
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Fourth, because government spending is an 
intermediate element in transmitting the effect 
of oil prices to the REER, one could use either 
government spending or oil prices to empirically 
estimate an econometrically well-specified REER 
equation. In this regard, including oil prices 
but excluding all other theoretically predicted 
fundamentals of the REER is not econometrically 
viable. Empirically, linking the REER only to oil 
prices as in previous studies (e.g., IMF [2018, 
2019]; Suliman and Abid [2020]) does not provide 
policymakers with a useful framework for adjusting 
REER movement. Put differently, oil prices are 
largely exogenous to domestic economic policies 
in oil-exporting economies, and they are not 
sufficiently under policymakers’ control. Moreover, 
domestic economic policies in such economies have 
very limited to no effect on global oil price changes. 
Econometrically, such a bivariate framework can 
lead to serious issues such as omitted variable bias, 
because oil prices are not the only determinants 
of the REER. Besides, policymakers can directly 
influence government consumption as well as 
NFA, and consequently productivity, to reduce 
REER misalignment. Another novel aspect of our 
research is that we include government expenditure 
in the analysis, revealing the role of government 
spending in Saudi REER movements and helping 
policymakers address misalignments. 

Similar to Clark and MacDonald (1999, 2004) and 
unlike Razek and McQuinn (2021), we use NFA 
instead of international reserves. In the modern 
world, currency exchange rates are driven not only 
by trade flows but also by international movements 
of capital. Theoretically, the impact of NFA on the 
REER is ambiguous, as countries try to attract  
more foreign investments and other assets to boost 
their economic growth. When inflows of assets 
exceed outflows, NFA are negative and create  
extra demand for the national currency, causing  
the REER to appreciate. Conversely, if outflows 

of foreign investments and other assets exceed 
inflows, the national currency may depreciate (see, 
e.g., Babetskii and Égert [2005]; Brixiova, Égert, 
and Essid [2014]; Égert, Lahrèche-Révil, and 
Lommatzsch [2004]). 

In the aforementioned studies, researchers 
examined the impact of aggregate relative 
productivity. Razek and McQuinn (2021) accounted 
for productivity in the tradable versus non-tradable 
goods and services sectors. Another novel aspect 
of our research is that we examine the separate 
impacts of the relative productivities of the non-oil 
and oil sectors. Doing so yields useful information 
for policymakers about how the productivity 
differential between the non-oil sector and the rest 
of the world affects the REER differently than the 
productivity differential between the oil sector and 
the rest of the world. It also enables us to test the 
validity of the Balassa-Samuelson effect in the oil 
and non-oil sectors separately. It also allows us to 
examine the contribution of the non-oil sector to 
Saudi Arabia’s competitiveness and to estimate the 
extent to which the non-oil sector can become an 
engine of long-term economic growth. The results 
may help the Saudi government make informed 
decisions on the appropriateness of either an export-
led growth strategy or import substitution strategy. 
The literature states that an increase in productivity 
improves the competitiveness of a given country by 
raising the equilibrium level of the national currency. 
In other words, rather than reducing economic 
competitiveness, appreciation of the national 
currency caused by increased productivity actually 
improves competitiveness (see, e.g., Orszaghova, 
Savelin, and Schudel [2012]).

Lastly, we do not include factors such as the  
interest rate differential, openness or TOT for  
several reasons. First, publicly available data on 
the Saudi interest rate are not available for a long 
enough sample period (i.e., 30 years or more). For 
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this reason, earlier studies on the exchange rate 
and currency demand did not consider it in their 
empirical analyses (see discussions in Al-Bassam 
[1990]; Al Rasasi and Banafea [2018]; Al Rasasi 
and Qualls [2019]; Chatah [1983]; Darrat [1984, 
1986]; El Mallakh and Mallakh [1982]). This is true 
for measures of interest rates on both money and 
alternative assets. For example, SAMA Annual 
Statistics regarding interest rate measures on SAR 
deposits only date back to 1997. Additionally, it is 
unlikely that the interest rate differential between 
the Saudi economy and the rest of the world 
would play a significant role in capital movements. 
This is because financial markets are still in the 
development phase in Saudi Arabia, as in other 
Gulf Cooperation Council countries and developing 
economies (Al-Hamidy 2012; Al-Yousif 2000; Fasano 
and Wang 2001; Looney 1989). Moreover, the SAR 
exchange rate has been pegged to the USD since 
1986; hence, Saudi interest rates simply mirror the 
dynamics of the U.S. federal interest rate. We also 
do not consider TOT or openness in our analysis, 
as both indicators are significantly shaped by the oil 
sector in oil-exporting developing economies (see 
Amano and Van Norden [1998]; Chen and Rogoff 
[2003]; Ferraro, Rogoff, and Rossi [2015]; Hasanov 
[2010]; Hasanov et al. [2017]; Suliman and Abid 
[2020]).7 In a recent study, Razek and McQuinn 
(2021), included neither the interest rate differential 
nor TOT. They focused on estimating the long-term 
equilibrium exchange rate, which is the measure 
of external competitiveness, to calculate currency 
misalignments. 

Thus, our REER relationship can be concluded as 
the following undefined function based on the above 
discussion of its determinants:8

REERt = f(PRODDNt, PRODDOt,GCt,NFAt) (2)

where PRODDNt  is the non-oil sector productivity 
variable, PRODDOt is the oil sector productivity 

variable, GCt is the government consumption 
variable and NFAt is net foreign assets.

Babetskii and Égert (2005) discussed how 
productivity increases can lead to depreciation 
of the real exchange rate according to the class 
of new open economy macroeconomics (NOEM) 
models (see, e.g., Benigno and Thoenissen [2003]; 
MacDonald and Ricci [2002]). However, the literature 
mostly shows the opposite, as predicted by the 
Balassa-Samuelson concept. Similarly, many 
studies have found that government consumption is 
expected to cause the local currency to appreciate. 
This is mainly because most public spending is 
directed to the non-tradable sector, which leads to 
an increase in the prices of non-tradable goods, and 
thus an increase in overall price levels.

Égert, Lahrèche-Révil, and Lommatzsch (2004) 
highlighted that the literature is not conclusive 
about the effects of NFA on the real exchange rate 
(i.e., whether they are positive or negative). Such a 
consideration is not in line with traditional theories 
of the equilibrium exchange rate developed in the 
1980s or earlier, which typically predict appreciation 
of the domestic currency due to increases in 
NFA. Therefore, we believe it deserves a detailed 
discussion. Traditional theories such as the portfolio 
balance approach have been strongly challenged by 
theoretical and empirical studies conducted since 
the 2000s. For example, Égert, Lahrèche-Révil, 
and Lommatzsch (2004), Alberola and Navia (2008) 
and Brixiova, Égert, and Essid (2014) theoretically 
showed that an increase in NFA does not 
necessarily lead to an appreciation of the national 
currency. 

Égert, Lahrèche-Révil, and Lommatzsch (2004) 
proposed a theoretical framework in which NFA 
can have a negative or positive effect on the real 
exchange rate. The authors explained the ambiguity 
of the expected sign of NFA as follows. Economies, 
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especially emerging and developing economies, 
rely on foreign savings to finance the catching-up 
process and economic development. During the 
catching up process (which typically takes a long 
time), they accumulate foreign liabilities that exceed 
their assets abroad, so the NFA position becomes 
negative. Consequently, rising foreign liabilities 
lead to an appreciation of the domestic currency. 
This appreciation might result from excess demand 
for the national currency in foreign exchange 
markets and a rising domestic price level caused 
by expanded aggregate demand and the Balassa-
Samuelson effect. Once countries reach the target 
level of foreign liabilities in the very long run, they 
start paying interest, and any further increase in net 
foreign liabilities leads to depreciation of the real 
exchange rate. The authors empirically showed that 
an increase in NFA led to statistically significant 
depreciation of domestic currencies for a panel of 
11 Central and Eastern European countries and a 
panel of eight emerging economies. However, their 
estimates show that increases in NFA led to the 
appreciation of domestic currencies in 15 OECD 
economies, which were advanced relative to the first 
two groups of countries. The results are robust to 
the econometric methods employed, specifications 
used and REER measures considered. 

Alberola and Navia (2007, 2008) discussed a 
failure of traditional theoretical models of the real 
exchange rates, such as the portfolio balance 
approach. They developed a theoretical model in 
which the sign of the NFA coefficient in the real 
exchange rate equation is not necessarily positive. 
Instead, it depends on the difference between the 
real international interest rate (i.e., cost of financing 
foreign liabilities) and real economic growth rate  
of a given country. Obviously, for those countries 
where economic growth rates are higher than  
real international interest rates, the NFA coefficient 
is negative. That is, an increase (decrease) in  
NFA leads to depreciation (appreciation) of the 

real exchange rate of the domestic currency. The 
authors applied this framework to time series data 
and empirically showed that an increase in NFA led 
to appreciation of the Polish and Hungarian REERs 
but depreciation of the Czech REER. 

Brixiova, Égert, and Essid (2014) developed a 
theoretical framework that predicts that the sign 
of NFA in the REER equation depends on the real 
interest rate in world markets and the coefficient in 
the NFA identity. In other words, NFA can have either 
appreciating or depreciating effects. The application 
of the developed theoretical model to time series 
data shows that an increase in NFA led to a 
depreciation of the Egyptian, Moroccan and Tunisian 
REERs. The results are robust through five different 
REER specifications and two econometric methods. 

Aglietta, Baulant, and Coudert (1998), among 
others, discussed how economies aim for a certain 
steady-state level of NFA in the long run. This 
means that governments adopt policies to bring NFA 
close to target levels. In other words, if NFA levels 
are higher than the target, they can be reduced 
through appreciation of the REER. The appreciated 
REER makes exports from the domestic economy 
expensive for the rest of the world and imports cheap 
for the domestic economy. This causes the trade 
balance, and hence the current account balance, to 
run a deficit, and consequently, NFA levels decline. 
Increased aggregate demand due to expanded 
imports leads to a rise in domestic prices and thus 
to an appreciation of the real exchange rate. Thus, 
it appears that lower NFA levels are accompanied 
by appreciation of the REER. The opposite could be 
true if NFA levels are below target values.

A number of empirical studies based on the 
theoretical frameworks discussed above and 
others have also found mixed effects of NFA on 
the real exchange rate. For a panel of 28 European 
countries, Comunale (2018) estimated that an 

Theoretical Background and Determinants of Saudi Arabia’s REER



14Determinants of Saudi Arabia’s International Competitiveness: Historical Analysis and Policy Simulations

increase in NFA, as measured by the cumulative 
current account balance relative to GDP, causes 
depreciation of the REER. However, the impact 
is positive only when a panel of advanced 
European countries is considered. Lommatzsch 
and Tober (2004) found that an increase in NFA 
led to depreciation of the real exchange rate in the 
Czech Republic, regardless of the econometric 
method used. Burgess, Fabrizio, and Xiao (2003) 
estimated that a decrease in NFA (i.e., an increase 
in foreign liabilities) caused appreciation of the real 
exchange rate in Estonia, Latvia and Lithuania. 
Alonso-Gamo et al. (2002) also estimated that a 
decline in NFA over time caused appreciation of the 
Lithuanian REER. The main takeaway from these 
empirical studies is that an increase (decrease) in 
NFA can cause depreciation (appreciation) of the 
real exchange rate in developing, emerging and 
transitioning economies. However, it typically leads 
to appreciation (depreciation) of the real exchange 
rate in advanced economies. 

Thus, equation (2) can be expressed as the 
following econometrically estimable specification:

reert = a0 + a1proddnt + a2proddot + a3gct +  
a4nfat + et (2a)

where ai are the coefficients to be estimated, and e 
is the error term. We expect that a1 > 0, a2 > 0, and 
a3 > 0. The sign of a4 is theoretically ambiguous 
and will be determined empirically as discussed 
above. The variables denoted in lower-case 
letters in equation (2a) are the natural logarithmic 
transformations of the same variables in equation (2).

Once equation (2a) is econometrically estimated, 
then the equilibrium REER series (REERE) can be 
constructed as

          (  ̂    ̂          ̂          ̂      ̂    )   
          (  ̂    ̂          ̂          ̂      ̂    )    (3)

where exp is the exponent operator, and the hats 
indicate estimated coefficients.

Consequently, a currency misalignment series 
is computed as the difference between the 
actual observed REER and the long-term 
equilibrium REER estimated using equation (3). 
The misalignment series provides very useful 
information about the price competitiveness 
position of a country in the international economy. 
If a given value of the series at a given point in 
time is positive (i.e., the actual REER is greater 
than the equilibrium REER), it means that the 
actual or prevailing REER has appreciated 
more than necessary. This can negatively 
impact the country’s competitiveness. In this 
respect, not all appreciations are harmful to 
the export competitiveness of a given country: 
only those that result in the actual REER being 
above the equilibrium level (see, e.g., UNCTAD 
[2012]). Similarly, depreciation can help improve 
competitiveness when the actual REER is 
overvalued, that is, above its equilibrium value, as 
discussed by Javed, Ali, and Ahmed (2016) and 
others. Moreover, it is worth noting that productivity 
growth driven appreciation does not cause a loss 
of competitiveness, as highlighted by Orszaghova, 
Savelin, and Schudel (2012) and others.

Data 

Our analysis covers annual time series data for the 
variables in equation (2) for the period 1980–2018.9 
See Razek and McQuinn (2021) for a detailed 
discussion of the economic justifications and 
appropriateness of studying this time period. 

Real effective exchange rate (REER). The REER 
is a Consumer Price Index (CPI)-based multilateral 
exchange rate of the SAR against the currencies  
of Saudi Arabia’s main trading partners. REER 
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is calculated as below by the IMF’s International 
Financial Statistics (World Bank, 2021):

             
 

     

where NEER is the nominal effective exchange 
rate index of the SAR. According to the World 
Bank (2021), it is the ratio (expressed on the base 
2010=100) of an index of the SAR’s period-average 
exchange rate to a weighted geometric average 
of exchange rates for the currencies of Saudi 
Arabia’s main trading partners. Because the NEER 
index is based on 2010=100, the same is true for 
the REER index. CPID and CPIF are CPI in Saudi 
Arabia and the weighted average CPI of the main 
trading partners of Saudi Arabia, respectively. The 
NEER is defined as the foreign currency price of the 
SAR. Hence, an increase in the NEER and REER 
means that the SAR has appreciated against the 
currencies of the Kingdom’s main trading partners. 
The REER is an inflation-adjusted measure and a 
better indicator of competitiveness than the NEER 
because the former captures price differentials 
between a country and its trade partners. REER 
data are available from the World Development 
Indicators database (WDI; World Bank 2021). Chinn 
(2006) noted that a REER calculated using prices of 
tradable goods from sources such as the Producer 
Price Index and Wholesale Price Index may not be 
a good measure of competitiveness compared to 
the one calculated using CPI. This is because the 
former indexes may include a large component of 
imported intermediate goods, which is the case in 
Saudi Arabia. Moreover, the European Commission 
considers CPI-deflated REER as a measure of price 
competitiveness (European Commission 2002).

Productivity differential in the non-oil sector 
(PRODDN). One can use relative productivity in the 
tradable and non-tradable sectors to investigate their 
effect on the REER, its equilibrium and misalignment. 
In this study, however, we are mostly interested in 

how relative productivity in the non-oil and oil sectors 
have shaped the Saudi price competitiveness 
historically, and how they will continue to do so in 
coming years. This is because, while the oil sector 
has historically been the leading sector of the 
economy, Saudi Vision 2030—the country’s strategic 
development roadmap—aims at expanding the non-
oil sector. There are different ways of measuring 
relative productivity. One widely used method 
considers the ratio of GDP per capita in the home 
country to that in its main trading partners (or in the 
world, as a proxy). This measure is easy to calculate 
because GDP per capita data is readily available for 
many countries (e.g., see Chudik and Mongardini 
[2007]). Thus, the relative productivity in the non-oil 
sector is calculated as follows:

       
(          )    

           

where GVAOIL is gross value added by the non-oil 
sector of the Saudi economy, measured in millions 
of SAR at 2010 prices based on SAMA Yearly 
Statistics (SAMA 2018). This is defined as the GDP, 
excluding the mining and quarrying and oil refining 
sectors as well as net taxes. It is scaled to SAR by 
multiplying by 1 million to make it consistent with 
the measure of world GDP per capita. The resulting 
series is converted into USD terms by dividing the 
SAR–USD exchange rate (ER), that is, the SAR 
price to USD, collected from the WDI (World Bank 
2021). The population of Saudi Arabia (POP) is 
taken from United Nations Statistics database. 
Finally, GDPPCW is the world’s GDP per capita, 
measured in USD at 2010 prices, retrieved from the 
WDI (World Bank 2021). 

Productivity differential in the oil sector (PRODDO). 
Similar to PRODDN, the variable is constructed as 
follows:

       
(         )    
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where GVAOIL is the gross value added by the oil 
sector to the Saudi economy, measured in millions 
of SAR at 2010 prices and taken from SAMA (2018). 
This is defined as the GDP from the mining and 
quarrying and oil refining sectors. It is scaled to SAR 
by multiplying by 1 million to ensure consistency with 
the measure of GDPPCW. The resulting series is 
divided by ER to convert the values into USD.

As mentioned above, one of the novelties of this 
research is that it uses productivity differentials in 
the non-oil and oil sectors, that is, PRODDN and 
PRODDO, to capture Balassa-Samuelson effects 
of these sectors on the Saudi price competitiveness 
separately. 

Ratio of government consumption to GDP (GC). This 
is the percentage ratio of the nominal Saudi Arabian 
government final consumption expenditure (GC_Z) 
to nominal Saudi GDP (GDP_Z), both collected from 
WDI (World Bank 2017). 

       
          

According to the World Bank definition, general 
government final consumption expenditure (formerly 
general government consumption) includes all 
current government expenditures associated with 
purchasing goods and services. This includes 
compensation of employees and most spending 
on national defense and security, but it excludes 
government military expenditures (World Bank 
2021). For more detailed coverage of the sectoral 
components of government expenditure and the 
relationship between government and military 
expenditures, interested readers can refer to Razek 
and McQuinn (2021), as military expenditure is 
beyond the scope our paper. 

Ratio of net foreign assets to GDP (NFA). This is  
the percentage ratio of Saudi Arabia’s net foreign 
assets from WDI (World Bank 2021) to its GDP, 

both measured in SAR. The World Bank defines net 
foreign assets as the sum of foreign assets held by 
monetary authorities and deposits held in banks, 
less foreign liabilities (World Bank 2021).

For illustrative purposes, Figure 1 depicts the natural 
logarithmic (log) levels (indicated by lowercase 
labels) and first differences of the variables used in 
the empirical analysis.

Econometric Methodology 

We applied the cointegration test to annual 
time series data for the period 1980–2018 and 
then estimated the coefficients of the long-run 
relationship between reer and its determinants. Prior 
to doing so, we tested for stochastic properties of 
the variables by performing standard unit root tests 
and those designed for structural breaks. 

We employed autoregressive distributed lags 
(ADL) as our primary long-run estimation method, 
as it has several advantages that make it more 
suitable for our case than other methods. ADL 
long-run estimations and the ADL bounds test 
for cointegration profoundly outperform all their 
counterparts, including vector autoregressive (VAR) 
methods in small samples. When the ADL technique 
is used, simultaneous estimations of the long- and 
short-run coefficients can be generated quite easily 
via ordinary least squares (OLS) regression. This 
can be applied regardless of whether the integration 
order of regressors is one, zero or a mixture of both 
(Enders 2015; Pesaran and Shin 1995; Pesaran, 
Shin, and Smith 2001). Nonetheless, there is still a 
need to test the unit root properties of variables.  
This is because it would be useless to search for 
long-run relationships if the dependent variable is 
an I(0). Moreover, the ADL-based estimation and 
testing can yield misleading results if an I(2) variable 
is involved in the analysis. 
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Figure 1. Log levels and growth rates of the variables.

Source: Authors’ construction. 
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Hence, we employed two conventional unit root 
tests, that is, the Augmented Dickey-Fuller (ADF; 
Dickey and Fuller 1979) and Phillips-Perron (PP; 
Philips and Perron 1988), to ensure robustness. 
Enders and Lee (2012b) explained that standard 
Dickey-Fuller-type unit root tests such as ADF 
and PP do not have the initial value problem and 
are straightforward to use. Thus, they outperform 
generalized least squares de-trended types of unit 
root tests. As a further robustness check, we also 
used unit root tests with structural breaks, such 
as the ADF test with structural breaks (ADFBP) 
developed by Perron (1990), Perron and Vogelsang 
(1992a, 1992b), and Vogelsang and Perron (1998). 
We also used the ADF test with the Fourier 
approximation, which was developed by Enders 
and Lee (2012a, 2012b) to address multiple breaks 
resulting in a non-linear trend in data. Enders and 
Lee (2012a, 2012b) showed that this test has a 
number of advantages over other unit root tests 
deigned for structural breaks. 

We applied the maximum likelihood-based  
Johansen cointegration test (JOH) first in the 
empirical analysis, although our primary estimation 
and testing method was ADL. We employed this 
strategy because the JOH, as a system-based 
cointegration test, is the only method that can 
reveal whether multiple cointegration relationships 
exist, whereas the ADL bounds test or other 
single-equation-based and residual-based 
cointegration tests cannot. In other words, the 
theory of cointegration articulates that n variables 
can establish a maximum of n-1 cointegrated 
relationships, and a system-based test, such  
as JOH is the only method to discover this. The 
key point here is that if there is more than one 
cointegrating relation, but they are ignored, it  
will cause information loss. It may even cause  
an omitted variable bias issue if the long-run 

residuals of the other cointegrating relation enters 
the equilibrium correction model of the interested 
variable in a statistically significant way (see, e.g., 
Badinger [2004]; Dibooglu and Enders [1995]; 
Enders [2015]). The ADL and other single-equation-
based methods (referred to below), can be used to 
estimate long-run coefficients if the JOH indicates 
only one cointegrating relationship among the 
variables under consideration. In the reduced rank 
approach of the JOH method, a VAR model is first 
specified and estimated. Then it is transformed into 
a VEC model to test for cointegration. See Enders 
(2015); Johansen (1988, 1992), Johansen and 
Juselius (1990), and Juselius (2006) for descriptions 
of the JOH.

One of the key issues we needed to consider in 
the empirical analysis was the small sample bias 
correction in testing cointegration. To address 
this, we applied corrections to both the JOH and 
ADL bounds testing methods to verify that our 
inferences about the cointegration properties of 
the variables were robust. Cheung and Lai (1993), 
Reimers (1992), and Reinsel and Ahn (1992) 
explained that the trace and maximum eigenvalues 
(i.e., the cointegration test statistics of the JOH) 
may be biased towards suggesting more than one 
cointegrating relationship, particularly when the 
sample size is small and the number of variables 
included in the cointegration analysis is large. 
Therefore, we applied the correction method 
developed by Reimers (1992) and Reinsel and Ahn 
(1992) to the JOH. As an additional robustness 
check, we employed Narayan’s (2005) critical 
values in the ADL bounds test for cointegration, 
as these critical values were tabulated for small 
samples compared to those suggested by Pesaran, 
Shin, and Smith (2001). Lastly, we applied the 
degrees of freedom correction to the estimations  
of the long-run coefficients in the ADL, we and 
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employed additional long-run estimation methods 
described below. 

To check the robustness of the estimated long-run 
coefficients, and thereby propose well-grounded 
policy recommendations, we used fully modified 

ordinary least squares (FMOLS), canonical 
cointegrating regression (CCR) and dynamic 
ordinary least squares (DOLS) methods alongside 
the ADL method. Thus, we used dynamic estimators 
such as ADL and DOLS and static estimators such 
as FMOLS and CCR.
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Results of the Empirical Analysis and 
Robustness Checks

does not favor either the ADF or the PP result, as 
it does not provide clear information about whether 
the variable follows a trend-stationary or difference-
stationary process. Because the variable has a 
trend that continues until 1985 and then another 
trend prevails from 1992 onward, a unit root test 
with a structural break is preferable. To this end, 
we ran the ADF test with a structural break for 
proddo. We set the maximum lag order to two and 
used the Schwarz criterion to select the optimal lag 
length. We selected 1992 as the break date, and 
we considered this break to be innovative because 
it evolved gradually from 1985 to 1992. The test 
sample value of -3.12 is smaller than the critical 
values of -4.52, -3.89 and -3.61 at the 1%, 5% and 
10% significance levels, respectively, in absolute 
terms. This result indicates that proddo is a unit root 
process with a broken trend. We also applied the 

Unit Root Test Results

Table 1 reports the ADF and PP unit root test 
results. The graphical illustrations of the variables 
in Figure 1 suggest that only proddo may include 
a linear deterministic trend in its data generation 
process (DGP). Hence, it is included in the ADF and 
KPSS tests of this variable. Enders and Lee (2012b) 
argued that if a linear trend is not necessary, it 
should be excluded because a test equation without 
a linear trend is more powerful.

For the variables in level, the ADF test results 
indicate that all variables except proddo are unit  
root processes at the 5% significance level. For  
the proddo, although the ADF test result suggests 
trend stationarity, the PP test result suggests a unit 
root process. The graphical illustration of proddo 

Variable
Augmented Dickey-Fuller Phillips-Perron

Test value t c Neither k Test value T c Neither
reer -2.545030 x 1 -2.282108 x
proddn -2.621165* x 1 -2.049572 x
proddo -3.923043** x 2 -2.907963 X
gc -2.844594* x 0 -3.015886** x
nfa -2.182802 x 1 -1.617933 x
d(reer) -3.305123*** x 0 -3.307186*** x
d(proddn) -1.781354* x 0 -1.920298* x
d(proddo) -5.089681*** x 0 -5.170854*** x
d(gc) -5.583065*** x 0 -5.583198*** x
d(nfa) -3.159805*** x 0 -3.349197*** x

Table 1. Unit root test results.

Source: Author’s estimations. 
Notes: The maximum lag order is set to two, and the optimal lag order (k) is selected based on the Schwarz criterion in the tests; 
***, ** and * indicate rejection of the null hypotheses at the 1%, 5% and 10% significance levels, respectively. Critical values for the 
tests are taken from MacKinnon (1996). The final unit root test equation can include one of three possibilities: intercept and trend 
(t), intercept only (c) and neither of them (neither); x indicates that the corresponding option was selected in the final unit root test 
equation.
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ADF test with a structural break to the first difference 
of proddo with the same set up as above, but this 
time considering the break in the intercept. The test 
sample value of -4.89 is greater than any critical 
values in absolute terms, suggesting stationarity in 
the growth rate of proddo with an intercept break. 

The PP test results suggest the unit root process 
applies to all variables except for gc, which seems 
to be level stationary at the 5% significance level.10 
However, the graphical illustration of gc in Figure 
1 clearly shows a pattern of non-stationarity. 
Moreover, the estimated coefficients on the lagged 
level of the dependent variables, that is, gct-1 in the 
ADF and PP tests, are -0.26. This means that the 
autoregressive coefficients are 0.74, which is more 
in favor of a unit root process than a stationary 
process. Thus, gc can be considered a unit root 
process. 

For the first difference of the variables, which are 
the growth rates, the results of both the ADF and 
PP tests suggest stationarity at the 1% significance 
level. That conclusion for d(proddn) holds only at 
the 10% significance level. One can suspect that 
this weak significance is caused by obvious breaks 
in the growth rate, as illustrated in Figure 1. Hence, 
one may wish to apply a unit root test with structural 
break. To this end, one should not apply the ADF 
test with one structural break, as Figure 1 illustrates 
at least three broken trends. Therefore, we ran 
Enders and Lee’s (2012a, 2012b) ADF test with the 
Fourier approximation. This test outperforms other 
unit root tests with multiple structural breaks (Enders 
and Lee 2012a, 2012b). The test results, which are 
available from the authors on request, indicate that 
d(proddn) is a stationary variable with breaks. 

Overall, we conclude that all the variables are unit 
root processes at their log levels, and their growth 
rates are stationary. In other words, they all follow 
I(1) processes.

Cointegration Test and Long-run 
Estimation Results

As discussed in the methodology section, we first 
tested the number of cointegrated relations using the 
JOH. To this end, we followed the methodological 
guidelines provided by Juselius (2006) and others 
by first estimating a VAR of reer, proddn, proddo, gc 
and nfa. We noticed that decreasing the lag order 
from two to one caused a serial correlation issue, 
which is a serious problem for the JOH method. 
Hence, we selected the two-lag order as the optimal 
length. The VAR with two lags successfully passed 
all post-estimation tests, and therefore was valid for 
transforming a VEC model to test for cointegration. 
Table 2 presents the test results.

Panels A through C indicate that the residuals of the 
estimated VAR do not have any issues with serial 
correlation, non-normality or heteroscedasticity 
at the 5% significance level. Additionally, Panel 
D shows that the VAR is stable, as none of the 
characteristic roots are outside the unit circle. In 
general, the estimated VAR model fits the data 
well. As show in Panel E, both the trace and 
maximum eigenvalue test statistics suggest only 
one cointegration relationship between the variables 
after the small sample bias adjustment, regardless 
of the test type considered. The key message 
conveyed by Table 2 is that the variables (i.e., 
reer, proddn, proddo, gc and nfa) form only one 
cointegrated relationship. Therefore, we can use the 
ADL as well as DOLS, FMOLS and CCR to estimate 
the long-run coefficients of this single cointegration 
relationship among the variables.

We applied the ADL bounds test developed by 
Pesaran, Shin, and Smith (2001) to equation (2a) to 
see whether the results support that of the JOH. We 
selected a maximum lag order of two, as we did in 
the VAR analysis above, and we used the Akaike 

Results of the Empirical Analysis and Robustness Checks
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Panel A: Serial correlation LM test a

Lags LM-statistic p-value
1 29.74 0.23
2 26.71 0.37
3 17.75 0.85

Panel B: Normality test b

Statistic χ2 d.f. p-value
Skewness 1.51 5 0.91
Kurtosis 1.84 5 0.87

JB 3.35 10 0.97
Panel C: Heteroscedasticity test c

White χ2 d.f. p-value
Statistic 333.20 300 0.09*

Panel D: Stability test d

Modulus Root
0.93 0.93
0.91 0.84 – 0.35i
0.91 0.84 + 0.35i
0.88 0.86 – 0.19i
0.88 0.86 + 0.19i

Panel E: Johansen cointegration test summary
Trend in data: None None Linear Linear Quadratic

Test type: (a) No C or t (b) C (c) C (d) C and t (e) C and t
Trace adj: 1 1 1 1 1

Max-eigenvalue adj: 1 1 1 1 1

Table 2. VAR and VEC post-estimation and cointegration test results.

Source: Author’s estimations.
Notes: a The null hypothesis in the serial correlation LM test is that there is no serial correlation at lag order h of the residuals. b 
System normality tests with the null hypothesis of the residuals are multivariate normal. c The White heteroscedasticity test uses 
the null hypothesis of no cross terms heteroscedasticity in the residuals. d The VAR stability test results show that no roots of 
polynomial characteristics are outside the unit circle. adj is the small sample bias adjustment, which was made for the trace and 
maximum eigenvalue test statistics using the method developed by Reinsel and Anh (1992) and Reimers (1992); χ2: chi-squared; 
LM: Lagrange multiplier; JB: Jarque-Bera; d.f.:degree of freedom; p-value: probability value; c: intercept; t: trend. * denotes the 
rejection of the null hypothesis at the 10% significance level. Estimation period: 1980–2018.

information criterion to select the optimal lag lengths 
for each variable.11 One of the merits of the ADL is 
that different lag lengths can be selected for different 
variables, unlike in the VAR/VEC framework. EViews 
11.0 selected the ADL (2, 0, 2, 2, 0) specification 
after evaluating 162 rival specifications. The results 
of the cointegration and post-estimation tests as well 

as the estimated long-run coefficients for equation 
(2a) are documented in Table 3.

The ADL (2, 0, 2, 2, 0) specification successfully 
passes the serial correlation, heteroscedasticity, 
ARCH and normality tests, as reported in Table 3. 
Additionally, the specification does not have any 

Results of the Empirical Analysis and Robustness Checks
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issue with functional form misspecification. The test 
of the null hypothesis of no cointegration yields a 
sample F-value of 8.97. This value is higher than 
Pesaran, Shin, and Smith’s (2001) upper-bound 
critical value in the case of k = 4 and T = 100 at the 
1% significance level, which is 4.37. The sample 
F-value also far exceeds Narayan’s (2005) upper-
bound critical value for the sample size of 35 at 
the 1% significance level, which is 5.53. Hence, we 
conclude that there is a cointegrated relationship 
among reer, proddn, proddo, gc and nfa after 
considering small sample critical values. The  
results for the ADL bounds test for cointegration 
support those of the JOH test in Table 2. Because 

the variables are cointegrated, the estimated 
coefficients are not spurious and can be interpreted 
as long-run coefficients. The estimated long-run 
coefficients from the DOLS, FMOLS and CCR for 
equation (2a) are presented in Table 4. 

Additional Robustness Checks

We also checked whether our selected specification, 
that is, equation (2a), is robust to the consideration 
of other variables. One can consider international 
trade measures, such as trade openness (OP) 
or TOT, in modeling the behavior of the REER in 
standard economies. However, as we discussed in 

proddn proddo gc nfa c

Coef. (p-value) Coef. (p-value) Coef. (p-value) Coef. (p-value) Coef. (p-value)
0.71 (0.00) 0.18 (0.00) 0.67 (0.00) -0.12 (0.06) -1.02 (0.16)

Table 3. ADL estimation and test results.

Source: Author’s estimations.
Note:          (    )             (    )            (    )          (    )          (    )          . 
Pesaran, Shin, and Smith’s (2001) upper-bound critical values in the case of k = 4 and T = 100 are 4.37, 3.49 and 3.09 at the 1%, 
5% and 10% significance levels, respectively. Narayan’s (2005) upper-bound critical values in the case of k = 4 and T = 35  
are 5.53, 4.09 and 3.46 at the 1%, 5% and 10% significance levels, respectively. The dependent variable is reer; c denotes 
the intercept term. FSC, FARCH, FHETR,  FFF and FW denote F statistics to test the null hypotheses of no serial correlation, no 
autoregressive conditioned heteroscedasticity, no heteroscedasticity in the residuals, no functional form misspecification and 
no cointegration in the Wald test, respectively; JBN indicates the Jarque-Bera statistic to test the null hypotheses of normal 
distribution of the residuals. k and T are the number of regressors and number of observations, respectively.

Method proddn proddo gc nfa c

Coef. (p-value) Coef. (p-value) Coef. (p-value) Coef. (p-value) Coef. (p-value)
DOLS 0.89 (0.00) 0.20 (0.00) 0.51 (0.00) -0.18 (0.02) -1.27 (0.22)
FMOLS 1.24 (0.00) 0.22 (0.01) 0.68 (0.00) -0.25 (0.00) -3.16 (0.00)
CCR 1.23 (0.00) 0.24 (0.00) 0.65 (0.00) -0.24 (0.00) -3.15 (0.00)

Table 4. Long-run elasticities from DOLS, FMOLS and CCR.

Source: Author’s estimations.
Note: The dependent variable is reer; c is the intercept term.

Results of the Empirical Analysis and Robustness Checks
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section 3, several studies have shown that these 
measures are not relevant when modeling the 
REER of net oil-exporting economies. Because the 
international trade of these economies is heavily 
driven by the oil sector (oil exports and/or price), 
accounting for the effect of the oil sector indirectly 
(e.g., through government consumption, as we did 
in this study) or directly (e.g., by including oil prices 
or revenues) makes these trade measures irrelevant 
in the REER analysis. We empirically tested this 
concept by including OP and TOT in equation (2a) 
one at a time (see Appendix A for details about 
the variables).12 The aim was to check whether 
these variables can add theoretically consistent 
and statistically significant information to our 
long-run estimations reported in tables 3 and 4 to 
help explain movements in the REER. For further 
robustness, we estimated the effects of OP and 

TOT using all four methods. Table 5 documents the 
estimation results.

As shown in Table 5, neither op nor tot provides 
useful information, as their estimated long-run 
coefficients are statistically insignificant across  
all the methods. The long-run coefficient of  
tot is statistically significant at the 5% level in 
the ADL estimation in the table. However, this 
specification, that is, ADL (1, 2, 1, 0, 0, 2), has two 
serious issues: serial correlation in the residuals 
and functional form misspecification. These are 
crucial problems that invalidate the estimation 
results, including the estimated coefficients. We 
tried to find an ADL specification for tot that is 
free of serial correlation and misspecification. 
However, regardless of whether one- or two-lags is 
considered as the maximum lag order and which 

Method
proddn proddo gc nfa op tot c

Coef. 
(p-value)

Coef. 
(p-value)

Coef. 
(p-value)

Coef. 
(p-value)

Coef. 
(p-value)

Coef. 
(p-value)

Coef. 
(p-value)

ADL 0.70 (0.00) 0.15 (0.04) 0.73 (0.00) -0.12 (0.06) 0.14 (0.59) --- -1.77 (0.18)
1.20 (0.00) -0.29 (0.19) 0.66 (0.00) 0.00 (0.99) ---- -0.44 (0.03) 0.23 (0.81)

DOLS 0.91 (0.00) 0.19 (0.01) 0.62 (0.00) -0.20 (0.01) 0.41 (0.15) --- -3.25 (0.06)
0.69 (0.04) 0.28 (0.03) 0.54 (0.00) -0.15 (0.04) ---- 0.07 (0.56) -1.17 (0.22)

FMOLS 1.14 (0.00) 0.19 (0.05) 0.79 (0.00) -0.24 (0.00) 0.26 (0.39) --- -5.51 (0.20)
1.28 (0.00) 0.20 (0.03) 0.58 (0.00) -0.21 (0.00) ---- -0.05 (0.53) -1.20 (0.67)

CCR 1.12 (0.00) 0.22 (0.01) 0.74 (0.00) -0.23 (0.00) 0.24 (0.46) --- -4.91 (0.23)
1.24 (0.00) 0.23 (0.02) 0.58 (0.00) -0.21 (0.00) ---- -0.03 (0.73) -1.29 (0.67)

Table 5. Extended long-run estimations using OP and TOT.

Source: Author’s estimations.
Note: The dependent variable is reer; c is the intercept term. op and tot are the natural logarithm expressions of OP and TOT. 
In the ADL estimation for op, the maximum lag order of two is considered, and the final specification of ADL (2, 0, 2, 2, 0, 0) is 
selected by the Akaike information criterion as the Schwarz-based selection has a serial correlation issue. The post-estimation 
tests results are: 

         (    )             (    )            (    )          (    )          (    )          . 
In the ADL estimation for tot, the maximum lag order is set to two, and regardless of the information criterion considered, the final 
selected specification is ADL (1, 2, 1, 0, 0, 2). The post-estimation tests results are: 

         (    )               (    )            (    )          (    )          (    )           

Results of the Empirical Analysis and Robustness Checks
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information criterion is preferred, these issues 
persist. These results support the contention that 
international trade measures, such as OP and TOT, 
which are considered in modeling the REER in 
standard economies, do not provide explanatory 
information if the impact of the oil sector is already 
directly or indirectly accounted for in the analysis. 
As expected, the variables became statistically 

significant if the productivity differentials in the 
oil sector are excluded from the estimations. The 
results of these estimations are not reported here 
to conserve space but are available from the 
authors on request. Thus, we conclude that the 
estimated long-run coefficients reported in tables 3  
and 4 are robust and can be used in additional 
analyses. 

Results of the Empirical Analysis and Robustness Checks
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Equilibrium REER and  
Currency Misalignment

right-hand graph takes the average of the equilibrium 
values, estimated from the four methods on the left 
graph, and compares the resulting equilibrium values 
with the actual REER values. This makes it easy for 
readers to observe how these two REER series are 
similar or different over time. 

Finally, Figure 3 plots the calculated misalignment 
values over time. We discuss figures 2 and 3 in the 
next section.

Because we concluded that the estimated long-
run coefficients for equation (2a) presented 
in tables 3 and 4 are robust, we used them 

to construct the equilibrium and misalignment series 
of the REER using equation (3). The graph on the 
left side of Figure 2 illustrates the equilibrium REER 
series constructed using the estimated coefficients 
from the ADL, DOLS, CCR and FMOLS models 
alongside the actual REER, thereby demonstrating 
how different methods yield similar results. The 

Figure 2. Actual and equilibrium REER series, 1980–2018.

Source: World Bank (2021) data and authors’ estimations.
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Figure 3. REER misalignment, %.

Source: Authors’ construction. 

Equilibrium REER and Currency Misalignment
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Discussion 

estimated using different methods are quite close to 
each other, considering our small sample size. This 
gives us confidence that our results are robust, and 
our policy recommendations are well-grounded. We 
use average values of the coefficients estimated 
from four different methods in the discussions 
below.14

On average, a 1.0% rise in the non-oil sector 
productivity differential leads to a 1.0% appreciation 
of the REER. The same rise in the productivity 
differential in the oil sector causes a 0.2% 
appreciation in the long run. Sign-wise, the findings 
are consistent with the theory of the equilibrium 
exchange rate. According to the Balassa-
Samuelsson concept, increased productivity in 
the tradables sector leads to price increases in 
the non-tradables sector, and the exchange rate 
appreciates as a result. This hypothesis holds true 
for both the non-oil and oil sectors in Saudi Arabia, 
as we found statistically significant coefficients. 
It appears that the appreciation effects of the 
productivity differential between the non-oil sector 
and the rest of the world is remarkably higher than 
that of the oil sector. As discussed in the exchange 
rate literature, appreciation resulting from increased 
productivity does not harm competitiveness, and 
even strengthens it (see, e.g., Orszaghova, Savelin, 
and Schudel 2012). Because increased productivity 
makes exports more competitive and imports 
cheaper, it is a key target that every country tries 
to achieve. Thus, an increase in productivity in the 
non-oil and oil sectors relative to the productivity 
of the rest of the world makes the Saudi economy 
more competitive. 

A 1% expansion in government final consumption is 
associated with a 0.6% appreciation of the REER. 
An increase in government final consumption 
increases domestic aggregate demand (particularly 
demand for non-tradable goods) and prices 

We conclude that the natural logarithmic 
expressions of the variables are non-
stationary with and without structural 

breaks, depending on the variable considered. In 
addition, their first differences are stationary based 
on the unit root test results in Table 1. Put differently, 
reer, proddn, proddo, gc and nfa follow an I(1) 
process. The non-stationarity assumes that shocks 
to the variables can create permanent effects. Thus, 
their means, variances and covariances change 
over time. In contrast, the stationary forms of our 
variables, that is, d(reer), d(proddn), d(proddo), 
d(gc) and d(nfa), assume that shocks to the 
stationary sequence of the variables are temporary. 
Hence, their means, variances and covariances do 
not change over time.13

Because we concluded that our variables follow 
an I(1) process, it is possible that these variables 
establish a long-run cointegration relationship. The 
results of two different tests—the JOH, a system-
based test, and the ADL bounds test, a single-
equation-based one—indicate a single long-run 
relationship among reer, proddn, proddo, gc and 
nfa (see tables 2 and 3). The interpretation of this 
cointegration is that the REER moves together with 
productivity differentials in the non-oil and oil sectors 
as well as with government consumption and NFA 
in the long-run and establishes a relationship, 
which is consistent with economic theory. The key 
message of cointegration here is that, if we estimate 
the parameters of the relationship established 
between the non-stationary sequences of the 
REER, productivity differentials in the non-oil and oil 
sectors, government consumption and NFA, we find 
they are not spurious and can be used for research 
or policy purposes to investigate the movement 
of the REER. We estimated the parameters of 
this long-run relationship and reported them in 
tables 3 and 4. Before proceeding to the economic 
interpretations, it is worth noting that the coefficients 
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rise, causing the REER to appreciate (e.g., see 
Meshulam and Sanfey [2019]). In Saudi Arabia, it 
should be mentioned that government spending, 
including consumption, significantly shapes the 
macroeconomic outlook (e.g., see Hasanov et al. 
[2021]). Hence, it has strong implications for the 
real exchange rate and competitiveness, just like 
other net oil-exporting developing economies. It 
is worth reporting that, on average, government 
expenditure (government final consumption) 
was 38% (26%) of GDP at current prices during 
1980–2018, with an upward trend after 2008. 
Additionally, on average, 50% of the government 
final consumption was attributed to wages, salaries 
and other allowances for government employees 
during the same period. If we add the government’s 
purchases of domestically produced goods and 
services to increase local content, as highlighted in 
Saudi Vision 2030, it can be concluded that a major 
portion of government final consumption is realized 
in the domestic economy. This increases aggregate 
domestic demand and, in turn, prices rise, leading 
to appreciation of the riyal. The appreciated REER 
might make the Kingdom’s exports, particularly non-
oil exports less competitive, and imports become 
less expensive, which would not be favorable for 
domestic production. Both outcomes (i.e., expensive 
exports and cheap imports) might create challenges 
for diversification, which is very important for the 
Kingdom to achieve, as highlighted in the Saudi 
Vision 2030 master plan.

Lastly, the REER depreciates by 0.2% when NFA 
increases by 1% in the long run. Theoretically, the 
impact of NFA on the REER is ambiguous, as we 
discussed in Section 3. In this regard, our finding 
of a negative impact is expected. As concluded in 
Section 3, empirical studies have usually found a 
negative impact of NFA on the real exchange rate  
in developing and emerging economies, and a 
positive impact in advanced economies. Our finding 

aligns with previous findings because Saudi Arabia 
is considered a developing/emerging economy. 
Recall that we used the World Bank’s definition of 
NFA, that is, the sum of foreign assets (any portfolio 
investments, including foreign currencies) held 
by Saudi monetary authorities and bank deposits 
minus their foreign liabilities. In other words, it is 
the difference between a given country’s clams 
on foreigners and its liabilities to them (Krugman, 
Obstfeld, and Melitz 2015, 51). The data on Saudi 
Arabia’s NFA position show that it was consistently 
positive throughout the analysis period. This 
indicates that outflows from Saudi Arabia into foreign 
investments and other assets were greater than 
inflows of foreign assets into Saudi Arabia (see 
Figure 1). Theoretically, if outflows are greater than 
inflows, demand for foreign currency increases, 
leading to depreciation of the national currency 
(the riyal in our case). According to the accounting 
definition of balance of payment, the value of 
NFA is the cumulative sum of the current account 
balance, which in turn is the sum of net exports, 
net income and net current transfers. Net exports, 
which constitute the main source of the Kingdom’s 
NFA, were consistently positive during 1980–2018, 
driven mainly by oil exports, except from 1983 to 
1989 and in 2015. This enabled the Kingdom to 
invest significantly abroad. A negative association 
between NFA and the REER would be also related 
to the fixed-exchange rate framework. To be precise, 
when the riyal starts to appreciate as a result of 
internal and external factors, SAMA injects more 
USD into the foreign exchange market to maintain 
a fixed USD–riyal nominal bilateral exchange rate. 
This injection reduced the Kingdom’s foreign assets/
reserves.

Alberola and Navia’s (2007, 2008) studies were 
influential and have served as the theoretical 
underpinning of many other studies in which 
researchers examined the REER in different 

Discussion
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countries. As we discussed in section 3, the 
authors built a theoretical framework in which the 
sign of the NFA coefficient in the real exchange 
rate equation is determined by the difference 
between the real international interest rate (r) and 
real economic growth rate of a domestic economy 
(g). Put differently, if g is greater than r, the sign 
becomes negative, and vice versa. This analytical 
framework allows for a descriptive test (i.e., one 
can subtract g from r to examine whether the 
difference is predominantly positive or negative over 
a given period to get an idea of the sign of NFA). 
We did this as a robustness test for our finding of 
a negative effect of NFA on the REER. Figure 4 
illustrates the results. The figure shows that the 
difference is mostly negative (i.e., in 27 out of 39 
observations) between 1980 and 2018. Five of the 
12 positive differences occurred between 1980 and 

1987, which was an unusual period characterized by 
a prolonged recession in the Saudi economy (see, 
e.g., Al Moneef and Hasanov [2020]; Hemrit and 
Benlagha [2018]). Moreover, the positive differences 
in 1999, 2001–2002 and 2009 may have been 
associated with negative Saudi GDP growth rates 
caused by the Russian ruble crisis, Asian financial 
crisis and global financial crisis, respectively. This 
leaves only three “normal” years in which r was 
larger than g. To this end, Figure 4 supports our 
estimation of the negative impact of NFA on the 
REER (see tables 3 and 4). As a further robustness 
check, we calculated the cumulative sum of the 
Saudi current account and adjusted it with GDP 
values, both in current USD using WDI (World Bank 
2021) data. We included the resulting series in  
the REER estimates as another measure of NFA,  
in line with the literature (see, e.g., Alberola and 

Figure 4. Difference between the real international interest rate (r) and Saudi real GDP growth rates (g).15

Source: Authors’ construction. 

Discussion
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Navia [2008]). This measure of NFA is negative and 
statistically significant in the DOLS, FMOLS and 
CCR estimates, but it is negative and insignificant 
in the ADL estimate (results are available from the 
authors upon request). This finding further supports 
the negative effects of NFA on the REER reported 
in tables 3 and 4. 

Regarding how the aforementioned driving forces 
shaped the Saudi REER from 1980 to 2018, 
some observations from figures 2 and 3 are worth 
discussing. First, if we ignore abnormal times, such 
as the economic recession from 1980 to 1987, the 
Gulf War from 1991 to 1992, the oil market boom 
in 2008 and the oil price drop from 2014 to 2016, 
REER misalignment values stay between 8.7% and 
-6.5% over the entire period, which is an acceptable 
range for deviations of the actual REER from its 
equilibrium values (see Figure 3). Put differently, the 
right-hand graph in Figure 2 illustrates that actual 
values (blue line) were quite close to equilibrium 
values (orange line) if we ignore abnormal 
observations. As noted in an IMF (2011) report, 
when government spending exceeds the equilibrium 
level, modest currency misalignments occur. This 
implies that SAMA’s exchange rate policy was 
quite successful in that the actual REER remained 
close to the equilibrium level. This is desirable 
because when the REER exceeds the equilibrium, 
Saudi exports (particularly non-oil exports) become 
expensive for the rest of the world, and when the 
REER is lower than the equilibrium, imports become 
costly for the Kingdom.

Second, the misalignment values in Figure 3 are 
mainly positive, and actual REER values exhibit 
an upward trend, particularly since 1993. This 
is a reasonable finding because high oil prices 
(and thus, huge oil revenues) placed appreciation 
pressure on the riyal for a long time. However, the 
fixed exchange rate regime curbed this appreciation 
significantly. In this regard, in line with Razek and 

McQuinn (2021), it can be concluded that the fixed 
exchange rate regime benefited the Kingdom.

Third, the exchange rate literature discusses that 
the REER equilibrium level goes up if a country’s 
productivity level exceeds that of the rest of the 
world. Such an increase in the equilibrium level 
does not harm a country’s competitiveness, as 
we mentioned previously. For example, higher 
productivity in advanced economies strengthens 
their currencies and improves their competitiveness 
at the same time. From this standpoint, in Figure 2  
one can observe the Saudi equilibrium REER 
level trending downward over the period. This 
finding may imply that historically, the country’s 
productivity level did not exceed that of the rest of 
the world, which would raise the REER equilibrium 
level. Indeed, Panel A in Figure 1 shows that the 
productivity differential in the oil sector has a 
downward trend over the period. The productivity 
differential in the non-oil sector also declined until 
2003; it then increased until 2014, before declining 
thereafter. Theoretically, one can argue that it is 
not only labor productivity, but also the so-called 
total factor productivity (TFP) that drives a country’s 
competitiveness. In this regard, Hasanov et al. 
(2019) calculated that the TFP level and growth 
rates in Saudi Arabia were almost unchanged, 
whereas the Penn World Table (Feenstra, Inklaar, 
and Timmer 2015) shows that TFP was generally 
decreasing during the period under consideration. 
This is consistent with Razek and McQuinn’s (2021) 
conclusion that there is room to improve productivity 
in Saudi Arabia. 

Fourth, in some studies, such as IMF (2019) and 
Suliman and Abid (2020), researchers modeled 
the Saudi REER movement solely as a function of 
oil prices, ignoring its other theoretically predicted 
determinants. Their main argument in doing so  
was that Saudi Arabia has an oil-based economy, 
and oil prices shape many macroeconomic 

Discussion
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indicators, including the REER. However, we note 
that oil price movements alone do not sufficiently 
explain Saudi REER movements in recent years. 
Specifically, both nominal and real oil prices 
declined after reaching their maximum values in 
2012. They continued to decline until 2016, before 
recovering in 2017 and 2018. Based on the logic 
of the studies above, the equilibrium REER should 
follow the same pattern. However, the right-hand 
graph in Figure 2 portrays a different picture: The 
equilibrium REER level increased from 2013 to 
2015 and then decreased continuously thereafter. 
The increases from 2013 to 2015 might have been 
mainly driven by increases in the productivity 
differential in the non-oil sector and government 
final consumption over the same period. Similarly, 
declines from 2016 to 2018 might have been 
primarily caused by decreases in the productivity 
differentials in the non-oil and oil sectors and in 
government final consumption during the same 
period (see Panel A, Figure 1).

We estimate that in 2018 (the end year of the 
empirical analysis), the actual REER was 3.5% 
higher than the equilibrium level. This magnitude 
of appreciation is not a serious issue for export 
competitiveness but nonetheless undermines it. 
Hence, the REER should be adjusted down to the 
equilibrium. From a decision-making standpoint,  
it should be acknowledged that reducing the  
actual REER is not an easy task because the 
nominal exchange rate is fixed against the USD. 
Moreover, changing the composition of exports  
and imports (which can change the relative weights 
of trade partners and thus, the NEER) takes a  
long time. In addition, lowering the domestic price 

level relative to the rest of the world does not 
seem to be a reasonable policy measure due to 
domestic reforms and transformations. Moreover, 
reducing government final consumption spending 
would slow down the domestic price increase, 
which would create depreciation pressure on 
the prevailing REER. However, the reduction in 
government final consumption would also lower 
the equilibrium REER, so the gap between these 
two REER values would not be filled. Additionally, 
government final consumption expenditure does 
not seem to be a relevant measure, given that half 
of it goes to households in the form of employee 
compensation. To this end, perhaps it would be 
relevant to increase outflows; that is, increase the 
level of foreign investments and other assets held 
by Saudi Arabian authorities and/or decrease the 
level of foreign liabilities. These would increase 
NFA, and thus decrease the equilibrium REER level. 
The outflow would create additional demand for 
foreign currencies causing these foreign currencies 
to appreciate against the riyal, which would also 
contribute to depreciation of the REER. Note that in 
figures 5 and 6, the Saudi trade balance exceeds 
the current account, suggesting negative aggregate 
net primary and secondary income. The figures 
show that net primary income is relatively small, 
and that net secondary income and the employee 
compensation (remittances) component of net 
primary income is negative.

Another remedy would be increasing domestic 
productivity relative to the rest of the world, which 
would simultaneously increase competitiveness and 
the equilibrium REER. This, however, would happen 
in the medium to long run.

Discussion
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Figure 5. Saudi Arabia’s trade and current account balances.

Source: SAMA.

Figure 6. Saudi Arabia’s current account: Components of primary income.

Source: SAMA.

Discussion
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Policy Simulation Analysis  
Using KGEMM 

new public investment initiatives announced by 
the PIF. The initiatives highlighted in the Public 
Investment Fund Program 2021–2025 (PIF 2021) 
aim to develop 13 strategic non-oil sectors.  
In this section, we first briefly describe the KGEMM 
and the underlying assumptions for the simulation 
analyses. Then, we discuss the results of the 
simulations.

We performed policy simulation analyses 
for REER-based competitiveness 
from 2021 to 2025 using an 

energy (environment) sectors augmented 
macroeconometric model called the KAPSARC 
Global Energy Macroeconometric Model  
(KGEMM). Our aim was to examine the  
REER-based competitiveness effects of 
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Brief Overview of the KGEMM and 
REERE Linkages

data have been updated, and most of the behavioral 
equations have been re-estimated through 2019. 
Third, the projections account for the impacts of 
COVID-19 and the low oil price environment. These 
and other changes in the KGEMM have been 
documented by Hasanov et al. (2022).

Figure 7 illustrates the first round (equation (3)) 
and second-round linkages of REER-based 
competitiveness in the KGEMM framework. 
In section 3, we described the relationships 
between REER-based competitiveness (REERE) 
and its selected determinants—namely, relative 
productivity in the non-oil sector (PRODDN) and 
relative productivity in the oil sector (PRODDO) as 
well as net foreign assets (NFA) and government 
consumption (GC), and in section 4 we defined the 
determinants. Hence, we do not discuss these  
again here.

Figure 7 further illustrates that the value added 
in the non-oil sector (GVANOIL) is the sum of the 
value added by 10 non-oil activities, including 
agriculture (GVAAGR), non-oil manufacturing 
(GVAMANNO), construction (GVACON), distribution 
(GVADIS) and public services (GVAGOV).17 Value 
added by the oil sector (GVAOIL) is the sum of 
value added by oil mining (GVAOILMIN) and oil 
refinery (GVAOILREF) activities. Total population, 
a component of productivity, is the sum of 12 
population age groups, from children aged 0–14 
years (POP014) to those over age 65 (POP65A). 
Nominal gross domestic product (GDP_Z), which 
feeds into NFA and GC in equation (3), is the 
sum of the value added in the non-oil sectors 
(GVANOIL_Z), oil sector (GVAOIL_Z) and by 
import taxes (GVANIT_Z), all in nominal terms. 
Nominal government consumption (GC_Z) is the 
sum of government wages, salaries and allowances 
(GWSA_Z); government administrative expenses 

The KGEMM is a policy tool that assesses the 
impacts of internal decisions made by Saudi 
policymakers and changes in the global 

economy on Saudi Arabia’s energy (environment) 
macroeconomic indicators (Hasanov et al. 2020, 
2022). The KGEMM is a general equilibrium, 
energy (environment) sector augmented model. 
It is also a semi-structural macroeconometric 
model, that is, a combination of theory-driven and 
data-driven approaches. Semi-structural models 
perform better than purely theory-based models 
(e.g., dynamic stochastic general equilibrium 
models or computable general equilibrium models) 
or purely data-based models (e.g., unrestricted 
VAR models), as discussed in the literature (see 
Ballantyne et al. [2020]; Cusbert and Kendall 
[2018]; Giacomini [2015]; Hendry [2018]; Hendry 
and Muellbauer [2018]; Jelić and Ravnik [2021]). 
In addition, KGEMM is a hybrid model, as it 
incorporates input-output model (IOM) elements, 
such as intermediate and final demands, into the 
macroeconometric framework. We briefly describe 
additional features of the KGEMM in Appendix B. 
The version of the KGEMM employed here differs 
from that documented by Hasanov et al. (2020) in 
the following ways. First, the relationship for the 
equilibrium real effective exchange rate (REERE 
in equation (3)), developed in this study has been 
incorporated into the KGEMM framework. This was 
done to fulfill the aim of the simulations in this paper 
and other research and policy analyses in the future. 
Instead of considering one of the four estimated 
REER equations in tables 3 and 4, we took the 
average of the estimated coefficients across the 
methods and formed the REERE identity.16 The 
advantage of this combined approach is that it 
takes into consideration information from all four 
estimated equations using different methods. The 
incorporation of the REERE identity was successful, 
as the KGEMM was solved consistently. Second, the 
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(GAE_Z); government maintenance operations 
(GMO_Z) and other government consumption (GC_
OTH_Z), all in nominal terms. To ease interpretation, 
we econometrically estimated sectoral activities as 
functions of the energy demand of these activities 
and total demand for these activities, except for 
oil mining (GVAOILMIN), which follows OPEC 
production agreements and other changes in the 
international energy markets (see, e.g., Kaufmann et 
al. 2004, 2008; Wirl and Kujundzic 2004). Total 

demand is the sum of intermediate demand and 
final demand. All three are input-output components. 
Intermediate demand represents interactions among 
all economic activities, whereas final demand 
expresses the impacts of final demand elements—
that is, government and private investment and 
consumption as well as exports categorized as oil 
goods, non-oil goods and services—on economic 
activities. Details of these and other relationships 
can be found in Hasanov et al. (2020).

Figure 7. REER-based competitiveness linkages in KGEMM.

Source: Authors’ construction.
Note:  and  indicate positive and negative impacts, respectively.

Brief Overview of the KGEMM and REERE Linkages
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Assumptions for the Simulations and 
Policy Context

government investments. A dedicated analysis of 
import substitution and local content is beyond the 
scope of this study. Figure 6 illustrates projected 
values of government investments for both  
scenarios (i.e., BaU and S1).

The KGEMM reference case (BaU) projects that 
government investments will increase from 133.23 
billion SAR in 2020 to 143.32 billion SAR in 2025 
(red line in Figure 8). Such a projection can be 
considered reasonable, given that the share of 
GDP attributed to government investments was, on 
average, approximately 6% from 1970 to 2020 and 
approximately 5% in 2019 and 2020; and they are 
predicted to remain steady at approximately 5% 
from 2021 to 2025. Considering the PIF strategy, 
we project government investments will increase by 
150 billion SAR each year in S1 compared to the 
BaU scenario (blue line in Figure 8). Assumptions 
about other variables as well as technical details of 
the model and simulations can be obtained from the 
authors upon request. 

Figure 9 illustrates the main transmission channel 
of the impact of government investment on REER-
based competitiveness in the KGEMM framework.20 
As mentioned above, government investment 
(GI) is a component of final demand (FD) for 
each economic activity sector, which in turn is a 
component of total demand (TD) by sector. These 
TD components, together with energy demand, 
serve as the explanatory variable in the value 
added of each economic activity sector, which are 
aggregated into the non-oil and oil sectors. Lastly, 
value added by non-oil sector activities (GVANOIL) 
is a component of the relative non-oil sector 
productivity (PRODDN), as expressed in the Data 
section. The latter is one of the determinants of 
external price competitiveness (REERE),  
as equation (3) expresses. Thus, expanded 

We compared two scenarios: A business-
as-usual (BaU) scenario, which simulates 
the Saudi economy moving into the 

future and is in line with the KGEMM reference 
case;18 and a policy scenario (S1), which simulates 
what will happen to REER-based competitiveness 
if the initiatives outlined in the PIF Program (2021–
2025) is implemented. Established in 1971, the PIF, 
one of the leading government agencies in Saudi 
Arabia, is actively engaged in implementing Saudi 
Vision 2030 initiatives and achieving its targets. In 
2017, the PIF Program (2018–2020) was launched; 
it was followed by the PIF Program (2021–2025) in 
2021. One of the initiatives of the latest program is 
to invest 150 billion SAR into the Saudi economy 
each year (PIF 2021). To achieve economic goals 
and support the development of the national 
economy, the PIF identified 13 strategic sectors. 
These are renewables and utilities; aerospace and 
defense; automotive; transportation and logistics; 
food and agriculture; construction and building 
components and services; entertainment, leisure 
and sports; financial services; real estate; metals 
and mining; health care; consumer goods and 
retail; and telecom, media and technology (PIF 
2021). The program document describes initiatives, 
opportunities, progress, and direct strategic 
objectives that the PIF has established for each of 
these sectors.

To this end, in S1, we simulate KGEMM to 
examine what will happen to Saudi REER-based 
competitiveness if government investments increase 
by 150 billion SAR more each year from 2021 to 
2025 compared to the projected values in the BaU 
scenario.19 Obviously, investment is a key driver 
of economic development, including productivity 
growth. Therefore, this scenario analysis provides 
policymakers with useful insights regarding potential 
improvements in competitiveness associated with 
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government investments will improve external price 
competitiveness by increasing productivity in the 
non-oil sector.

Moreover, Figure 9 illustrates that expanding 
economic activities, driven by increased government 
investments, will result in more domestic energy 
consumption (DEN_TOT_KSA and OILUSE will  
rise). This will leave less crude and refined oil 
available for export (i.e., XGOIL$_Z decreases).  
This is because Saudi Arabian oil production is 
subject to OPEC production agreements (see, e.g., 
Kaufmann et al. 2008), and renewables constitute  
a very small share (consistently 0.01% from  
1996–2015) of the Kingdom’s energy mix 
(International Energy Agency data; AlGhamdi 
2020).21 As a result, government oil revenues 
(GREVOIL) will decline in S1 compared to BaU, 

assuming that the export prices of crude and 
refined oil remain the same in both scenarios. The 
government’s non-oil revenues (GREVNOIL) will 
increase as domestic energy sales (CEN_TOT_KSA) 
and collections from economic activities, such as 
taxes on income, profits and capital gains, increase. 
As a result, total government revenues (GREV) 
can decrease with oil revenues and increase with 
non-oil revenues. These ambiguous (positive and 
negative) effects will be transmitted to government 
expenditures, including government consumption 
(GC_Z), as it is financed by government revenues. 
Increased value added by the non-oil sector 
(GVANOIL) leads to an increase in nominal  
non-oil value added (GVANOIL_Z) and thereby 
nominal GDP (GDP_Z). The increase in the latter 
causes government consumption (GC) to shrink  
as it is the denominator in the calculation (see the 

Figure 8. Government investments (in billions SAR, 2010 prices).

Source: Authors’ projections. 

Assumptions for the Simulations and Policy Context
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Data section). Thus, the impact of government 
consumption (GC) on external price competitiveness 
(REERE) is ambiguous. However, it is likely that the 
negative impact of oil revenues would overshadow 

the positive effect of non-oil revenues because 
the oil sector accounts for a large share of total 
government revenues (see, e.g., Al Moneef and 
Hasanov 2020; Hasanov, Javid, and Joutz 2021).

Figure 9. Transmission channel from government investments to competitiveness.

Source: Authors’ construction.
Note: ,  and  indicate positive, negative and mixed impacts , respectively.

Assumptions for the Simulations and Policy Context
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Results of the Projections 

non-oil economic activity and the resulting GDP and 
nominal GDP expand. The simulation results show 
that declines in nominal government consumption 
(GC_Z) in S1 are quite small (i.e., 0.1% in 2021, 
rising to only 0.3% in 2025) compared to BaU.

Graph A, Figure 10 illustrates that the net effect of 
these two main drivers (PRODDN and GC) on REER-
based competitiveness is positive, as its values in 
S1 are higher than those in the BaU scenario. REER 
establishes higher equilibrium levels as a result of 
increases in government investments over the next 
five years. This implies that external competitiveness 
of the Kingdom rises in S1 compared to BaU. The 
simulation results are consistent with the theoretically 
predicted relationships between competitiveness, 
productivity, government consumption and  
investment as well as the results of the empirical 
estimations discussed in the previous section. 

Graph B, Figure 11 illustrates SAR misalignments  
in both scenarios. It is apparent from the graph  
that without additional government investments  
in the economy, misalignments (i.e., deviations of 
the observed REER from its equilibrium level, 

Figure 10 illustrates the projected paths of 
non-oil relative productivity and the size of 
government consumption. As can be expected 

from Figure 9 and the associated discussion, 
relative productivity in the non-oil sector increases, 
while government consumption size decreases 
in S1 compared to BaU as a result of increased 
government investments. Inspection of the model 
simulation results reveals that increases in the 
relative productivity of the non-oil sector (PRODDN) 
are entirely driven by expansions in the sector’s 
economic activities (GVANOIL) given that the values 
of its other components—that is, bilateral exchange 
rate (ER), world productivity (GDPPCW) and 
population (POP)—do not change from BaU to S1. 
Numerically, increases in value added by the non- 
oil sector in S1, compared to BaU, are very similar  
to the projected increases in relative productivity 
from 2021 to 2025 shown in Table 6. This implies 
that increased government investment leads to 
increased value added by the non-oil sector. With 
regard to government consumption size (GC), 
declines in S1 are mainly driven by increases in 
nominal GDP (see Figure 9). Put differently, the  
size of government consumption decreases as 

Figure 10. Projected paths of non-oil relative productivity and government consumption size.

Source: Authors’ projections.
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determined by domestic and external fundamentals) 
show a minimal change from 1.4% in 2021 to 
-1.3% in 2025, as the red line illustrates. Recall 
that even in-sample misalignments were in an 
acceptable range, particularly in recent years (see 
Figure 3). These misalignment results, from both 
the estimations and simulations, show that the 
Kingdom’s exchange rate and monetary policies 
have been quite successful, as the actual/observed 
REER deviated from its equilibrium path only slightly. 
When the government (PIF) makes additional 
investments in the economy in S1, fundamentals 
of the equilibrium exchange rate (mainly relative 
productivity in the non-oil sector) increase. This 
leads to larger misalignments compared to BaU (see 
Graph B, Figure 11). In other words, driven mainly 
by productivity increases, the equilibrium path of 
the REER increases faster than the observable 
path of the REER, leading to higher values of 
competitiveness. Numerically, misalignments in S1 
change from -7.6% in 2021 to -11.7% in 2025. Note, 
however, that such misalignments are not harmful, 
as they are driven by productivity growth, leading to 
increased competitiveness. 

Table 6 reports numerical values from the 
simulations for the selected variables. We added 
relative productivity in the non-oil sector (PRODDN) 
to the table as development of the sector is a key 
goal in Saudi Vision 2030. 

Table 6 documents the percentage deviations of S1 
values of government investment, non-oil relative 
productivity and REER-based competitiveness 
from BaU values. On average, a 108% increase 
in government investment translates into a 13% 
increase in productivity, which leads to a 10% 
appreciation of the equilibrium REER. To this  
end, the implied average elasticities of the non-oil 
relative productivity and equilibrium REER with 
respect to government investments are 0.10 and 
0.12, respectively. The implied elasticity might  
be seen as small. However, this out-of-sample 
elasticity of 0.10 is quite reasonable given that the 
in-sample (1971–2020) average elasticity of non-
oil relative productivity with respect to government 
investments is calculated as 0.11.22 As noted above, 
two components of non-oil relative productivity—
namely, the bilateral nominal exchange rate of 

Figure 11. Projected paths of competitiveness and misalignments.

Source: Authors’ projections.

Results of the Projections
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USD to SAR (ER) and productivity in the rest of the 
world (GDPPCW)—are treated as exogenous in the 
simulations (i.e., their values do not change from 
BaU to S1). Moreover, projected population values 
are the same in both scenarios, even though the 
KGEMM treats total population as an endogenous 
variable (see Figure 5). Thus, it is the non-oil 
value added that transmits government investment 
changes into the relative productivity of the sector 
(PRODDN). We further investigated simulation 
results for non-oil value added (GVANOIL) and found 
that its implied elasticity with respect to government 
investment is 0.12 for 2021–2025.23 Thus, it can 
be concluded that government investments lead to 
increased value added and increased productivity in 
the non-oil sector, thereby increasing the equilibrium 
level of the REER and Saudi Arabia’s external price 
competitiveness.

As external competitiveness improves as a result 
of PIF investments in S1 compared to BaU, Saudi 

Arabia’s exports are boosted.24 Specifically, 
non-oil exports increase by 14.7% on average, 
leading to a 0.8% increase in total exports, on 
average, over 2021-2025 compared to BaU. At 
the same time, the increase in investments lead 
to an increase in total imports by an average of 
9.9% over the 2021-2025 period compared to 
BaU. This large increase in imports leads to a 
deterioration in the trade balance by an average 
of 12% compared to BaU. This is to be expected, 
as imports hold a noticeable share in aggregate 
demand of the country. To avoid a deterioration 
in the trade balance, or at least reduce its 
magnitude, one option that authorities may wish 
to consider is to reduce imports by substituting 
them, where possible, with domestically produced 
goods and services. Substitution of imports with 
domestic production is important for local content 
development and thus for diversification of  
the Saudi economy, the main goal of Saudi  
Vision 2030.

Year GI PRODDN REERE

2021 111.49 11.98 9.48
2022 110.11 12.54 9.84
2023 108.50 13.09 10.23
2024 106.70 13.82 10.75
2025 104.66 14.62 11.33
Average 108.29 13.21 10.33
Implied elasticity 0.10 0.12

Table 6. Deviations of S1 from BaU, percentage change.

Source: Author’s calculation.

Results of the Projections
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Conclusion and Policy Insights

equilibrium values, except during abnormal times. 
This means that appreciation and depreciation 
from equilibrium values have remained within an 
acceptable range over the period of investigation. 
When the government (PIF) makes additional 
investments in the economy, the fundamentals of 
the equilibrium exchange rate (primarily, the value 
added and relative productivity of the non-oil sector) 
rise. Saudi external price competitiveness improves 
as a result. Accordingly, misalignments become 
larger relative to those in the reference (BaU) case. 
Put differently, the equilibrium path of the REER  
(that is, Saudi Arabia’s competitiveness) shifts 
upward, that is, improves.

We have derived several policy insights from 
this research. The main point that policymakers 
may wish to consider is that productivity growth 
in the non-oil sector is the main driver of Saudi 
Arabia’s external price competitiveness. Hence, 
initiatives that can boost this productivity should 
be implemented. The simulation results show that 
government investment is a promising initiative 
in this regard, and investments by the PIF are 
worth emphasizing. Authorities also may consider 
increasing government consumption, which can 
lead to an appreciation of both the observed and 
equilibrium values of the REER. The extent to which 
this increase may undermine competitiveness 
depends on whether the observed values exceed 
the equilibrium values. Hence, policymakers should 
be updated regularly regarding REER misalignment. 
Additionally, with respect to government 
consumption and investment spending, authorities 
should consider substituting imports with locally 
produced goods and services where possible. 
Increased local content would greatly contribute 
to diversifying the economy, which is the key 
strategic goal of Saudi Vision 2030. Another policy 
consideration relates to NFA, as our findings show 
that a decrease in NFA leads to an appreciation of 
the REER. This implies that attracting more foreign 

Among other targets, Saudi Vision 2030 
aims to improve Saudi Arabia’s ranking 
on the Global Competitiveness Index 

from 25 in 2015–2016 to within the top 10 by 
2030. It also aims to increase the share of non-
oil exports in non-oil GDP from 16% in 2016 to 
50% by 2030. Accomplishing these goals requires 
considerable improvements in Saudi Arabia’s 
competitiveness. This necessitates, among other 
studies, an investigation to help decision-makers 
better comprehend the driving forces of Saudi 
competitiveness. 

To this end, we examined the REER as a measure 
of external price competitiveness and investigated 
both theoretically predicted and country-specific 
determinants. Our decision to examine the REER 
was rooted in the literature, as previous studies 
have shown that it captures both domestic and 
global changes. We developed a novel modeling 
framework for REER-based competitiveness to 
provide policymakers with broader information 
regarding Saudi Arabia’s historical and projected 
competitiveness. To obtain robust estimates and 
derive well-grounded policy insights, we employed 
different unit root and cointegration tests as well 
as long-run estimators. As a further robustness 
check, we expanded our framework with additional 
variables that might help explain the behavior of the 
REER. Lastly, we incorporated the estimated REER 
relationships into the KGEMM, a general equilibrium 
macroeconometric model, and conducted a policy 
scenario analysis for 2021–2025 to quantify the 
competitiveness effects of the PIF’s new strategy of 
investing in 13 strategic sectors.

We found that Saudi external price competitiveness 
is shaped mainly by the relative productivity of the 
non-oil sector, followed by government consumption, 
the relative productivity of the oil sector and NFA. 
The in-sample misalignment analysis shows that 
observed REER values remain quite close to 
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investment and other assets from the rest of the 
world may lead to technological development, the 
further enhancement of the business environment 
and an improvement in the economic, financial, 
and social infrastructure. Yet, it may also lower the 
country’s NFA position and thus appreciate the 

REER. The former may increase competitiveness. 
The competitiveness should not deteriorate unless 
appreciation causes the observed values of the 
REER to exceed its equilibrium values. This, in turn, 
necessitates regularly monitoring misalignment and 
updating the decision-making process accordingly.

Conclusion and Policy Insights
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1 Importantly, we focus on the trade-weighted real effective exchange rate (REER), not on bilateral nominal exchange 
rates. Additionally, we do not discuss fixed versus flexible exchange rate regimes. The dollar peg regime has been 
advantageous to the Saudi economy and will continue to be so until Saudi Arabia’s exports are denominated in a 
mixture of currencies and the economy is diversified, as discussed by Alkhareif, Barnett, and Qualls (2017) among 
others. We intend to shed some light on how Saudi Arabia, a prominent oil exporting country, can continue to 
increase its global competitiveness.

2 Abdelaziz, Chortareas, and Cipollini (2008) investigated the effects of oil prices and the real exchange rate on 
stock market prices in Middle Eastern countries, including Saudi Arabia. They did not study the determinants 
of exchange rate movements. Because their objective was not in line with the question studied here, we did not 
review their study.

3 We employ the BEER approach in this study. For a review of the BEER approach and its advantages relative to 
other competing approaches, please refer to Razek and McQuinn (2021). 

4 Initial estimates showed that oil prices have a statistically significant positive impact on government consumption, 
regardless of whether real government consumption or its size (share in GDP) is considered. As a result, we 
empirically show that oil prices have an indirect effect on the REER through government consumption and other 
variables such as foreign assets. 

5 Razek and McQuinn (2021) graphically showed that oil revenue as a percentage of total government revenue in 
Saudi Arabia ranged from approximately 56% to 93% between 1980 and 2019. 

6 Government expenditures are materialized through the government budget and Public Investment Fund (PIF). The 
PIF plays an important role in the economic development and transformation of the Saudi economy in line with Saudi 
Vision 2030.

7 In sub-section 6.3, we empirically show that neither openness nor TOT provides additional information that helps 
explain the behavior of REER when they are included in equation (2). 

8 We also included a time trend in the estimates to investigate whether variables not included in equation (2) could 
affect the REER in a statistically significant way. The effect was statistically insignificant in all estimates, so the time 
trend is not included in equation (2).

9 The starting year of the period is determined by the availability of data for Saudi Arabia.

10 Differences in the obtained results from the ADF and PP tests may stem from, among other reasons, the fact that 
they treat the serial correlation issue differently. The ADF uses a parametric approach, while the PP employs a non-
parametric method.

11 First, we set the Schwarz information criterion to identify the optimal lag lengths for the variables, and it selected 
the ADL (1, 0, 2, 0, 0) specification. However, this specification does not pass the residuals heteroscedasticity test. 
Hence, we switched to the Akaike information criterion. The long-run coefficients estimated from ADL (1, 0, 2, 0, 0) 
and those from ADL (2, 0, 2, 2, 0) are very close to each other. 

12 We do not include OP and TOT in equation (2) together because (a) these two variables are related and can create 
high multicollinearity, and (b) we already have a small sample size and a large number of regressors.

13 Socio-economic variables are not strongly stationary, but weakly stationary—that is, their means, variances and 
covariances are not strictly constant over time. In contrast, variables in the natural sciences exhibit strong stationarity 
(see, e.g., Gujarati and Porter 2009).
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14 If the estimated coefficients were very different from each other, we would prefer to use the coefficients estimated 
from the ADL method as it yields more consistent and efficient estimates when sample sizes are small (see Pesaran 
and Shin 1995).

15 As the measures of the real international interest rate, we took the world 10-year government bond rate, in percent, 
from the Oxford Economics Global Economic Model (2021) March database. We then adjusted it with the world GDP 
deflator for inflation, in percent, from the WDI (World Bank 2021). We used the GDP deflator for inflation because the 
WDI’s (World Bank 2021) CPI inflation data for the world begin in 1981, so using these data would eliminate observations 
for the year 1980. We took Saudi Arabia’s real GDP growth rates from the WDI database (World Bank 2021).

16 One of the key advantages of KGEMM over other macro (econometric) models is its structure. In the KGEMM 
structure, estimated behavioral equations (long- or short-run) are converted into their identity representations by 
using estimated coefficients and residuals. The key advantage of this approach, among others, is that it allows one 
to change the magnitudes of the coefficients to reflect policy views, which cannot be done if regression equations 
are used in the model structure. Another advantage is that it allows for an adjustment of the residuals term in a way 
that the dependent variable follows given the strategic pathways. Allowing for such calibrations makes KGEMM very 
favorable and flexible for analyzing various announced policies, their initiatives, and targets. 

17 Definitions of the other non-oil sectors can be found in Hasanov et al. (2020). For example, FISIM is financial 
intermediaries, in million Riyal, at 2010 prices, while DIS_GVANOIL is the discrepancy term in the GVANOIL identity.

18 Since the KGEMM is a large-scale model containing approximately 1,000 variables, it is beyond the scope of this 
paper to provide projected values for these variables. However, projections for variables of interest can be obtained 
from the authors upon request.

19 Two things are worth-considering: One may treat the PIF investment as a private investment, but we treat it as 
government investment in this study. We could provide more detailed policy insights if we were able to simulate 
disaggregated investments into the strategic sectors mentioned above. This presents an opportunity to conduct an 
interesting study/simulation when such data become available in the future.

20 We call it the main transmission channel because there are also other channels through which government 
investment impacts REERE, although such channels are very weak. For example, government investments also 
increase value added in the oil refinery sector, which in turn leads to a very small increase in the relative productivity 
of the oil sector.

21 We assume that the increased energy demand caused by growing economic activity is met by fossil fuels, as the 
share of renewables is assumed to be the same in both scenarios for the simulation period. However, the KGEMM 
framework allows us to change this assumption and assume a higher share of renewables in meeting total energy 
demand in the economy, which can be done in future research. 

22 The elasticity is calculated as the average value of the elasticities, that is, ratios of the growth rates of non-oil 
relative productivity to the growth rates of government investments in each year for the period 1971–2020. 

23 The elasticity is calculated as the average value of the ratios of the percentage deviations of GVANOIL and GI 
in S1 from their respected values in BaU. The respected in-sample average elasticity is calculated to be 0.15 for 
1971–2020. 

24 Of course, this assumes demand for an additional increase in exports by the importing trade partners. 

25 Note that the literature uses both long- and short-run equations/models for forecasting or projections purposes. See, for 
example, discussions in Fanchon and Wendel (1992), Engle and Yoo (1987), Castle et al. (2019),and Engle et al. (1989).
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Appendix A. Description and test of 
the variables used in the additional 
robustness checks

Trade openness (OP) is calculated as the percentage share of the sum of exports and imports in GDP using 
the conventional approach in the literature. All three variables are in millions of 2010 riyals and taken from 
GaStat. Terms of trade (TOT) is constructed as the percentage ratio of the price of exports to the price of 
imports. The price of exports (imports) is calculated as the percentage ratio of nominal exports (imports) to 
real exports (imports). Both nominal exports and nominal imports are in millions of riyals and collected from 
GaStat. Figure A1 below illustrates the logarithmic transformation of the variables, that is, op and tot, and 
their first differences. 

We performed the ADF and PP tests on op and tot. We set the maximum lag order at two and selected the 
optimal lag based on the Schwarz information criteria in the ADF tests of the variables. Because the trend 
was insignificant in the ADF and PP tests of op and tot, we excluded it from the test equations. Similarly, 
the intercept term was insignificant in the ADF and PP tests of d(op) and d(tot). Therefore, we dropped it. 
The test results, which are not reported here but are available from the authors upon request, indicate that 
op and tot are unit root processes (i.e., non-stationary), whereas d(op) and d(tot) are stationary. Thus, we 
concluded that op and tot are I(1) variables.

Figure A1. Time profiles of op and tot.

Source: Authors’ construction
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Appendix B. Additional features  
of the KGEMM
Here, we provide a brief description of the KGEMM. For details about the model, see Hasanov et al. 
(2020, 2022). In Figure B1, there are nine blocks interacting with each other to represent Saudi Arabia’s 
macroeconomic and energy (environmental) linkages. These are based on about 1,000 annual time series 
variables, classified as endogenous or exogenous, and more than 330 behavioral equations and identities. 
The exogenous variables mostly represent domestic policy, global energy and the global economy. The 
endogenous variables are determined by behavioral equations or identities constructed primarily based 
on the System of National Accounts. The behavioral relationships among the variables are modeled using 
cointegration and equilibrium correction modeling, respectively. Hence, these relationships capture long-
run (i.e., theory-driven) and short-run (i.e., data-driven) dynamics. In other words, the KGEMM represents 
theoretically coherent relationships, just as computable general equilibrium (CGE) or dynamic stochastic 
general equilibrium (DSGE) models do. Additionally, it represents deviations from the theory-dictated 
equilibrium relationships in the short-run, which are mainly data driven and modeled by equilibrium 
correction equations. This is the key advantage of KGEMM-type macroeconometric models over pure 
structural models, such as CGE and DSGE, and optimal growth models, as discussed by Nikas, Doukas, 
and Papandreou (2019, 37–38), inter alia. 

Figure B1. Schematic illustration of KGEMM.

Source: Hasanov et al. (2022).
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Because the long-run and short-run relationships among the variables are estimated using the cointegration 
and ECM frameworks, there are two versions of the model. The long-run version is based on the estimated 
cointegrated equations (e.g., like the macroeconometric models in Weyerstrass et al. [2018]; Khan and 
ud Din [2011]; Weyerstrass and Neck [2007]; Musila [2002]), whereas the short-run version is based on 
estimated ECM equations (e.g., Buenafe and Reyes [2001]; Dreger and Marcelinno 2007; Welfe [2013]).

We use the long-run version of the model for simulations, because our out-of-sample simulations span five 
years, and because of the discussion in Appendix A about endogeneity in Hasanov et al. (2022).25 Note that 
Weyerstrass et al. (2018) and Weyerstrass and Neck (2007) for the Slovakian economy; Khan and ud Din 
(2011) for the Pakistani economy; Fair (1979, 1993) for the U.S. economy, Musila (2002) for the Malawian 
economy, Looney (1985) for the Iranian economy and Looney (1986, 1988, 1989) for the Saudi economy 
also used long-run versions of their macroeconometric models in their policy analyses and simulations. 
Detailed discussions of each version are available from the authors upon request. 

Appendix B. Additional features of the KGEMM
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