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ABSTRACT

We develop a quarterly macro-econometric model for the Saudi economy over
the period 1981Q2-2018Q2 and integrate it within a compact model of the world
economy (including the global oil market). This framework enables us to
disentangle the size and speed of the transmission of growth shocks originating
from the United States, China and the world economy to Saudi Arabia, as well
as study the implications of stress in global financial markets, low oil prices and
domestic fiscal adjustment on the Saudi economy. Results show that Saudi
Arabia's economy is more sensitive to developments in China than to shocks in
the United States—in line with the direction of evolving trade patterns and
China's growing role in the global oil market. A global growth slowdown (e.g.,
from trade tensions or geopolitical developments) could have significant
implications for Saudi Arabia (with a growth elasticity of about 2½ after one
year) and the oil market (reducing prices by about 5 percent for 0.5 percentage
point reduction in global growth). We also illustrate that a 10 percent lower oil
prices and stress in global financial markets could both have a negative effect on
the Saudi economy, but given the prevailing social contract in Saudi Arabia, their
impact is countered by fiscal easing. Finally, we argue that a domestic fiscal
adjustment in Saudi Arabia does not show a negative impact on economic growth
in the data. The impact on growth would depend upon the quality of fiscal
adjustment and whether it is complemented with structural reforms or not.
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Introduction

Demand-driven fluctuations in oil prices, from upswings or downturns in global growth, are closely linked
to changes in output and fiscal balances in the GCC. 1 This is because oil revenues constitute a major source
of finance for growth and development expenditure in the Gulf Cooperation Council (GCC) economies.
Since mid-2014, when oil prices fell by as much as 50 percent from their peak, economic growth in GCC
economies plummeted to an average of 1.8 percent from about 5 percent in the preceding 5 years. Fiscal
balances deteriorated and public debt levels increased across GCC economies as oil revenues fell sharply
but public expenditure continued to rise. While demand for oil has been reduced by growth rebalancing in
China and weak economic activity in major advanced economies, oil prices have also been affected by
supply shocks such as the expansion in unconventional/shale sources of oil and gas. As one would expect
in such circumstances, the rebound in oil prices from the 2014 plunge has been slow and partial, even with
the OPEC restrictions on oil production during the 2017-2019 period to stabilize prices. Therefore, there is
merit in examining the spillover effects of oil price shocks and growth slowdown in major economies on
GCC economies as business cycles across the world continue to mature and against the backdrop of
elevated public and private debt levels (United Nations, 2019).
Loss of revenues rooted in low oil prices put limits on social spending in oil-rich countries—requiring
additional efforts to achieve the Sustainable Development Goals (UNESCWA, 2017). Considering the low oil
price environment, the GCC economies have tried to diversify their sources of income by focusing on nonoil revenues, for example through the introduction of a GCC-wide Value Added Tax (VAT)—a form of tax
on goods and services— and by reducing energy subsidies. The implementation of the regional VAT is led
by Saudi Arabia and United Arab Emirates; both countries introduced a 5 percent VAT on most goods and
services in 2018. Bahrain followed suit in 2019. Oman took a different route and introduced excise taxes on
tobacco products and sugary drinks in mid-2018 and increased corporate income taxes (World Bank, 2019).
On public expenditure side, subsidies on energy products are being eliminated in some countries, such as
in United Arab Emirates, while in the case of other GCC economies, they are being reduced substantially.
While these measures are meant to narrow fiscal deficits, they will have implications for economic growth
and inflation. We, therefore, estimate the macroeconomic effects of domestic fiscal adjustments in Saudi
Arabia, and qualitatively discuss the role of the composition of spending cuts or tax increases as well as
structural reforms. To the extent that non-oil revenue-enhancing measures reduce distortions in the
economy, they can also help with the objectives of economic diversification and improved welfare.
For the GCC economies, improving productivity growth in the non-oil sector is key to economic
diversification and improved welfare, and could lower the cost of fiscal adjustments. Currently, non-oil
sectors in the GCC countries comprise of construction, hotels and restaurants, and other services—which
rely on cheap labor from abroad. This is neither conducive to manufacturing growth nor helpful to hightech industries, nor incentivizes improved education, which are essential for productivity growth and longterm development (UNESCWA 2017). These structural rigidities may also limit the scope for non-oil revenue
mobilization and could adversely affect the export competitiveness of the non-oil sectors (Elbadawi and
Soto, 2011; Nabli, Keller and Veganzones, n.d.). Several GCC economies recognize these challenges, and in
their ambitious Vision documents, plan to engage in structural reforms, scale up investment, and improve
their sovereign debt management. Saudi Arabia, the biggest oil producer in the GCC, is among the leaders

1 Since May 1981, the Gulf Cooperation Council (GCC) countries, constituting of Bahrain, Kuwait, Qatar, Oman, Saudi Arabia,
and the United Arab Emirates, have developed strong political and economic alliances.
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in the region in structural reforms consistent with its new national vision 2030.2 Whether these reforms
would lead to private investment by non-residents; and how they would contribute to diversifying exports
are yet to be assessed.
There are also considerations to align exchange rates with macroeconomic fundamentals and desirable
policy settings, diversify export baskets, improve competitiveness, and move toward a single currency in the
GCC economies. Several countries in the GCC have faced a challenging situation in the aftermath of drop
in oil prices in 2014 as the pegs versus US dollar3 came under pressure due to fiscal and current account
deficits, and substantial reductions in foreign exchange reserves. The fluctuations in the balance of payment
positions of oil exporting countries, linked to oil prices, puts pegged exchange rates under pressure
periodically. This necessitates assessing the impact of external shocks or domestic policy changes on output,
inflation and fiscal balances (Bhanumurthy and Sarangi, 2019).
This paper focuses on Saudi Arabia as the largest economy in the GCC. The decline in oil price in mid-2014
had a significant adverse impact on growth and fiscal balances of Saudi Arabia. Economic growth fell from
an average of 5.3 percent between 2010 and 2014 to 1.7 percent thereafter. The fiscal balance deteriorated
significantly and registered a deficit of -17 percent of GDP in 2014, before improving to -9 percent in 2017,
while current account remained in deficit during 2015 and 2016. Economic growth picked up slowly and
reached 2.4 percent in 2018, led by improvements in the oil sector as well as the non-oil sector. The nonoil output growth was 2.2 percent in 2018, after a long decline from 9.5 percent in 2010 to 0.2 percent in
2016 (Figure 1). While oil output tracks oil prices, inflation reflects the developments in the non-oil output
(Figure 2). Studying the impact of oil price shocks, slowdown in global economic growth and stress in global
financial markets (external shocks), as well as fiscal policy changes (as the key policy tool domestically)
would help drawing implications for economic growth and performance of the non-oil output.
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Figure 1: Oil and non-oil sector growth in Saudi Arabia
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To this end we build a Global VAR (GVAR) model to disentangle the size and speed of the transmission of
growth shocks originating from China, the United States, or the world economy to Saudi Arabia, as well as
to study the implications of stress in global financial markets, lower oil prices, and a domestic fiscal
tightening on the Saudi economy. Our approach uses a dynamic multi-country framework for the analysis
of the international transmission of shocks and is based on the models developed Cashin et al. (2014),
Cashin et al. (2016), Cashin et al. (2017b) and Mohaddes and Pesaran (2016). The framework comprises 33
country/region-specific models. These individual models are solved in a global setting where core
macroeconomic variables of each economy are related to corresponding foreign variables (constructed
exclusively to match the international trade pattern of the country under consideration). The model has
both real and financial variables: real GDP, inflation, primary balance to GDP ratio, public debt to GDP ratio,
real exchange rate, short and long-term interest rates, an index of financial market stress, and the price of
oil. This framework can account for various transmission channels, including not only trade relationships
but also financial and commodity price linkages, see Dees et al. (2007).
The rest of this paper is organized as follows. Section 2 describes the Global VAR (GVAR) methodology,
outlines our modelling choices, and presents the country-specific estimates and tests. Section 3 studies
spillovers of various shocks to the Saudi economy as well as commodity markets. Finally, Section 4 offers
some concluding remarks.

2

Modelling the Global Economy

We employ the GVAR methodology to analyze the international macroeconomic transmission of shocks
with a focus on the Saudi Arabian economy. This framework takes into account both the temporal and
cross-sectional dimensions of the data; real and financial drivers of economic activity; interlinkages and
spillovers that exist between different regions; and the effects of unobserved or observed common factors
(e.g. commodity prices and financial risk).4 This is crucial as the impact of shocks cannot be reduced to a
single country but rather involves multiple regions, and this impact may be amplified or dampened
Dees et al. (2007) derive the GVAR as an approximation to a global unobserved common factor model, and show that it is
quite effective in dealing with the common factor interdependencies and international co-movements of business cycles.
4
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depending on the degree of openness of the countries and their trade structure. Before describing the data
and our model specification, we provide a short exposition of the GVAR methodology.

2.1

The Global VAR (GVAR) Methodology

The Global VAR methodology consists of two main steps. First, each country is modeled individually as a
small open economy (except for the United States) by estimating country-specific vector error correction
models in which domestic variables are related to both country-specific foreign variables and global
variables that are common across all countries (such as oil prices and an index of financial stress, FSI).
Second, a global model is constructed combining all the estimated country-specific models and linking
them with a matrix of predetermined cross-country linkages. More specifically, we consider 𝑁 + 1 countries
in the global economy, indexed by 𝑖 = 0,1, . . . , 𝑁. Except for the United States, which we label as 0 and take
to be the reference country; all other 𝑁 countries are modelled as small open economies. This set of
individual VARX* models is used to build the GVAR framework. Following Pesaran et al. (2004) and Dees et
al. (2007), a VARX*(𝑝𝑖 , 𝑞𝑖 ) model for the 𝑖th country relates a 𝑘𝑖 × 1 vector of domestic macroeconomic
variables (treated as endogenous), 𝐱 it , to a 𝑘𝑖∗ × 1 vector of country-specific foreign variables (taken to be
weakly exogenous), 𝐱 ∗it :
(1)

Φi (𝐿, 𝑝𝑖 )𝐱 it = 𝐚i0 + 𝐚i1 t + 𝚲i (𝐿, 𝑞𝑖 )𝐱 ∗it + 𝐮it ,

for 𝑡 = 1,2, . . . , 𝑇, where 𝐚i0 and 𝐚i1 are 𝑘𝑖 × 1 vectors of fixed intercepts and coefficients on the deterministic
time trends, respectively, and 𝐮it is a 𝑘𝑖 × 1 vector of country-specific shocks, which we assume are serially
uncorrelated with zero mean and a non-singular covariance matrix, 𝚺ii , namely 𝐮it ∼ 𝑖. 𝑖. 𝑑. (𝟎, 𝚺ii ). For
algebraic simplicity, we abstract from observed global factors in the country-specific VARX* models.
𝑝𝑖
𝑞𝑖
Furthermore, 𝚽i (𝐿, 𝑝𝑖 ) = I − ∑𝑖=1
and 𝚲i (𝐿, 𝑞𝑖 ) = ∑𝑖=0
𝚲i Li are the matrix lag polynomial of the
coefficients associated with the domestic and foreign variables, respectively. As the lag orders for these
variables, 𝑝𝑖 and 𝑞𝑖 , are selected on a country-by-country basis, we are explicitly allowing for 𝚽i (𝐿, 𝑝𝑖 ) and
𝚲i (𝐿, 𝑞𝑖 ) to differ across countries.
The country-specific foreign variables are constructed as cross-sectional averages of the domestic variables
using data on, for instance, bilateral trade as the weights, 𝑤𝑖𝑗 :
(2)

𝐱 ∗it = ∑𝑁
𝑗=0 𝑤𝑖𝑗 𝐱 jt ,
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where 𝑗 = 0, 1, . . . 𝑁, 𝑤𝑖𝑖 = 0, and ∑𝑁
𝑗=0 𝑤𝑖𝑗 = 1. For empirical application, the trade weights are computed
as three-year averages:6

To the extent that unobserved common shocks affect any of the variables in the GVAR model (e.g. uncertainty factor or risk
shocks may manifest themselves in equity price movements, fluctuations in exchange rates, spreads, and commodity prices,
among others), country-specific foreign variables act as proxies for those latent factors. This is also confirmed by Monte Carlo
experiments reported in Kapetanios and Pesaran (2007), where they show that the estimators that make use of cross-section
averages (star variables in the context of VARX*) out-perform other estimators based on principal components.
6
The main justification for using bilateral trade weights, as opposed to financial weights, is that the former have been shown
to be the most important determinant of national business cycle co-movements (see Baxter and Kouparitsas, 2005).
5
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𝑤𝑖𝑗 =

𝑇𝑖𝑗,2014 +𝑇𝑖𝑗,2015 +𝑇𝑖𝑗,2016
𝑇𝑖,2014 +𝑇𝑖,2015 +𝑇𝑖,2016

,

(3)

where 𝑇𝑖𝑗𝑡 is the bilateral trade of country 𝑖 with country 𝑗 during a given year 𝑡 and is calculated as the
average of exports and imports of country 𝑖 with 𝑗, and 𝑇𝑖𝑡 = ∑𝑁
𝑗=0 𝑇𝑖𝑗𝑡 (the total trade of country 𝑖) for 𝑡 =
2014, 2015 and 2016, in the case of all countries.
Although estimation is done on a country-by-country basis, the GVAR model is solved for the world,
taking account of the fact that all variables are endogenous to the system. After estimating each country
VARX*(𝑝𝑖 , 𝑞𝑖 ) model separately, all the 𝑘 = ∑𝑁
𝑖=0 𝑘𝑖 endogenous variables, collected in the 𝑘 × 1 vector 𝐱 t =
′ ′
′
(𝐱 ′0t , 𝐱1t
)
, . . . , 𝐱 Nt , need to be solved simultaneously using the link matrix defined in terms of the countryspecific weights. To see this, we can write the VARX* model in equation (1) more compactly as:
𝐀𝑖 (𝐿, 𝑝𝑖 , 𝑞𝑖 )𝐳𝑖𝑡 = 𝛗𝑖𝑡 ,

(4)

for 𝑖 = 0,1, . . . , 𝑁, where
′
𝐀𝑖 (𝐿, 𝑝𝑖 , 𝑞𝑖 ) = [𝚽𝑖 (𝐿, 𝑝𝑖 ) − 𝚲𝑖 (𝐿, 𝑞𝑖 )], 𝐳𝑖𝑡 = (𝐱 ′it , 𝐱 ′∗
it ) ,

(5)

= 𝐚i0 + 𝐚i1 t + 𝐮it .
Note that given equation (2) we can write:
𝐳𝑖𝑡 = 𝐖i 𝐱 t ,

(6)

where 𝐖i = (𝐖i0 , 𝐖i1 , . . . , 𝐖iN ), with 𝐖ii = 0, is the (𝑘𝑖 + 𝑘𝑖∗ ) × 𝑘 weight matrix for country 𝑖 defined by
the country-specific weights, 𝑤𝑖𝑗 . Using (6) we can write (4) as:
𝐀𝑖 (𝐿, 𝑝)𝐖𝑖 𝐱 𝑡 = 𝝋𝑖𝑡 ,

(7)

where 𝐀𝑖 (𝐿, 𝑝) is constructed from 𝐀𝑖 (𝐿, 𝑝𝑖 , 𝑞𝑖 ) by setting 𝑝 = 𝑚𝑎𝑥(𝑝0 , 𝑝1 , . . . , 𝑝𝑁 , 𝑞0 , 𝑞1 , . . . , 𝑞𝑁 ) and
augmenting the 𝑝 − 𝑝𝑖 or 𝑝 − 𝑞𝑖 additional terms in the power of the lag operator by zeros. Stacking
equation (7), we obtain the Global VAR(𝑝) model in domestic variables only:
𝐆(𝐿, 𝑝)𝐱 𝑡 = 𝛗𝑡 ,

(8)

Where
𝛗0𝑡
𝐀0 (𝐿, 𝑝)𝐖0
𝛗1𝑡
𝐀1 (𝐿, 𝑝)𝐖1
.
.
𝐆(𝐿, 𝑝) =
, 𝝋𝑡 =
.
.
.
.
.
(𝛗𝑁𝑡 )
(𝐀𝑁 (𝐿, 𝑝)𝐖𝑁 )

(9)

For an early illustration of the solution of the GVAR model, using a VARX*(1,1) model, see Pesaran et al.
(2004), and for an extensive survey of the latest developments in GVAR modeling, both the theoretical
foundations of the approach and its numerous empirical applications, see Chudik and Pesaran (2016). The
5

GVAR(𝑝) model in equation (8) can be solved recursively and used for several purposes, such as forecasting
or impulse response analysis.
Chudik and Pesaran (2013) extend the GVAR methodology to a case in which common variables are added
to the conditional country models (either as observed global factors or as dominant variables). In such
circumstances, equation (1) should be augmented by a vector of dominant variables, 𝛚𝑡 , and its lag values:
(10)

𝚽𝑖 (𝐿, 𝑝𝑖 )𝐱 𝑖𝑡 = 𝐚𝑖0 + 𝐚𝑖1 𝑡 + 𝚲𝑖 (𝐿, 𝑞𝑖 )𝐱 ∗𝑖𝑡 + ϒ𝑖 (𝐿, 𝑠𝑖 )𝛚𝑡 + 𝐮𝑖𝑡 ,
𝑠

𝑖
where ϒ𝑖 (𝐿, 𝑠𝑖 ) = ∑𝑖=0
ϒ𝑖 𝐿𝑖 is the matrix lag polynomial of the coefficients associated with the common
variables. Here, 𝛚𝑡 can be treated (and tested) as weakly exogenous for estimation. The marginal model for
the dominant variables can be estimated with or without feedback effects from 𝐱 𝑡 . To allow for feedback
effects from the variables in the GVAR model to the dominant variables via cross-section averages, we
define the following model for 𝛚𝑡 :

𝑝

(11)

𝑝

𝑤
𝑤
𝛚𝑡 = ∑𝑙=1
𝚽𝜔𝑙 𝛚𝑖,𝑡−𝑙 + ∑𝑙=1
𝚲𝜔𝑙 𝐱 ∗𝑖,𝑡−𝑙 + 𝛈𝜔𝑡

It should be noted that contemporaneous values of star variables (* superscript) do not feature in equation
(11) and 𝛚𝑡 are "causal". Conditional (10) and marginal models (11) can be combined and solved as a
complete GVAR model as explained earlier.

Table 1: Countries in the GVAR Model
Asia and Pacific
Australia
China
India
Indonesia
Japan
Korea
Malaysia
New Zealand
Philippines
Singapore
Thailand

2.2

North America
Canada
Mexico
United States
South America
Argentina
Brazil
Chile
Peru
Middle East and Africa
Saudi Arabia
South Africa

Europe
Austria
Belgium
Finland
France
Germany
Italy
Netherlands
Norway
Spain
Sweden
Switzerland
Turkey
United Kingdom

Model Specification

Our model includes 33 economies, which together cover more than 90% of world GDP, see Table 1. Due to
data limitations out of the six Gulf Cooperation Council countries (Bahrain, Kuwait, Oman, Qatar, Saudi
Arabia and the United Arab Emirates) we can only include Saudi Arabia in our sample, nevertheless the
country makes up around 53% of the GCC economy. Although there are significant differences across the
6

GCC states (for instance, inflation rates vary significantly as does fiscal deficits and fiscal breakeven oil
prices), given the increased integration of these economies over the last three decades, the peg to a
common currency (the United States dollar), flexible labor markets, and open capital accounts, and their
dependence on oil and gas revenues, we argue that it is reasonable to draw conclusions for the rest of five
other GCC countries based on the results from Saudi Arabia.

Table 2: Fixed Trade Weights Based on the Years 2014–2016

Notes: Trade weights are computed as shares of exports and imports, displayed in columns by country (such that a
column, but not a row, sum to 1). Source: International Monetary Fund Direction of Trade Statistics, 2014-2016.

We specify two different sets of individual country-specific models. The first model is common across all
countries, apart from the United States. These 32 VARX* models include a maximum of seven domestic
variables (depending on whether data on a variable is available), or using the same terminology as in
equation (1):
𝐱 𝑖𝑡 = [𝑦𝑖𝑡 , 𝜋𝑖𝑡 , 𝑝𝑏𝑖𝑡 , 𝑑𝑖𝑡 , 𝑟𝑖𝑡𝑆 , 𝑟𝑖𝑡𝐿 , 𝑒𝑝𝑖𝑡 ]′ ,

(12)

where 𝑦𝑖𝑡 is the log of the real Gross Domestic Product at time 𝑡 for country 𝑖, 𝜋𝑖𝑡 is inflation, 𝑝𝑏𝑖𝑡 is the
primary balance to GDP ratio (net lending if positive), 𝑑𝑖𝑡 is the log of public debt to GDP ratio, 𝑟𝑖𝑡𝑆 (𝑟𝑖𝑡𝐿 ) is
the short (long) term interest rate, and 𝑒𝑝𝑖𝑡 is the real exchange rate. In addition, all domestic variables,
except for that of the real exchange rate, have corresponding foreign variables computed as in equation
(2):
∗
𝐱 ∗𝑖𝑡 = [𝑦𝑖𝑡∗ , 𝜋𝑖𝑡∗ , 𝑝𝑏𝑖𝑡∗ , 𝑑𝑖𝑡
, 𝑟𝑖𝑡∗𝑆 , 𝑟𝑖𝑡∗𝐿 ]′ ,

(13)

with the trade weights in equation (3) reported in Table 2. Note that the U.S. model is specified differently,
mainly because of the dominance of the United States in the world economy. First, given the importance of
∗
U.S. financial variables in the global economy, the U.S.-specific foreign financial and fiscal variables, 𝑝𝑏𝑈𝑆,𝑡
,
7

∗𝑆
∗
∗𝐿
𝑑𝑈𝑆,𝑡
, 𝑟𝑈𝑆,𝑡
, and 𝑟𝑈𝑆,𝑡
, are not included in this model. The appropriateness of exclusion of these variables was
∗
∗
also confirmed by statistical tests, in which the weak exogeneity assumption was rejected for 𝑝𝑏𝑈𝑆,𝑡
, 𝑑𝑈𝑆,𝑡
,
∗𝑆
∗𝐿
𝑟𝑈𝑆,𝑡 , and 𝑟𝑈𝑆,𝑡 . Second, since 𝑒𝑖𝑡 is expressed as the domestic currency price of a United States dollar, it is
∗
by construction determined outside this model. Thus, instead of the real exchange rate, we included 𝑒𝑈𝑆,𝑡
−
∗
7
𝑝𝑈𝑆,𝑡 as a weakly exogenous foreign variable in the U.S. model.

We also include an index of financial stress ( 𝐹𝑆𝐼𝑡 ) in advanced economies in our framework. The 𝐹𝑆𝐼𝑡 for
advanced countries is constructed by Cardarelli et al. (2009) as an average of the following indicators: the
beta of banking sector stocks; TED spread; the slope of the yield curve; corporate bond spreads; stock
market returns; time-varying stock return volatility; and time-varying effective exchange rate volatility. Such
an index facilitates the identification of large shifts in asset prices (stock and bond market returns); an abrupt
increase in risk/uncertainty (stock and foreign exchange volatility); liquidity tightening (TED spreads); and
the health of the banking system (the beta of banking sector stocks and the yield curve). We model 𝐹𝑆𝐼𝑡 as
a common variable, in other words, it is included as a weakly exogenous variable in each of the 33
country/region-specific VARX* models, but we allow for feedback effects from any of the macro variables
to 𝐹𝑆𝐼𝑡 .
Finally, given the importance of oil shocks for the global economy we also need to include nominal oil prices
in US dollars in the country-specific VARX* models. If we follow the literature, we would include log oil
prices, 𝑝𝑡𝑜 , as an endogenous variable in the US VARX* model and as a weakly exogenous variable in all
other countries. See, for example, Cashin et al. (2014) and Chudik and Pesaran (2016). The main justification
for this approach is that the US is the world's largest oil consumer and a demand-side driver of the price of
oil. However, it seems more appropriate for oil prices to be determined in global commodity markets rather
in the US model alone, given that oil prices are also affected by, for instance, any disruptions to oil supply
in the Middle East. Therefore, in contrast to the GVAR literature, we model the oil price equation separately
and then introduce 𝑝𝑡𝑜 as a weakly exogenous variable in all countries (including the US), thereby allowing
for both demand and supply conditions to influence the price of oil directly rather than using the US model
as a transmission mechanism for the global economic conditions to the price of oil. 8
To add oil prices to the conditional country models we simply augment the VARX* models (1) by 𝑝𝑡𝑜 and its
lag values
(14)

𝚽𝑖 (𝐿, 𝑝𝑖 )𝐱 𝑖𝑡 = 𝐚𝑖0 + 𝐚𝑖1 𝑡 + 𝚲𝑖 (𝐿, 𝑞𝑖 )𝐱 ∗𝑖𝑡 + ϒ𝑖 (𝐿, 𝑠𝑖 )𝑝𝑡𝑜 + 𝐮𝑖𝑡 ,
𝑠

𝑖
where ϒ𝑖 (𝐿, 𝑠𝑖 ) = ∑𝑖=0
ϒ𝑖 𝐿𝑖 is the lag polynomial of the coefficients associated with oil prices, see Chudik
and Pesaran (2013) for more details. We incorporate the global oil market within the GVAR framework, by
introducing an oil price equation defined as

𝑚𝑝𝑜

𝑚 ∗

(15)

𝑜
𝑥
𝑝𝑡𝑜 = 𝑐𝑝 + ∑ℓ=1 𝛼ℓ 𝑝𝑡−ℓ
+ ∑ℓ=1
𝛃ℓ 𝐱 ∗𝑡−𝑙 + 𝑢𝑡𝑜 ,

which is a standard autoregressive distributed lag, ARDL( 𝑚𝑝𝑜 , 𝑚𝑥 ∗ ), model in oil prices and foreign variables
𝐱 ∗𝑡 , to consider developments in the world economy, calculated as
𝑃𝑃𝑃
𝐱 ∗𝑡 = ∑𝑁
𝐱𝑗𝑡𝑙 ,
𝑗=1 𝑤𝑗

7
8

(16)

Weak exogeneity test results for all countries and variables are available upon request.
See also Cashin et al. (2017a), Mohaddes and Pesaran (2016), and Mohaddes and Pesaran (2016, 2017) for a similar approach.

8

where 𝐱 𝑖𝑡 = [𝑦𝑖𝑡 , 𝜋𝑖𝑡 , 𝑝𝑏𝑖𝑡 , 𝑑𝑖𝑡 , 𝑟𝑖𝑡𝑆 , 𝑟𝑖𝑡𝐿 , 𝑒𝑝𝑖𝑡 ]′ , 𝑗 = 1,2, . . . 𝑁, 𝑤𝑗𝑃𝑃𝑃 is the PPP GDP weights of country 𝑗, and
𝑃𝑃𝑃
∑𝑁
= 1. We compute 𝑤𝑗𝑃𝑃𝑃 as a three-year average to reduce the impact of individual yearly
𝑗=0 𝑤𝑗
movements on the weights
𝑤𝑗𝑃𝑃𝑃 =

𝑃𝑃𝑃
𝑃𝑃𝑃
𝑃𝑃𝑃
𝐺𝐷𝑃𝑗,2014
+𝐺𝐷𝑃𝑗,2015
+𝐺𝐷𝑃𝑗,2016
𝑃𝑃𝑃 +𝐺𝐷𝑃 𝑃𝑃𝑃 +𝐺𝐷𝑃 𝑃𝑃𝑃
𝐺𝐷𝑃2014
2015
2016

,

(17)

where 𝐺𝐷𝑃𝑗𝑡𝑃𝑃𝑃 is the GDP of country 𝑗 converted to international dollars using purchasing power parity
𝑃𝑃𝑃
rates during a given year 𝑡 and 𝐺𝐷𝑃𝑡𝑃𝑃𝑃 = ∑𝑁
𝑗=1 𝐺𝐷𝑃𝑗𝑡 .

2.3

Country-Specific Estimates

We obtain data on 𝐱 𝑖𝑡 for the 33 countries included in our sample (see Table 1) as well as oil prices from
1979Q1–2016Q4 from Mohaddes and Raissi (2018b) and update this data until 2018Q2. Given our interest
in the fiscal-macroeconomy relationship, we also add two variables at a quarterly frequency to the GVAR
database, namely the primary balance to GDP ratio (a positive value means surplus) and the public debt to
GDP ratio. As explained earlier the financial stress index ( 𝐹𝑆𝐼𝑡 ) is constructed using the methodology of
Cardarelli et al. (2009). We use quarterly observations over the period 1981Q1–2018Q2 to estimate the 33
country-specific VARX*(𝑝𝑖 , 𝑞𝑖 ) models. However, prior to estimation, we determine the lag orders of the
domestic and foreign variables, 𝑝𝑖 and 𝑞𝑖 . For this purpose, we use the Akaike Information Criterion (AIC)
applied to the underlying unrestricted VARX* models. Given data constraints, we set the maximum lag
orders to 𝑝𝑚𝑎𝑥 = 2 and 𝑞𝑚𝑎𝑥 = 2. The selected VARX* orders are reported in Table 3. Moreover, the lag
order selected for the univariate 𝐹𝑆𝐼𝑡 model as well as the oil price equation is (2,1) based on the AIC.
Having established the lag order of the 33 VARX* models, we proceed to determine the number of longrun relations. Cointegration tests with the null hypothesis of no cointegration, one cointegrating relation,
and so on are carried out using Johansen's maximal eigenvalue and trace statistics as developed in Pesaran
et al. (2000) for models with weakly exogenous 𝐼(1) regressors, unrestricted intercepts and restricted trend
coefficients. We choose the number of cointegrating relations (𝑟𝑖 ) based on the trace test statistics using
the 95% critical values from MacKinnon (1991). We then consider the effects of system-wide shocks on the
exactly-identified cointegrating vectors using persistence profiles developed by Lee and Pesaran (1993) and
Pesaran and Shin (1996). On impact the persistence profiles (PPs) are normalized to take the value of unity,
but the rate at which they tend to zero provides information on the speed with which equilibrium correction
takes place in response to shocks. The PPs could initially over-shoot, thus exceeding unity, but must
eventually tend to zero if the vector under consideration is indeed cointegrated. In our analysis of the PPs,
we noticed that the speed of convergence was very slow for Australia, Belgium, Chile, France, Germany,
Japan, New Zealand, Peru, Spain, the U.K. and the U.S., so we reduced 𝑟𝑖 one by one for each country
resulting in well behaved PPs overall. The final selection of the number of cointegrating relations are
reported in Table 3.
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Table 3: Lag Orders of the Country-Specific VARX*(p,q) Models Together with the Number
of Cointegrating Relations (r)
VARX* Order
𝑝𝑖
𝑞𝑖

Country
Argentina
Australia
Austria
Belgium
Brazil
Canada
China
Chile
Finland
France
Germany
India
Indonesia
Italy
Japan
Korea
Malaysia

2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
1

Cointegrating
relations ( 𝑟𝑖 )

2
2
1
2
2
1
1
2
2
2
1
1
1
1
2
1
1

4
4
2
2
4
4
3
3
4
2
2
1
3
4
2
4
1

Country
Mexico
Netherlands
Norway
New Zealand
Peru
Philippines
South Africa
Saudi Arabia
Singapore
Spain
Sweden
Switzerland
Thailand
Turkey
UK
USA

VARX* Order
𝑝𝑖
𝑞𝑖
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

2
2
2
1
2
2
1
2
1
2
1
1
1
1
2
1

Cointegrating
relations ( 𝑟𝑖 )
3
4
4
4
3
4
3
3
2
1
4
5
3
2
3
2

Notes: 𝑝𝑖 and 𝑞𝑖 denote the lag order for the domestic and foreign variables respectively and are selected by the Akaike
Information Criterion (AIC). The number of cointegrating relations (𝑟𝑖 ) are selected using the trace test statistics based on the
95% critical values from MacKinnon (1991) for all countries except for Australia, Belgium, Chile, France, Germany, Japan, New
Zealand, Peru, Spain, the U.K. and the U.S., for which we reduced 𝑟𝑖 below those suggested by the trace statistic to ensure that
the persistence profiles were well behaved and the stability of the global model.
Source: Author's estimations.

3

Spillover Analysis

The sensitivity of the Saudi Arabian economy to developments abroad is examined by evaluating the impact
on Saudi variables of shocks to output in its key trading partners as well as a global growth slowdown.
Specifically, we study the generalized impulse responses of Saudi GDP, inflation, oil prices and the overall
fiscal balance to a one standard deviation negative GDP shock in the United States, China, and the global
economy. These results provide some intuition on the transmission channels through which foreign GDP
shocks affect economic activity in Saudi Arabia. We also study the implications of stress in global financial
markets, lower oil prices and a domestic fiscal tightening on the Saudi economy.

3.1 Implications of a Slowdown in the United States, China and the
Global Economy
As a result of the dominance of the United States in the global economy, any slowdown there can cause
negative spillovers to other economies (including to Saudi Arabia), as the recent global financial crisis has
shown. Furthermore, the continuing dominance of U.S. debt and equity markets, backed by the still strong
10

global role of the U.S. dollar, also plays an important role. Cashin et al. (2016) show that countries with
substantial trade exposure to the U.S. economy have a relatively large sensitivity to U.S. economic
developments. However, even countries that do not trade as much with the United States are influenced by
its dominance through other partners' trade. Overall, the influence of the United States on other economies
remains larger than direct trade ties would suggest, owing to third-market effects together with increased
financial integration that tends to foster the international transmission of business cycles. Lower demand
for commodities is another channel through which a negative U.S. shock affects countries though its scope
is reduced owing to the scaling up of shale oil production (hence the impact on oil prices is not statistically
significant, see also Mohaddes and Raissi, 2019). For Saudi Arabia, responsible for about 17 percent of world
oil exports, this effect is particularly large—growth declines by 0.8 percentage points after four quarters
(see Figure 3) and we observe a statistically significant decline in Saudi real GDP growth for up to eight
quarters. To support growth, a fiscal expansion follows.

Figure 3: Effects of a Negative United States GDP Shock
Real GDP Growth

Inflation

Overall Fiscal Balance

Oil Prices

Notes: Figures are median impulse responses to a one standard deviation decrease in the US GDP together with the 5th and
95th percentile error bands. The impact is in percentage points and the horizon is quarterly.

We next investigate the effects of a negative GDP shock in China on the Saudi economy, mainly because
China's economy has been rebalancing and its real GDP growth has been slowing down for a few years—
from an average of about 10 percent over the period 1980-2013 to 7 percent between 2014 and 2017. In
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particular, the value of China's imports has been contracting significantly since late 2014, weighing on
economic growth in those exporting countries that cater to China's final demand (including Saudi Arabia
which is due to expand its market share to China, being the largest importer of oil in the world). This growth
slowdown is largely driven by China's gradual "rebalancing" from exports to domestic demand, from
manufacturing to services, and from investment to consumption. These developments, together with
market concerns about the future performance of the Chinese economy as well as the trade war with the
United States, are resulting in spillovers to other economies (especially to commodity exporting countries)
through trade links, weaker commodity prices, and financial linkages. Figure 4 shows that the slowdown in
China translates into lower overall economic growth for Saudi Arabia, by about 1.2 percentage points after
one year (being persistent over the medium term), mainly through its impact on global demand for oil and
on associated prices. This finding is to be expected, given the emergence of China as a key driver of the
global economy over recent decades. Inflation falls with the growth slowdown and fiscal policy eases to
support the economy.

Figure 4: Effects of a Negative China GDP Shock
Real GDP Growth

Inflation

Overall Fiscal Balance

Oil Prices

Notes: Figures are median impulse responses to a one standard deviation decrease in the Chinese GDP together with the
5th and 95th percentile error bands. The impact is in percentage points and the horizon is quarterly.

Finally, we examine the implications of a slowdown in the global economy (e.g., from a global trade war) on
the economy of Saudi Arabia. Figure 5 shows that one standard deviation decrease in Global GDP has a
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significant and long-lasting impact on Saudi Arabia's growth and oil prices. The response appears to be a
fiscal expansion in Saudi Arabia to counter the negative growth impact of slower global economic activity
and lower oil prices.
Overall, the results show that a negative output shock in the United States has a short-lived impact on the
Saudi economy, whereas the sensitivity to shocks in China is prolonged. Spillovers vary depending on a host
of factors, including the size of bilateral trade flows as well as other real and financial sector linkages present
in the data. Moreover, the impact of a one standard deviation real GDP reduction in China is long-lasting,
with Saudi real GDP growth falling by more than that in the case of US GDP shock. 9 These results partly
reflect the effect that economic developments in each of these countries have on oil prices, with the China
shock producing a larger decline in oil prices and adversely affecting the Saudi economy for a longer period.
The results also show a strong link between the impact on oil prices and Saudi Arabia's overall fiscal balance
(i.e., a deterioration and possibly a fiscal expansion follows to counter the negative growth effects).

Figure 5: Effects of a Negative Global GDP Shock
Real GDP Growth

Inflation

Overall Fiscal Balance

Oil Prices

Notes: Figures are median impulse responses to a one standard deviation decrease in the Global GDP together with the
5th and 95th percentile error bands. The impact is in percentage points and the horizon is quarterly.

9

A one-standard error GDP shock in the United States and China corresponds to 0.7 and 1.5 percent, respectively.
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3.2

Implications of a Potential Low Oil Price Environment

With oil prices down by 40 percent between September and December 2018, the question is whether we
have now (again) entered a low oil price environment and whether oil prices will be in the region of $40
and $60 per barrel mainly because of the shale oil and gas revolution in the United States. Clearly the
technological advancements over the last decade have not only reduced the costs associated with the
production of unconventional oil, but also made extraction of tight oil resemble a manufacturing process
in which one can adjust production in response to price changes with relative ease. This is in stark contrast
to other extraction methods (e.g. offshore extraction), which require large upfront spending and involve
relatively long lead times, and more importantly, once the process is operational changing the quantity
produced can be difficult. Therefore, one of the implications of the recent oil revolution is that U.S.
production can play a significant role in balancing global demand and supply, and this in turn implies that
the current low oil price environment could be persistent.

Figure 6: Effects of a Negative Oil Price Shock
Real GDP Growth

Inflation

Overall Fiscal Balance

Oil Prices

Notes: Figures are median impulse responses to a one standard deviation decrease in the oil prices together with the 5th
and 95th percentile error bands. The impact is in percentage points and the horizon is quarterly.

In Figure 6 we show the implications of a new oil order for the Saudi economy. The sharp fall in oil prices
initially and maybe surprisingly leads to a boost in economic growth, but this is because of higher social
spending of the type seen after the Arab spring and the fall in oil prices in 2014. However, over the medium
term, Saudi Arabia experiences a negative growth impact of around 0.5% despite a fiscal expansion of about
14

2.5% of GDP.
We expect other major oil exporters in the region to experience similar slowdown in their GDP growth and
an increase in fiscal deficits. We also expect negative growth effects (although smaller) for oil-importers in
the MENA region with strong economic ties with oil exporters in the region (for instance Jordan and Egypt),
through spillover effects. In particular, Mohaddes and Raissi (2019) show that following an expansion in US
oil supply and the resulting fall in oil prices, the gains from lower oil prices for most oil-importers in the
MENA region, are offset by a decline in external demand/financing by MENA oil-exporters given strong
linkages between the two groups through trade, remittances, tourism, foreign direct investment and grants.
They also argue that for several countries in this group, low pass-through from lower global oil prices to
domestic fuel prices limits the impact on disposable incomes of consumers and profit-margins of firms, and
thereby contains the positive effect on economic growth of lower oil prices in these countries.

3.3

Implications of Stress in Global Financial Markets

Stress in global financial markets could emanate from an increase in risk premiums in reaction to a decline
in investor sentiment triggered by a deteriorating outlook (including from trade tensions) or weak policy
frameworks amidst concerns about debt in some euro area countries. Such shocks could lead to higher
interest rates, exchange rate volatility, corrections in stretched asset valuations (for example, equity and real
estate), and sudden international financial flow reversals. These developments would strain leveraged
companies, households, and sovereigns; worsen bank balance sheets and profitability; and damage the
public finances of advanced and emerging market economies. We examine the spillover effects of stress in
global financial markets on the Saudi economy next.
While we would have expected that a one standard deviation shock to the financial stress index ( FSI t )
would have an adverse impact on economic activity in commodity exporters through the commodity-price
channel (indeed we observe a short-term fall in oil prices), for Saudi Arabia this is not the case (Figure 7).
This is because following stress in global financial markets, the Saudi fiscal authorities stimulate demand,
leading to an increase in economic growth for a few quarters, but no significant effects in the medium term.

Figure 7: Effects of Stress in Global Financial Markets
Real GDP Growth

Inflation

Overall Fiscal Balance

Oil Prices
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Notes: Figures are median impulse responses to a one standard deviation increase in FSI together with the 5th and 95th
percentile error bands. The impact is in percentage points and the horizon is quarterly.

3.4

Implications of Domestic Fiscal Policy Adjustments

In Figure 8 we look at the implications of fiscal policy adjustment in Saudi Arabia (a one standard deviation
increase in Saudi Arabian overall fiscal balance) and its implications for domestic economic growth. While
we would have expected a fiscal tightening to cause a temporarily fall in economic growth in Saudi Arabia,
this is not borne by the data as the estimated impact on economic growth is not statistically significant
(except for the first quarter for which it is positive and significant). We conjuncture that cutting subsidies
and handouts may not necessarily have a significant impact on economic growth, since a significant share
of these expenditures is poorly targeted. Moreover, the impact is not necessarily linear (could be actually
negative in a large-enough cut scenario) and also depends upon the quality of adjustment (how growthfriendly they are). If domestic fiscal adjustment reduces distortions in the economy and is complemented
with structural reforms, it could in fact boost growth. The impact on oil prices is also not statistically
significant considering the determination of oil prices in global markets.

Figure 8: Effects of an Increase in Saudi Overall Fiscal Balance
Real GDP Growth

Inflation

Overall Fiscal Balance

Oil Prices
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Notes: Figures are median impulse responses to a one standard deviation increase in Saudi Arabian overall fiscal balance
together with the 5th and 95th percentile error bands. The impact is in percentage points and the horizon is quarterly.

4

Conclusions

We developed a quarterly macro-econometric model for the Saudi economy and integrated it within a
compact model of the world economy (including the global oil market). Estimating a Global VAR (GVAR)
model for 33 countries over the period 1981Q1 to 2018Q2, we analyzed the macroeconomic implications
of shocks on the Saudi economy. Our modelling approach allowed us to disentangle the size and speed of
the transmission of growth shocks originating from China, the United States, and the global economy to
Saudi Arabia, as well as to study the implications of stress in global financial markets, a potential low oil
price environment and a domestic fiscal policy tightening on the Saudi economy.
Our results showed that Saudi Arabia's economy is more sensitive to developments in China than to
shocks in the United States—in line with the direction of evolving trade patterns and China's growing role
in the global oil market. A global growth slowdown (e.g., from a global trade war) could have significant
implications for Saudi Arabia and the oil market. We also observed that a potential low oil price
environment and tighter global financial conditions could both have a significant negative effect on the
Saudi economy. The negative growth impact is mitigated by domestic fiscal expansions. Finally, a
domestic fiscal adjustment in Saudi Arabia were found not to have a statistically significant effect on
economic growth. We argue that the sign of the impact would depend upon the size of fiscal adjustment,
the quality of tax and spending measures adopted, and whether they are complemented with structural
reforms or not. Overall, we have shown that developments abroad have substantial implications for
economic activity in Saudi Arabia.
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