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Key Points

W

e assess the extent to which the implementation of Saudi Vision 2030 policies enhances
the Saudi economy’s resilience to oil price and production shocks, and to the productivity of
tradable and non-tradable goods. We extend Blazquez et al.’s (2021) dynamic stochastic general
equilibrium model to capture the country’s economic diversification policies and build a resilience index
based on impulse responses to shocks. We find that without economic diversification, policy reforms that
enhance welfare in the long term, such as introducing a value added tax, may increase the volatility of
macroeconomic aggregates. However, Vision 2030’s economic diversification policies lead to a less volatile,
more resilient economy. The volatility of Saudi Arabia’s gross domestic product decreases by up to 24%,
and its resilience to oil price shocks increases by up to 60%, though oil prices remain the main driver of
macroeconomic fluctuations.
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1. Introduction

I

n 2016, Saudi Arabia announced its Vision
2030 program, an ambitious plan that aims
to reduce Saudi Arabia's dependence on oil
and diversify its economy. To reach this strategic
goal, new economic and policy measures were
introduced. We investigate the extent to which key
economic reforms under Vision 2030 render the
Saudi economy more resilient to economic shocks.
Before the introduction of Vision 2030, the oil sector
accounted for 43% of total gross domestic product
(GDP) at a time when oil prices were particularly
low (2015). Further, oil revenues constituted 73%
of total government revenues and oil exports
represented over 82% of total exports (SAMA 2021).
The Saudi economy’s dependence on oil makes
it sensitive to oil price and production shocks.
The resulting fluctuations in economic growth and
household consumption have a welfare cost that
Pierru and Matar (2014) find to be significant. This
paper assesses the impact of four key government
measures: the introduction of a value added tax
(VAT), the reform of domestic energy prices, the
deployment of renewables and the public push
toward economic diversification.
In January 2018, Saudi Arabia introduced a VAT
rate of 5% on most goods and services. The rate
was raised to 15% in July 2020. The VAT is a
source of non-oil revenue for the government that
can be invested to foster economic diversification.
Regulated domestic energy prices were reformed
in 2016, and then again in 2018. Targeted cash
transfers were provided to low-income Saudi
households. The National Renewable Energy
Program (NREP) was launched in 2017 to increase
the share of renewable energy production in the
Kingdom, achieve a balance in the mix of local
energy sources and fulfill the Kingdom's obligations
to reducing carbon dioxide emissions (Climate
2018). In January 2021, the Saudi government
announced that the country will derive half of

its electricity from renewables by 2030, with the
remaining half coming from natural gas. Vision
2030 includes a big public push toward economic
diversification, which is key to avoiding the adverse
effects of oil shocks (IMF 2016). The government
has begun expanding investments into various
sectors of the economy (SV2030 2017). This public
investment aims to help unlock sectors that require
intensive capital inputs, including the manufacturing
sector, the digital economy as well as infrastructure
for the tourism and leisure sectors. In our model,
we summarize this push toward economic
diversification as the objective of achieving a share
of non-oil GDP in total GDP equal to 70.4%, as
derived by Havrlant and Darandary’s (2021) analysis
of Vision 2030.1
Blazquez et al. (2021) analyze the long-term impacts
on the Saudi economy of introducing a 5% VAT,
reforming domestic energy prices and deploying
renewables. However, they adopt a deterministic
approach and do not consider the resilience of
the Saudi economy to shocks. To the best of our
knowledge, the literature does not provide an
analysis of the effects of Vision 2030’s economic
policies on the resilience of the Saudi economy.
To address the question of economic resilience, we
extend the dynamic stochastic general equilibrium
model developed by KAPSARC researchers
(K-DSGE) that Blazquez et al. (2021) use for
their long-term analysis, by introducing public
investment as a driver for economic diversification.
Other modifications to the model, described in
the following section, are also made. Following
Hallegatte (2014), we define resilience as the
capacity of an economy to resist a particular shock
and recover rapidly to (or above) its pre-shock level.
In this paper, we consider shocks to the oil price,
shocks to oil production and shocks to tradable and
non-tradable goods productivity. Using the response
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functions derived from the K-DSGE, we quantify
the Saudi economy’s resilience before and after the
economic policies considered were implemented.
Section 2 briefly presents the extended model.
Section 3 describes the model calibration and
validation. Section 4 presents the policy experiments

and evaluates the impact of the reforms on the
volatility of the economy, the relative importance
of each type of shock and the resilience of
macroeconomic variables. Section 5 concludes.
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W

e extend the K-DSGE, a dynamic
stochastic general equilibrium model
developed by Blazquez et al. (2019,
2021) to represent new features of Saudi Arabia’s
economy. The main features of this model are
as follows. The Saudi economy is represented
as an oil-rich, small, open economy, with two
representative (Saudi and non-Saudi) households
and four production sectors. Firms produce two final
(tradable and non-tradable) goods, energy services
and electricity, respectively. The model includes
a resource sector with three energy sources:
oil, gas and renewable energy. The government
collects tax revenues, provides public services
and income transfers and employs nationals; it
also invests in oil, natural gas, renewable energy

production and infrastructure. We assume that the
government maintains a balanced budget. The
economy exchanges a final good, the output of the
tradable goods production sector, with the rest of
the world, and it exports fossil fuels and acquires
foreign bonds. As a small, open economy, it takes
the world prices of tradable goods, international
gas prices and the global interest rates on foreign
bonds as given exogenously. We include an oil price
reaction function in the model to capture the impact
of Saudi oil exports on the international oil market
and, consequently, on oil revenues. The domestic
currency is pegged to the United States dollar.
Blazquez et al. (2021) describe the previous version
of the model in detail. We now explain what is new

Figure 1. Structure of the K-DSGE model.
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in the extended version we have developed for
this paper. First, Blazquez et al. (2021) employed
a deterministic version of the model, whereas we
account for uncertainty by introducing stochastic
shocks to assess the resilience of the economy.
Second, we use public investment as the
government’s vehicle for implementing its economic
diversification policies. Third, we reformulate the
electricity sector to capture the recent government
decisions on the role of natural gas and renewable
sources. Figure 1 shows the structure of the
model, while all model equations are presented in
Appendix A.

2.1 Uncertainty
As the goal of the paper is to analyze how the
Saudi economy’s resilience to shocks is affected
by policy reforms, we need to introduce uncertainty
in the model and specify which shocks may hit the
Saudi economy.
In our stochastic framework, Saudi households
maximize the expected discounted value of their
utility streams, while non-Saudi households
are non-Ricardian households. Thus, in each
period t, subject to their budget constraint,
the Saudi household maximizes the following
objective function:
! "
"
" "
"
(1). 𝐸𝐸! "∑%
!&' 𝛽𝛽 𝑈𝑈 &𝐶𝐶! , 𝐸𝐸𝐸𝐸! , 𝑙𝑙! + 𝑙𝑙#,! , 𝐺𝐺𝐺𝐺! -.

Et is the conditional expectations operator and
!
𝑈𝑈 ! , 𝐶𝐶"! , 𝐸𝐸𝐸𝐸"! , 𝑙𝑙"! , 𝑙𝑙#,"
, 𝐺𝐺𝐺𝐺" denote utility, aggregate
consumption of tradable and non-tradable goods,
energy services, labor supply in the private and
government sectors, and government consumption,
respectively. The utility discount rate is β, and the S
superscript indicates the Saudi household.
The model accounts for four exogenous stochastic
shocks: a productivity shock to the production
of tradable goods, a productivity shock to the

production of non-tradable goods, a shock to the
international price of oil and a shock to domestic
oil production.
The production functions of tradable (T) and
non-tradable (NT) goods include a shock z, which is
assumed to follow a first order autoregressive AR(1)
process, so that
$
(2) 𝑙𝑙𝑙𝑙𝑧𝑧!,# = 𝜚𝜚 ! 𝑙𝑙𝑙𝑙𝑧𝑧!,#$% + 𝜖𝜖 !,# with 𝜖𝜖 !,# ~𝑁𝑁(0, 𝜎𝜎! )

%
(3) 𝑙𝑙𝑙𝑙𝑧𝑧!",$ = 𝜚𝜚!" 𝑙𝑙𝑙𝑙𝑧𝑧!",$%& + 𝜖𝜖!",$ with 𝜖𝜖!",$ ~𝑁𝑁(0, 𝜎𝜎!" ),

where 𝜖𝜖!,# (i = T, NT) are white noise innovations
to the shocks, and 𝜚𝜚! and 𝜎𝜎!" are the persistence
parameter and the variance of innovations,
respectively.

The international price of oil is assumed to evolve
over time according to a mean-reverting process.
Given that Saudi Arabia has a considerable market
share (about 12%) of the global oil market, any
changes to Saudi oil exports will have an impact
on international prices and can significantly impact
Saudi export revenues. Thus, we need to model
the price changes caused by variations in Saudi
exports. We consider a mean reverting process that
embeds two adjustment mechanisms: (i) a partial
adjustment toward the price that would materialize in
the long run if the previous period’s level of exports
remained forever, and (ii) a short-run adjustment
due to the current change in export levels, as given
below:
(4)

∗
∗
∗
𝑙𝑙𝑙𝑙𝑃𝑃!,#
= (1 − 𝜚𝜚! )𝑙𝑙𝑙𝑙𝑃𝑃!,%%,#&'
+ 𝜚𝜚! 𝑙𝑙𝑙𝑙𝑃𝑃!,#&'

+

(5)

!∗

1
𝑂𝑂𝑂𝑂#
𝑙𝑙𝑙𝑙 ,
/ + 𝜖𝜖!,#
𝜀𝜀()
𝑂𝑂𝑂𝑂#&'
"

$%

𝑙𝑙𝑙𝑙 # !!,##,$
$ = # 𝑙𝑙𝑙𝑙 &$% $ ',
∗
!,##

&'

##
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∗

where 𝑃𝑃!,# is the international price of oil in each
period, 𝜚𝜚! is the persistence of the international
∗
is the international price of oil that
price, and 𝑃𝑃!,##,$
would be observed in the steady state if Saudi oil
exports were permanently (long-run) at the level of
oil exports OXt. In our model, 𝜀𝜀!" and 𝜀𝜀!" are the
short-run and long-run price elasticities of residual
demand for Saudi oil exports, respectively. The
$
term 𝜖𝜖!,# is a white noise innovation, 𝜖𝜖!,# ~𝑁𝑁(0, 𝜎𝜎! ).2
Given the definition of the short-term elasticity 𝜀𝜀!" ,
!

!"!

the term " ln !!" " represents the change in
!"
!"#
the oil price caused by the variation in export levels
observed during the period. Equation (5) captures
the long-run response of the international oil price to
changes in Saudi oil export levels. The combination
of (4) and (5) captures both the short-term effects
from contemporaneous events and the long-run
effects from past changes in export levels.3

Finally, domestic oil production, 𝑂𝑂" evolves as
follows:
(6) 𝑙𝑙𝑙𝑙𝑂𝑂$! = (1 − 𝜌𝜌"# )𝑙𝑙𝑙𝑙𝑂𝑂$ + 𝜌𝜌"# 𝑙𝑙𝑙𝑙𝑂𝑂$!$% + 𝜖𝜖"#,! ,

where 𝜌𝜌!" is the persistency parameter, and the
%
innovation is white noise 𝜖𝜖!",$ ~𝑁𝑁(0, 𝜎𝜎!" ).

2.2 Public investment in
economic diversification

Economic diversification is one of the main drivers
of Vision 2030’s policies, which aim to increase the
share of non-oil GDP in total GDP. To this end, a
significant portion of public investment finances the
construction and maintenance of physical and digital
infrastructure that provide productive services to
the private sector of the economy.4 In addition, the
Saudi government is also investing in infrastructure
within megaprojects.5 This is aimed at attracting
private investment and developing the technology,
energy, tourism, healthcare and entertainment

sectors, among others. Institutions like the Public
Investment Fund also invest in initiatives that
facilitate technology transfers to the Kingdom.
We capture the push toward economic
diversification by including a specific stock of public
capital catalyzing this objective. This public capital
increases the productivity of both the tradable and
non-tradable sectors in the model.
The productivity-enhancing effect of public capital
stock and the growth potential of public investment
as a fiscal policy instrument have been studied
within dynamic general equilibrium models by
Baxter and King (1993), Manzano (1998), Rioja
(2001), Berg et al. (2012) and de Jong et al. (2017).
In the model, the accumulation of public capital for
$
diversification (𝐾𝐾!,# ) is given by
$

$

$

(7) 𝐾𝐾!,# = 𝐼𝐼!,# + (1 − 𝛿𝛿! )𝐾𝐾!,#%& ,
$

where 𝐼𝐼!,# is public investment in economic
diversification and 𝛿𝛿! is the corresponding
depreciation rate. The production functions of
tradable and non-tradable goods, in per capita
terms, become
(8)

&!

$
%$
𝑦𝑦!,# = 𝑧𝑧!,# 𝐴𝐴! %(1 − 𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥)𝑙𝑙!,#
+ 𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑙𝑙!,#
0 1𝜃𝜃! %(1 − 𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥)𝐾𝐾!,#'( 0
"($"%! )
'!
')!

𝜃𝜃! )𝐸𝐸𝐸𝐸!,# 6

+

,!

8𝑁𝑁# 𝐾𝐾*,#'( : , for i=T,NT,

')!

+ (1 −

$
%$
, 𝑙𝑙!,#
where 𝑦𝑦!,# , 𝑧𝑧!,# , 𝐴𝐴! , 𝑙𝑙!,#
and 𝐾𝐾!,#$% denote the
output, productivity shock, technological index
(scale), Saudi labor, non-Saudi labor and private
capital stock, respectively. Output, labor and
capital stocks are expressed in per capita terms.
In addition, xpat is the share of expatriates in
the total population, denoted by Nt. Greek letters
denote parameters, including the impact of public
capital for economic diversification in each sector,
denoted by parameter Ωi. Following the neoclassical
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literature on models with public capital, constant
returns to scale are assumed with respect to private
production inputs and decreasing returns to scale
are assumed with respect to public capital.
Public investment in diversification is included in
the government budget constraint alongside public
investments in oil production and renewable energy,
labor compensation to public (Saudi) employees,
government consumption and transfers to Saudi
households. These expenditures are matched by
revenues from taxes on the consumption of goods
and energy services, proceeds from domestic
sales and exports of oil, and net government bond
issuances.6

2.3 Electricity generation
To leverage Saudi Arabia’s renewable energy
potential, 50% of its electricity will be generated
from renewable sources by 2030, with the remaining
50% coming from natural gas. The phasing out of
oil implies changes in the production function of
electricity, which, after the policy reform, has the
following specification:
(9)

𝐸𝐸𝐸𝐸! = 𝜑𝜑" 𝐺𝐺#$,! + 𝑅𝑅𝑅𝑅𝑅𝑅! ,

where 𝜑𝜑! represents the efficiency of gas in
electricity generation.
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T

he model is calibrated on an annual basis, as
many of the available data for Saudi Arabia
have this frequency. Thus, the time span of
the simulations is a year. The parameters for the
calibration of the model can be classified into three
groups:
•

Obtained from the literature.

•

Independently calibrated.

•

Jointly calibrated for the model to match long-run
relationships observed in the Saudi economy
during the period 1997-2016.

The parameter calibration by agent/sector of the
model follows Blazquez et al. (2021) and is briefly
summarized in Appendix B. The steady state of the
model before policy implementation matches the
main long-run characteristics of the economy during
the period 1997 to 2016.7
However, there are additional parameters relating
to our extension of the model that need to be
calibrated or estimated. Some of these parameters
are linked to the implementation of the policy
reforms. Thus, when oil is phased out and only
natural gas and renewables are used to generate
electricity, the gas efficiency parameter 𝜑𝜑! is set
equal to 0.55, following Elshurafa et al. (2021).
The same reference is also used to calibrate the
productivity of public capital invested in renewable
energy (AR) to 0.103. Regarding the public capital
for economic diversification, we assume that the
output elasticity is the same for tradable and nontradable goods and equal to Ω ! = Ω"! = 0.4. 8 The
depreciation rate (𝛿𝛿! ) is 5% annually. The size of
the public investment in economic diversification,
"
𝐼𝐼! , is calibrated for the non-oil GDP to reach
70.4% of total GDP at the steady state after the full
implementation of the policy reforms.9

The stochastic processes involving productivity
shocks, oil price and oil production have been jointly
estimated. The data for oil price, oil exports and oil
production consist of annual observations from 1996
to 2016 and are taken from the General Authority of
Statistics (GaStat 2021). To obtain the productivity
data for the estimation of (2) and (3), we compute
the Solow residual of the production functions using
data from GaStat and the calibrated parameters.
The tradable goods sector includes manufacturing,
agriculture, forestry and fishing, while the nontradable goods sector includes the remaining nonenergy sectors of the economy.
We substitute (5) into (4) and impute the calibrated
values for long-run and short-run oil price
elasticities, 𝜀𝜀!" = - 7.2 and 𝜀𝜀!" = - 3.6, to obtain
a reduced form of the stochastic process of oil
production. Thus, the final stochastic processes that
we estimate are as follows:
(10)

&%*+

(11)
(12)
(13)

&

∗
∗
𝑙𝑙𝑙𝑙𝑃𝑃!,#
= 𝐶𝐶1 + 𝐶𝐶2 ∗ 𝑙𝑙𝑙𝑙𝑃𝑃!,#%&
− +'.), 𝑙𝑙𝑙𝑙𝑂𝑂𝑂𝑂#

−+

,.+

&

− '.), 𝑙𝑙𝑙𝑙𝑂𝑂𝑂𝑂#%& + 𝜖𝜖-!,#

𝑙𝑙𝑙𝑙𝑧𝑧!,# = 𝐶𝐶3 + 𝐶𝐶4 ∗ 𝑙𝑙𝑙𝑙𝑧𝑧!,#$% + 𝜖𝜖 !,#

𝑙𝑙𝑙𝑙𝑧𝑧!",$ = 𝐶𝐶5 + 𝐶𝐶6 ∗ 𝑙𝑙𝑙𝑙𝑧𝑧!",$%& + 𝜖𝜖!",$

𝑙𝑙𝑙𝑙𝑂𝑂$! = 𝐶𝐶7 + 𝐶𝐶8 ∗ 𝑙𝑙𝑙𝑙𝑂𝑂$!"# + 𝜖𝜖$%,!

The estimated parameters are presented in Table 1.
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Table 1. Estimated coefficients of stochastic shock processes.
Coefficient

Standard error

t-statistic

C1

0.743

0.221

3.356

C2

0.770

0.069

11.225

C3

0.931

0.339

2.750

C4

0.930

0.027

33.90

C5

0.746

0.318

2.343

C6

0.949

0.024

39.466

C7

0.614

0.869

0.706

C8

0.901

0.143

6.283

No. Obs.
Adjusted
R-squared

21
Equation: Oil price

0.720

Equation: Productivity of tradable goods

0.962

Equation: Productivity of non-tradable goods

0.970

Equation: Oil production

0.539

Source: Authors.

Table 2. Estimated covariance matrix of residuals.
𝑙𝑙𝑙𝑙𝑃𝑃!∗

𝑙𝑙𝑙𝑙𝑧𝑧!

𝑙𝑙𝑙𝑙𝑧𝑧!"

𝑙𝑙𝑙𝑙𝑂𝑂$

𝑙𝑙𝑙𝑙𝑃𝑃!∗

0.0635

0.0209

0.0208

0.0050

0.0209

0.0084

0.0079

0.0014

0.0208

0.0079

0.0079

0.0010

𝑙𝑙𝑙𝑙𝑂𝑂$

0.0050

0.0014

0.0010

0.0043

𝑙𝑙𝑙𝑙𝑧𝑧!

𝑙𝑙𝑙𝑙𝑧𝑧!"
Source: Authors.

The estimated coefficients are generally statistically
significant with an acceptable goodness of fit. The
autoregressive parameters show a very high degree
of persistence. The estimated covariance matrix of
the residuals of equations (10) to (13) is presented in
Table 2.
With this calibration, the steady state of the
model can reproduce the most important average
macroeconomic ratios of the Saudi economy, many
of them chosen as calibration targets, as reported in
Blazquez et al. (2021).

However, our model is now stochastic, so we also
need to test the ability of the model to reproduce
the Saudi business cycle. To do so, we produce a
stochastic simulation (before policy implementation),
feeding the model with the residuals of the
stochastic processes for the period 2000 to 2016.
We compare the path of the simulated variables
with the actual path of Saudi macroeconomic
variables over the business cycle. Figure 2 shows
the comparison for the relevant macroeconomic
variables.
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As the figure shows, the model does a very good job
in replicating the Saudi business cycle, particularly
for GDP, non-oil GDP, non-tradable output, private

investment and oil exports. Thus, our model offers
a good representation of the Saudi economy in both
the long and short runs.

Figure 2. Comparison of stochastic simulations and actual data for the period 2000 - 2016.

Source: Authors.
Note: Actual and simulated series are filtered through a Hodrick-Prescott (HP) filter with λ = 100. ρ is the correlation coefficient
between the model simulation and the data.
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4. Policy Reforms, Aggregate Volatility
and Resilience to Shocks

W

e now analyze the extent to which the
implementation of Vision 2030's key
economic policies impacts the resilience
of the Saudi economy to shocks. These policies are:
•

Introduction of VAT: A 15% VAT applied to
tradable goods, non-tradable goods and energy
services consumed by households.

•

Energy price reform: Alignment of the domestic
prices of oil and gas, 𝑃𝑃!" and 𝑃𝑃!" , to international
price levels.

•

Deployment of renewable energy: 50% of
electricity generated from renewable sources,
with the remaining 50% of the power supply
coming from natural gas.

•

Diversification policy: Public investment in
diversification so that non-oil GDP reaches a
share of 70.4% of total GDP.

In section 4.1, we first compare the fluctuations of
the Saudi economy under three different scenarios:
(i) before policy reforms have been implemented
(before V2030 scenario); (ii) after policy reforms,
except diversification, have been implemented
(partial V2030 scenario) and (iii) after all policy
reforms have been fully implemented (full V2030
scenario). We assess the impact of the reforms
on the economy’s volatility through changes in the
standard deviations of macroeconomic variables.
This allows us to analyze the role of economic
diversification in smoothing economic fluctuations.
Note that the stochastic shocks affect government
revenues through their impact on tax receipts and
on oil and gas revenues arising from domestic
consumption and exports. Therefore, the spending

side of the government budget needs to be adjusted
accordingly to keep the budget balanced. Thus,
when simulating the model, we consider two
scenarios, depending on the channel through which
the government budget adjustment takes place:
either via direct transfers to Saudi households or via
government consumption.
In section 4.2 we assess the relative importance
of each type of shock and the extent to which
it changes with the implementation of Vision
2030 policies. To this end, we look at variance
decomposition, which decomposes the total
variance of the model’s endogenous variables
into percentages attributable to each exogenous
stochastic shock.
Finally, in section 4.3, we study the response of the
main macroeconomic variables to each shock by
presenting the impulse response of the variables to
a 1% positive shock in the three scenarios. Using
these impulse responses, we build a measure of
the resilience of the macroeconomic variables to oil
shocks at different horizons.

4.1 Impact of economic reforms
on aggregate volatility
Table 3 shows the standard deviations of relevant
macroeconomic variables as a measure of their
volatilities before the V2030 scenario, along with
the percentage change in these standard deviations
for the partial V2030 and full V2030 scenarios. For
each scenario, we compute two different simulations
depending on the fiscal variable, which adjusts to
fulfill the government budget constraint (transfers to
households or government consumption).
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Table 3. Standard deviations of simulated variables.
Transfers adjustment
Before
V2030
Standard
deviation

Partial
V2030
% change

Government consumption adjustment
Full
V2030

% change

Before
2030
Standard
deviation

Partial
V2030
% change

Full
V2030
% change

GDP

0.1467

8.40

-6.70

0.1904

9.19

-23.96

Oil GDP

0.2519

2.35

7.77

0.3186

-14.29

-8.69

Non-oil GDP

0.0753

2.08

15.91

0.0993

-14.08

-11.54

Output tradables

0.1016

-1.08

-10.09

0.0883

2.92

-1.28

Output non-tradables

0.0845

-1.97

1.31

0.0932

-5.42

-3.25

Real exchange rate

0.0358

6.73

-24.12

0.0616

-16.25

-38.23

Private consumption

0.1018

4.97

-6.45

0.1822

26.18

-43.93

Private investment

0.2038

-3.73

7.71

0.1756

4.01

17.35

Source: Authors.
Note: HP filtered data (λ = 100).

The main insight from Table 3 is that economic
diversification is the key policy to improving the
stability of the Saudi economy. Thus, GDP becomes
more volatile in the partial V2030 scenario,
regardless of whether fluctuations in the government
budget are adjusted by income transfers to
households or by government consumption. The
same applies to private consumption, which impacts
households’ welfare because households prefer
to smooth consumption over time. Our intuition
is that this result comes from the fiscal channels
transmitting shocks to the economy. The energy
price reform and the deployment of renewables in
Saudi Arabia reduce the domestic consumption
of oil and therefore increases its fiscal revenues
from oil exports. The volatility of fiscal revenues
increases, which results in more volatile fiscal
spending. The introduction of value-added taxation
helps diversify government revenues by reducing
the weight of oil revenues, but it is not a substitute

for economic diversification. However, when
economic diversification takes place, the relative
size of oil in total GDP is smaller, making GDP and
private consumption less volatile. Thus, when the
adjustment is made through transfers to households,
both oil GDP and non-oil GDP are more volatile.
However, the increase in the share of non-oil
GDP (which is much less volatile than oil GDP)
leads to a 7% overall reduction in GDP volatility.
When the adjustment is made through government
consumption, the volatility of GDP decreases by
24%.
The effect of reforms on the standard deviation of
non-oil GDP also depends on the channel used
by the government to adjust its spending. With
transfers, non-oil GDP tends to fluctuate even more,
whereas with government consumption, its standard
deviation decreases by more than 20%.
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4.2 Shocks that matter the most
We now assess the relative importance of each type
of shock and the extent to which each changes with
the implementation of Vision 2030 policies. To this
end, we decompose the variance of the model’s

endogenous variables into percentages attributable
to each exogenous stochastic shock.10 Tables 4 and
5 show the variance decomposition in the three
scenarios, when government spending is adjusted
through transfers to households and through
government consumption, respectively.

Table 4. Variance decomposition: Fiscal adjustment via household transfers.

𝜖𝜖!"

GDP

92.79

Oil GDP

90.51

Non-oil GDP

Before V2030
𝜖𝜖!"
𝜖𝜖!

𝜖𝜖!"

𝜖𝜖!"

6.08

0.2

0.93

94.31

7.81

0.28

1.4

94.02

89.84

2.03

8.02

0.11

Output tradables

73.5

1

24.92

Output
non-tradables

85.71

0.03

Real exchange rate

31.38

Private
consumption
Private investment

Partial V2030
𝜖𝜖!"
𝜖𝜖!

𝜖𝜖!"

𝜖𝜖!"

Full V2030
𝜖𝜖!"
𝜖𝜖!

𝜖𝜖!"

4.94

0.06

0.69

95.2

2.72

1.78

0.69

5.03

0.1

0.85

93.52

5.38

0.18

0.85

92.05

4.2

3.46

0.29

87.04

0.37

12.59

0.29

0.58

69.47

1.4

28.44

0.69

74.55

0.46

24.65

0.69

9.15

5.11

85.78

0.04

9.07

5.1

85.26

0.02

9.56

5.1

16.88

11.29

40.46

20.67

21.8

18.11

39.41

36.27

10.97

4.58

39.41

90.79

7.35

1.64

0.23

91.94

6.9

0.97

0.19

92.47

3.18

4.32

0.19

87.34

0.11

11.56

0.99

90.79

0.79

7.83

0.58

84.24

0.01

14.53

0.58

Source: Authors.
Note: HP filtered data (λ = 100). Figures in percentage terms.

Table 5. Variance decomposition: Fiscal adjustment via government consumption.
𝜖𝜖!"

GDP

92.73

Oil GDP

91.07

Non-oil GDP

91.92

Output tradables

61.7

Output
non-tradables

Before V2030
𝜖𝜖!"
𝜖𝜖!

𝜖𝜖!"

𝜖𝜖!"

Partial V2030
𝜖𝜖!"
𝜖𝜖!

6.34

0.08

0.85

94.39

7.51

0.22

1.2

94.24

3.52

4.34

0.22

92.3

4.58

3.52

33.66

1.11

61.22

2.78

88.66

0.14

7.37

3.83

87.49

0.08

𝜖𝜖!"

𝜖𝜖!"

Full V2030
𝜖𝜖!"
𝜖𝜖!

𝜖𝜖!"

4.91

0.05

0.65

95.28

2.85

1.57

0.3

4.91

0.08

0.78

93.75

5.26

0.15

0.84

2.81

0.32

87.02

0.44

12.53

0.01

35.01

0.99

71.47

0.79

27.33

0.42

8.08

4.35

86.87

0.04

8.58

4.5

Real exchange rate

54.31

22.26

4.55

18.88

41.63

23.27

10.14

24.96

58.22

12.1

2.25

27.43

Private
consumption

92.77

5.23

1.22

0.79

97.05

2.29

0.34

0.32

88.67

4.7

5.89

0.75

Private investment

82.22

0.21

16.03

1.54

88.78

1.18

9.31

0.73

81.72

0.02

16.77

1.48

Source: Authors.
Notes: HP filtered data (λ = 100). Figures in percentage terms.
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Tables 4 and 5 indicate that for the Saudi economy,
oil price shocks remain the main driver behind
the fluctuations of macroeconomic aggregates
such as GDP, oil GDP, non-oil GDP, tradable and
non-tradable production, private consumption and
private investment. This is the case regardless of
the variable — transfers or government consumption
— that balances the government budget. This result
holds whether the Vision 2030 policy reforms are
implemented or not. The shock to oil production
is, quantitatively speaking, the second main factor
behind the Saudi economy’s macroeconomic
fluctuations, while the sector-specific shocks play a
lesser role.

(negative) change. This is consistent with the
results of section 5.1. The model predicts that
after the implementation of the policy reforms
without economic diversification, Saudi Arabia’s
macroeconomic environment tends to be more
volatile as it has a larger response to oil shocks.
However, this situation is reversed when the
economic diversification policy is also implemented;
the Saudi economy becomes more stable. The
dashed black line corresponding to the full V2030
scenario tends to be below (above) the before
V2030’s red line when the shock induces a positive
(negative) change for the two shocks and the two
possible budget adjustment mechanisms.

4.3. Resilience to oil shocks after
policy reforms

There is no qualitative difference between the
effects of oil price and oil production shocks from
this standpoint. This is because these shocks are
somewhat similar, and both have essentially the
same effect on fiscal revenues from oil.

When computing volatility, we take into account all
the shocks considered in the model. However, as
discussed in the previous section, not all shocks
play an equal role in explaining the fluctuations of
the macroeconomic variables. As expected for the
world’s largest oil exporter, oil price shocks, and to
a much lesser extent, oil production shocks, are the
main source of macroeconomic fluctuations. We
therefore focus on the response of the economic
variables to oil (price and production) shocks.
Figures 3 to 6 compare the response of the main
macroeconomic variables to a 1% positive shock to
the oil price or oil production in the before V2030,
partial V2030 and full V2030 scenarios.11 We present
the outcome for the two channels of public budget
adjustment: transfers and government consumption.

Another perspective is to consider the differences in
responses to the shocks depending on whether the
fiscal adjustment is conducted through transfers or
government consumption. In this case, the response
is very similar, with only some differences in the
response of private consumption, which is affected
by the relationship between government and private
consumption in the utility function. Therefore, oil
shocks continue to be the main driver of fluctuations
for the Saudi economy. The economy, however, will
be much more resilient to oil price shocks after the
full implementation of the policies considered.

For the two shocks and two possible budget
adjustment mechanisms, the blue line
corresponding to the partial V2030 scenario is
always above (below) the red line of the before
V2030 scenario when the shock induces a positive
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Figure 3. Impulse responses to oil price shocks: Fiscal adjustment via transfers (in percentage deviations from the
steady state).

Source: Authors.
Note: The horizontal axis indicates the number of years.
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Figure 4. Impulse responses to oil price shocks: Fiscal adjustment via government consumption (in percentage
deviations from the steady state).

Source: Authors.
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Figure 5. Impulse responses to oil production shocks: Fiscal adjustment via transfers (in percentage deviations from
the steady state).

Source: Authors.
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Figure 6. Impulse responses to oil production shocks: Fiscal adjustment via government consumption (in percentage
deviations from the steady state).

Source: Authors.
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4.4. A resilience index to
oil shocks
As discussed throughout the paper, our general goal
is to analyze whether the resilience to shocks has
increased or decreased after the policy reforms. We
consider that the less a macroeconomic variable
is impacted by a shock, the greater the variable’s
resilience to the shock. We therefore propose a
resilience index to shocks at different time horizons
that captures the numerical information contained in
the impulse response functions. For a given variable
and given shock, the impulse response function
indicates the change in the variable’s value caused
by the shock, and its path back to its steady state
value. The resilience index of a variable X at horizon
H is given by
' (%& "' )
∑# (%& "

(14)

!
""
𝑅𝑅!" = ∑!$%
# (%& " (%& " ) × 100,
!$%

!

""

"! is the response of the variable after a
where 𝑋𝑋
shock in the before V2030 scenario, while Xt is the
response of the variable when economic reforms
have been partially or fully implemented. Thus,
the ratio compares the cumulative percentage
deviations from the steady state of a variable after a
shock in two different policy regimes.
A value of the index greater (lower) than 100
means that the resilience to shocks has increased
(decreased) with economic reforms. A value of, for
example, 105, means that the resilience to shocks
has increased by 5%, as the cumulative impact
of a shock has been reduced 5% after the policy
implementation.
In tables 6 and 7, we show the resilience index for
GDP and non-oil GDP under the two channels for
public budget adjustment.

Table 6. Resilience index with public budget adjusted via transfers to households.
Oil price shock
Time
horizon

GDP
Partial
V2030

Oil production shock
Non-oil GDP

Full
V2030

Partial
V2030

Full
V2030

GDP
Partial
V2030

Non-oil GDP
Full
V2030

Partial
V2030

Full
V2030

5

80.87

128.61

52.80

184.93

98.73

159.18

64.98

214.92

10

75.83

125.84

50.26

185.29

94.97

157.66

63.00

223.81

15

71.14

123.04

49.06

184.68

91.31

155.71

62.10

227.83

20

67.05

120.39

48.42

184.11

87.82

153.61

61.68

229.85

Source: Authors.

Table 7. Resilience index with public budget adjusted via government consumption.
Oil price shock
Time
horizon

GDP

Oil production shock
Non-oil GDP

GDP

Non-oil GDP

Partial
V2030

Full
V2030

Partial
V2030

Full
V2030

Partial
V2030

Full
V2030

Partial
V2030

Full
V2030

5

99.42

159.64

80.49

353.12

121.00

195.56

92.42

337.52

10

92.77

155.42

67.44

314.54

116.36

193.48

84.85

341.52

15

86.10

149.88

60.64

281.36

111.42

189.80

79.79

332.69

20

80.01

144.02

56.88

258.75

106.44

185.39

76.29

320.99

Source: Authors.
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Whatever channel is used to adjust government
spending, the resilience index of GDP to oil price
shocks is below 100 when Vision 2030 policies are
partially implemented (that is, without economic
diversification policies). Thus, for all the time
horizons used to compute the index, GDP is less
resilient to oil price shocks. However, when the
Vision 2030 reforms include economic diversification
policies, the result is completely reversed, with
the GDP resilience to oil price shocks becoming

much larger than 100. This increase in the GDP’s
resilience to oil price shocks ranges between
20% and 60%, depending on the time horizon
and fiscal channel considered. This quantifies the
importance of a successful economic diversification
policy to shield the economy against oil (price
and production) shocks. The same conclusion is
reached when the resilience index is applied to
non-oil GDP, with an increase in the resilience to oil
price shocks that ranges between 84% and 253%.
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5. Conclusions

T

his paper investigates the extent to which key
ongoing economic reforms, which are part
of Saudi Vision 2030, contribute to rendering
Saudi Arabia’s economy more resilient to exogenous
shocks. We consider oil price and production
shocks as well as productivity shocks.
First, we find that the volatility of the Saudi economy
increases after the policy reforms if no economic
diversification takes place. This is because the
reduction in domestic oil consumption induced
by the reforms leads to increased oil exports
and, consequently, oil revenues. Oil shocks get
transmitted to the economy through the fiscal
channel. However, when economic diversification
policies are also accounted for, the result of a more
volatile economy is reversed. Depending on the
fiscal variable that adjusts (transfers to households
or government consumption), the decrease in the
volatility of Saudi Arabia’s GDP ranges between 7%
and 24%.

Third, we focus on the response of economic
variables to oil (price and production) shocks. We
analyze the impulse response functions to those
shocks and build a resilience index to shocks.
We believe that the suggested index effectively
captures the concept of economic resilience to a
particular shock. When the Vision 2030 reforms
include economic diversification policies, we find an
increase in the resilience of GDP to oil price shocks
ranging between 20% and 60%, depending on the
time horizon and fiscal channel considered. This
quantifies the importance of a successful economic
diversification policy to shield the Saudi economy
against oil shocks and render it more stable. From
this standpoint, there is no qualitative difference
between oil price shocks and oil production shocks,
as both have essentially the same effects on
government revenues.

Second, we assess the relative importance of
each type of shock and to what extent it affects
the economy after the implementation of Vision
2030 policies. The picture that emerges is that
oil, through unexpected changes in prices or
production, continues to be the main driver behind
the fluctuations of the Saudi economy, even after
the implementation of economic reforms. After
oil price shocks, which are the primary source of
macroeconomic volatility, shocks to oil production
are the second main driver of fluctuations of the
Saudi economy, while sector-specific productivity
shocks play a less important role.
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Endnotes
Havrlant and Darandary (2021) rely on the input-output framework to track how the implementation of Vision
2030’s key transformation targets could move the Saudi economy toward a diversified sustainable growth
model. According to the authors, one avenue is developing the existing industrial base toward more advanced
petrochemical production, higher value-added manufacturing in energy storage and distribution and sophisticated
pharmaceutical production. The other preferred diversification paths, most of which are in the development stage,
include the promotion of renewable energy, coupled with the manufacturing of related parts and devices and the
introduction of modern agricultural technologies. The third pillar is the services sector, which involves tourism
development, new digital services related to data storage and management, and advanced energy transportation
and monitoring services.

1

# # $# ! (&$')

# # $# $ (&$')

!" !"
!" !"
As in Pierru, Smith and Zamrik (2018), we have 𝜀𝜀!" =
and 𝜀𝜀!" =
, where ρ is the market
'
'
!
#
share of Saudi oil. 𝜀𝜀!" and 𝜀𝜀!" are the short-run price elasticity of global oil demand and the price elasticity of non#
#
and 𝜀𝜀!" represent the same elasticities in the long run.
Saudi oil supply, respectively; 𝜀𝜀!"

2

If the short-term price elasticity, 𝜀𝜀!" , and the long-term price elasticity, 𝜀𝜀!" , of residual demand for Saudi oil were
both infinite, we would return to the standard assumption of a competitive market. Then, (4) would simplify to the
∗
∗
∗
= (1 − 𝜚𝜚! )𝑙𝑙𝑙𝑙𝑃𝑃!,%%
+ 𝜚𝜚! 𝑙𝑙𝑙𝑙𝑃𝑃!,#&'
+ 𝜖𝜖!,#.
usual mean-reverting equation with a constant long-run price, 𝑙𝑙𝑙𝑙𝑃𝑃!,#

3

Empirical studies of developing countries and cross-country regressions find that public investment is important for a
country’s growth (see, e.g., Easterly and Rebelo [1993]; Ford and Poret [1991]). The literature accounts for the impact
of public investment on productivity growth through the estimation of aggregate (national or regional) production
functions in which public capital is entered as an input (Bom and Lightart 2014).

4

5

Neom, the Red Sea Project and Qiddiya, among others. See https://www.vision2030.gov.sa/v2030/v2030-projects.

The model also allows for labor income taxes paid by Saudi and non-Saudi households, capital income taxes paid
by Saudi households and taxes on remittances paid by non-Saudi households. However, these taxes are currently
zero.

6

For the jointly calibrated parameters to reproduce some of the long-run characteristics of the Saudi economy, the
goal is to match the model’s steady-state results to key empirical relationships. We follow a non-linear constrained
optimization procedure that minimizes the deviation from the empirical relationships while meeting the constraint
represented by the model’s system of equations. In other words, the calibration procedure involves minimizing the
sum of the squares of the deviations from the empirical relationships by optimally adjusting the selected parameters.

7

This elasticity is generally difficult to pin down in econometric estimation of production functions. Indeed, there is a
certain variability in the estimates in the literature, with Ω lying between 0.15 and 0.40 (Aschauer 2000; de la Fuente
2010). Two empirical features are that the elasticity is lower when public capital refers to physical infrastructure only
and that it is higher when the analysis pertains to developing countries. We took the upper end of the values of Ω
on the grounds that, in this paper, we capture public investment in diversification, which includes not only physical
infrastructure but also digitalization, recreation and health. Appendix C presents the results of the sensitivity analysis
on parameters Ωi.

8

Figure derived from Havrlant and Darandary (2021), who analyze the “preferred diversification paths,” reflecting the
key transformation targets of Vision 2030.

9

The shocks considered in the model are not orthogonal as the covariance matrix is not diagonal. Computing the
variance decomposition requires an orthogonalization scheme. Dynare (https://www.dynare.org/), the software we
used, by default uses the upper Cholesky decomposition in case of correlated shocks.
10

The impulse response functions are simulated as responses to orthogonal shocks, meaning that the covariance
matrix of shocks is assumed to be diagonal for this exercise.

11
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Endnotes

The optimization problem generates demands for the consumption of tradable and non-tradable consumption
#
goods, 𝐶𝐶!" and 𝐶𝐶!"
, and a demand for their constant elasticity of substitution (CES) aggregate consumption good, 𝐶𝐶 ! .
#
"
Similarly, we obtain the supply of labor in the tradable and non-tradable goods sectors, 𝑙𝑙 ! and 𝑙𝑙!" , and the demand
for their CES aggregate labor supply, 𝑙𝑙 ! .
12

We assume the same tradable/non-tradable aggregator for investment and public consumption as is used for
private consumption.
13

The technological parameters include the output elasticity of labor (𝛼𝛼! ), the elasticity of substitution between capital
and energy services (νi) and the share of capital in the capital-energy services aggregate (θi). Also included is the
impact of public capital for economic diversification in each sector, denoted by parameter Ωi.
14

The elasticity of input substitution is equal to 1/(1-λ), whereas φ and ψ are the shares of electricity and oil in the
CES technology.

15

16

17

Parameters 𝜑𝜑! and γ , respectively, refer to gas efficiency and the elasticity of oil in electricity generation.
Parameter 𝜑𝜑! represents the efficiency of gas in electricity generation.

Parameter AR is the productivity of the public capital stock, and 𝜒𝜒 is an integration cost parameter. The term
in square brackets represents the productivity of one unit of public capital invested in renewables. Conversely,
it represents the cost of one unit of renewable energy. The productivity of renewables is negatively related to
renewables’ penetration in electricity generation, reflecting integration costs in the electricity system.
18

19

The superscripts “*,” “d” and “g” denote foreign, domestic and government variables, respectively.

20

Parameter 𝛼𝛼! is the proportionality factor of gas relative to oil production.

We induce stationarity in the model by assuming that the interest rate on foreign bonds depends on the level of
external debt. This dependence can be interpreted as a transitory change in the sovereign risk premium.

21

To determine the share of capital in the capital-energy services aggregate, we start by imposing a long-run
capital-to-output ratio (K/y) equal to 2 and assume a 10% annual depreciation rate of capital, which is common in
the macroeconomic literature. The capital-output ratio is consistent with 20% gross fixed capital formation over GDP,
the average value between 2000 and 2017. We then estimate capital stock levels in 2017 using the ratio K2017/GDP2017
=1.75. Using the optimality condition, according to which the relative demand for capital stock to energy services is a
function of their price ratio, we obtain θT = θNT = 0.99997.
22
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Appendix A: Model Equations
1. Households
The model includes two representative households: a Saudi household and a non-Saudi household. This
distinction is essential, as expatriates represent almost 40% of Saudi Arabia’s total population.
The Saudi household maximizes its expected welfare, given by the present discounted value of an expected
infinite stream of instantaneous utilities. (We denote Saudi and non-Saudi households by the superscripts
“s” and “ns,” respectively.):
(A1)		
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" "
"
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The Saudi household’s budget constraint includes spending on a final consumption good, an investment
good and energy services. It also includes the net acquisition of both government and foreign bonds. These
households’ incomes include after-tax labor income, capital income, government transfers and returns from
government and foreign bonds. Thus,
(A3)
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Here, 𝜏𝜏! is the consumption tax on the aggregate consumption good, and P is the before-tax price of the
final consumption good. Ii is gross investment, Ki is the capital stock and 𝛿𝛿! is the depreciation rate of
capital, with i = T,NT denoting tradable and non-tradable goods. We allow for quadratic adjustment costs
in gross investment with parameters hi. Wg is the public sector wage; 𝜏𝜏!" and PES are the consumption tax
rate and price, respectively, for energy services. Government transfers are given by TR, and households’
net acquisitions of government and foreign bonds are given by B and B^*, respectively. Foreign bonds
are denominated in United States dollars (US$), and x is the nominal exchange rate between Saudi riyals
(SAR) and US$. Finally, ii (i = T,NT) are the nominal returns on capital stock for the tradable and nontradable goods sectors, respectively, and i and i* are the interest rates on government and foreign bonds,
respectively.
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Maximization of (A1) is subject to (A3) and to the capital accumulation equations for the tradable goods and
non-tradable goods sectors:
(A4)
(A5)

𝐼𝐼!,# = 𝐾𝐾!,# − (1 − 𝛿𝛿! )𝐾𝐾!,#$%

𝐼𝐼!",$ = 𝐾𝐾!",$ − (1 − 𝛿𝛿!" )𝐾𝐾!",$%&

The solution yields optimal decision rules for the consumption of tradable and non-tradable goods. This
is also true for the consumption of the aggregate good, for the demand of energy services and for the
supply of labor in the tradable and non-tradable goods sectors as well as the supply of aggregate labor.12 In
addition, we have Euler equations for government and foreign debt as well as for tradable and non-tradable
goods’ fixed investment. We take government consumption, employment and wages in the public sector
and transfers as exogenous policy variables.
The non-Saudi household is assumed to supply labor inelastically. The savings of non-Saudis are
transferred abroad in the form of remittances. Given these considerations, we assume that the non-Saudi
household consumes a final consumption good and energy services and supplies labor to the tradable and
non-tradable goods sectors. The labor supply of non-Saudi workers is exogenous, and they do not work in
the public sector. The budget constraint includes only the after-tax labor income received for the hours of
work supplied to the tradable and non-tradable goods sectors. Thus, the non-Saudi household’s net income
is
(A6)

$%
!1 − 𝜏𝜏!,#
%𝑊𝑊#$% 𝑙𝑙#$%

We assume that the non-Saudi household spends a constant fraction of this income (A6) on consumption
goods and energy services. The remainder is saved and transferred abroad as remittances. This
specification implies that the non-Saudi household does not intertemporally optimize its decisions and that
its income and expenditure sources are exogenously determined. An important reason for making this
assumption is that the data needed to calibrate the model are lacking.
All the variables for the representative Saudi and non-Saudi households are expressed on an individual
basis. To obtain aggregate amounts, we multiply these variables by the economy’s total labor force, N,
which is set equal to the total population. This value is the sum of the Saudi and non-Saudi labor forces, as
denoted by
(A7)
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Here, xpat is the share of non-Saudis in the total labor force, which is kept constant in our model.
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2. Firms
The model includes four profit-maximizing representative firms. One firm produces a final good that
is traded (i.e., imported or exported), and one produces a non-traded final good. This distinction is
important for mimicking the Dutch Disease mechanism of real exchange rate appreciation in resource-rich
economies. These goods are acquired by the Saudi household for consumption or investment purposes, as
well as by the government for consumption.13 A third firm produces energy services, which are consumed
by both households and firms producing tradable and non-tradable goods. The fourth firm produces
electricity using the economy’s energy resources; this electricity is an input to the production of energy
services.
Producers of tradable and non-tradable goods employ Saudi and non-Saudi workers, fixed capital, public
capital and energy services as inputs. Within the labor aggregate, we assume the two types of labor inputs
are perfectly substitutable. The production function is as follows:
(A8)
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Here, i = T or NT, y is the aggregate output, A is a technological index (scale) and zi,t is a productivity shock
whose stochastic behavior is described below.14 All firms in the model are assumed to be profit-maximizing
agents and price takers. Because the two types of labor are perfectly substitutable, their corresponding
marginal productivities and wages are equal. Following the neoclassical literature on models with public
capital, constant returns to scale are assumed with respect to private production inputs and decreasing
returns to scale with respect to public capital.
$

The accumulation of public capital for diversification ( 𝐾𝐾!,# ) is given by

(A9)
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$
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$
where 𝐼𝐼!,#
is public investment in economic diversification and 𝛿𝛿! is the corresponding depreciation rate.
The production functions of tradable and non-tradable goods in per capita terms are:
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The third firm in the model produces energy-related services, such as air conditioning, electrical appliances,
lighting and private transportation. For simplicity, it uses energy sources as its only inputs, namely
electricity (ELES), oil (OES) and gas (GES), according to the technology:15
&/"
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+ (1 − 𝜑𝜑 − 𝜓𝜓)𝐺𝐺#$,!
/

The fourth firm generates electricity using three fuels: oil, gas and a renewable energy source, such as
solar power. The oil and gas inputs have a unitary elasticity of substitution and form an aggregate fossil fuel
input, which is in turn assumed to be perfectly substitutable with renewable energy (REN). Specifically,16
%

(A13)

&'%
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The phase-out of oil implies changes in the production function of electricity, which, after the policy reform,
has the following specification:17
(A14)
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Natural gas and renewable energy become perfectly substitutable inputs.

3. Natural Resources
Natural resources — renewable energy, oil and gas — are assumed to be produced using a simple
technology that depends only on the public capital stock. The government, via the state-owned electricity
company, invests directly in renewable energy. This is produced according to the technology:18
(A15)
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where 𝐾𝐾! is the public capital stock in renewables production, the accumulation law of which is

(A16)
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𝐾𝐾!,# = 𝐼𝐼!,# + (1 − 𝛿𝛿! )𝐾𝐾!,#%& ,

where 𝐼𝐼! is public investment and 𝛿𝛿! is the rate of depreciation of the capital stock.19

Oil production is given by 𝑂𝑂"! , which is assumed to evolve stochastically. Finally, we assume that gas
production, 𝐺𝐺̅ , is proportional to oil production:20
(A17)

𝐺𝐺̅! = 𝛼𝛼" 𝑂𝑂&!

Note that gas production also evolves stochastically.
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4. Government
Government expenditures consist of public investments in economic diversification, oil production and
renewable energy, labor compensation to public (Saudi) employees, government consumption and transfers
to Saudi households. Government revenue includes taxes on the consumption of goods and energy
services as well as labor income taxes paid by Saudi and non-Saudi households. They also include capital
income taxes, paid by Saudi households, and taxes on remittances, paid by non-Saudi households. The
government earns revenues from domestic sales and exports of oil and gas as well as net government
bond issuances. The government’s budget is
(A18)
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=𝐺𝐺*4,! + 𝐺𝐺*+,! ?+𝑃𝑃&,! 𝑅𝑅𝑅𝑅𝑅𝑅! + 𝑥𝑥! 𝑃𝑃%,!
(𝑂𝑂A! − 𝑂𝑂*4,! − 𝑂𝑂*+,! )
∗
+ 𝑥𝑥! 𝑃𝑃5,!
(𝐺𝐺̅! − 𝐺𝐺*4,! − 𝐺𝐺*+,! ) + [𝐵𝐵! − (1 + 𝑖𝑖! )𝐵𝐵!/0 ](1 − 𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥)

The fiscal authority controls a number of policy variables that can be used to pursue its own goals, including
tax rates, government consumption and public investments. These variables are exogenous to the model.
We assume that either transfers or government consumption adjust to keep the budget balanced in each
period.

5. Market Equilibrium, Aggregation and Foreign Asset Position
The description of the model is completed by the equilibrium conditions of the markets in this economy.
First, equilibrium in the energy services market requires equating the production of energy services with
total demand. This demand includes Saudi and non-Saudi households and firms producing tradable and
non-tradable consumption goods. Thus,
(A19)

𝐸𝐸𝐸𝐸! = (1 − 𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥)𝐸𝐸𝐸𝐸!" + (𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥)𝐸𝐸𝐸𝐸!#" + 𝐸𝐸𝐸𝐸$,! + 𝐸𝐸𝐸𝐸&$,!

Electricity is used only as an input to the energy services firm. Thus, equations (A12) and (A13) jointly imply
that the equilibrium condition for electricity is satisfied. Invoking Walras’ law, we set the market equilibrium
in the non-tradable goods sector. Equation (A20) below, describes the supply of non-tradable goods. This
supply must equal the demand for these goods by Saudi and non-Saudi households for consumption and
investment in fixed capital and government services. Assuming the same aggregator for consumption,
investment and public consumption, the market equilibrium condition is:
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(A20)

𝑦𝑦!",$ = (1 − 𝜃𝜃% ) (
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74 !",$ − 𝛿𝛿!" 9 𝐾𝐾!",$-' ; + <𝐼𝐼5,$ + 𝐼𝐼7,$ = +
!",$'(

To close the model, an economy-wide constraint must hold. This constraint ensures that the total resources
used by the economic agents equal the total created or available resources. This relationship incorporates
the household budget constraints for both Saudi and non-Saudi agents, the government budget constraint,
the households’ optimality conditions and firms’ behavior. We denote the capital adjustment costs by ACi,t,
with (i = T,NT) for simplicity. After rearranging, the aggregate resource constraint is as follows:
(A21)

𝑃𝑃! [(1 − 𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥)𝐶𝐶!" + (𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥)𝐶𝐶!#" ] + 𝑃𝑃$%,! [(1 − 𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥)𝐸𝐸𝐸𝐸!" + (𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥)𝐸𝐸𝐸𝐸!#" ] + (1 − 𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥)𝑃𝑃! 01𝐼𝐼',! +
*

*

*

𝐴𝐴𝐴𝐴',! 4 + 1𝐼𝐼(',! + 𝐴𝐴𝐴𝐴(',! 45 + 𝑃𝑃! 1𝐼𝐼),! + 𝐼𝐼+,! + 𝐼𝐼,,! 4 + (1 − 𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥)𝑃𝑃! 𝐺𝐺𝐺𝐺! + (1 − 𝑥𝑥𝑥𝑥𝑥𝑥𝑡𝑡)[𝑥𝑥! 𝐵𝐵!∗ −

∗
(𝑥𝑥!./ + 𝑥𝑥! 𝑖𝑖!∗ )𝐵𝐵!./
] + (𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥)𝑅𝑅𝑅𝑅𝑅𝑅! = 𝑃𝑃',! 𝑦𝑦',! + 𝑃𝑃(',! 𝑦𝑦(',! + 𝑃𝑃$%,! [(1 − 𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥)𝐸𝐸𝐸𝐸!" + (𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥)𝐸𝐸𝐸𝐸!#" ] +
∗
∗
𝑥𝑥! 𝑃𝑃+,!
1𝑂𝑂?! − 𝑂𝑂$0,! − 𝑂𝑂$%,! 4 + 𝑥𝑥! 𝑃𝑃1,!
1𝐺𝐺!̅ − 𝐺𝐺$0,! − 𝐺𝐺$%,! 4

Nominal GDP at current prices for this economy is given by
(A22)

∗
𝐺𝐺𝐺𝐺𝐺𝐺! = 𝑃𝑃",! 𝑦𝑦",! + 𝑃𝑃$",! 𝑦𝑦$",! + 𝑃𝑃%&,! [(1 − 𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥)𝐸𝐸𝐸𝐸!' + (𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥)𝐸𝐸𝐸𝐸!(' ] + 𝑥𝑥! 𝑃𝑃),!
3𝑂𝑂5! − 𝑂𝑂%+,! − 𝑂𝑂%&,! 6 +
∗
𝑥𝑥! 𝑃𝑃,,!
3𝐺𝐺̅! − 𝐺𝐺%+,! − 𝐺𝐺%&,! 6

In this context, non-oil GDP excludes the value of oil and gas sales abroad from equation (A22). Non-oil
GDP therefore reflects the value added of durable and non-durable goods and energy services.
The foreign sector is characterized by current and capital accounts. The current account includes imported
goods (a component of tradable goods) and remittances on one side and exports of tradable goods, oil and
gas on the other. Net interest payments on foreign debt are also included in the current account. The capital
account includes net acquisitions of foreign debt and the change in official holdings (official reserves), which
ensures a balance of payments equilibrium. Thus, the nominal trade balance is the sum of remittances by
non-Saudis, the change in the foreign bond position and the interest earned from foreign bonds. That is,
(A23)

∗
] + (𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥)𝑅𝑅𝑅𝑅𝑅𝑅!
𝑇𝑇𝑇𝑇! = (1 − 𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥)[𝑥𝑥! 𝐵𝐵!∗ − (𝑥𝑥!#$ + 𝑥𝑥! 𝑖𝑖!∗ )𝐵𝐵!#$

To obtain real GDP and the real trade balance, we divide equations (A20) and (A21) by the aggregate price,
P, of tradable and non-tradable goods.
Finally, following Schmitt-Grohé and Uribe (2003), we assume that the interest rate on foreign bonds is
governed by the debt-elastic interest rate.
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(A24)

∗ )
∗
𝑖𝑖!∗ = 𝑖𝑖 ∗∗ + 𝜁𝜁[exp(𝐵𝐵##
− 𝐵𝐵!$%
− 1]

where i** is an exogenous foreign interest rate determined in the foreign capital market, ζ is a risk-premium
∗
is the steady-state level of foreign bonds.21
parameter and 𝐵𝐵!!
To close the model, we need to select a normalization rule. Here, we assume that
(A25)

∗
𝑃𝑃!,# = 𝑥𝑥# 𝑃𝑃!,#
,

∗
where 𝑃𝑃!,#
is the international price of the tradable good, which is exogenous. Following the standard
in models with tradable and non-tradable goods sectors, we define the tradable good as the numeraire.
Thus, 𝑃𝑃!,# = 1 ∀𝑡𝑡.
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1. Household Parameters
Following Plante (2014), the elasticity of substitution between aggregate consumption and energy services,
σ, is set to -0.3333. The parameters of Saudi households’ utility, κ and αGC, and the size of government
services, GC, are jointly calibrated with other parameters. These are calibrated to match the share of
energy services expenditure over total consumption expenditure, the share of private consumption over
GDP and the share of public consumption over GDP. The inverse of the Frisch labor supply elasticity is
set at ν = 1.429 to represent the long-run labor supply elasticity (see Behar 2015). The weight of disutility
from labor supply, η, is jointly calibrated to match the ratio of Saudi labor to total labor supply in the long
run. We assume a unitary elasticity of substitution between tradable and non-tradable consumption goods,
σC = 1, thus implying a Cobb-Douglas aggregator. The share of consumption in the tradable sector, θC, is
jointly calibrated to match the average ratio of consumption in the tradable sector to total consumption. The
elasticity of substitution between tradable and non-tradable labor supply is set at σL = -1 (see Berg et al.
2010), while the share of labor in the tradable sector, θL, is jointly calibrated to match the average ratio of
labor in the tradable sector to total labor.
The discount factor, β, is obtained from the first order condition for foreign bonds in a steady state. The
size of the foreign bonds, B*, and government bonds, B, in the initial steady state are jointly calibrated to
reproduce the ratios of trade balance and government bonds over GDP. The parameters for the adjustment
costs of capital, hT and hNT, are calibrated to match the volatility of investment relative to GDP. Following
Blazquez, Hunt and Manzano (2017), the risk-free international interest rate, i**, is set to 4%, and ζ is
chosen to reproduce the volatility of trade balance over GDP observed in the data.
The proportion of non-Saudis in the total labor force, xpat, is taken from data provided by the General
Authority of Statistics (2016). We assume the same parameter values used for Saudi households as for
consumption goods and labor aggregators. The parameters that define the fraction of income spent on
consumer goods, φC, and energy services, φES, are jointly calibrated to match the share of energy services
expenditure over total expenditure and the ratio of remittances to GDP.

2. Firms’ Parameters
Turning to firms, no distinction is made between the technological parameters of the tradable and nontradable sectors because of the lack of data at the sectoral level. Thus, we follow Blazquez, Hunt and
Manzano (2017) by setting αT = αNT = 0.58 and Koetse, de Groot and Florax (2008) by choosing the
elasticity of substitution between capital and energy services to be νT = νNT = -1.381. In addition, the share
of capital in the capital-energy services aggregate is set at θT = θNT = 0.99997.22 The technology indexes for
tradable and non-tradable goods, AT and ANT, are jointly calibrated to reproduce the relative weight of the
two sectors.
In energy service production, we follow Blazquez, Hunt and Manzano (2017) and set the share of electricity
as φ = 0.332, while we assume ψ = 0.332, implying approximately the same weight for oil and gas in the
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production of energy services. The parameter governing the elasticity of substitution among oil, gas and
electricity is set at λ = -2.574 (Serletis, Timilsina and Vasetsky 2010). We obtain fuel consumption in power
generation from the BP Statistical Review of World Energy (2016) and the Electricity and Cogeneration
Regulation Authority (2015), and we obtain the price of electricity from the Saudi Electricity Company
(2018). Prices for gas and oil supply are obtained from Wogan, Pradhan and Albardi (2017). Using these
data for electricity generation, we set the share of oil as γ = 0.47. In the simulations where oil is phased out
and only natural gas and renewables are used to generate electricity, the gas efficiency parameter, φG, is
set equal to 0.54969, following Elshurafa et al. (2021).

3. Natural Resource Sector’s Parameters
We follow Elshurafa et al. (2021) by also calibrating the productivity of public capital invested in renewable
energy and set AR = 0.1026. Mai et al. (2012) find that in the United States, the cost of the electricity system
increases by as much as 5% when renewables penetrate the system by 10%. Thus, we set the renewables’
integration cost parameter to χ = 0.5. The depreciation of public capital in renewables, δR, is assumed to be
5% as in Blazquez, Hunt and Manzano (2017).
The marginal product of public capital in oil production, αO, is jointly calibrated to match the ratio of oil over
oil and gas used in electricity generation. The depreciation of public capital in oil production, δO, is assumed
to be 0.05. The exogenous value of public investment in the oil sector, 𝐼𝐼!" , is set to match the average oil
production of Saudi Arabia. We normalize the rate of capital utilization, u, to 1. In the model, we assume gas
production is proportional to the production of oil, with αG calibrated accordingly.
∗
The average price of Brent crude from 1997 to 2016 is taken as equal to 𝑃𝑃!,##
= 1.753 thousand SAR
per ton of oil equivalent (toe) (which corresponds to US$65 per barrel in 2016, at constant 2010 prices).
The average Saudi oil exports during the period were OXSS = 18.06 billion toe (SAMA 2017). Following
Pierru, Smith and Zamrik (2018), we set the market share of Saudi oil exports in global oil output to
ρ = 0.12. To obtain the long-run price elasticity of residual Saudi oil demand, we assume the long-run price
#
= -0.6 and the supply of non-Saudi oil to be about
elasticity of global oil demand to be about 𝜀𝜀!"
# = 0.3. The long-run price elasticity of Saudi oil exports is therefore obtained to be equal to ε = -7.2. To
𝜀𝜀!"
LR
obtain the short-run price elasticity of Saudi oil exports, we assume that these elasticity parameters in the
short-run would be about 50% of their counterparts in the long run. Hence, the short run price elasticity of
residual Saudi oil demand is εSR = -3.6. The average international price of gas for 1997-2016 is found to be
∗
𝑃𝑃!,##
= 0.815 thousand SAR per toe (corresponding to US$ 25 per barrel in 2016 at constant 2010 prices),
using Henry Hub prices. The domestic prices of oil and gas, 𝑃𝑃!" and 𝑃𝑃!" , are jointly calibrated to match the
observed ratios of oil and gas exports over production.
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In this appendix, we compare the results under two different scenarios with respect to the output elasticity
of public investment for diversification: ΩT = ΩNT = 0.40, which is the value used throughout the paper
simulations, and ΩT = ΩNT = 0.20.
The variation of the elasticity of public investment for diversification only affects the simulation results in the
case in which the Vision 2030 reforms are implemented, including the diversification policies. Therefore,
we only report the comparison between the full Vision 2030 implementation under the two aforementioned
elasticity values.
As we observe from the tables and figures below, the qualitative results continue to hold: The success of
the diversification policy is key to increasing the resilience of the Saudi economy to economic shocks.
Table C1. Percentage change of standard deviations relative to the situation before implementation of Vision 2030
policies.

Full V2030
Transfers adjustment
ΩT = ΩNT = 0.20
GDP

-13.18

Government consumption adjustment

ΩT = ΩNT = 0.40

ΩT = ΩNT = 0.20

ΩT = ΩNT = 0.40

-26.79

-23.96

-6.70

Oil GDP

3.65

7.77

-6.42

-8.69

Non-oil GDP

5.03

15.91

-16.56

-11.54

-14.72

-10.09

-5.63

-1.28

Output tradables

-7.97

1.31

-8.40

-3.25

Real exchange rate

Output non-tradables

-26.90

-24.12

-40.79

-38.23

Private consumption

36.50

-6.45

-49.53

-43.93

Private investment

-4.20

7.71

7.41

17.35

Source: Authors.
Note: HP filtered data (λ = 100).

Table C2. Variance decomposition: Fiscal adjustment via household transfers.
Full V2030 scenario

GDP

𝜖𝜖!"

ΩT = ΩNT = 0.20

𝜖𝜖!"

𝜖𝜖 !

𝜖𝜖!"

𝜖𝜖!"

ΩT = ΩNT = 0.40

𝜖𝜖!"

𝜖𝜖 !

𝜖𝜖!"

95.1

2.5

2.06

0.34

95.2

2.72

1.78

0.3

Oil GDP

93.54

5.36

0.18

0.92

93.52

5.38

0.18

0.92

Non-oil GDP

84.85

0.17

14.97

0.01

87.04

0.37

12.59

0.01

Output tradables

72.78

0.63

26.22

0.38

74.55

0.46

24.65

0.34

Output non-tradables

83.53

0.05

10.49

5.92

85.26

0.02

9.56

5.16

Real exchange rate

32.07

8.83

4.83

54.27

36.27

10.97

4.58

48.19

Private consumption

92.23

2.2

5.55

0.02

92.47

3.18

4.32

0.03

Private investment

82.21

0.07

16.36

1.36

84.24

0.01

14.53

1.21

Source: Authors.
Note: HP filtered data (λ = 100). Figures in percentage terms.
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Table C3. Variance decomposition: Fiscal adjustment via government consumption.
Full V2030 scenario

𝜖𝜖!"

ΩT = ΩNT = 0.20

𝜖𝜖!"

𝜖𝜖 !

𝜖𝜖!"

𝜖𝜖!"

ΩT = ΩNT = 0.40

𝜖𝜖!"

𝜖𝜖 !

𝜖𝜖!"

GDP

95.25

2.66

1.77

0.32

95.28

2.85

1.57

Oil GDP

93.67

5.34

0.16

0.84

93.75

5.26

0.15

0.84

86

0.27

13.72

0.01

87.02

0.44

12.53

0.01

Non-oil GDP

0.3

Output tradables

70.14

0.93

28.49

0.44

71.47

0.79

27.33

0.42

Output non-tradables

86.11

0.02

9

4.87

86.87

0.04

8.58

4.5

Real exchange rate

56.48

11.15

2.4

29.97

58.22

12.1

2.25

27.43

Private consumption

87.35

5.58

6.48

0.58

88.67

4.7

5.89

0.75

Private investment

79.42

0.09

18.81

1.68

81.72

0.02

16.77

1.48

Source: Authors.
Note: HP filtered data (λ = 100). Figures in percentage terms.
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Figure C1. Impulse responses to oil price shocks (ΩT = ΩNT = 0.20): Fiscal adjustment via transfers (in percentage
deviations from the steady state).

Source: Authors.
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Figure C2. Impulse responses to oil price shocks (ΩT = ΩNT = 0.20): Fiscal adjustment via government consumption
(in percentage deviations from the steady state).

Source: Authors.
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Figure C3. Impulse responses to oil production shocks (ΩT = ΩNT = 0.20): Fiscal adjustment via transfers (in
percentage deviations from the steady state).

Source: Authors.
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Figure C4. Impulse responses to oil production shocks (ΩT = ΩNT = 0.20): Fiscal adjustment via government
consumption (in percentage deviations from the steady state).

Source: Authors.
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