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Abstract
The Gulf Cooperation Council (GCC) (or more formally the Cooperation Council for the Arab States of the Gulf) is a regional intergovernmental economic union. The union consists of all Arab states in the Persian Gulf, except for Iraq. Thus, currently, its member states are Bahrain, Kuwait, Oman, Qatar, Saudi Arabia and the United Arab Emirates. Past discussions have been held to include Jordan and Morocco in this group.
The members of the GCC have a number of common features. All current member states are monarchies, all have economies that rely on the production of Hydrocarbons for export, and all have fiscal structures that provide large subsidies on local consumption of energy financed from oil and gas income.
Another common feature is that all of the economies are facing significant long-term pressure for structural reform due to declining hydrocarbon reserves. Currently, this pressure is exacerbated by the falling price of oil, from around $US110 per barrel in 2014 to less than $US35 per barrel at the start of 2016. Whether or not the price of oil will rise back to triple digits over the next decade is an open question. But what is not subject to debate is the need for the GCC economies to reform their economies. 
In nearly all cases, reform must start with fiscal consolidation. By this is meant reducing budget deficits that are caused by oil and gas revenues, not taxes, paying for free education and health care and for subsidised energy, water and housing. Note that in most of the regions, around 90 per cent of fiscal revenue comes from oil and gas profits earned by state owned enterprises.
Over the past three years the Centre of Policy Studies has been employed by governments within the GCC to examine issues of structural reform. Clients include: the Jordanian Ministry of Planning and International Cooperation through Leading Point Management; the government of Oman (through the Sultan Qaboos University); and the Saudi Arabian Ministry of Commerce and Industry. Each of these projects has involved the construction of a single-country Computable General Equilibrium (CGE) model and database for a contemporaneous year of record, and modelling reports dealing with key issues facing the specific country. In this paper we report on one such exercise conducted for the Saudi Government, in which various new taxation options are examined, along with the efficacy of the current system of energy subsidies.
The Saudi model is called the Saudi Applied General Equilibrium (SAGE) model. Its core data are calibrated to the 2010 Supply Use Table (SUT) complemented by other National Accounts data published by the Central Department of Statistics (CDS). It is updated to 2014, the latest year for which published data are available at the time of the project, using data from CDS for the period 2011-2013. The SAGE database for 2014 includes data for 59 commodities produced by 59 industries.
It is expected that the modelling will cover: 
· Energy and Utility price reform;
· Changes to the Net worth tax (Zakat)[footnoteRef:1]; and  [1:  Zakat is an obligatory payment required from Muslims according to the sharia and forms one of the five pillars of Islam. In Saudi the Zakat is assessed on Saudi and GCC nationals and on companies that are wholly owned by those individuals or their equity interest in companies. In general, zakat is levied at a fixed rate of 2.5% on the higher of adjusted taxable profits and other items.] 

· The introduction of a range of new taxes and charges including an expatriates’ income tax, a Non-Saudi Corporate Tax, a land value tax, traffic and legal violations penalties and  public service fees.
At the time of writing this abstract, a simulation of the economic impacts of the removal of subsidies on refined petroleum and electricity had been run and reported.
Based on estimates from the SAGE baseline, in 2014 subsidies on the use of petroleum products and electricity are equivalent in value to 9.9 per cent of GDP. For the energy and utility price scenario, it was assumed that the subsidies present in the baseline are cut to zero in a linear way between 2015 and 2018. Cutting the subsidies will cause the purchasers’ price of petroleum products to increase by around 260 per cent, and the users’ price of electricity to increase by about 75 per cent.
It is assumed that the monies saved from the removal of these subsidies are returned partly to the directly affected industries (petroleum products and electricity) to ensure that investments planned from 2015 onwards are not affected by the reduction in demand as the subsidies are removed. The remainder is handed to households as a non-distorting lump sum payment.
Key findings are: 
· In the short run, removing the energy subsidies causes employment to fall relative to its baseline level. Over time, the employment deviation is progressively eliminated as the real wage rate adjusts. In the long-run employment rises slightly relative to its baseline level due to compositional shifts in the economy.
· Removal of the energy subsidies reduces productivite capital slightly. In the short-run the economy’s labour/capital ratio falls. In the long-run it rises.
· Removing the energy subsidies eliminates a large distortion in the economy. This improves the efficiency of resource use, such that even though employment and capital in most years fall relative to baseline levels, real GDP rises.
· Removing the electricity subsidy increases real consumption (private plus public) and, hence, improves the overall welfare of the population.
· Removing the energy subsidies leads to an improvement in the net volume of trade, while leading to a mixed outcome for industries. Production for some industries increases relative to baseline, while production in other industries falls.
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1. [bookmark: _Toc448504465]Introduction
The International Energy Agency (IEA) defines a subsidy as “any government action that concerns primarily the energy sector that lowers the cost of energy production, raises the price received by energy producers or lowers the price paid by energy consumers” (IAE, 1999:43). The IAE (2010a, 2010b, 1999) lists many reasons for manipulating energy prices. They including:

· Maintaining domestic energy production: Production subsidies can be used to promote domestic production of energy and to reduce import dependency.
· Supporting industrial development and employment: Providing subsidies to sectors lowers costs, can encourage investment in energy-intensive industries such as aluminium and is a source of competitive advantage. Production subsidies which include tariffs and trade restrictions can be used to protect domestic employment.
· Development and economic growth: Subsidies can also be used to encourage economic diversification by improving the competitiveness of energy-intensive industries such as petrochemical industries.
· Helping the poor: Consumption subsidies help to ensure a minimum level of energy consumption and help improve the living conditions of the poor. However, subsidies tend to be inefficient because they are poorly targeted. In general the higher the household income the higher the subsidy and because high income households consume more petroleum products they benefit relatively more from subsidies (Baig et al, 2007).
· Environmental protection: It can also be that subsidies are introduced as incentives to improve electricity production with the aim of reducing harm to the environment (IAE, 1999: 44). 
· Redistribution of national resource wealth: In energy-producing countries, consumption subsidies are often used as a means by which the value of a natural resource is shared by the population. 
Various policies and instruments can be used to impose energy subsidies. Government may decide to alter the price of energy by (1) paying a direct transfer to producers or consumers, (2) structuring the tax system (e.g. tax breaks) in such a way that it alters the price of energy, (3) impose trade restrictions such as quotas, (4) government providing the energy at less than full cost by for example direct investment in energy infrastructure and finally introducing various market regulations such as market-access restrictions (IEA, 2010: 7; UNEP, 2008:9).
A key argument for the removal of subsidies is that subsidies are a distortion in the economy leading to an inefficient use of resources. Removing this distortion should improve 
· social welfare, 
· environmental protection and 
· economic growth. 
A 2015 report by the IEA estimates the global subsidy value in 2014 at $490 billion. Without reforms introduced in 2009, the subsidy estimate would have been $610 billion (IEA, 2015:27). IEA further estimates that fossil-fuel subsidies are become increasingly concentrated in the major oil- and gas-exporting countries. For example, the share of Middle East oil exporters[footnoteRef:2] in the world total has risen from 35 per cent to 40 per cent over the last 4 years (IEA, 2015:100). The reason is that for the past few years, there was no incentive to reform energy pricing due to the high oil price. Higher oil prices meant higher government revenues from oil exports which allowed for increased government spending often on social support programmes and subsidies. For 2009-2014, fossil fuel subsidies for the Middle Eastern countries on average have been more than 25 per cent of government expenditure (IEA, 2015:100). The fall in the oil price directly impacts on government balances. If the price of oil remains low, governments would have to restructure their spending priorities. To mitigate the impact of lower oil prices on the government budget, an option is to cut spending by reducing subsidies. For example, in 2015 the UAE deregulate gasoline and diesel prices as part of the governments’ strategy to diversify sources of income, improve competitiveness and to reduce the economy’s dependence on subsidies (IEA, 2015:101). Saudi Arabia also feels the pinch of lower oil prices. In 2015, the budget deficit was approximately 15 percent of GDP. As a result, the government announced a cut in spending of 14 percent in 2016 (Tully, 2015). The spending cuts include an increase in the price of retail gasoline by 50 per cent, from 0.60 of a Riyal to 0.90 per liter of premium gasoline.[footnoteRef:3]   [2:  These countries include Bahrain, Iran, Iraq, Kuwait, Oman, Qatar, Saudi Arabia and the United Arab Emirates (UAE). ]  [3:  Given the exchange rate of 1US$ = 3.75 Riyals, this is an increase from 16 cents to 24 cents per litre.] 

Another reason to cut subsidies is to improve the low efficiency of domestic energy consumption which is driven by an increase in domestic demand. In 2010, Saudi Aramco warned that Saudi Arabia’s capacity to oil export would be restricted to less than 7 million barrels per day by 2028 if domestic energy demand continued to rise as its current pace (IEA, 2010:574). In the Middle East, passenger cars use 75 per cent more fuel per kilometre than cars in the OECD, mainly because low fuel prices reduce the incentive of investing in efficient cars. Based on the current level of fuel consumption per car, cutting gasoline subsidies in Saudi Arabia would effectively leave each person approximately $680 per year worse off (IEA, 2015:101). However, if cars had the same fuel efficiency as those in the OECD, then the impact per person would be about $410 per year. Therefore changes to energy prices would slow down domestic demand and create an incentive to buy fuel efficient cars.
In this paper we use a dynamic CGE model for Saudi Arabia to model the economic impact of the removal of subsidies on refined petroleum and electricity. Removing the subsidies increases the price of energy to final users, with consequent flow-on effects through the economy. The paper is organised as follows. Section 2 describes the model used in this study. This is followed by a description of the initial database. Section 4 describes the closure and shocks imposed on the model in the baseline and policy simulation. Section 5 provides a discussion on the results and concludes.
[bookmark: _Toc448504466]The model 
In this paper we use a dynamic CGE model of the Saudi Arabian economy to estimate the impact of the full removal of subsidies on petroleum and electricity. The model is called the Saudi General Equilibrium Model (SGEM). SGEM models production of 59 commodities by 59 industries. There are three primary factors: land, capital and labour. Labour is further distinguished by 9 occupational types. SGEM has one representative household and one central government. Decision-making by the household and firms are governed by optimising behaviour. We assume that the household choose a combination of commodities to maximise utility subject to their budget whereas firms choose a combination of inputs that minimise costs subject to given input prices and a constant returns to scale production function. On the other hand, firms choose their commodity outputs to maximise revenue subject to a constant elasticity of transformation (CET) function. In creating capital, investors choose inputs that are cost minimising combinations of Saudi and foreign commodities. We assume that domestic and imported varieties of commodities are imperfect substitutes for each other, with this modelled via constant elasticity of substitution (CES) functions. The export demand for any Saudi Arabian commodity is inversely related to its foreign-currency price. SGEM models the consumption of commodities by government as well as direct and indirect taxes. All sectors are competitive and all commodity markets clear. SGEM recognises three main types of dynamic adjustment: capital accumulation, lagged adjustment mechanism in the labour market and net foreign liability accumulation. Each industry accumulates capital which is linked to industry-specific net investment. Changes in industry-specific investment are linked to changes in industry-specific rates of return. Annual changes in the net liability position of the economy are related to the annual current account balance.
In this paper we are interested in the removal of subsidies on the use of petroleum and electricity commodities. There are two paths in which change in commodity taxes/subsidies effect the demand of commodities in SGEM. First, taxes are accounted for in purchasers’ price equations and changes in relative price leads to changes in the demand for commodities.[footnoteRef:4] Purchasers’ price is the amount paid by the users of commodities and reflects the actual cots to users (United Nations, 2009: 22). For example, if the price of domestic commodities increases, users of this commodity will demand less of the domestic commodity and more from the cheaper imported alternative. Secondly, changes in tax/subsidies impact government revenue and ultimately the government budget balance. [4:  SGEM allows for the modelling of various sets of commodity prices. For example, basic prices are prices before taxes on products are added and subsidies on products are subtracted. It does not include the value of margin services on the flow of commodities. For domestic goods it is it is the prices received by producers. For imported goods it is the prices received by importers. Sales taxes and margins are excluded but import duties are included (Dixon et al, 1982:108-115). 
Purchasers’ price on the other hand includes margin costs and sales taxes. Of interest in this paper is purchasers’ price.] 

SGEM includes many equations describing numerous variables. We proceed by describing a set of equations that allows us to understand how taxes and subsidies impact the behaviour of users in SGEM. 
SGEM includes equations linking flows of commodity c from source s valued at purchasers’, to their respective commodity and source-specific basic value, taxes and margins cost. We begin by defining values at purchasers’ price. Equation (E1) shows for all users u, the purchasers’ value of commodity c from source s, are equal to the sum of the basic value, sales tax and margins services facilitating this flow of the commodity to its respective users. In levels form this equation is:



 		(E1)




for all c  COM, s SRC, u USER, m MAR
where
VPUR		is the total purchasers’ value of commodity flows, from all sources to user u;
BAS		is the basic value of commodity flow from all sources to user u;
TAX		is the tax value paid by user u or the subsidy received by user u;
MAR_M	is the total margin value that facilitates the flow of commodities to user u.
As an example, (E2) shows that the purchasers’ value of domestically produced petroleum used by all i industries, as the sum of the basic value, sales tax and margin costs for domestically produced petroleum.

		(E2)

for iIND
Rewriting (E1) into percentage change form yields:






c  COM, s SRC, u USER, m MAR						(E3)
where, for variables not yet declared,
ppur	is the percentage change in the purchases price of commodity c, from source s by user u.
pbas	basic price is the percentage change in the basic price of commodity c from both domestic and imported sources (see footnote 1). Note that this variable omits a user dimension. That is because we assume that the basic price of a commodity is uniform over all users.
t	is the power of tax by commodity, source and user.[footnoteRef:5] We allow tax rates to vary across users. For example, agricultural industries may be subsidised for their use of fertilizers whereas manufacturing industries may be taxed. Due to non-uniform tax rates the purchasers’ value may be non-uniform over commodities, sources and users. [5:  Since a policy change might involve movement of a tax to a subsidy tax rates can pass through zero (or indeed begin at zero). Therefore, tax rates are normally represented in the model as powers of the relevant tax               (t =1 + tax rate). The tax rate is defined as the ratio of tax revenue to the tax base. That is  where c  COM, s SRC, u USER, t TAX. Tax revenues are read in from the database. The tax bases for the various indirect taxes are:
For Sales taxes: the basic value of commodity flows.
For Tariffs: the c.i.f value of imports.
For production taxes: the basic value of industry output.
] 

Using our petroleum example, we can write (E3) as:



for iIND										(E4)
Equation (E4) shows that if we hold the basic price of petroleum (pbas) unchanged and increase t for domestically sourced petroleum, the purchasers’ price for domestically sourced petroleum will increase for all industries. The purchasers’ price of commodities appears in the user-specific demand equations for commodities. In general, demand equations take the following percentage change form:

 					(E5)



for all c  COM, s SRC, u USER
where
x	is the percentage change in the demand for commodity c, source s used by user u.
x_s	is the percentage change in the overall demand for commodity c by user u, from all sources.
ppur_s	is the average composite prices of commodity c used by user u.

 	is a parameter that reflects the ease with which users react to changes in relative price.
Using to our petroleum example, (E5) can be written as:

 	(E6)

for iIND


Equation (E6) shows that the percentage change in industry demand for domestically produced petroleum follows the overall demand for petroleum by industry and a relative price term. If the price of domestically produced petroleum () increase relative to the average price of petrol by all industries (), then industries would substitute away from domestic petrol and toward cheaper imported petroleum.
Tax rates are policy variables and naturally exogenous. Flexible treatment of exogenous shocks to the model’s indirect tax system is introduced via equations of the form:

 					(E7)




for all c  COM, s SRC, u USER, t  TAX type
where
f0tax_cs	is shift variable specific to commodities and uniform for users and source.
f1tax_u	is shift variable specific to commodities and source, and uniform for users.
f2tax		is shift variable specific to commodities, source and users.
If the variables on the right hand side of (E7) remain exogenous and unchanged, the power of the tax remains unchanged, and the purchasers’ price defined in (E3) only change due to non-tax factors. Changes in tax rates are imposed via shocks to the appropriate shift variable appearing on the RHS in (E7).
Tax revenue form part of government income and is defined as:

 					(E.8)



for all c  COM, s SRC, u USER
where
TAX	is the sum of net indirect taxes summed over all commodities, all source and users and appears in (E.1). 
INCTAX	is direct taxes on labour and capital income.
In SGEM, total government revenue is defined as:[footnoteRef:6] [6:  Clearly government revenue is highly dependent on the price of oil. If the price of oil falls, government revenue falls. There is scope for reforms that allows tax revenue to increase its share in government revenue. This will smooth out the volatility in government revenue due to changes in oil prices.] 


 						(E.9)
where
OilRev		is the revenue from oil sales;
TAXREV	is the total tax revenue as defined in (E.8); and
NONTAX	is non-tax revenue (see footnote 4).
Revenue from oil sales is by far the largest source of government income. See Section 3 for a description of government revenues in the initial data base.
Finally we define government balance as the difference between government income and expenditure. Government expenditure includes purchases by government and government investment.

 							(E.10)
[bookmark: _Toc448504467]The SGEM Database
We create a database which suit the requirements for SGEM. The core database is calibrated to the 2010 Suppy-Use Tables (SUT) (MoEP, 2015). The SUT does not have the required format of the database and therefore a number of steps were taken to convert the published data into the format required by SGEM. Due to the limited space in a journal paper, we deem it unnecessary to describe in detail the steps taken in converting the published data into a database. For a description of possible steps taken in creating a CGE database, see Roos et al (2015). 
We highlight the following characteristics of the database.
The model requires a core database with separate matrices for basic, tax and margin flows for both domestic and imported sources of commodities sold to domestic and foreign users, as well as matrices for the factors of production. Commodities can be used by domestic firms divided into 59 industries, investors divided into 59 industries, a representative household, exported, demanded by the government or held as inventory. 
SGEM includes detailed treatment of margins. For each commodity valued at basic price we have a corresponding margin matrix, showing the cost of margin services used to facilitate the flow of commodities from all sources to the users of these commodities. SGEM includes 7 margins commodities. 
Of special interest in this paper is the modelling of taxes and subsidies. For each commodity valued at basic price we have tax matrices showing the indirect taxes paid on the use of commodities from all sources by various users. Positive elements in these matrices show the tax associated with the delivery of commodities from all sources to the users of these commodities. A negative element shows the subsidy paid on commodity use by users in SGEM. As reflected in the published Supply Use Tables (2010) Saudi Arabia does not have value-added tax or general sales on the use of commodities. Therefore, in the core database, elements in the indirect tax matrices are set to zero. There are however import duties. Import duties are explicitly accounted for in the database via a satellite matrix, and are also included in the flow of imported commodities valued at basic price. This allows for the calculation of ad valorem rates as the ratio between tax revenues and the relevant basic flows of commodities on which the taxes are levied (see footnote 2).
The database includes matrices showing the value of primary factors used by industries in current production. These matrices include inputs of three factors of production, namely occupation specific labour payments by 59 industries, capital rentals by 59 industries and natural resources by industries. Natural resource uses are restricted to agricultural and mining industries. Industries also may pay production taxes such as business licences. The database shows that labour, capital, natural resource and production taxes are only used in current production and therefore these matrices are absent from entries in the capital formation, household consumption, exports, government and change in inventories columns.
The final matrix capturing data from the SUT is the multi-product matrix. Each element in this matrix refers to the basic value of commodities produced by the various industries or stated differently it shows the value of industry output.
We wish to highlight the following interesting aspects of the economy captured in the database. Table 1 reports values for the main components of GDP from the expenditure and income sides, calculated from the 2010 database. On the expenditure side, the largest component is exports, with a GDP share of 49.4 per cent. Exports exceed imports, implying a surplus on trade account of 317 billion SAR. The surplus is nearly 16 per cent of GDP. Of the remaining components, household consumption makes up 32.5 per cent, investment 24.7 per cent and government consumption 20.3 per cent.



Table 1: GDP components on the expenditure side and income side (billion SAR) (2010)
	Expenditure item
	Value
(SAR bill)
	Share (%)
	
	Income item
	Value
(SAR bill)
	Share (%)

	Household consumption
	638
	32.5
	
	Cost of labour
	459
	23.4

	Investment
	485
	24.7
	
	Cost of capital
	1,171
	59.7

	Government consumption
	398
	20.3
	
	Natural resource
	315
	16.0

	Exports
	970
	49.4
	
	Indirect taxes
	18
	0.9

	Imports
	653
	-33.3
	
	
	
	

	GDP
	1,963
	100.0
	
	GDP
	1,963
	100.0



On the income side, the cost of capital is 2.5 times the costs of labour. The combined share of natural resources (agricultural land and oil and gas reserves) and capital is 76 per cent. This means that in the short-run, with capital and natural resources fixed, the economy’s generalised supply schedule is highly inelastic.
Secondly, the Saudi economy is concentrated around a handful of industries. By far the largest is the crude oil and gas industry which contributes approximately 42 per cent of total value added. The next largest are industries producing public administration, education and construction services. The data also shows that the entire value added of the services sector (41%) is close to the value added of the crude oil industry. This is followed by the manufacturing sector (12%), agriculture (3%) and utilities sector (2%).  
Thirdly, the Supply table shows that there are no taxes on products. Saudi Arabia does not have sales taxes on commodities, and therefore the elements of the commodity tax matrices, stored in the initial database is set to zero. The Use Table shows production taxes paid by industries. Indirect taxes contribute approximately 1 percent of GDP (Table 1).
In Saudi Arabia, by far the main source of government revenue is the sales of oil. The 2010 budget data shows that revenue from oil sales contributes 90 per cent of government revenue. Revenue from taxes (indirect and direct taxes) and non-tax revenue accounts for 3 and 7 per cent respectively (NICDP, 2014).[footnoteRef:7] [7:  Indirect tax includes taxes on international trade (approx. 14 billion SAR) and production tax (approx. 3 million SAR). No income tax is payable. Tax on income and profits is approximately 7.1 billion SAR. Non-tax revenue includes fees and charges as well as investment income. ] 

To evaluate the economic impact of the removal of subsidies on petroleum and electricity, we outline the sales and cost features of these industries below. 
The initial sales structure of commodities captured in the core database suggests that approximately 50 per cent of petroleum is exported, with the remainder use domestically by industries and households. Electricity is mainly used domestically as an intermediate input by industries and households.
The cost structure of the petroleum industry suggests that the petroleum sector is capital intensive closely followed by domestically sourced intermediate inputs. A large share of costs in the electricity sector is domestic inputs (43%) followed by capital (34%).


[bookmark: _Toc448504468]Simulation design 
[bookmark: _Toc448504469]Policy analysis with SGEM
In this section we describe the process of modelling the economic impact of the removal of subsidies on refined petroleum and electricity. To conduct this experiment with SGEM, we run two simulations. The first simulation is the baseline forecast or business-as-usual simulation. This simulation models the growth of the economy over time in the absence of the policy change under consideration. SGEM is used to trace out the implications of the specialists’ forecasts at a fine level of sectorial detail. In this paper, the baseline incorporates a large amount of information from the Central Department of Statistics (CDS) and from Business Monitor International (BMI).
The second simulation is the policy simulation. This simulation generates a second forecast that incorporates all the exogenous features of the baseline forecast, plus policy-related shocks reflecting the details of the policy under consideration. The results of the policy simulation are typically reported as percentage deviations away from the baseline forecast.
[bookmark: _Toc448504470]Modelling petroleum and electricity subsidies
Recall from our discussion in Section 3 that the core database records no initial indirect tax or subsidy data. To simulate the removal of subsidies in the policy simulation, we first introduce the subsidies in the base line. The baseline results therefore include subsidies whereas the policy run simulates the removal of these subsidies.
[bookmark: _Toc448504471]Subsidies in the baseline
The purchasers’ price of petroleum products and electricity in Saudi Arabia is low compared to the price paid in the rest of the world. To reflect this in the baseline, we introduce subsidies paid by final industrial and household users on purchases of petroleum products and electricity. It is estimated that in 2011 the subsidies on petroleum products and electricity were approximately 7.4 per cent and 2.4 per cent of GDP[footnoteRef:8]. Total subsidies are equivalent in value to 9.8 per cent of GDP recorded in 2011. For the baseline, we assume that these levels of support are maintained through the simulation period. [8:  These estimates have been provided by NICDP on an informal basis.] 

We introduce the subsidies gradually over the period 2011 to 2014. By 2015, all the subsidies on petroleum products and electricity are accounted for in the baseline simulation. The shocks are shown in Table 1.
Table 1. Subsidies in the base simulation
	
	Period
	SAR Million per year

	Petroleum products
	2011-2012
	79,414

	Electricity
	2011-2014
	13,200



[bookmark: _Toc448504472]

[bookmark: _GoBack]Subsidies in the policy simulation
In the policy simulation we reduce subsidies by 40 per cent per annum on both petroleum products and electricity. The first year of the removal of subsidies is 2015. By 2020 more than 95 per cent of the subsidies have been eliminated. 
It is assumed that the monies saved from the removal of these subsidies are returned partly to the directly affected industries (petroleum products and electricity) to ensure that investments planned from 2015 onwards are not affected by the reduction in demand as the subsidies are removed. The remainder is handed to households as a non-distorting lump sum payment.
[bookmark: _Toc448504473]Closure and simulation assumptions
The macro closure for the policy simulation is explained below.
[bookmark: _Toc438461753][bookmark: _Toc444258125][bookmark: _Toc448504474]Labour markets 
Lagged adjustment of the real-wage rate to changes in employment is assumed. This means that in the policy outcomes can cause employment to deviate from its baseline value initially, but thereafter, real wage adjustment steadily eliminates the short-run employment consequences. In the long run, the benefits of policy outcomes are realised almost entirely as an increase in the real wage rate, rather than as an increase in national employment. This labour-market assumption reflects the idea that in the long run national employment is determined by demographic factors and immigration policy, which we have assumed are unaffected by the policy.
[bookmark: _Toc438461754][bookmark: _Toc444258126][bookmark: _Toc448504475]Private consumption and the indicator of economic welfare
Private consumption expenditure is determined via a consumption function that links nominal consumption to household disposable income. In this simulation, the average propensity to consume (APC) is an endogenous variable that moves to ensure that the balance on current account in the balance of payments remains at its baseline level.
[bookmark: _Toc438461755][bookmark: _Toc444258127][bookmark: _Toc448504476]Investment
Investment in all of the existing industries is allowed to deviate from its baseline value in line with deviations in expected rates of return on the industries’ capital stocks. In the policy scenario, SGEM allows for short-run divergences in rates of return from their baseline levels. These cause divergences in investment and hence capital stocks that gradually erode the initial divergences in rates of return. Provided there are no further shocks, rates of return revert to their baseline levels in the long run.
[bookmark: _Toc438461756][bookmark: _Toc444258128][bookmark: _Toc448504477]Government consumption and fiscal balances 
SGEM contains no theory to explain changes in real public consumption. In these simulations, real public consumption is simply indexed to real private consumption. The fiscal balance of the government is allowed to vary endogenously.
The net impact of the removal of subsidies implies an improvement in the fiscal balances.
[bookmark: _Toc438461758][bookmark: _Toc444258130][bookmark: _Toc448504478]Production technologies and household tastes 
SGEM contains many variables to allow for shifts in technology and household preferences. In the policy scenarios, most of these variables are exogenous and have the same values as in the baseline projection. The exceptions are technology variables that are made endogenous to accommodate the production associated with the new project. 

[bookmark: _Toc438461761][bookmark: _Toc444258133][bookmark: _Toc448504479]Economic effects
This section contains a discussion of deviations from baseline values due to the removal of the energy subsidies. Macroeconomic impacts are dealt with first, followed by impacts on industry production. The main effects are highlighted in italics. 
In the short run, removing the energy subsidies cause employment to fall relative to its baseline level. Over time, the employment deviation is progressively eliminated as the real wage rate adjusts. In the long-run employment rises slightly relative to its baseline level due to compositional shifts in the economy.
The explanation of macro effects begins with the impacts on the labour market. Figure 4 shows percentage deviations in national employment, the real wage rate and the real cost of labour. The real wage is defined as the ratio of the nominal wage rate to the price of consumption. The real cost of labour is defined as the ratio of the nominal wage rate to the national price of output (measured by the factor-cost GDP deflator). 
According to the labour-market specification in SGEM the real wage rate is sticky in the short run. In other words, the nominal wage moves with the price of consumption. Over time, however, the real wage adjusts downwards as the capital / labour ratio falls relative to baseline. 
Employment falls in the short-run because of an increase in the real cost of labour (Figure 1). The real cost of labour increases because removing the energy subsidies causes the price of spending (consumption, for example) to rise relative to the price of production. Initially, with the real wage rate sticky, the nominal price of labour is tied to the price of consumption. Thus, if the price consumption rises relative to the price of production, then the real cost of labour must increase. An increase in the real cost of labour causes producers to substitute away from labour and towards relatively cheaper alternatives such as capital.
Over time, the real wage rate and the real cost of labour fall relative to baseline levels, forcing employment back towards its baseline value. The largest employment deviation is minus 0.7 per cent in 2018. In the final year, with the employment deviation eliminated, the real wage rate is down by 4.8 per cent compared to its level in the baseline.


Figure 1. Deviations (%) from baseline in employment and real wage rates


A final point to note is that even though the long-run change in national employment is small, this does not mean that employment at the individual industry or regional level remains close to baseline values. In most industries and regions, there are significant permanent employment responses to changes in electricity prices.
Removal of the energy subsidies reduces capital slightly. In the short-run the economy’s labour/capital ratio falls. In the long-run it rises.
Figure 2 shows percentage deviations from baseline values for the national capital stock and employment. In 2040, the capital-stock deviation is -0.6 per cent, implying an increase in the ratio of labour to capital of 0.6 per cent (= 0.0 per cent minus -0.6 per cent).
The reduction in capital relative to its baseline value is due, in the main, to changes in relative factor prices. Over the longer term, with the real cost of labour falling (Figure 1), there is scope for the real cost of capital to rise. This induces producers to substitute labour for capital across the economy
Figure 2. Deviations (%) from baseline in employment and capital

Removing the energy subsidies eliminates a large distortion in the economy. This improves the efficiency of resource use, such that even though employment and capital in most years fall relative to baseline levels, real GDP rises.
The percentage change in real GDP is a share-weighted average of the percentage changes in quantities of factor inputs (labour, capital and natural resource), with allowance for changes in the efficiency of resource use. Increased (reduced) efficiency increases (reduces) real GDP even with unchanged levels of factor inputs. Figure 6 shows, in stacked annual columns, the contribution of each component to the overall percentage deviation in real GDP. Note that the contributions of natural resource to the real GDP deviation are zero (because in this simulation natural resource supply does not change between policy and baseline) and are not shown.
Real GDP increases relative to its baseline level in all years of the simulation. In the final year it is up 1.0 per cent. As the Figure shows, efficiency gains account for more than 100 per cent of the additional real GDP. These efficiency gains represent the reduction in deadweight loss associated with removing the distortions created by energy subsidies in the baseline.
Figure 3. Contributions to the overall deviation (%) from baseline in real GDP

Removing the electricity subsidy increases real consumption (private plus public) and, hence, improves the overall welfare of the population.
Figure 4 shows percentage deviations from base-case values for the three main components of real Gross National Expenditure (GNE): real private consumption (C), real public consumption (G) and real investment (private plus public) (I). Note that by assumption the deviation in real public consumption matches the deviation in real private consumption.
In this simulation, effectively all of the benefit of the efficiency improvements shown in Figure 6 returns to consumers as increased real income. Accordingly, the removal of the subsidies increases real consumption, even after making allowance for the increase in prices paid by the private household for electricity and petroleum products. The increase in real consumption relative to baseline level in 2040 is 0.5 per cent. This can be considered to be the welfare improvement associated with cutting energy subsidies.
Deviations in real investment (I) (Figure 4) accommodate the reduced capital shown in Figure 2.
Figure 4. Deviations (%) from baseline in the major components of real GNE[footnoteRef:9] [9:  The components of GNE are private consumption, public consumption and investment. In these simulations, the deviations in real private consumption and real public consumption are identical. Hence in this figure only two lines appear. The consumption-line that sits above zero is actually two lines one on top of the other. ] 


Removing the energy subsidies leads to an improvement in the net volume of trade.
Throughout the projection period, the increase in real GDP (Y) exceeds the increase in real GNE (C+I+G), with the result that the net volume of trade (X-M) must improve. As shown in Figure 5 at the end of the simulation period, relative to baseline levels, the volume of exports is up by around 0.5 per cent, while the volume of imports is down by around 0.5 per cent.
To achieve the improvement in net trade volumes, changes in the real exchange rate are necessary (see Figure 5). Throughout the period the real exchange rate is below its baseline level (Figure 5). Real devaluation of the exchange rate improves the competitiveness of Saudi Arabia’s export industries on foreign markets and the competitiveness of the country’s import-competing industries on local markets. 
Figure 5. Deviations (%) from baseline in trade volumes and the real exchange rate GNE

Production in some industries increases relative to baseline, while production in other industries falls.
Table 2 shows projected changes, relative to baseline value, for the production of industries affected most by removal of the energy subsidies. Information is provided for two years, the final year of the subsidy cuts, 2018 and the last year of the simulation, 2040. For each year, the table shows projections for percentage deviations in industry output sorted from largest positive to largest negative. For example, in 2018 the first industry listed is SewageRefuse (industry 54), which is projected to experience the largest percentage increase in production (1.8 per cent relative to its baseline level). The last industry is AirTrans (industry 40), which is projected to experience the largest fall in production (12.7 per cent relative to its baseline level).
It is important to stress that the numbers in Table 2 are output changes relative to the baseline forecast, they are not annual growth rates. For example, in the baseline forecast production of AirTrans grows at an average annual rate of 8.1 per cent between 2013 and 2018. With the removal of energy subsidies, the average annual growth rate falls to 5.7 per cent, such that by 2018 the level of output is 12.7 per cent below its baseline value.
Table 2: Percentage deviations in output of selected industries, ranked.
	2018
	2040

	Rank
	Industry
	% change
	Rank
	Industry
	% change

	1
	54 SewageRefuse
	1.8
	1
	9 Tobacco
	1.6

	2
	9 Tobacco
	1.8
	2
	46 RealEstate
	1.1

	3
	51 PubAdmin
	1.7
	3
	53 HealthSocSrv
	0.9

	4
	32 Water
	1.7
	4
	32 Water
	0.6

	5
	53 HealthSocSrv
	1.6
	5
	54 SewageRefuse
	0.5

	6
	57 OthServ
	1.2
	6
	51 PubAdmin
	0.4

	7
	52 EducServ
	1.2
	7
	8 FoodBev
	0.3

	8
	8 FoodBev
	0.9
	8
	57 OthServ
	0.2

	9
	33 Construction
	0.9
	9
	52 EducServ
	0.2

	10
	3 Fishing
	0.9
	10
	3 Fishing
	0.2

	
	
	 
	
	
	

	50
	27 MotorVech
	-4.8
	50
	39 WaterTrans
	-8.4

	51
	16 RefinePetrol
	-4.9
	51
	17 Chemicals
	-8.7

	52
	6 MetalOres
	-5.9
	52
	38 LandTrans
	-9.2

	53
	30 Recycling
	-6.0
	53
	22 MachEquip
	-9.8

	54
	31 Electricity
	-6.2
	54
	23 OthMachComp
	-10.6

	55
	38 LandTrans
	-6.3
	55
	20 BasicMetals
	-10.9

	56
	23 OthMachComp
	-7.0
	56
	6 MetalOres
	-11.4

	57
	20 BasicMetals
	-8.4
	57
	30 Recycling
	-11.5

	58
	28 OthTranEquip
	-8.8
	58
	40 AirTrans
	-12.0

	59
	40 AirTrans
	-12.7
	59
	28 OthTranEquip
	-12.7



Comparing 2018 with 2040, shows that there is relatively little change in the pattern of results across industries. So, for the sake of brevity we concentrate on the numbers for 2018.
We focus first on the industries that lose production as a result of the cut in energy subsidies. The greatest loss is experienced by AirTrans (industry 40), with a projected fall in output of 12.7 per cent relative to its baseline level. Fuel is an important input to the production of this industry. With the price of fuel rising by over 150 per cent, unit cost of production for air transport services rises significantly. Given elastic demand for the industry’s output, the increase in cost leads to a significant fall in output. Investment in air transport services also declines, which accounts for the reduction in production of the transport equipment supplier, OthTranEquip (industry 28).
BasicMetals (industry 56) and OthMachComp (industry 23) owe their low rankings to exposure to investment demand in the transport industries and in the industries directly affected by the cut in subsidies, Electricity (industry 31) and RefinePetrol (16).
In the short-term, the directly affected industries are projected to lose output as the cut in subsidies causes demand to fall. Production of Electricity falls by 6.2 per cent relative to its baseline level. Production of RefinePetrol falls by 4.9 per cent. This is in reaction to increases in prices paid by final customers of 150 per cent for refined petroleum products and 50 per cent for electricity. It is of interest to note that over time the Electricity and RefinePetrol industries fail to claw back any of these short-run losses of production. In 2040, relative to baseline levels electricity production is down 6.4 per cent, and refine petroleum production is down 6.8 per cent.
The remaining industries shown in the lower half of the table either have close input/output connections to intermediate and investment demand in the Electricity and RefinePetrol sectors, or like AirTrans are dependent on fuel as an input and face fairly elastic demand schedules. Because of elastic demand, industries in this latter group cannot easily pass on the cost increases arising from the jump in energy prices. Typically, these are trade-exposed industries. 
The most favourably affected industries all have a common characteristic: their main source of demand is private and public consumption spending. As shown in Figure 7, real private and public consumption increases by around 2.0 per cent relative to baseline levels in 2018. Electricity and refined petroleum products comprise only a small share in the cost of production for these industries. So, with expenditure elasticities averaging around unity, they receive a boost in demand and production in line with the two per cent projected increase in aggregate real consumption spending.
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