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Abstract

The role of the construction industry in economic growth has been widely discussed
in the extant literature, but existing studies have not investigated the disaggregated
impact of construction investments on the production and social sectors. This study
examines the disaggregated effect of construction investments on the Saudi economy.
The study uses a social accounting matrix of Saudi Arabia and constructs a dynamic
computable general equilibrium model. The findings reveal that construction invest-
ments significantly boosted GDP and aggregate investments in the first two periods;
however, the growth declined in the following three periods. This finding underlines
the importance of long-term investments in the construction sector and calls for con-
tinuous monitoring and updating of the investment policy for sustainable develop-
ment. This study also presents the disaggregated impact of investments on the value-
added by each sector of the economy. The ranking of sectors exhibits that mining
and quarry activities underwent a high increase in value-added, second to construc-
tion activities. Other economic activities also experienced growth in value-added

and some of them changed their ranks within the five years.

Keywords: Construction investments, Social accounting matrix, And dynamic
computable general equilibrium model

Introduction
The construction and real estate market is strongly interconnected with other sectors
of the economy, either as a stimulator for more production for some sectors (backward
linkage) or as a supplier meeting the demand of other sectors (forward linkage) (Ahmed
et al. 2021a, b; Ali et al. 2019; Ciaschini and Socci 2007). The construction industry con-
tributes not only to economic development but also to the promotion of socioeconomic
and sustainable development in other industries by producing construction products
(Hu and Liu 2017).

A wide strand of literature has addressed the interdependencies between the construc-
tion, real estate, and finance sectors (Li et al. 2022), taking into account the diversity
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of territorial contexts from a socioeconomic (Ahmed and Medabesh 2020; David and
Halbert 2014; Okunev et al. 2000; Popescu and Cismasu 2013; Sim and Chang 2006)
and institutional perspectives (Aveline-Dubach 2008; Theurillat et al. 2010; Theurillat
and Crevoisier 2014). In their seminal work, Chen and Tongurai (2021) investigated the
relationship between the construction/real estate market and the industrial metals mar-
ket in China and demonstrated through a vector autoregression model, causality study,
and cointegration analysis that the industrial metals market has both short- and long-
run associations with the real estate market and that changes in copper futures prices
are highly attributed to the size of newly started constructions. Moreover, Diana and
Negescu (2013) outlined the unfavorable effects of the real estate market downfall on
construction companies and manufacturers of construction materials after the financial
crisis of 2008. With more than 20 million jobs in more than 3.29 million companies,
mainly micro and small companies, and as one of the main consumers of intermedi-
ate products and services, contributing almost 10% to the GDP, the construction sector
plays a significant role in the European economy, and its performance can heavily influ-
ence the overall growth of the economy (Diana and Negescu 2013).

Hence, the construction sector is a pillar stone in the world economy. It is mostly
affected by socioeconomic policies, and it generally tends to be in permanent swing,
which, unlike other markets, requires special intervention from the government and
other organizations to be regularized and stabilized. Megatrends such as globalization,
urbanization, digitalization, sociodemographic, and sustainability changes are constantly
shaping the real estate industry (Pfniir and Wagner 2020). The fluctuations in real estate
investments are likely to have significant impacts on the creation of symbiosis between
financial markets and real estate initiatives, growth in gross domestic income, increas-
ing job opportunities in the construction sector, leasing and sales activities, decreasing
unemployment rates, and enhancing the quality of life and economic growth (Anghel
and Hristea 2015; Chen and Tongurai 2021).

The existing literature on the construction industry has been conducted from differ-
ent perspectives, incorporating different approaches and investigating different dimen-
sions. Using input—output (1O) tables, Bon and Pietroforte (1990) assessed the economic
impact of the construction industry. Since then, several studies have been devoted to the
application of 1O analysis in the construction industry. In their seminal work, Zhu et al.
(2020) summarized the application of IO analysis in the construction industry into five
major groups—(1) the utilization of the direct and total resources of the construction
industry, (2) the interindustry linkages of the construction industry and its impact on
economic development, (3) the role of the construction industry in employment crea-
tion, (4) the productivity of the construction industry, and (5) the impact of technology
on the construction industry (Ali et al. 2019; Bon 2018; Liu and He 2016; Song et al.
2006).

However, the IO analysis uses IO tables that do not include primary and secondary
income distribution. This can be detrimental because it impacts interindustry con-
nections, which can affect the findings of the impact analysis (Ahmed and Medabesh
2020; Harada 2015). As mentioned by Miyazawa (1976), this is because the produc-
tion industry is linked to consumption structures, which depend on the structure
of income distribution, as it regulates the expenditure behavior of different income
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groups of a social sector, which are referred to as households. The social account-
ing matrix (SAM) presents the generation, distribution, and redistribution of income
along with industrial production, thereby providing an analytical framework for
impact analysis with precise findings (Ahmed et al. 2021a, b). This study is different
from existing works as it incorporates a SAM that allows us to study the aggregated
and disaggregated impact of external shock on production and social sectors.

As a “rentier state,” Saudi economy is heavily dependent on its oil trade, and the
whole economic wealth is mainly driven by oil resources. However, modern econo-
mies are facing massive efforts to start a profound change in the production system
and use of energy sources to realize a green, ecological, and inclusive transition by
encouraging the circular economy and the development of renewable energy sources
(Zhang et al. 2019). In 2017, to free Saudi Arabia from oil reliance, the government
implemented some economic policies and reforms under the umbrella of Saudi Vision
2030. They revolved around the diversification of income sources through a package
of improved social and structural reforms based mainly on job creation, poverty alle-
viation, diversification, and balanced regional development.

Saudi Vision 2030 vision has implemented different policies to achieve these goals,
which are divided into three stages. Finalizing the first edition of the program (2018-
2020) that aims at preparing and transforming mindsets, increasing international
performance, planning and implementation, the Saudi public investment fund, the
main authority responsible for the implementation and accomplishment of the vision,
started to realize the vision’s second pillar “Thriving Economy.” The main objectives
of the vision’s second pillar “Thriving Economy” (2021-2025) are to diversify the
economy, localize cutting-edge technology and knowledge, and develop strategic sec-
tors and solid economic partnerships that increase Saudi regional and global impact.
To support these goals and help accomplish the aspirations of Saudi Vision 2030,
the public investment fund established eight strategic companies—NEOM, Qiddiya
Investment Company, Amaala Company, the Red Sea Development Company, Roshn
Real Estate Company, the Saudi Agriculture and Livestock Investment Company, the
National Unified Procurement Company, and ACWA Power (SAMA 2021).

The Vision 2030’s ambitious objectives have been decrypted into 80 policies, includ-
ing the improvement of infrastructure through public-funded projects, such as the
Riyadh metro and Riyadh rapid bus transit system; incentives for Saudi investors
to invest more inside than outside the country; the establishment of a Saudi tour-
ism authority; the launch of the national program for information technology
development; formation of the Supreme Committee for Energy Mix for Electricity
Production and enforcing the renewable energy sector; and the creation of a Supreme
Economic Council to strengthen private sectors by designing a regulatory framework
for its activity and responsibility. As a result of these initiatives, the Saudi Central
Bank has reported an improvement in finance, insurance, real estate, and business
services; transport, storage, and communication; wholesale and retail trade and res-
taurants and hotels; manufacturing industries; and agriculture, forestry, and fishing
(54th annual report, Saudi Arabian Monetary Authority). Most economic production
activities (at constant prices) experienced a growing trend at different rates, and the
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non-oil sector GDP has recorded a positive year-on-year growth of 2.0% compared
with the oil sector’s year-on-year growth of 1.4% (MEFIC Capital monthly report
2019).

One of the most important sectors that helped to diversify revenue resources and
reduce the country’s reliance on oil is the tourism sector. Under its strategic Vision
for 2030, the Kingdom of Saudi Arabia has undergone a remarkable cultural initia-
tive to welcome international and national leisure tourists and support the growth
of the tourism sector. By 2030, this sector is expected to contribute 10% to GDP and
generate 1 million new jobs and 100 million visitations—45 M domestic and 55 M
international visitations (Saudi tourism authority official website: https://sta.gov.sa/
en/). To achieve this goal, the government is determined to expand the tourism sec-
tor by investing SAR 220 billion by 2023 and SAR 500 billion by 2030 to establish a
huge line of construction and undertake key attractive projects, such as NEOM, Red
Sea Project, Qiddiya, and Amaala (Durrani 2021). The existing and upcoming quality
hotel supply in the main cities of Saudi Arabia, that is, Riyadh, Jeddah, and Dammam
is expected to increase by 25%, 53%, and 23% by 2023, respectively. Saudi Arabia has
the world’s highest hotel construction projects, with a room supply expansion rate of
61.1% by 2023, representing the highest rate among the most 50 populated countries
in the world (Durrani 2021).

In line with its tourism-related construction growth rate, since 2015, the King-
dom has witnessed rapid urban growth, especially in its main cities, due to excep-
tional economic and social growth, increasing the number of cities to 285 (Balabel
and Alwetaishi 2021). To encourage demand and enhance supply in the residential
building sector, the Saudi government has implemented many regulations, impos-
ing taxes on vacant lands, creating financial institutions to boost real estate develop-
ment, exempting real estate transactions from 15% VAT, and implementing a lower
property tax to reach the goal of 70% home ownership by 2030. The government has
also projected the construction of 2.4 million square meters of housing located in the
main cities of Riyadh, Jeddah, and Dammam (Krarti 2020). Moreover, the government
launched the “Future Saudi Cities” program with the principal objective to “develop
environmentally sustainable cities with adequate infrastructure and high quality of
life” (Balabel and Alwetaishi 2021). Hence, the construction sector in Saudi Arabia is
growing fast to support tourism demand in hotels and leisure infrastructure. Based
on the above discussion, the following research questions arise:

RQ1: Do construction investments have a steady impact on aggregate GDP?

RQ2: What is the disaggregated impact of construction investments on the other
sectors of the Saudi economy?

RQ3: How are the social sector and households affected by the construction sector?

To answer these research questions, this study investigates the aggregated and dis-
aggregated impact of investments in the construction sector on the inclusive eco-
nomic growth of the country. The study constructs a dynamic computable general
equilibrium (DCGE) model using the SAM of the Kingdom of Saudi Arabia (KSA-
SAM). The next section presents the method. "Policy simulation and findings of the
analysis" section describes the findings of the analysis, and finally, "Conclusion" sec-
tion concludes.
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SAM and a DCGE model

This study employs the 2017 KSA-SAM. SAM is a very flexible accounting scheme
and is particularly suitable for representing the social and economic situation of a
country in its complexity. All economic flows recorded among the various actors are
allocated according to their different origins and destinations, highlighting the logical
links within the various stages of multisectoral and circular income flows (Socci et al.
2022), including production, value-added generation, primary income allocation, sec-
ondary income distribution, income utilization, and income accumulation. The KSA-
SAM is presented in Table 1.

The current KSA-SAM characterizes 18 activities and 18 commodities with 2 pri-
mary factors (labor and capital), 3 private institutional sectors (nonfinancial cor-
porations, financial corporations, and households), 1 public institutional sector
(government), and the rest of the world. It also includes a capital account, direct and
indirect taxes on commodities and activities, taxes on income, and import tariffs. The
construction of the SAM started with the structure of the supply and use tables, and it
is implemented along with the primary and secondary distribution of income through
the National Accounts database, which affects the disposable income of institutional
sectors. This allows for an analysis of the use of disposable income of each institu-
tional sector, disaggregating it into consumption (exports to the rest of the world) and
savings, and the sum of the latter coincides with the sum of investment by commod-
ity made in the country. Therefore, a cycle is formed in which final demand leads to
output through production, which generates primary income for institutional sectors,
and, finally, disposable income induces final demand and thus closes the loop (Ahmed
et al. 2018a, b). The SAM presents a structure based on the supply and use scheme,
making it possible to analyze production in terms of commodities and activities, thus
distinguishing between primary and secondary production for each industry.

Table 1 Framework of the KSA-SAM
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To evaluate the disaggregated effect of construction investments on the Saudi econ-
omy, a DCGE model based on the KSA-SAM is calibrated. The DCGE model presents
a system of simultaneous linear and nonlinear equations, where the production func-
tion that generates the output in terms of commodities and activities follows a nested
constant elasticity of substitution (CES) structure, as depicted in Fig. 1, and the out-
put by commodity is allocated to demand. The purpose of the nested CES structure is
to replicate the substitution and complementary relations across the various inputs of
production.

The structure of the model can be directly linked to the structure of the KSA-SAM,
which then provides the flows for the initial calibration of the model. It follows the struc-
turalist approach that considers income and wealth distribution, foreign trade, produc-
tion chain density, and financial intermediaries (Taylor 1990). It is considered a powerful
tool to estimate the economic impact of exogenous shocks on the demand and supply
sides, revealing the direct and indirect effects of a public policy on an economic system
(Pretaroli et al. 2018).

The dynamics of the model are characterized by the condition of capital accumulation.
If the total value of the capital stock K in each period is obtained from the sum of the
capital stock and total investment / generated in the previous period, then the equation
is given as follows:

Ki1 =Ky (1-0) + 1 (1)

where ¢ indicates the time, and d represents the capital depreciation rate. It is also con-
sidered a representative household that is rational and follows the maximum utility
function (Lau et al. 2002).
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where C indicates the total consumption; 4/ indicates households and p is the (exog-
enous) parameter of intertemporal preference (Paltsev 2004). The maximization pro-
cess of the utility function takes place under the constraints on the total consumption
expenditure that have to respect the following constraints:

ZcfchZQf— Zzbi,j,t+ZZpe‘it+le‘,t+zei,t (3)
i i i T i i

hh hh hh
Z Ci,t =Y, =5

i

(4)

Equation 3 states that the total consumption of households has to be equal to the dif-
ference between the total production by commodity Q, and the sum of the intermediate
consumption b the public consumption pe, the investments / and the exports e. At the
same time, Eq. 4 states that the total consumption of households has to be equal to the
difference between the disposable income Y and the total saving S of households.. The
disposable income is a function of the primary and secondary distribution.

Y = F(Ky, Ly, ay, try) (5)

where K represents capital endowment, L labor, & taxes on income, and ¢r net transfers.

The model is based on the complementarity approach in the approximation of infi-
nite horizon choices within a finite horizon model that is presented in five years, and
it assumes perfect competition in all markets and steady-state growth, wherein output,
consumption, and capital grow at constant rates.

The other conditions of equilibrium—market clearing condition and zero profit condi-
tion—specify the quantities and prices in the market, although the model includes some
behavioral rigidities of public administration and the rest of the world.

Policy simulation and findings of the analysis

In our simulation, we introduced a shock of SAR 317,616 million in the demand side to
the construction commodity (it is customary to treat sectors/industries as commodities
in SAM analysis). This amount is selected from the total injection of SAR 220 billion
in investments for key projects, such as NEOM, Red Sea Project, Qiddiya, and Amaala,
by 2023 and from the calculated amount of 61.1% increase in hotel construction by
2023. The corresponding amount relative to the GDP for 2017 was calculated as SAR
317,616 million. This will be distributed in five equal periods in the simulation, that is,
each period has 20% of the total shock, and the total policy weight on GDP is 10.13%.
The simulation results include direct and indirect policy impact on economic variables
over time. In the CGE analysis, we construct and solve the SAM model first and record
the benchmark values. Then, the shock is introduced, and the new values are recorded
and compared with the benchmark to elaborate the variations. We record the policy
effects in terms of GDP, household consumption, investments, exports, and imports.
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The disaggregated sector-wise value-added variation is also estimated. Table 2 presents
the percentage change in the policy effect on the macroeconomic variables.

It is obvious from Table 2 that GDP appreciated significantly in the first two periods by
5.23% and 3.45%, while it started decreasing in the next three periods, albeit being a pos-
itive change. The total multiplier effect is significant, and this indicates that for each unit
of SAR invested in the economic system, the total real system response (direct, indirect,
and induced effects) is SAR 1.35. As this is a demand side policy, an increase in demand
leads to an increase in the price level, as indicated by the GDP deflator. However, the
increase in the price level is not far-reaching. This is because increased demand leads
to increased production, which produces the opposite effect on the price level. Further-
more, the increase in prices tends to decline in the period.

The high increase in the first period can be explained from different perspectives.
First, the CGE analysis allows the assessment of all the direct and indirect effects of an
economic policy on the whole economic system. An increase in one commodity may
also increase the demand and production of other commodities because of the presence
of intersectoral linkages (Ahmed et. 2021; Ahmed and Medabesh 2020). The institu-
tional sectors are also interconnected within the economic structure, and, hence, any
shock to the economy may activate all the economic agents, which ultimately leads to
an increase in investments (Ahmed et al. 2018a, b). These investments and production
output of interconnected industries are high in the initial phases and are normalized and
stabilized in the subsequent periods. This declining trend is consistent with the study
by Ertugrul and Pirgaip (2021), who investigated the relationship between construction
investments and economic growth in ten developing countries, including Saudi Arabia,
from 1970 to 2019. The authors found an inverted U-shaped pattern, consistent with
Bon’s proposition, implying that the contribution of construction investments starts
diminishing at some point in time as economic growth reaches a certain brink. On the
other hand, Zhu et al. (2020) studied the impact of the construction industry’s invest-
ments on the Australian economy using a hypothetical extraction method to analyze 15
IO tables from 2000 to 2014. Their findings confirm that the impact on other industries’
output was high in the first year and then experienced a stable declining trend.

Another explanation is inferred from the study by Erol and Unal (2015), who main-
tained that the temporary effect of GDP is attributed to the construction sector’s

sensitivity to interest rates. Interest rates are relatively low at the beginning of any

Table 2 Effect of the policy on the macroeconomic variables (percentage change from the

benchmark)

Real variables t1 t2 t3 t4 t5 TOT
GDP 523 345 1.90 1.63 1.62 13.83
Investments 21.15 10.57 503 417 411 45.02
Households consumption 0.19 0.20 022 024 0.25 1.09
Exports —1.06 — 097 —0.89 —0.78 —0.62 — 432
Imports 223 1.84 142 1.30 1.25 8.04
GDP deflator 0.91 0.80 0.72 062 0.55

Multiplier 1.35
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expansionary period, but they are expected to rise because of the expansionary, creat-
ing a feedback effect and decreasing construction activities as all construction sectors
rely on financing costs. Table 3 presents the effect of an interest rate change on GDP.
As this is an exogenous change in interest rate, the results can be presented as a sensi-
tivity analysis of the model to changes in exogenous parameters.

A decrease in the interest rate is transferred into an increase in GDP from the sec-
ond year. This leads to changes in households’ intertemporal choices in decisions
between consumption and savings. An increase in the interest rate generates the
opposite effect on GDP. In addition, the obtained results indicate that the model used
does not generate biased effects for changes in exogenous variables.

Examining the statistical relationship between GDP growth and the construction
sector in Europe, we found that, unlike investments in residential construction, pub-
lic infrastructure investments have a short-term effect on economic growth and a
weaker effect in the long term (Aali-Bujari and Venega-Martinez 2021). On the other
hand, using longitudinal analysis, several seminal works have investigated the causal
relationship between construction investments and economic growth in Hong Kong,
Cape Verde, Sri Lanka, and Korea and concluded that the construction sector is a fol-
lower of economic fluctuations rather than a driver of GDP growth (Alhowaish 2015;
Kim 2004; Lopes et al. 2011; Tse and Ganesan 1997). Based on the above discussion,
the country should continue to monitor and update construction-induced growth
policies and be ready to reconsider and reframe them with more innovative and envi-
ronmentally friendly technologies to enhance the important role of construction in
inclusive economic growth.

Table 2 indicates that investments have undergone a significant rise in the first two
periods and then decreased in the following periods with steady growth. Moreover,
household consumption did not experience a high appreciation because construction
activities are capital intensive, requiring 74% of capital and 26% of labor, as presented by
SAM. However, the distribution of capital among the institutional sectors reveals that
households receive only 23% of capital as primary income. This implies that households’
disposable income is growing but not to a large extent, and, therefore, consumption
growth is low. The findings indicate an increase in imports and a decrease in exports.
This confirms that investment injections in the construction sector lead to an increase in
imports, which can either be commodities related to the construction industry or other
utility commodities. This phenomenon can be explained by the disaggregated value-

added variations by activity, as mentioned in Table 4.

Table 3 Sensitivity of real GDP to an interest rate change (percentage change from the benchmark)

Per cent change of t1 t2 t3 t4 t5 TOT
interest rate

—-10 523 3.95 277 2.89 328 18.12
—05 523 3.70 233 226 245 15.97
Benchmark 523 345 1.90 1.63 1.62 13.83
0.5 523 321 1.46 1.01 0.80 1171

1.0 523 297 1.03 0.39 - 002 9.59
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Table 4 Value— added by activity (percentage change from the benchmark)

Activities tl 12 t3 t4 t5
Construction 16.7 16.2 == 15.7 == 16.0 == 16.3 ==
Mining and quarrying - Other 66 64 == 60 == 59 = 58 =
Agriculture, hunting and forestry 36 29 == 22 ¥ 19 A& 18 =
Manufacturing - Other 32 26 == 19 ¥ 17 = 16 =
Wholesale and retail trade; repair of motor vehicles and personal household goods 28 23 ¥ 18 ¥ 16 & 15
Transport, storage and communications 27 25 & 23 A 15 ¥ 15
Financial intermediation 26 24 A 23 A 20 & 19
Electricity, gas and water supply 23 21 19 & 17 & 17
Real estate, renting and business activities 19 1.8 1.7 1.5 1.4
Fishing 19 16 1.4 1.3 1.2
Hotels and restaurants 1.5 14 1.3 ¢ 1.2 11
Other community, social and personal service activities 1.3 1.2 1.1 1.0 0.9
Manufacturing - Petroleum Refining 1.2 11 1.0 0.8 0.8
Health and social work 08 0.7 0.7 0.6 0.6
Mining and quarrying - Crude Petroleum & Natural Gas 04 04 0.4 0.3 02 ¥
Public administration and defence; compulsory social security 0.2 0.2 02 ¥ 02 0.2
Private households with employed persons 0.2 0.2 02 & 02 0.2 A&
Education 02 02 0.1 0.1 0.1

Table 4 presents the ranking of the value-added variations by activity. The ranking is
constructed based on the results in the first period. It is possible to observe that the first
place is “construction,” and it depends on existing policies because the construction sec-
tor is directly affected by policies.

When construction activities are stimulated, it indirectly increases the value-added of
all other activities of the economic system. In particular, “mining and quarry” increased
by 6.6% in the first year, placing second in the ranking for the entire period. This finding
confirms that of Zhu et al. (2020), who found that the mining and quarry industry has a
strong linkage with the construction sector in the structural analysis of inter-industrial
linkages. Other activities such as “agriculture, hunting, and forestry”; “manufacturing”;
and “wholesale and retail trade” had a significant increase, but after the first and second
years, their growth decreased faster than that of other activities, falling in the ranking.
In the second and third periods, the top positions in the ranking are filled by “trans-
port”; “financial intermediation”; and “electricity, gas, and water supply” This classifica-
tion remained stable at the end of the period. For the other activities, the variations were
significant but had lower values, without important effects on the ranking.

Conclusion
The construction sector is connected with several other sectors as it consumes various
materials that are produced and supplied by other industries as inputs. Therefore, there
is an economic pull effect toward these upstream industries. On the other hand, there is
a demand for intermediate goods by all these industries for their production, which is an
economic push effect created by the construction sector toward downstream industries.
Hence, this sector has a strong backward and forward linkage with other economic sec-
tors, and this linkage is reflected in income generation, employment creation, demand
stimulation, and, ultimately, appreciation of the aggregated GDP. Therefore, the con-
struction sector is a key sector for an economy not only for aggregated economic devel-
opment but also for the disaggregated production growth of other industries. This study
investigates the aggregated and disaggregated effect of construction investments on the
Saudi economy using SAM and the DCGE model over a finite period of five years.

The findings revealed high GDP and investment growth in the first two periods, fol-
lowed by a decreasing growth in the next three periods. This finding is consistent with
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those of existing studies, which suggested that the effects of the construction sector
in promoting economic growth become weaker at a certain point. One of the reasons
is the multiplying effect of the increase in one sector’s output on the output of other
interconnected production sectors. These direct and indirect impacts are high in the ini-
tial phases until economic growth reaches a certain point. After that point, the impact
experiences a declining trend unless construction-led growth policies are revisited and
updated. A lack of environmentally friendly technologies in the construction industry
may also inhibit further investments due to public policies and constraints. Another rea-
son is the construction sector’s sensitivity to interest rates. Interest rates are low at the
initial stage of any expansionary period and rise in the expansionary phase of the econ-
omy. This movement in interest rates creates a feedback effect that decreases construc-
tion activities as they are affected by financing costs.

Therefore, long term reliance on construction investments may not be a good idea;
hence, periodic scrutinizing and embellishing of the construction sector with innova-
tive technology-based and environmentally friendly policies will ensure sustainable and
inclusive economic growth. Our findings present not only the aggregate impact on GDP
and other macroeconomic variables but also a disaggregated impact on value-added
generation by each economic sector in five periods. These findings help to understand
the direct and indirect effects and the linkages of the construction sector with other sec-
tors of the economy. However, a different linkage study is required to present the back-

ward and forward interindustry connections.

Appendix A

A.1: Production by commodity

On the supply side, production is modelled through a nested production function by
stages of aggregation, according to the scheme shown in Fig. 1. The aggregation also
takes into account the presence of taxes on output that influence the price of the goods.
The first stage aggregation is shown in Eq. 6

1
l—O‘Q om I—O’Q om l—an{)m
Py (1 — Taxl*) = <5ﬁ°”'1p£0m,it i) (1- 5?0’”)pmi(t g )> (©)
where Py represents the price of goods, Py, i are prices of domestic goods, Pm;; are
prices of imports from the rest of the world, 5?"’” represents the share of domestic goods

in the total production by type of product and oq, , represents the elasticity of substi-

out

tution between domestic and imported goods. Tax{"* represents the level of taxes on

output.

A.2: Production by activity

The second stage models the domestic production. To this end, it is necessary to con-
sider the relationship between goods and industries. In fact, different types of industries
can produce several type of goods and therefore the production can be seen from two
different perspectives. Considering that for each industry the total value of production
is equal to the value of primary factors used in the production process, the domestic
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production is obtained through the combination between intermediates goods and value
added following a Leontief function in Eq. 7.

1—0q4

Paomge (1= Taxiet) = (Z 8PPpifl =0 + 3 (1- 85)Pm](.t1_0“)> )
i

i

where Pbij; represents prices of intermediate goods, Pvaj; represents prices of value
added, 85 represents the share of intermediate activity in total production and oy is the
elasticity of substitution between intermediate goods and value added. Taxj"t”t represents

the level of taxes on activities.

A.3: Intermediate consumption of commodities

Value added and intermediate goods are modelled in the third nesting stage. The forma-
tion of the intermediate goods aggregate is obtained through the combination of indi-
vidual types of intermediate goods

1
Pbijt = Z (5‘]'])1.(’517031)) 1=epr )

4

where Pj; represents average price on goods market from the market clearing condition,
d;j represents share of the cost by intermediate goods in the total cost and oy is the elas-
ticity of substitution between intermediate goods.

A.4:Value added

Finally, the value added is obtained through the combination of the primary factors,
labour and capital, and their price is formed according to the balance between supply
and demand using an elasticity of substitution between capital and labour equal to 0.63
for KSA (see Soummane and Ghersi 2019). The Value Added formation also includes
taxes on activities

1
PVﬂjt = (8}‘.’ . PL;_O" + (1 _ 5]‘/) . rktl—crv) T—oy 9)

where PL; is the price of labour and rk; is the return on capital, 8}’ represents the share of
labour in the total of primary factors and o, is elasticity of substitution between labour
and capital.

A.5: Households Consumptions
Household consumption derives from the maximisation of the intertemporal utility
function, which establishes the level of consumption and savings in each period:

1 tchh
() ¢ 1o

where U"" is the intertemporal utility of households, C* is the total consumption of

T

max UM = Z

t=0

households in a given time, p is the exogenous parameter of intertemporal preference
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and where —0o < p < 1. To the p parameter is related the elasticity of substitution o
where 0 = [1/(1 — p)].the aggregate consumption by institutional sector is obtained as:

chh = Z consf‘th (11)
i

where consﬁh represents the level of consumption of households by commodity in a given
time.

Then, the formation of household consumption is based on the combination of the quan-
tity demanded and the consumption price index. This latter is obtained as:

1
T-oc
Pi = (Z 6¢ -P““C>> ‘ (12)
t i it
i

where éic is the share of each good consumption on the total consumption and oc is
the elasticity of substitution between goods in the consumption aggregate. The total
consumption is thus a function of the consumption price index and consumer utility,
depending on consumption and savings. Thus, the demand for aggregate consumption
by Institutional Sector is represented as follows:

W ¢ on [ PF "
Gy =6 -u”- Py (13)
1

The constraint is represented by present and future disposable income.

A.6: Public consumptions

The Public consumption expenditure is considered exogenous and represents an element
of rigidity of the model. In fact, it is assumed that public expenditure does not vary endoge-
nously because the government can finance expenditure from the deficit, and consequently,
government choices are not linked to the utility function maximisation

T
w=3" (G;;g + deftg) (14)
t=0

where def? is the government saving/indebtedness, and G; is the total public expendi-
ture for each public Institutional Sector, that is

G}g = Zpe}gt (15)

where pe;, is the public expenditure by public Institutional Sector and by goods.

A.7: Corporations
Financial and non-financial corporations shift their disposable income to savings, being

consumption equal to zero

Sfc’nfc =F(K:, Ly) "
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A.8: Investments
The final demand for investment is generated through the combination of the goods
demanded for investment according to the breakdown in the SAM, using a CES function:

1
1-o0,

7
pl = (Z sl p}tl"f)) (17)
i

where 8/ is the investment share of each goods in the total gross investment in the bench-
mark, and o7 is the elasticity of substitution between investment goods. Then, demand of
each investment good is obtained as:

PIN
Ly =81, - <pt> (18)
1

A.9: Exports

The demand of goods for export is a function of a number of exogenous parameters,
namely the income of the Rest of the World, the nominal exchange rate, the level of
foreign prices, and the rate of foreign inflation; it also depends on national prices,
which, on the contrary, are formed endogenously

E pmw (1 + 7t) Jexr, ok
ejt = (Si . Et . D, (19)
1

where 5{5 is the export share of each goods in the total export in the benchmark, of is the
elasticity of substitution between export goods, pmw, is the price of foreign goods, = is
the level of foreign inflation and exr; is the nominal exchange rate.

A.10: Disposable income

With regard to the composition of income by Institutional Sector, in the first stage of
income allocation, they receive income from primary factors (compensation of employ-
ees and gross operating surplus) according to their property share. From the formation
of primary income, it is possible to move on to the disposable income by adding the
net transfers from/to other Institutional Sectors minus taxes on income. The disposable
income for private Institutional Sectors in each period is calculated as follows

YO = YER(L =D 0 =D trua) + DD i YE ) T + Ty (5
14

inc tras is tras

where the income from primary factors in each period YF® = L¥pl; + K[rk;, is net of
income taxes and transfers to other Institutional Sectors, and adds transfers from other
Institutional Sectors (¢r’s

rest of the world (Tr[°"). Private Institutional Sectors’ gross disposable income at pre-

YF) as well as transfers from government (77¢) and from the

sent value derives from the actualisation of disposable income in each period plus the
stock of capital accumulated during the time horizon of the model, as follows:
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) ) 1 t ) ) 1 tlast
yis — ; Yj <1+r) + K. éjﬁrstpk;ﬁ,s[ — KS} o Pkiiast (m) (21)

Transfers from the Public Administration and the Rest of the World are considered

exogenous, and therefore not depending on disposable income.

A.11: Closure rules
The closure rule of the model is generated by market balances, both of goods and of pri-
mary factors, through price adjustments as follows:

qir = Z bij: + Z iy Zpei + It + e (22)
j hh

4

where Q;; is the total production by product in each period, bi;; are the intermediate
goods, cf‘th are households consumption, pe;, is the public expenditure, I;; are the invest-
ments, E;, are the exports to the Rest of the world.

Gross investment equals gross savings:

=)} (23)

si

A ‘special treatment’ of capital in the last period of the model is needed, to approx-
imate infinite horizon with model’s finite periods, following Lau et al. (1997). Capital
level of terminal period is a variable, with endogenous capital accumulation. This allows
to avoid that in the last period all capital would be consumed, and nothing would be
invested. In this model, investment in the terminal period is constrained to grow at the

same rate as saving

IT _ St
It—v St

(24)

This has the advantage of imposing a balanced growth in the terminal period, without
requiring that the model achieve the steady-state growth.

A.12: Dynamics of the model

Dynamism is governed through the condition of capital accumulation, that is the total
value of the capital stock in each period is obtained from the sum of the capital stock
and investments at the previous time.

Kiy1 =K1 —-9)+1; (25)

where o represents the capital depreciation rate, and this rule guarantees the model
dynamism.

The model follows the Ramsey analysis of optimal economic growth under certainty
(Lau et al. 2002); economic growth is also expected to be in a steady state. In particular,
the growth rate is fixed at 2.4% that is consistent with the statistical data of KSA. Moreo-
ver, the model is characterised by a finite time horizon (Paltsev 2004), set in 5 years for
this work, and therefore it is considered a closing condition that allows the model to
converge to a stable equilibrium in the last period, establishing the constraint that the
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level of growth of aggregate investment must equal the growth rate of savings in the last

period.

Abbreviations

DCGE Dynamic computable general equilibrium model

1O Input-Output

KSA Kingdom of Saudi Arabia

NUPCO National unified procurement company and ACWA power
PIF Public investment fund

SALIC Saudi agriculture and livestock investment company

SAM Social accounting matrix
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