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Abstract

In Morocco, the increasing public expenditure on essential sectors, such as education, does
not always lead to improved outcomes, highlighting a significant gap between resource
allocation and quality enhancement. This study examines the efficiency of public expendi-
ture in education, health, and infrastructure from 1990 to 2022, employing a robust Data
Envelopment Analysis (DEA) approach supplemented by bootstrap regression techniques.
Our analysis reveals considerable inefficiencies, particularly in education, where higher
expenditures have not consistently resulted in greater efficiency. This underscores the
importance of prioritising quality, effective management, and optimal resource utilisation
alongside budget increases. By integrating DEA with bootstrap methods, we provide
more reliable efficiency estimates and identify key economic factors, such as inflation,
urbanisation, corruption, and political stability that influence the performance of public
expenditure. These findings offer valuable insights for policymakers aiming to optimise
resource use and enhance the effectiveness of public expenditure within Morocco’s broader
development strategy.

Keywords: public expenditure; fiscal policy; efficiency frontiers
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1. Introduction
One of the primary responsibilities of governments is to ensure that their citizens

have access to a variety of essential public goods and services through public expenditure.
However, budgetary constraints often limit the potential for increasing social spending.
The level of public expenditure is undoubtedly linked to a country’s available resources, as
fluctuations in fiscal revenues directly impact the amount of funding allocated for these
purposes (Barr, 2012).

In this regard, it is anticipated that more efficient public interventions will alleviate
budgetary constraints by delivering the same results with fewer resources or enhancing the
outcomes of existing investments (Gupta et al., 2001).

An effective use of resources guarantees equitable access to quality education and plays
a vital role in driving economic growth, reducing poverty, and fostering the development
of more just and equitable societies. When it comes to health, efficient social spending
ensures that everyone has access to high-quality medical care, aids in disease prevention,
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and enhances the overall health of the population. A healthier population is not only more
productive but also possesses greater potential for social and economic development.

In the literature, efficiency is commonly defined as the ability to achieve greater
outcomes with fewer resources. Farrell (1957) conceptualizes efficiency as a process of max-
imizing outputs, while minimizing inputs, without compromising the quality. Similarly,
Afonso et al. (2005) describe efficiency as a way of “doing more with less,” emphasizing
the optimization of public service provision through the effective use of limited resources.
Despite this conceptual clarity, achieving efficiency in public spending remains a complex
challenge. Governments often face constraints such as limited financial resources, corrup-
tion, bureaucratic inefficiencies, and weak coordination between institutions and levels
of government, all of which hinder the optimal allocation of resources and the effective
implementation of social policies and programs.

In Morocco, public spending plays a pivotal role in shaping the nation’s socioeconomic
development and addressing regional and social disparities. As a lower-middle-income
country undergoing demographic transition and urbanisation, Morocco allocates a signifi-
cant portion of its budget to crucial sectors such as education, health, and infrastructure
areas that are essential for fostering human capital and promoting inclusive growth.1 Over
the past two decades, the government has initiated several ambitious public programs,
including the National Initiative for Human Development (INDH), the Generalisation of So-
cial Protection, and various sectoral strategies in education and health—efforts that require
substantial financial resources. However, despite these initiatives, structural challenges
persist, including limited quality of public services, spatial inequalities, and relatively
weak outcomes in relation to expenditure levels. This situation raises important questions
regarding the efficiency and effectiveness of public expenditure in transforming allocated
resources into measurable social outcomes.

Morocco serves as a highly pertinent case study, particularly in light of its ongoing
fiscal reforms and institutional modernisation. In recent years, the government has made
significant commitments to enhance public finance management through the implementa-
tion of the Organic Law on the Finance Act (LOF), the expansion of results-based budgeting,
and an increasing focus on performance evaluation (Ministry of Economy and Finance Mo-
rocco, 2024). These reforms are occurring amid fiscal pressures, rising debt, and heightened
social demands, particularly in the aftermath of the COVID-19 pandemic. Furthermore,
the New Development Model (2021) offers a strategic framework that explicitly advocates
for a more efficient and equitable allocation of public resources to foster structural trans-
formation and social cohesion (Cardarelli & Koranchelian, 2023). Consequently, assessing
the efficiency of Moroccan public spending is not only timely but also crucial for guiding
evidence-based policymaking and ensuring that public expenditure achieves the maximum
impact within the budget constraints.

The non-parametric approach known as Data Envelopment Analysis (DEA) is widely
used to estimate the efficiency score of public expenditure. Several empirical studies such
as Afonso et al. (2024), Gunnarsson et al. (2007) and Sikayena et al. (2022) examined the
relationship between public spending efficiency and its determinants. Yet, the literature
presents divergent perspectives on this relationship. These discrepancies may be explained
by multiple factors, including the use of different covariates, countries, and econometric
methodologies. Despite the growing body of research, studies that comprehensively
analyse the efficiency of the three key sectors of education, health, and infrastructure
remain limited. To our knowledge, only Ouertani et al. (2018) have examined these three
sectors simultaneously for Saudi Arabia. In Morocco, although public expenditure in
education, health, and infrastructure has expanded over time, its internal composition
reveals important constraints on efficiency performance.
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Figure 1 shows that education and health expenditures are consistently dominated
by current spending, largely reflecting wages and recurrent operating costs, which tend
to generate slow and diffuse returns in efficiency indicators (Gupta et al., 2001; Herrera
& Pang, 2005). In contrast, infrastructure spending is concentrated on capital spending,
consistent with Moroccan investment politics for this sector. However, the persistence of
efficiency gaps suggests that capital accumulation alone is insufficient without adequate
project selection, institutional capacity, and governance quality (Estache, 2010). These
structural patterns help explain that public expenditure efficiency depends not only on
expenditure levels, but also on the balance between current and capital allocations and
their interaction with institutional conditions.
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Figure 1. Breakdown of public expenditure current and capital spending by sector. Source: Authors’
calculations.
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Figure 2 shows that public expenditure favours education for long-term human cap-
ital, but disproportionately lower funding for health and infrastructure hinders overall
economic efficiency, as these sectors are interdependent, say studies like Baldacci et al.
(2008). To maximize development outcomes, budget strategies must tend to balance more
these sectors, not just increase public expenditure.
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Figure 2. Morocco public expenditure by sector in % of total public expenditure. Source: Authors’ cal-
culations.

This study contributes to the literature on public spending efficiency along both
conceptual and empirical dimensions. Conceptually, it advances efficiency analysis by
adopting an integrated framework that jointly examines three: sectors, education, health,
and infrastructure, whose interactions are central to long-term development outcomes but
are rarely analysed simultaneously. Empirically, it provides a country-specific and long-run
assessment of public expenditure efficiency in Morocco over the period 1990–2022. This
allows the capture of sectoral dynamics and adopted reforms’ impacts. Beyond the estima-
tion of efficiency scores, the study investigates the sources of technical inefficiency through
a two-stage DEA–bootstrap approach, which enables the identification of institutional,
macroeconomic, and demographic factors shaping performance.

The remainder of this study is structured as follows: The next section provides a
review of the existing literature. This is followed by an introduction to the DEA model,
which is utilised to assess the efficiency of public spending. Subsequently, we identify
the input and output factors necessary for the model and discuss the findings of sectoral
efficiency scores as well as the determinants of public expenditure efficiency. Finally, we
present the conclusions and managerial implications of our study.

2. Literature Review
Since the beginning of the 1980s, efficiency analysis has been a key tool in assessing dif-

ferent public expenditures in different sectors such as health, education, and infrastructure.
The amount of research has increased during the last two decades.

The framework of public expenditure efficiency is based on the Keynes (1937) eco-
nomic thought, especially in the context of African economies, where both theoretical
and empirical literature suggest a positive relationship between government expenditure
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and the population’s well-being. Wagner’s law (Wagner, 1890) also states that there is an
endogenous relationship between economic growth and public expenditure, and we can
have social progress with both.

To improve population well-being, education, health, and infrastructure are crucial
sectors at all levels; these sectors are also important for the economy and development in
all countries. There is evidence that these sectors are positively related to economic growth
(Barro, 1991). Many governments allocate significant budgets to these sectors to stimulate
short and long-term economic growth. Hence, it is important to study their efficiency.

The literature has studied and evaluated public expenditure efficiency, using and
applying parametric and non-parametric methods. The wide and common parametric
approach is the stochastic frontier analysis (SFA), whereas Free Disposal Hull (FDH) and
Data Envelopment Analysis (DEA) are the non-parametric approaches mostly employed
by researchers to study efficiency.

One of the most important articles on efficiency was published by Afonso and Aubyn
(2005). The authors studied the efficiency of public expenditure on education and health
in OECD countries; they used both non-parametric FDH and DEA methodologies. The
results showed that there are efficient countries regardless of the method used and the
sector studied, health or education. The study also proved that efficiency scores indicate
potential resource savings in less efficient countries.

In another article, Afonso et al. (2024) demonstrate that higher public sector efficiency
measured via Data Envelopment Analysis (DEA) across OECD countries is positively
associated with greater citizen trust in government. This highlights the importance of
efficiency for both fiscal sustainability and institutional trust. In a related context, Mercadier
et al. (2024) studied the long-term care (LTC) spending efficiency, a major fiscal challenge
for OECD nations. Their study, used DEA and Tobit regression, revealing an average
efficiency of 94% with modest growth. They also stated that technical inefficiencies are
more persistent in unitary states, whereas federal systems show greater improvement over
time. The authors recommend decentralization reforms that strengthen accountability and
competition within the LTC sector.

Previous studies have examined the efficiency of public spending in the education
and health sectors across different country groups. Gunnarsson et al. (2007), analysing G7
countries relative to an OECD benchmark, show that several advanced economies including
France, Germany, the UK, and the US rank in the lower quartiles of efficiency, mainly due
to ineffective resource use rather than insufficient spending. Their findings highlight
sectoral heterogeneity, with education efficiency declining as functional expenditures rise,
while health efficiency improves with increased medical staffing, highlighting the role of
institutional and allocation factors. Extending the analysis to middle-income countries,
Khan et al. (2019) find that none of the 42 countries studied achieved full efficiency in
meeting MDG targets, reflecting a dual challenge of limited funding and suboptimal
resource use. Using a DEA–bootstrap approach, Ouertani et al. (2018) report similar
inefficiencies in Saudi Arabia, showing that performance gains in education, health, and
infrastructure could be achieved without additional spending, while unemployment and
monetary conditions negatively affect efficiency. Likewise, Mohanty and Bhanumurthy
(2021) document higher efficiency in education than in health across Indian regions and
emphasize the dominant role of governance quality over economic growth. Collectively,
these studies suggest that public spending efficiency is driven less by expenditure levels
than by institutional quality, governance, and resource allocation mechanisms.

Recent studies highlight persistent inefficiencies in public spending across African
countries. Using DEA and DEA bootstrapping, Sikayena et al. (2022) find that public
expenditures on education and health are generally inefficient, with health spending out-
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performing education, and identify institutional quality, economic growth, government
size, foreign direct investment, and trade openness as key drivers of efficiency. Comple-
menting this evidence, (Adegboye & Akinyele, 2022), applying stochastic frontier analysis
and a true fixed effects model for 40 African countries over 2000–2020, show that despite
substantial public spending and natural resource endowments, efficiency remains low due
to weak institutional and resource management frameworks, while well-managed natural
resources and stronger institutions can significantly enhance spending efficiency.

The efficiency of infrastructure expenditures is a key determinant of economic growth.
Schaffer and Siegele (2009) compared Austrian and German regions, and stated that despite
investments across all regions, efficiency varies considerably. Their findings suggest that while
infrastructure investment is necessary to expand regional production capacity, it does not
automatically translate into higher economic growth. Similarly, Lesik et al. (2020) employed
the same method to assess infrastructure development efficiency in Ukraine, incorporating
both production capacity and social dimensions. Their results reveal regional disparities,
with 21 out of 24 regions identified as inefficient, often due to outdated technology and low
demand. In the African context, Adedeji et al. (2024) analysed service delivery efficiency across
South African municipalities using a partial frontier efficiency approach and found significant
efficiency differences, with smaller municipalities outperforming larger ones. These studies
highlighted the fact that infrastructure efficiency is influenced by resource allocation and
system performance, and that infrastructure investment alone does not guarantee improved
economic growth or societal well-being (Calderón & Servén, 2010).

Most of the empirical research on efficiency focuses mainly on education and health.
However, there are only few studies that focus on public expenditure efficiency in the
case of developing countries. Furthermore, most efficiency studies focused principally on
measuring public expenditures in the case of cross-country-level and/or panel data, with a
limited number of studies conducting long time series analysis.

Several studies assessed the efficiency of public expenditures; there are some discrep-
ancies regarding the signs and magnitude of the DEA environmental variable, and this
is mainly due to the number of variables, periods, and timespans used in the modelling
process (panel data or cross-section data). Beyond measuring efficiency, some studies
have employed a second-stage analytical framework to examine the factors influencing the
determinants of public expenditure efficiency across the world (for this section’s studies
synthesis, see Appendix A, Table A1).

A few authors worked on Africa—Fonchamnyo and Sama (2016), Akinyele et al. (2025),
Sikayena et al. (2022), and Adegboye and Akinyele (2022). Due to the limited availability
of data for Morocco, the country has not been included in panel studies analysing African
countries, especially in the two-stage analysis article. Therefore, in this study, we decided to
focus on Morocco, applying a two-stage analysis. In the first stage we evaluate the efficiency
of Morocco’s public expenditure in the sectors of education, health, and infrastructure from
1990 to 2022, employing a non-parametric Data Envelopment Analysis (DEA) approach.
Then, in the second stage, we investigate the determinants of technical inefficiency using a
truncated regression model.

3. Methodology
3.1. Data Envelopment Analysis (DEA)

Efficiency is understood as achieving the greatest possible outcome using a given
number of resources. To empirically measure this concept, several methodologies have
been developed, oriented towards estimating or calculating production frontiers. These
techniques can be classified into stochastic and deterministic approaches. The literature on
evaluating the efficiency of public spending frequently employs the deterministic method
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known as Data Envelopment Analysis (DEA), which is also utilized in this document and
explained below.

The Data Envelopment Analysis (DEA) methodology, developed by Charnes et al.
(1978), is designed to evaluate the performance of public and non-profit institutions. It
has since been widely applied in fields such as Business Administration and Economics.
This technique fundamentally analyses the relationship between the outputs produced and
the inputs (or resources) utilized by various units to determine which ones demonstrate
optimal performance. It also assesses the relative efficiency of the remaining units by
solving a linear programming problem (Figure 1). Moreover, DEA identifies the ideal
combination of efficient inputs that each evaluated unit should utilize, thereby highlighting
potential resource savings that could be achieved through this revised allocation.

In this study, we employ the Data Envelopment Analysis (DEA) method to evaluate
input and output efficiency scores, in conjunction with the Production Frontier Technique
(Afonso et al., 2005).

Furthermore, this concept is articulated as the highest attainable performance in the
provision of social goods (such as health and education), corresponding to a specific level
of relevant public expenditure, and it is expressed through the following function (Tanzi &
Schuknecht, 2000):

Yi = f (Xi) (1)

where Yi is a composite of social indicators measurement (output); Xi is the relevant
expenditure measurement (input). If Yi ≥ f (Xi) then we conclude that inputs are efficiently
used, and vice versa: if Yi < f (Xi) then it is a case of inefficiencies in the use of inputs.

Although efficiency scores are computed annually, they reflect cumulative outcomes of
past public investment rather than short-term fluctuations. The outputs considered evolve
slowly over time, implying that the estimated efficiency levels capture long-term structural
performance.

Following the methodology applied by Sikayena et al. (2022), we consider two mathe-
matical approaches for the compilation of DEA methodology, the input-oriented approach
and the output-oriented approach (Charnes et al., 1978). Kazemi (2016) states that, to
specify the input- and output-oriented approach, it is assumed that there are comparative
units. Each comparative unit uses K inputs to produce M outputs. If X is the input matrix
K × I and Y is the output matrix M × I for all comparative units, then Xi is a vector input
column and Yi is a vector output column for all comparative units.

Data Envelopment Analysis (DEA)

Output-oriented Input-oriented

Max ρ, λδ

Subject i − ρyi + Yλ ≥ 0
Xi − Xλ ≥ 0
n1′λ = 1
λ ≥ 0

(2)

Min ρ, λδ

Subject i − ρyi + Yλ ≥ 0
ρXi − Xλ ≥ 0
n1′λ = 1
λ ≥ 0

(3)

In Equations (2) and (3) ρ is scalar, while 1
ρ explicitly implies the efficiency of the

outcome and complies with the assumption 0 < 1
ρ ≤ 1. According to Farrell (1957), ρ

calculates the distance between the units of comparison along the efficiency frontier. If
ρ = 1 then the comparison unit is efficient; in contrast, if 1

ρ ≤ 1, the comparison unit is
inefficient. On the other hand, λ(I × 1) is defined as a vector of constants that calculates the
weight used to compile the location of an inefficient comparative unit. While the constraint
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n1′λ = 1 enforces the convexity frontier by accounting for variable returns (VRS) in DEA
analysis (Figure 3), removing this constraint allows for the assumption of constant returns
(CRS; Afonso et al., 2005).

Figure 3. DEA Production Frontier Technique. Source: (adapted from Kazemi, 2016).

3.2. Simar and Wilson DEA Bootstrapping Method

Our aim extended beyond simply estimating the efficiency scores of sectoral public ex-
penditures; we also sought to explore the factors potentially influencing these outcomes. To
that end, we carried out a second-stage analysis, treating the previously derived efficiency
scores as dependent variables within a regression framework. Given that these scores
are not directly observable and are bounded at one, we adopted a bootstrap truncated
regression approach, following the methodology proposed by Simar and Wilson (2007)
and applied in prior research by Ouertani et al. (2018). This method ensures statistically
reliable coefficient estimates and valid confidence intervals. In order to provide quantita-
tive evidence on the direction and strength of the links between the technical efficiency,
obtained earlier, and the set of possible determinants, we fit the following equation, which
corresponds to Equation (4):

DEAt = α + βXt + εt (4)

where t denotes the time period, Xt is a matrix of potential determinants of efficiency scores
(DEAt), and εt is an error term. The basic specification (Equation (4)), when enriched by
other covariates, has the following form:

DEAt = α + β1Govt + β2GDPpcgt
+β3 In f lationt + β4Rentt

+β5Corrt + β6PolStabilityt
+β7RuleLawt + β8Urbant

+β9Opennesst + β10FDIt

+β11LAB + εt

(5)

where Govt is the government expenditure reported to GDP is used to proxy for the size of
the public sector in this study. Economic growth (GDP_pcg) shows the annual percentage
growth rate of GDP per capita based on constant local currency. Inflation, as measured
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by the annual GDP deflator in percentage, reflects the annual percentage change in the
overall price level of all final goods and services produced within an economy. Total natural
resources rents are in percentage of GDP (Rent). Additive governance indicators (control of
corruption, political stability, and rule of law) are considered to control for the institutional
quality variable. These variables measure the extent to which a country’s policy and
institutional frameworks can ensure efficient allocation of resources. Urbanization rate
is expressed as the proportion of population living in urban areas (Urban), to check for
the effect of agents clustering on efficiency (Herrera & Ouedraogo, 2018). Trade openness
(Openness) shows exports and imports as a share of GDP. Foreign Direct Investment (FDI)
reflects the net inflows of investment to acquire a lasting management interest of 10%
or more of voting stock in an enterprise operating in an economy other than that of the
investor. Labour productivity (LAB) is expressed as labour force participation rate for
ages 15+.

The selection of independent variables was primarily guided by our broader interest
in identifying factors that may influence sectoral public expenditure technical efficiency, as
well as by the availability of relevant data.

Several robustness checks were performed to verify the stability of the efficiency
estimates. First, efficiency scores were calculated under both CRS and VRS assumptions to
distinguish scale inefficiency from pure technical inefficiency. Second, sectoral DEA results
were compared with an overall multi-output DEA model to evaluate sensitivity to model
specification and aggregation. Third, efficiency scores were bias-corrected using the Simar
and Wilson (2007) bootstrap procedure.

3.3. Data

■ Source of data and period selection

The period between 1990 and 20222 was selected to analyse the long-run evolution of
public expenditure efficiency. This timespan was chosen because it covers major structural
reforms, including fiscal consolidation efforts in the 1990s, the introduction of sectoral
strategies in education, health, and infrastructure in the 2000s, and the progressive adoption
of results-based management and medium-term budgeting frameworks. This long horizon
is particularly relevant given the long-term nature of public expenditure impacts.

■ Input and output definitions

In frontier efficiency studies, it is widely recognised that the way inputs and outputs
are defined and specified forms a critical foundation for analysis. Our study primarily
relies on data obtained from the Moroccan Ministry of Economy and Finance, representing
the actual expenditures across various sectors.

Drawing on recent contributions in the literature (Dutu & Sicari, 2020, Herrera &
Ouedraogo, 2018, among others), we consider public expenditure on education, health,
and infrastructure as inputs. The corresponding outputs include primary and secondary
school enrolment for education, infant mortality, and life expectancy for health, and for
infrastructure, access to electricity, per capita energy use, and fixed and mobile telephone
subscriptions per 100 inhabitants. In the first stage of our analysis, we estimate technical
efficiency (TE) separately for each spending category education, health, and infrastructure.
In the second stage, we incorporate all inputs and outputs into the DEA model to compute
an aggregate TE score reflecting overall government efficiency across the three sectors.
Consistent with Afonso et al. (2010), Afonso and Kazemi (2017), and Fonchamnyo and Sama
(2016), we employ an output-oriented DEA model, as the central aim of government policy
is to enhance educational outcomes, increase life expectancy, and develop infrastructure
that collectively contributes to higher levels of social welfare.
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This time span covers major structural reforms, including fiscal consolidation efforts
in the 1990s, the introduction of sectoral strategies in education, health, and infrastructure
in the 2000s, the adoption of results-based management and medium-term budgeting
frameworks, as well as recent reforms related to social protection and public investment
governance. Moreover, data availability and consistency for the selected inputs and outputs
across the three sectors impose a natural lower bound starting in 1990, while 2022 represents
the most recent year with complete and comparable information. This long horizon is
particularly relevant given the long-term nature of public spending impacts.

■ Input and output statistics

The three main inputs under consideration are public expenditures on education,
health, and infrastructure. These inputs are utilised in the production process to produce a
variety of outputs, such as primary and secondary school enrolment rates, infant mortality
rates, life expectancy, electricity transmission capacity, energy consumption per capita, and
telephone access per 100 inhabitants.

Table 1 presents the key statistics describing the structure of the various inputs and
resulting outputs over the period from 1990 to 2022. This provides a straightforward
yet valuable overview of the core inputs and outputs used in constructing the frontier
efficiency model, which will subsequently support the analysis of technical efficiency in
public expenditure across education, health, and infrastructure sectors.

Table 1. Summary statistics on inputs and outputs.

Variables Mean Standard
Deviation Min Max

Inputs
Public expenditure on education 0.25 0.03 0.19 0.31

Public expenditure on health 0.06 0.01 0.04 0.08
Public expenditure on infrastructure 0.04 0.01 0.02 0.07

Outputs

Primary school enrolment 96.64 16.96 62.50 114.17
Secondary school enrolment 55.75 17.82 34.83 86.23

Infant mortality rate 0.03 0.02 0.02 0.07
Life expectancy 69.06 3.76 62.45 75.16

Access to electricity 80.07 18.29 43.90 100.00
Energy use per capita 470.23 98.34 312.55 616.37

Fixed phone subscriptions per capita 5.87 2.54 1.65 11.50
Mobile phone subscriptions per capita 61.40 55.86 0.00 142.00

Table 2 shows the expected signs for inefficiency determinants that will be analysed
through the second stage analyses (See Appendix B Table A2 for more information about
the variables).

For this study, public expenditure on education, health, and infrastructure constitutes
long-term investment whose impacts on productivity, growth, and competitiveness emerge
with significant time lags. Education spending influences human capital only gradually
through investments in schools and teacher training (Hanushek & Woessmann, 2008), while
health expenditure improves economic outcomes over time via cumulative gains in popu-
lation health and labour productivity (Bloom & Canning, 2004). Similarly, infrastructure
investments yield delayed productivity effects as complementarities of the sector adjust
Calderón and Servén (2010). Accordingly, this study assesses efficiency using sector-specific
outputs rather than short-term macroeconomic indicators, ensuring a more appropriate
evaluation of expenditure performance over time.
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Table 2. Data source and expected signs for inefficiency determinants.

Excepted Signs

Variables Descriptions Expected Signs
on Inefficiency Sources

GOV
Government expenditure
(total or sector-specific, e.g., education,
health, infrastructure)

− MEF *

GDP_pcg GDP per capita growth; measures
economic growth per individual − WDI

Inflation Rate of price increase in the economy
(consumer price index or GDP deflator) + WDI

RENT Resource rents; typically, revenue from
natural resources as a percentage of GDP +/− WDI

CORR Corruption index; measures perceived
level of corruption in public sector − WDI

POL_STABILITY Political stability index; assesses
the likelihood of political unrest or instability − WDI

Rule_Law Rule of law index; captures
quality of legal system − WDI

Urban Urbanization rate; proportion
of population living in urban areas +/− WDI

Openness Trade openness; sum of exports
and imports as a percentage of GDP − WDI

FDI Foreign direct investment inflows;
capital invested by foreign entities − WDI

LAB Labor force; total number
of employed or active working-age population − WDI

* Ministry of Economy and Finance. (1990–2022). Official bulletins and public finance documents. Rabat, Morocco.

4. Results and Discussions
This section outlines the various technical efficiency scores derived from assessing the

effectiveness of public spending in education, healthcare, and infrastructure.

4.1. Public Spending Efficiency in Education, Health, and Infrastructure

This section presents separate efficiency estimates3 for each sector. Table 3 presents
the DEA technical efficiency scores pertaining to public expenditures on education, health,
and infrastructure for the period spanning 1990 to 2022. Figure 4 provides a graphical
synthesis of these results by illustrating the long-term evolution of sectoral VRS efficiency
scores. As shown in Figure 4, education remains persistently less efficient than health
and infrastructure, while efficiency improvements occur gradually over time, reflecting
the cumulative impact of public investment and structural reforms rather than short-term
variation. The findings show that Morocco’s public expenditure on education was deemed
efficient only in 2011 and 2022. This indicates that, in that year, the allocated funds were
effectively utilized at the primary and secondary school levels. Throughout the rest of
the period, however, the technical efficiency scores remained close to the overall average
of 0.849, suggesting an inefficiency rate of about 0.151. Furthermore, we can infer that
policymakers in Morocco could enhance the education sector’s performance by saving up
to 15.1% of the resources currently used—namely, public spending on education. It is also
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worth noting that efficiency levels demonstrated a gradual improvement across the entire
period, particularly between 2004 and 2022.

Table 3. Output-oriented efficiency scores for public spending on education, health, and infrastructure
for the period 1990–2022, under CRS and VRS hypotheses.

Education Health Infrastructure

Year CRS VRS CRS VRS CRS VRS

1990 0.444 0.575 0.883 1.000 0.322 1.000
1991 0.421 0.547 0.794 0.871 0.342 0.992
1992 0.423 0.561 0.797 0.877 0.335 0.976
1993 0.473 0.588 0.862 0.892 0.379 1.000
1994 0.542 0.617 0.838 0.894 0.395 0.977
1995 0.512 0.647 0.622 0.861 0.402 1.000
1996 0.507 0.673 0.598 0.868 0.413 0.992
1997 0.498 0.692 0.574 0.873 0.436 0.992
1998 0.493 0.717 0.552 0.878 0.464 1.000
1999 0.667 0.765 0.842 0.919 0.476 0.981
2000 0.659 0.814 0.774 0.913 0.912 1.000
2001 0.693 0.856 0.859 0.932 1.000 1.000
2002 0.653 0.903 0.770 0.921 0.508 0.980
2003 0.625 0.928 0.751 0.922 0.519 1.000
2004 0.649 0.930 0.681 0.911 0.864 0.957
2005 0.640 0.929 0.682 0.917 0.993 1.000
2006 0.712 0.921 0.796 0.944 0.672 1.000
2007 0.699 0.926 0.777 0.946 0.794 0.956
2008 0.834 0.916 0.892 0.971 1.000 1.000
2009 0.775 0.913 0.879 0.973 0.994 1.000
2010 0.745 0.940 0.825 0.969 0.755 1.000
2011 1.000 1.000 1.000 1.000 0.861 1.000
2012 0.981 0.987 0.949 0.994 0.919 1.000
2013 0.910 0.954 0.923 0.991 0.780 1.000
2014 0.878 0.951 0.919 0.991 1.000 1.000
2015 0.840 0.944 0.899 0.987 0.849 0.993
2016 0.621 0.946 0.951 0.995 0.694 0.993
2017 0.914 0.957 0.959 0.996 0.625 1.000
2018 0.900 0.967 0.976 0.999 0.461 0.984
2019 0.956 0.977 0.737 0.988 0.476 0.996
2020 0.962 0.986 0.896 0.973 0.540 1.000
2021 0.901 0.980 0.833 0.976 0.657 1.000
2022 1.000 1.000 1.000 1.000 0.773 1.000

Note: CRS and VRS: Constant and Variable Return to Scale Technical Efficiency.

On the other hand, the lowest technical efficiency scores were recorded in 1991. Overall,
we deduce that Morocco’s public expenditure on education was relatively weak and ineffi-
cient. However, it has shown an upward trend, with notable improvements in efficiency,
particularly between 2004 and 2022.

Regarding the technical efficiency scores for public spending on health between 1990
and 2022, our findings indicate that health expenditures were generally inefficient in
the period. The average efficiency level stands at approximately 0.895, suggesting that
Morocco could increase output by about 10.5% using the same level of inputs. This
notable result implies that improvements in health sector performance are possible without
raising spending. Alternatively, Morocco could maintain current output levels while
reducing expenditure by roughly 10.5%. A similar finding was reported by Hsu (2013), who
investigated government health spending performance in Europe and Central Asia. This
alignment may stem from the choice of output indicators, which likely accounts for the more
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robust efficiency scores observed in health compared to education and infrastructure. We
believe that the inclusion of additional outputs such as the number of patients treated, first-
time visits, hospital beds, and admissions could impact the efficiency results and potentially
lower the scores. Consequently, a more comprehensive analysis that encompasses a wider
range of outputs is crucial to accurately represent the sector’s true productivity.

 

Figure 4. Long-term evolution of output-oriented VRS efficiency scores in education, health, and
infrastructure (1990–2022). Source: authors’ calculations based on DEA efficiency estimates reported
in Table 3.

The assessment further indicates that public health spending was efficient in 1991, 2011,
and 2022. This suggests that Moroccan authorities managed to enhance life expectancy and
reduce infant mortality between 2011 and 2022. However, the technical efficiency scores for
the years 2011–2022 remained close to 0.95, indicating that, on average, the health sector
was operating at 95% of best-practice levels. The lowest level of efficiency, approximately
0.786, was recorded in 2006. Overall, we observe that government health expenditures
were inefficient in most years within the sample period.

Comparing health technical efficiency scores to those of the education sector reveals
interesting findings. Over the 1990–2000 period, the health sector’s mean technical efficiency
(≈0.909) exceeded that of education (≈0.654). In contrast, over the 2001–2022 period, the
reverse holds: education’s average efficiency (≈0.945) slightly surpassed health’s (≈0.888).
This education’s catch-up reflects sustained improvements, principally due to the series of
educational reforms undertaken since the late 80s.4

Concerning infrastructure, our results indicate that, on average, public expenditure in
this sector was inefficient, with Morocco potentially able to increase infrastructure outputs
by approximately 16% without additional resources. However, we observe two-stage
development periods: a prolonged “build-out” era in the 1990s, followed by a “frontier”
era, between 2008 and 2022, where the focus shifts from expanding capacity to maintaining
and shifting the frontier itself.

In the first period, infrastructure TE rises steadily from 0.507 to 0.732, averaging
0.605, reflecting gradual improvements in project execution and resource allocation. In
the second period, scores jump immediately to the frontier in 2001 (TE = 1.0) and remain
at or very near 1.0 thereafter, giving a high mean of 0.959 but no further net gain. This
period coincided with robust economic growth in Morocco, driven largely by increased
public investment in infrastructure. The country’s previously limited highway network
expanded significantly, reaching 1800 km, with projections aiming for 3000 km by 2030. A
key milestone was the opening of the Tanger Med deep-water port in 2007, followed by
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the 2019 expansion with Tanger Med II, establishing it as the largest container port in the
Mediterranean. Morocco also became the first African nation to introduce high-speed rail.
Today, its transport infrastructure including roads, ports, and air travel meets the standards
set by the Organization for Economic Cooperation and Development (OECD).

When CRS, VRS, and scale efficiency scores are analysed together, a clear pattern
appears across different sectors. Education and health typically combine pure technical
inefficiency with scale inefficiency, indicating that both internal resource use and system
size contribute to performance. Infrastructure, on the other hand, often operates efficiently
at the project level (VRS ≈ 1) while remaining scale-inefficient, implying that strategic
decisions about network size, spatial coverage, and capacity are more important than daily
management. Overall, these findings highlight the need for tailored policy responses:
organizational and quality improvements in education and health, and long-term planning
in infrastructure.

To complete the overall picture, we assessed technical efficiency using all outputs and
a single aggregated input, combining all expenditures into one consolidated measure.

4.2. Multi-Output, One-Input Analysis

When the three sectors are pooled and treated as a single “public services bundle,”
the picture shifts a bit. Instead of asking whether education, health or infrastructure are
efficient on their own, the question becomes whether the combined use of public money
across them is close to what a best-performing government would do. Quite often it is, but
the system drifts on and off the frontier over time. Table 4 displays the output and input
technical efficiency scores of public spending when education, health, and infrastructure are
assessed together. In this analysis, we utilise a singular aggregated input total government
expenditure across the three sectors alongside eight outputs: primary and secondary
school enrolment, infant mortality rate, life expectancy, access to electricity, per capita
energy consumption, fixed phone subscriptions per capita, and mobile phone subscriptions
per capita.

The table shows a mean efficiency score that is relatively high compared to those
obtained when each sector is analysed separately. This outcome may be linked to the sample
selection, as suggested by Staat (2001), and/or the way inputs and outputs are defined
(Bod’a & Piklová, 2021). Moreover, DEA’s freedom to choose weights independently for
each DMU means that, the more outputs you include, the greater the ability to assign near-
zero weights to “weak” outputs and large weights to “strong” ones, leading to an outward-
bulging frontier and inflated average efficiency (Dyson et al., 2001). Under constant returns
to scale (CRS), inefficiency comes from two sources, namely “pure” technical (VRSTE)
and scale mis-sizing. The pooled VRSTE reflects how effectively the government converts
aggregate spending into all eight outputs. This score tends to be higher, as DEA can
assign more weight to outputs where the country performs better. In contrast, the pooled
CRSTE removes any benefit from operating at an optimal scale and is usually closer to
the lowest sector-specific VRSTE. This is because constant returns to scale require a fixed
output mix, meaning overall efficiency is constrained by the weakest sector’s pure technical
efficiency—in this case, infrastructure, with a VRSTE of 0.8413.

The general pattern shows that some years behave almost like textbook examples. In
1990, 1994, 2000, 2001, 2011, 2012, and 2022, the aggregate producer is fully efficient in both
output- and input-oriented models, with CRS = VRS = 1 and scale efficiency also equal to 1.
In those periods, given the joint outcomes of education, health, and infrastructure, total
spending sits exactly where the DEA frontier would place it: there is no sign of technical
waste and no sign that the overall budget is “too big” or “too small” relative to what
is produced.
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Table 4. TE of public spending over the period 1990–2022 under CRS and VRS hypotheses.

Output-Oriented Input-Oriented

Year CRS VRS Scale CRS VRS Scale

1990 1.000 1.000 1.000 1.000 1.000 1.000
1991 0.970 0.999 0.971 0.970 0.972 0.998
1992 0.924 0.999 0.925 0.924 0.924 1.000
1993 0.980 1.000 0.980 0.980 1.000 0.980
1994 1.000 1.000 1.000 1.000 1.000 1.000
1995 0.913 0.998 0.915 0.913 0.949 0.962
1996 0.862 0.998 0.863 0.862 0.884 0.975
1997 0.826 0.998 0.828 0.826 0.850 0.972
1998 0.801 1.000 0.801 0.801 1.000 0.801
1999 0.995 0.999 0.996 0.995 0.996 0.999
2000 1.000 1.000 1.000 1.000 1.000 1.000
2001 1.000 1.000 1.000 1.000 1.000 1.000
2002 0.868 1.000 0.868 0.868 1.000 0.868
2003 0.835 1.000 0.835 0.835 1.000 0.835
2004 0.827 1.000 0.827 0.827 1.000 0.827
2005 0.805 0.996 0.807 0.805 0.933 0.863
2006 0.867 1.000 0.867 0.867 1.000 0.867
2007 0.825 0.998 0.826 0.825 0.861 0.957
2008 0.962 0.999 0.962 0.962 0.979 0.982
2009 0.928 1.000 0.928 0.928 1.000 0.928
2010 0.830 1.000 0.830 0.830 1.000 0.830
2011 1.000 1.000 1.000 1.000 1.000 1.000
2012 1.000 1.000 1.000 1.000 1.000 1.000
2013 0.970 1.000 0.970 0.970 1.000 0.970
2014 0.979 1.000 0.979 0.979 1.000 0.979
2015 0.906 0.996 0.910 0.906 0.934 0.970
2016 0.721 0.999 0.721 0.721 0.780 0.924
2017 0.942 1.000 0.942 0.942 1.000 0.942
2018 0.894 0.996 0.898 0.894 0.915 0.977
2019 0.875 0.998 0.877 0.875 0.894 0.979
2020 0.944 1.000 0.944 0.944 1.000 0.944
2021 0.898 1.000 0.898 0.898 0.909 0.988
2022 1.000 1.000 1.000 1.000 1.000 1.000

Note: CRS and VRS: Variable and Constant Return to Scale Technical Efficiency; SCALE: scale efficiency.

Most other years are a bit messier. Efficiency drops below 1, and the way it drops
changes from one phase to another. For a sizeable group of years, VRS remains at 1 while
CRS falls below 1, which means the combined system is technically efficient but scale
inefficient. This pattern appears in 1993, 1998, 2002–2004, 2006, 2009–2010, 2013–2014, 2017,
and 2020. In those cases, reallocating the overall level of social spending relative to the scale
of outcomes could bring gains, even if the internal mix across the three sectors is already
used in a reasonably smart way.

There are also tougher periods. In years such as 1991, 1995–1997, 1999, 2005, 2007–2008,
2015–2016, 2018–2019, and, on the input-oriented side, 2021, both VRS and CRS are below 1
and CRS is strictly smaller. Here the diagnosis is double: the state could save resources
by improving how spending is turned into outcomes, and the aggregate level of spending
itself is off the most productive scale.

One slightly odd case is 1992 in the input-oriented model, where CRS and VRS coincide
below 1. That configuration points to pure technical inefficiency at the aggregate level: the
overall size of the public budget is broadly appropriate, but a better internal allocation or
management across education, health and infrastructure could have reduced total inputs
for the same results.

Taken together, this “whole-of-government” view is mildly reassuring and mildly
troubling at the same time. On the reassuring side, the composite public sector does hit full
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efficiency in several distinct periods, which means that the observed combination of spend-
ing and outcomes is, at least sometimes, consistent with best-practice performance. On
the troubling side, long stretches of time show scale problems, technical problems, or both,
suggesting that the coordination of budgets across education, health, and infrastructure
is not systematically aligned with the most efficient overall configuration. Put differently,
even if each sector looks reasonable when analysed on its own, it is still worth asking
whether the portfolio of social spending is the right size and is being pushed with the right
intensity. The results here suggest that such alignment is episodic rather than stable, and
that efficiency at the macro level can be quite a delicate equilibrium.

Overall, this “whole-of-government” perspective delivers a mixed message. On the
one hand, the public sector occasionally reaches full efficiency, demonstrating that the
observed combination of spending and outcomes can align with best-practice performance.
On the other hand, efficiency appears episodic rather than stable, with frequent deviations
driven by scale misalignment, technical inefficiencies, or both. This instability suggests that
coordination across education, health, and infrastructure spending is not systematically
aligned with the most efficient aggregate configuration.

Those fluctuating efficiency patterns across sectors and models make a compelling
case for a second-stage analysis on the determinants of public spending efficiency. The
DEA scores alone map out what happened year by year, but they leave the “why” hanging,
and pinning down drivers like governance quality or urbanisation would turn description
into explanation.

4.3. Determinants of Public Expenditure Efficiency

Table 5 presents the second-stage Simar and Wilson (2007) estimates for the education
sector. The “Urban” variable is negative and statistically significant in three of the four
education models (approximately −0.144 in the CRS input- and output-oriented specifica-
tions and −0.060 in the output-oriented VRS model), while it is not significant in the input
VRS case. Since the dependent variable measures inefficiency (distance), these coefficients
suggest that higher urbanisation correlates with a smaller distance to the frontier and thus
slightly higher efficiency in education spending. This supports the idea that providing
services tends to be cheaper in dense areas compared to spread-out rural regions, suggest-
ing possible “economies of density” (Herrera & Ouedraogo, 2018; Sikayena et al., 2022;
Loikkanen et al., 2011). It also echoes Ouertani et al. (2018), who documented a significant
positive relationship between urbanisation and government spending efficiency in edu-
cation, health, and infrastructure in Saudi Arabia. Although this may seem inconsistent
with arguments highlighting increasing complexity and costs in urban areas (Da Cruz &
Marques, 2014), a plausible explanation is that, in Morocco, density-related benefits (such as
shorter travel distances, larger school sizes, and easier deployment of teachers and support
services) outweigh congestion-related issues in the education sector.

In Tables 5 and 6, in contrast to the education results, the “Urban” variable in the health
sector comes out with a positive and statistically significant coefficient in all four models:
about +0.245 in the CRS input- and output-oriented specifications, +0.219 in the input-VRS
model, and +0.041 in the output-VRS model. Given that the dependent variable is an
inefficiency (distance) measure, these positive coefficients mean that higher urbanisation is
associated with a larger distance to the frontier, hence lower efficiency of health spending.
In more urban years, Morocco could in principle obtain proportionally larger gains in
health outcomes from the same level of health expenditure, which implies that the current
mix of services and organisation is not exploiting the full potential of available resources.
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Table 5. Main specific models: DEA–bootstrap approach, output-oriented.

Bias-Adjusted Coefficients

Models Model 1 Model 2 Model 3

Sectors Education Health Infrastructure

Variables CRS VRS CRS VRS CRS VRS

(Intercept) 11.1471 *** 3.4662 −17.055 *** −1.357 23.0223 −1.5465 **

GOV 0.0338 0.0485 ** −0.0851 −0.0156 * 0.0396 −0.0111

GDP_pcg −0.0018 0.0058 −0.0186 −0.0033 ** 0.0063 −0.0002

Inflation 0.0244 ** 0.003 0.035 *** 0.0005 −0.0063 −0.0004

RENT −0.0439 ** 0.0101 −0.0837 *** −0.0068 * −0.2953 *** 0.0190 ***

CORR 0.0350 *** 0.0067 0.0259 * 0.0041 ** 0.0437 0.0026 *

POL_STABILITY −0.0143 ** 0.0056 −0.0210 ** −0.0070 *** 0.0193 −0.0016

Rule_Law −0.0208 ** 0.008 −0.0116 −0.0066 ** 0.0158 0.0024

Urban −0.1442 *** −0.0685 ** 0.2460 *** 0.0403 *** −0.3048 0.0270 ***

Openness −0.0046 0.004 −0.0182 ** −0.0044 *** 0.0101 0.0033 ***

FDI −0.0174 −0.0076 −0.0464 * 0.0066 −0.0803 −0.0144 **

LAB −0.0483 * −0.0124 0.1576 *** 0.0312 *** −0.2194 ** 0.0224 ***
* Value of zero does not fall within 90% confidence interval, ** value of zero does not fall within 95% confidence
interval, *** value of zero does not fall within 99% confidence interval.

Table 6. Main specific models: DEA–bootstrap approach, input-oriented.

Bias-Adjusted Coefficients

Models Model 1 Model 2 Model 3

Sectors Education Health Infrastructure

Variables CRS VRS CRS VRS CRS VRS

(Intercept) 11.3032 *** 6.6626 ** −16.98 ** −15.5299 *** 22.8069 −0.5367

GOV 0.0337 −0.0136 ** −0.0823 −0.0014 0.0408 −0.1532

GDP_pcg −0.0019 −0.0071 −0.0172 −0.0026 0.0065 −0.0084

Inflation 0.0245 ** 0.0171 *** 0.0351 *** 0.0326 ** −0.0072 −0.1591 ***

RENT −0.0428 ** −0.0486 *** −0.0835 *** −0.0733 ** −0.3046 ** 0.0428

CORR 0.0349 *** 0.0321 *** 0.0257 * 0.0216 * 0.0459 −0.0265

POL_STABILITY −0.0145 ** −0.0245 *** −0.021 ** −0.0182 ** 0.0191 0.0430 **

Rule_Law −0.0209 * −0.0334 *** −0.0114 −0.0033 ** 0.0153 −0.013

Urban −0.1457 *** −0.0461 0.2450 *** 0.2198 *** −0.3035 * 0.0797

Openness −0.005 −0.0127 *** −0.0182 ** −0.0127 * 0.01 0.0019

FDI −0.0172 −0.0037 −0.0466 * −0.0510 * −0.0801 −0.0651

LAB −0.0491 −0.0163 0.1572 *** 0.1357 *** −0.2180 ** 0.0148
* Value of zero does not fall within 90% confidence interval, ** value of zero does not fall within 95% confidence
interval, *** value of zero does not fall within 99% confidence interval.

This pattern actually cuts against the usual “economies of density” hypothesis docu-
mented for some countries, where urbanisation tends to support government efficiency (for
example Loikkanen et al. (2011) for Finnish municipalities and Ouertani et al. (2018) for
Saudia Arbia). In the Moroccan case, the positive Urban coefficients suggest that the stresses
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of rapid urban growth dominate the benefits of proximity: congestion in hospitals, higher
input prices, more complex case mixes, and sharp inequalities between formal neighbour-
hoods and informal settlements may all blunt the effectiveness of health spending. Rather
than making it cheaper to deliver care, additional urbanisation creates organisational and
cost pressures that push the health system further away from best-practice performance.

In the infrastructure sector the role of urbanisation is more mixed than in education or
health. In the output-oriented CRS model the urban coefficient is statistically insignificant,
so there is no clear link between urbanisation and overall infrastructure efficiency under
constant returns. By contrast, in the output-oriented VRS model the coefficient is positive
and highly significant (about +0.0270 at the 1 per cent level). This implies that higher
urbanisation increases the distance to the VRS frontier, so pure technical output efficiency
falls in more urban years. Put simply, for a given level of infrastructure spending, urban
periods leave more unrealised potential in terms of access and quality, which is consistent
with congestion, rapid demand growth and high construction costs, making it harder to
keep up with needs in cities.

On the input side the picture is slightly different. In the input-oriented CRS specifica-
tion, Urban has a negative coefficient of about −0.3035 that is marginally significant (10 per
cent level). This suggests that, under CRS, more urban years are associated with a smaller
required proportional reduction in infrastructure inputs to reach the frontier that is slightly
higher overall input efficiency. Taken together, these results hint that urbanisation may
help tighten the overall use of infrastructure budgets at a given scale, while at the same
time intensifying output-side pressures that make it harder to fully translate those budgets
into realised service levels.

Across sectors, “RENT” (natural resource rents as a share of GDP) generally acts as an
efficiency-enhancing factor, although infrastructure under VRS adds an important nuance.
In education, RENT is negative and statistically significant in all input-oriented models
(≈ −0.040 under CRS at 5% and ≈ −0.048 under VRS at 1%), weakly negative in the
output-oriented CRS model (≈ −0.040 at 10%), and insignificant in output-oriented VRS.
This indicates that higher rents are associated with lower inefficiency, meaning education
spending is closer to the frontier. The effect is even more evident in health, where RENT
is negative and significant across all four specifications (approximately −0.083 in CRS
input and output models at 1%, −0.073 in input VRS at 5%, and −0.0068 in output VRS at
10%), suggesting improved health efficiency in rent-rich years, likely through increased
fiscal space and additional inputs. In infrastructure, RENT is negative and significant
under CRS (around −0.295 in output CRS at 1% and around −0.30 in input CRS at 5%)
but becomes positive and significant in output-oriented VRS (about +0.019 at 1%), while it
turns insignificant in input VRS.

This change in sign suggests that windfalls may support efficient overall scaling-up
(CRS), while they are also associated with lower pure technical output efficiency once scale
effects are deducted, aligning with certain project choices or implementation slippages.
This mixed picture partly contrasts with broader African evidence, indicating resource
abundance can undermine spending efficiency due to rent-seeking and weaker links be-
tween spending and development (Adegboye & Akinyele, 2022; Akinyele et al., 2025), and
aligns with earlier findings where density and population variables sometimes decrease
efficiency (De Borger & Kerstens, 1996; Tu et al., 2017). Morocco appears more positive
in education and health, but the infrastructure VRS results suggest that the efficiency of
rent-financed projects might still lag behind best practices.

Inflation is generally associated with lower spending efficiency in education and
health, while the infrastructure relationship is weaker and specification dependent. In
education, “Inflation” enters positively and significantly in both CRS orientations (≈+0.024
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at 5%) and in input VRS (≈+0.017 at 1%) but is insignificant in Akinyele VRS, implying
higher inefficiency during inflationary years. This is broadly consistent with Fonchamnyo
and Sama (2016), who report a negative (though sometimes statistically weak) relationship
between inflation and education efficiency, while Sikayena et al. (2022) find no significant
link, suggesting the inflation–efficiency relationship can be fragile. Health shows a similar
pattern, with inflation positive and strongly significant under CRS (≈+0.035 at 1%) and
positive in input VRS (≈+0.032 at 5%), again pointing to higher inefficiency when inflation
rises. This matches Fonchamnyo and Sama (2016) and is compatible with the idea that
inflation erodes the real value of budgets and introduces procurement and wage rigidities
that limit the translation of nominal outlays into outcomes (Afonso et al., 2005). For
infrastructure, inflation is insignificant in three specifications; only the input-oriented VRS
model shows a negative and significant coefficient (≈−0.159 at 1%), suggesting higher pure
technical input efficiency in inflationary episodes, possibly reflecting tighter cost control
and stricter project prioritisation.

Youth labour force participation (LAB) is strongly informative for health and infras-
tructure but weak for education. In health, LAB enters with positive and highly significant
coefficients across specifications, indicating lower efficiency (higher distance) in years of
stronger youth participation. This is consistent with evidence that labour market conditions
are linked to health system efficiency (Manavgat & Audibert, 2024). For infrastructure, LAB
is negative and significant under CRS in both orientations (higher overall efficiency) but
becomes positive and significant in the output-oriented VRS model (lower pure technical
output efficiency). This nuanced pattern is broadly consistent with cross-country evidence
that macroeconomic variables and labour productivity are key correlates of spending effi-
ciency (Adegboye & Akinyele, 2022): a stronger labour market may support infrastructure
performance at scale while simultaneously increasing congestion and demand pressures
that complicate frontier-level output delivery. In education, LAB is weakly significant in
only one specification and otherwise statistically unimportant, suggesting that short-run
changes in youth participation are not a major driver of education spending efficiency once
other controls are included.

Trade openness is more robustly associated with higher efficiency in health than in
education or infrastructure. In health, openness carries negative and significant coefficients
across all models (≈−0.0182 in CRS input and output at 5%, ≈−0.0044 in output VRS at
1%, and ≈−0.0127 in input VRS at 10%), implying a systematic reduction in distance to the
frontier as openness rises. This is consistent with the mechanism that openness facilitates
access to imported medicines, equipment, and know-how, and may support outcome
improvements per unit of public spending. The broader literature is mixed: Fonchamnyo
and Sama (2016) find openness negatively related to efficiency (often insignificantly) and
highlight fiscal vulnerability concerns also raised by Hauner and Kyobe (2008), whereas
Sikayena et al. (2022) report a positive association for health (1%) and education (5%).
Morocco’s health results align more clearly with this latter view.

FDI shows no clear association with education efficiency, a modest favourable associa-
tion with health, and a small positive effect on pure technical infrastructure efficiency under
VRS. In health, FDI is negative and marginally significant under CRS (≈−0.0464 at 10%)
and remains negative and weakly significant in input VRS (≈−0.051 at 10%), indicating
slightly higher efficiency when FDI rises. This is consistent with the idea that foreign capital
can bring complementary technology, managerial know-how, and private-sector capacity
that indirectly enhance the productivity of public health spending. This finding contrasts
with Sikayena et al. (2022), who report a negative and significant effect of FDI on health
expenditure efficiency in their African sample.
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Finally, the governance indicators provide a cautious and somewhat ambiguous
signal. Control of corruption often enters positively on the inefficiency term, mechanically
implying lower efficiency when the index improves an unintuitive sign that should be
interpreted carefully. A similarly mixed pattern appears in Adegboye and Akinyele (2022),
where the sign and significance of corruption control are sensitive to specification and
econometric corrections. Political stability and rule of law behave more in line with
theory: stability typically reduces distance in education and health (higher efficiency), while
rule of law exerts a weaker but broadly favourable effect, especially in education. This
nuanced pattern resonates with Sikayena et al. (2022), who suggest non-linear institutional
effects, and is consistent with frontier-based studies where institutional variables may
become insignificant once income, demographics, and spending composition are controlled
(Herrera & Pang, 2005; Afonso et al., 2010). Overall, institutional quality appears relevant,
but the signal is noisy in a single-country time series and is best interpreted as association
rather than causal effect.

Both GDP per capita growth (Gdp_pcg) and public expenditure (Gov) are insignificant
in all models. Therefore, their incremental explanatory power for technical efficiency is
limited in the current sample and with the set of other controls. This is also highlighted by
Coelli et al. (2005), who stated that variables like overall government size or broad-money
growth often explain little of the variation in DEA scores once more immediate cost- and
scale-factors are controlled for.

The findings indicate that inefficiency in Morocco is driven by institutional and struc-
tural factors rather than funding levels, underscoring the need for macroeconomic stability
and stronger anti-corruption and regulatory frameworks. Moreover, the presence of scale in-
efficiencies highlights the importance of better expenditure planning, labour allocation, and
coordination with urbanization dynamics to improve service delivery without expanding
public budgets.

4.4. International Context and External Validation of the Results

The empirical findings of this study align with diagnostic assessments from several in-
ternational organizations regarding Morocco’s public sector performance. In the education
sector, the consistently lower efficiency scores identified through DEA analysis correspond
with international evidence highlighting challenges related to learning outcomes, gov-
ernance, and service quality. Despite relatively high public expenditure on education,
international assessments indicate weak learning outcomes and structural inefficiencies.
Notably, World Bank education diagnostics point out gaps between expenditure levels and
student performance, while OECD and PISA results reveal ongoing issues with founda-
tional skills, regional disparities, and teacher deployment (World Bank, 2019; Organisation
for Economic Co-Operation and Development [OECD], 2019, 2023). These findings support
our conclusion that increasing expenditure alone has not led to proportional efficiency
gains, emphasizing the need for reforms focused on quality and governance.

In the health sector, the relatively higher efficiency scores observed in our analysis
are broadly consistent with international evaluations recognizing Morocco’s progress in
expanding access to basic healthcare services and improving key health outcomes. Reports
by the World Health Organization and the World Bank note sustained improvements in
life expectancy and reductions in infant mortality, while also identifying inefficiencies
in governance, urban–rural disparities, and cost pressures (World Health Organization,
2025 and World Bank, 2025). This dual assessment mirrors our findings of moderate
efficiency levels combined with sensitivity to macroeconomic conditions such as inflation
and unemployment. In a policy context, education and health sectors require a gradual
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rebalancing of public spending toward capital investment in order to strengthen structural
capacity and improve long-term efficiency.

Regarding infrastructure, the efficiency patterns identified in this study align with
international assessments that acknowledge Morocco’s significant achievements in large-
scale infrastructure development. The World Economic Forum consistently ranks Morocco
among the leading African countries in terms of transport and logistics infrastructure qual-
ity, while World Bank public investment management reviews highlight strengths in project
execution alongside challenges related to project selection, coordination, and long-term
maintenance (World Economic Forum, 2019; World Bank, 2024). The presence of scale inef-
ficiencies in our DEA results, therefore, reflects concerns also emphasized in international
policy evaluations. In this regard, policy efforts should focus on optimising projects size,
coordination, and execution rather than further expanding investment volumes.

Taken together, the close alignment between our empirical results and international
diagnostic reports enhances the study’s external validity. It suggests that the efficiency gaps
identified through the DEA framework are not merely methodological artefacts, but rather
reflect structural features of Morocco’s public investment model that have been widely
documented by international institutions.

The negative impact of macroeconomic instability variables, such as inflation and
weak fiscal space, highlights the importance of maintaining macroeconomic discipline to
preserve spending efficiency. The IMF notes that inflationary pressures and fiscal rigidities
can weaken expenditure effectiveness by reducing budget predictability and constraining
capital investment planning, particularly in social sectors (IMF, 2023). Coordinating sectoral
spending strategies with medium-term fiscal frameworks can mitigate efficiency losses.

Finally, the positive role of openness, FDI, and urbanization suggests that public
spending efficiency can be enhanced by better coordination with private investment and
local development dynamics. Strengthening public–private partnerships, particularly in
infrastructure and health services, and improving intergovernmental coordination in urban
areas would help leverage external resources while improving service outcomes.

5. Conclusions and Study Limitations
Addressing the challenge of delivering more effective public services amid limited

public spending remains a critical concern for Morocco, particularly considering ongoing
fiscal pressures and the ambitious goals outlined in national development frameworks
like the New Development Model (2021). This paper is based on two-stage analysis. In
the first stage we evaluate the efficiency of Morocco’s public expenditure in the sectors
of education, health, and infrastructure from 1990 to 2022, employing a non-parametric
Data Envelopment Analysis (DEA) approach. Then, in the second stage, we investigate the
determinants of technical inefficiency.

The empirical findings indicate that government expenditure across the three sectors
demonstrates varying levels of inefficiency. While the health and infrastructure sectors
show relatively higher technical efficiency scores in comparison to education, the overall
efficiency of spending remains below optimal levels. It is worth noting that the DEA
method, although robust, can be sensitive to outliers or potential misspecifications of inputs
and outputs. To mitigate this issue, we conducted a supplementary bootstrap DEA analysis
to re-evaluate efficiency and examine the environmental factors influencing performance.

Our analysis reveals that the average inefficiency scores in education, health, and
infrastructure are approximately 0.849, 0.895, and 0.841, respectively. These findings sug-
gest that Morocco has the potential to enhance social outcomes by reallocating resources
more effectively, particularly by focusing on improving efficiency in education. Notably,
despite the increased expenses in education over the years, efficiency gains have been
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limited, which indicates that merely increasing budgets does not ensure better results.
Therefore, it is essential to emphasize enhancing quality factors such as teacher effective-
ness, administrative capacity, and the learning environment, potentially without requiring
additional expenditure.

The second-stage DEA–bootstrap regression analysis reveals important macroeco-
nomic variables that affect efficiency. Government expenditure positively correlates with
efficiency, whereas factors such as inflation and urbanization negatively impact efficiency,
especially in the health and infrastructure sectors. Additionally, unemployment adversely
influences efficiency in the health sector. These findings highlight the need for integrated
policy strategies that address both sector-specific reforms and broader economic stability.

Beyond these empirical findings, this study makes several original contributions to the
literature. It provides the first comprehensive efficiency assessment of public expenditure
in Morocco that simultaneously examines education, health, and infrastructure over a
long period (1990–2022). By focusing on outcomes that develop gradually, the analysis
takes a long-term perspective consistent with the nature of public expenditure, rather
than a short-term view of budgetary fluctuations. The study also combines sectoral and
aggregate DEA models under both CRS and VRS assumptions, using a Simar and Wilson
(2007) bootstrap procedure to ensure robust, statistically valid results. Finally, the findings
offer a comprehensive government-wide view of efficiency, highlighting coordination and
scale issues across sectors, and providing policy-relevant insights aligned with Morocco’s
ongoing public finance reforms and development strategy.

Our findings offer valuable insights for Moroccan policymakers aiming to improve
the effectiveness of public spending without the need for increased budgets. Strategies
that align with Morocco’s national development vision should focus on enhancing public
financial management, controlling inflation, and tackling the challenges presented by
rapid urbanization. While robust, DEA’s sensitivity to specifications warrants SFA/FDH
validation; future work could assess regional variations and post-2022 reforms.

In conclusion, enhancing the efficiency of public investment is not merely a technical
necessity but a strategic imperative for Morocco’s inclusive growth and social development.
By prioritizing improvements in quality, maintaining macroeconomic stability, and utilizing
evidence-based resource allocation, Morocco can derive greater value from its public
expenditures and more effectively serve its citizens.

While this study offers valuable insights into the efficiency of public spending in
Morocco, some limitations should be acknowledged. The analysis is based on a single-
country time-series framework, which is well suited to capturing long-term structural
dynamics and policy trajectories. Panel data approaches could complement this perspective,
but their use is constrained by data availability and consistency over extended periods.
Moreover, the long time span covered may smooth short-term structural changes associated
with major reforms or external shocks. Future research could build on these findings by
integrating more detailed sectoral indicators, and richer measures of infrastructure quality.5
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Appendix A. Literature Review

Table A1. Literature review synthesis.

Author Method Period Sample Main Results

Afonso et al. (2005) FDH and DEA 2002 Sample of OECD
countries

Countries that are efficient under DEA are
also efficient under FDH;
the reverse is not true.

Afonso et al. (2024) DEA 1995 and 2021 27 European
Union countries

Higher efficiency can be achieved without
proportionally increasing public
spending; more efficient countries tend to
coalesce—Austria, Croatia,
Denmark, France, Greece, Hungary, Poland,
and Sweden

Gunnarsson et al.
(2007) DEA 1995–2003 G7

High wage spending is associated with
lower efficiency; lowering student–teacher
ratios is associated with reduced efficiency
in the education sector;
greater autonomy for schools seems to raise
efficiency in secondary education

Sikayena et al. (2022)
DEA analysis and
bootstrapping
method

2006–2017 16 African
countries

Public spending on health and education in
Africa is seen to be inefficient; efficiency
was much higher in health spending than in
educational spending. Institutional factors6

influence efficiency of public spending on
human capital.

Adegboye and
Akinyele (2022)

SFA for efficiency
TFE efficiency
drivers

2000–2020 40 African
countries

Government spending efficiency depends
on the size of the economy and other factors;
natural resources could be used to address
the burden on government spending
efficiency when effectively utilized

Akinyele et al. (2025) SFA 2000–2021 40 African
countries

Results show that higher efficient
government spending increases
human development. The abundance of
natural resources has not been
managed well enough to improve human
development in Africa.

Appendix B. Methodology: Role and Rationale of Variables

Table A2. Category, role, and rationale of inputs, outputs, and efficiency determinants.

Category Variable Role in the Analysis Rationale

Inputs

Public expenditure on education Input Measures financial effort devoted to
human capital formation

Public expenditure on health Input Captures public commitment to
population health outcomes

Public expenditure on
infrastructure Input Reflects capital allocation to

productive public assets

https://doi.org/10.3390/economies14020059

https://databank.worldbank.org/source/world-development-indicators/
https://databank.worldbank.org/source/world-development-indicators/
https://doi.org/10.3390/economies14020059


Economies 2026, 14, 59 24 of 28

Table A2. Cont.

Category Variable Role in the Analysis Rationale

Education Outputs

Primary school
enrolment Output Proxy for access and participation

in basic education

Secondary school
enrolment Output Indicator of system retention and

educational progression

Health Outputs
Infant mortality rate Output Core indicator of

healthcare effectiveness

Life expectancy Output Summary measure of population
health outcomes

Infrastructure Outputs

Access to electricity Output Indicator of basic
infrastructure coverage

Energy use per capita Output Proxy for productive and
household energy availability

Fixed phone
subscriptions Output Traditional connectivity

infrastructure

Mobile phone
subscriptions Output Digital infrastructure diffusion

Determinants

GOV Determinant Government size relative to GDP

GDP_pcg Determinant Economic development and
income dynamics

Inflation Determinant Macroeconomic stability

RENT Determinant Resource dependence and
rent-seeking effects

CORR Determinant Quality of public governance

POL_STABILITY Determinant Institutional and
political environment

Rule_Law Determinant Strength of legal and
regulatory institutions

Urban Determinant Demographic structure and service
delivery costs

Openness Determinant Integration into global markets

FDI Determinant External capital and
technology spillovers

LAB Determinant Labor force availability

The selection of inputs and outputs is grounded in the public sector production frame-
work, where public expenditures represent the resources mobilized by the government,
and social and infrastructure indicators reflect the outcomes delivered to the population.
Education outputs capture both access and progression within the schooling system, health
outputs reflect survival and longevity, while infrastructure outputs measure access, con-
nectivity, and energy availability. Together, these indicators provide a multidimensional
assessment of sectoral performance.

The second-stage variables were introduced to identify the macroeconomic, institu-
tional, and structural factors influencing efficiency outcomes. Government size (GOV)
captures scale effects in public intervention, GDP per capita growth reflects economic
capacity, while inflation acts as a proxy for macroeconomic instability. Institutional quality
variables (corruption, political stability, rule of law) reflect governance conditions under
which public spending is executed. Demographic and openness variables account for
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structural constraints and external integration, allowing a comprehensive explanation of
efficiency differentials.

According to some recent studies (Afonso et al., 2005; Afonso & Aubyn, 2005 Afonso
et al., 2010), we adopt the quantity of public expenditure on education, health, and in-
frastructure as inputs, whereas the amount of output produced is primary school and
secondary school enrolment, infant mortality and life expectancy, electricity power trans-
mission, energy consumption per capita, and telephone per 100 habits (TelPer100Habit)
for infrastructure.

Appendix C. Results and Discussions

Table A3. Input-oriented efficiency scores for public spending on education, health, and infrastructure
for the period 1990–2022.

Input-Oriented Efficiency Score

Year
Education Health Infrastructure

CRS VRS CRS VRS CRS VRS

1990 0.444 0.738 1.000 1.000 0.322 1.000
1991 0.421 0.736 0.879 0.892 0.342 0.968
1992 0.423 0.721 0.864 0.889 0.335 0.831
1993 0.473 0.768 0.916 0.955 0.379 1.000
1994 0.542 0.838 0.874 0.921 0.395 0.707
1995 0.512 0.756 0.639 0.681 0.402 1.000
1996 0.507 0.720 0.603 0.649 0.413 0.821
1997 0.498 0.687 0.571 0.619 0.436 0.820
1998 0.493 0.658 0.543 0.593 0.464 1.000
1999 0.667 0.833 0.818 0.898 0.476 0.527
2000 0.659 0.773 0.746 0.822 0.912 1.000
2001 0.693 0.773 0.820 0.906 1.000 1.000
2002 0.653 0.691 0.730 0.808 0.508 0.559
2003 0.625 0.644 0.708 0.784 0.519 1.000
2004 0.649 0.667 0.642 0.708 0.864 0.868
2005 0.640 0.658 0.641 0.704 0.993 1.000
2006 0.712 0.738 0.750 0.818 0.672 1.000
2007 0.699 0.721 0.736 0.793 0.794 0.800
2008 0.834 0.870 0.852 0.906 1.000 1.000
2009 0.775 0.810 0.850 0.888 0.994 1.000
2010 0.745 0.757 0.811 0.830 0.755 1.000
2011 1.000 1.000 1.000 1.000 0.861 1.000
2012 0.981 0.985 0.943 0.948 0.919 1.000
2013 0.910 0.920 0.914 0.922 0.780 1.000
2014 0.878 0.894 0.908 0.918 1.000 1.000
2015 0.840 0.862 0.888 0.898 0.849 0.849
2016 0.621 0.639 0.939 0.950 0.694 0.782
2017 0.914 0.935 0.949 0.959 0.625 1.000
2018 0.900 0.914 0.966 0.975 0.461 0.514
2019 0.956 0.964 0.731 0.736 0.476 0.633
2020 0.962 0.965 0.897 0.901 0.540 1.000
2021 0.901 0.910 0.835 0.838 0.657 0.878
2022 1.000 1.000 1.000 1.000 0.773 1.000

Appendix C: The input-oriented DEA results (Table A3) indicate persistent ineffi-
ciencies in education and infrastructure, particularly under CRS, suggesting significant
potential for input savings while maintaining current output levels. Health displays rela-
tively higher efficiency over time, with several years’ operating on or near the efficiency
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frontier under both CRS and VRS. The gap between CRS and VRS scores across sectors
points to the presence of scale inefficiencies, especially in education and infrastructure.

Notes
1 According to World Bank data, Morocco spent approximately 6.02% of its GDP on education in 2023, significantly above the

global average of around 4.4%. In the health sector, total expenditures (public and private) represented 5.74% of the GDP in 2021,
while public health spending alone accounted for approximately 5.2% of the GDP in 2017.

2 Methodologically speaking, the truncated regression model in the second stage analysis requires long-time series.
3 Appendix C: Table A3, presents inputs-oriented efficiency scores for public spending on education, health and infrastructure for

the period 1990–2022 under CRS and VRS hypothesis.
4 Since the 1990s, Morocco has undertaken significant educational reforms to modernise its system. In 1999, the National Charter

for Education and Training was introduced, aiming to improve access and quality. The 2000s saw the extension of compulsory
education and the introduction of the Amazigh language into the curriculum. In 2009, the Emergency Plan for Education was
launched to address educational challenges.

5 A comprehensive and harmonised indicator for infrastructure, as the African Infrastructure Development Index (AIDI), could be
considered for future research.

6 Institutional Factors as institutional quality, economic growth, government expenditure, foreign direct investment, and trade openness.
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