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Abstract

Morocco is facing a situation of alarming water stress, aggravated by climate change, over-
exploitation of resources, and unequal distribution of water, placing the country among the
most vulnerable to water scarcity in the MENA region. This study aims to investigate the
dynamic relationship between economic growth and water stress in Morocco while high-
lighting the importance of integrated water management and adaptive economic policies to
enhance resilience to water scarcity. A mixed methodology, integrating both qualitative and
quantitative methods, was adopted to overview the economic–environmental Moroccan
context, and to empirically analyze the GDP (gross domestic product) and water stress
in Morocco over the period 1975–2021 using an Autoregressive Distributed Lag (ARDL)
approach. The empirical analysis is based on annual data sourced from the World Bank and
FAO databases for GDP, agricultural value added, renewable internal freshwater resources,
and water productivity. The results suggest that water productivity has a significant
positive effect on economic growth, while the impacts of agricultural value added and
renewable water resources are less significant and vary depending on the model specifica-
tion. Diagnostic tests confirm the reliability of the ARDL model; however, the presence of
outliers in certain years reflects the influence of exogenous shocks, such as severe droughts
or policy changes, on the Moroccan economy. The key contribution of this study lies in
the fact that it is the first to analyze the intrinsic link between economic growth and the
environmental aspect of water in Morocco. According to our findings, it is imperative
to continuously improve water productivity and adopt adaptive management, rooted in
science and innovation, in order to ensure water security and support the sustainable
economic development of Morocco.

Keywords: agriculture; economic growth; Morocco; ARDL model; water stress

1. Introduction
Access to clean water is one of the most basic human needs. The United Nations’ 2023

World Development Report revealed that one in four people in the world (approximately
2 billion people) do not have access to safe drinking water. Additionally, almost half of the
global population does not have access to adequate sanitation.

However, nowadays, the sustainable management of water resources represents a
major occupation that arouses the interest of governments, practitioners, and researchers
around the world. Nationally, the World Resources Institute [1] ranked Morocco 27th
among countries most at-risk of water shortage. The WRI indicates that Morocco will reach
an extremely high level of water stress by 2040. To rebuild and restore water availability
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across the country, Morocco implemented a “National Water Plan” (PNE) in 2020, setting
out an ambitious action plan to invest nearly USD 40 billion into the water sector. In 2022,
an additional budget was allocated to support the National Program for Drinking Water
Supply and Irrigation 2020–2027 (a subset of the National Water Plan).

This strategy is crucial given that the agriculture sector in Morocco, which contributes
around 10.1% of national GDP [2] and consumes almost 87% of the country’s water [3]
(HCP, 2020), is directly impacted.

Faced with this economic dependence and agriculture’s vulnerability to climatic
hazards, this study aims to respond to the following core research question: How do water
productivity and water stress affect economic growth in Morocco?

To address this question, three hypotheses were proposed:

H1. Water productivity is associated with economic growth.

H2. Agriculture value added is associated with economic growth.

H3. Renewable fresh water is associated with economic growth.

This study makes an original contribution to understanding the link between economic
growth and water stress in Morocco, a country facing increasing challenges in terms of
water scarcity. While a great deal of research exists at the global and regional (MENA)
level [4–6], there is a lack of studies regarding the existing background that analyze the
Moroccan case, using advanced time-series econometric methods.

This study makes a significant research contribution to sustainability and environ-
mental concerns by using the ARDL model to investigate the interaction between GDP,
agricultural value added, renewable water resources, and water productivity. Unlike exist-
ing studies that predominantly use CO2 emissions to validate the Environmental Kuznets
Curve (EKC) hypothesis in Morocco, this research focuses only on water stress as an envi-
ronmental factor that could impact economic growth and the agriculture sector. This study
offers a fresh perspective emphasizing, empirically, the importance of water resources in
Morocco’s economic and agricultural sectors. The approach not only addresses a significant
gap in the current literature but also delivers critical insights for policymakers striving to
achieve sustainable economic growth while managing water resources effectively.

This study is presented in four sections: After the introduction, Section 2 presents a
description of the existing literature related to economic growth, agriculture water use, and
water stress in Morocco. Section 3 presents a spatial analysis of the Moroccan water warries
context, challenges, and policies adopted by the country. Section 4 presents the data and the
empirical approach employed in this research. Section 6 provides the empirical findings of
the ARDL Model. In Section 7, some concluding remarks and recommendations are made.

2. Literature Review
The international literature on the link between economic growth and environmental

degradation has expanded considerably since the concept of the Environmental Kuznets
Curve (EKC) was formalized by Grossman and Krueger [7], following on from the seminal
work of Kuznets [8]. The EKC postulates an inverted U-shaped relationship between
economic wealth (generally measured by GDP per capita) and indicators of pollution or
pressure on the environment: at the beginning of the development process, economic
growth is accompanied by environmental deterioration, then above a certain income
threshold, stricter policies, better environmental governance, and the adoption of clean
technologies promote improvements in environmental quality [7,9].
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Initially applied to air pollutant emissions, the EKC was then tested on multiple
environmental dimensions, including water management and water stress. For example,
David Katz [10] shows that, in several regions of the world, freshwater withdrawals increase
with growth, but tend to stabilize, or even decrease, as societies reach a certain level of
development and invest in water efficiency and reuse.

Numerous recent works have set out to explore this dynamic in a variety of geograph-
ical contexts:

- Esen et al. [11], focusing on the Eurozone, confirms the existence of an EKC between
GDP per capita and water stress indicators, highlighting the key role of European
regulation, investment in innovation, and the rise in environmental policies.

- Gu et al. [12], for China, observe that the rapid transition to a more tertiary economy
and the strengthening of water-saving public policies have reversed the upward trend
in water withdrawals, especially in large metropolises and intensive agricultural
basins.

- Katz [10], through a multi-country analysis, demonstrates that the exact shape of the
curve (inverted U or not) depends on the type of indicator used (total abstraction,
water stress, and per capita availability) and the level of institutional development.

Furthermore, the literature insists that the EKC relationship can be influenced by
sectoral factors: Saidamatmatov et al. [13] in Central Asia, Dai, D. et al. [14] in China, and
Arbulu et al. [15] for the Eurozone, highlight that water consumption in sectors such as
agriculture, industry, and tourism plays a decisive role in the evolution of water stress.

For example, irrigated agriculture is identified as the main driver of water stress in
developing economies, whereas in advanced economies, improved water productivity
and technological innovation enable a partial decoupling between growth and water
consumption [10,16].

The econometric method favored for these studies varies, from dynamic panel models
(GMM and FMOLS) to the ARDL approach to capture short- and long-term effects [13].
The inclusion of explanatory variables such as the sectoral structure of GDP, energy con-
sumption, investment in clean technologies, or public water allocation policies enriches the
analysis and refines our understanding of the phenomenon [9,11].

Finally, some works warn against a mechanical reading of the EKC: the drop in
pressure on water observed in certain advanced countries can also be explained by the
relocation of water-intensive industries to emerging countries, or by trade-offs that are
sometimes unfavorable to certain ecosystems [10]. As a result, we need to think in terms of
the global water footprint and integrate the notion of international trade into the analysis.

In Morocco, the literature on the relationship between economic development and
water stress has developed more recently, in response to the worsening national water
deficit and growing awareness of water security issues. The major empirical contribution
in this scope is conducted by Moussaid et al. [17], who test the Environmental Kuznets
curve hypothesis over the period 1980–2017 using Tapio decoupling index to link real GDP
per capita, water demand, urbanization, and sectoral structure. Their results reveal an
inverted U-shaped relationship, with a turning point located at an intermediate level of per
capita income, beyond which pressure on water resources tends to decrease. This dynamic
is mainly attributed to improved water governance, economic diversification, and the rise
in water-saving irrigation technologies (drip irrigation, desalination plants, etc.).

Taheripour et al. [18] conduct a study by using a computable general equilibrium
(CGE) model, that water scarcity and changes in crop yields induced by climate change
could reduce the GDP of Morocco up to 6.7 billion US dollars per year at 2016 constant
prices and eliminate many job opportunities, particularly in the rural region.
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Elame et al. [19] develop an economic model based on positive mathematical pro-
gramming for showing that the basin’s water resources, in Sous-Massa (Morocco), are
substitutable and that a sound water management policy has to integrate both surface and
groundwater resources to reduce the price of water.

On the other hand, Boudhar et al. [20] use an input-output (I-O) model of water use
to analyze the intricate relationships between economic sectors and water resources in
Morocco, and found that the agriculture, hunting, and forestry sector exhibits high direct
water use compared to secondary and tertiary sectors that display low direct use and high
indirect water use.

Other studies, such as Et-Touil [21], qualitatively extend the analysis by incorporating
additional factors such as water stress, food security, and population growth. The author
shows that Moroccan agriculture remains the sector most vulnerable to water scarcity,
but that significant progress has been made in water use efficiency thanks to proactive
public policies (Plan Maroc Vert, Programme National d’Économie d’Eau d’Irrigation—
PNEEI). Nevertheless, the persistence of recurrent droughts, demographic pressure, and
dependence on irrigated crops continue to pose a major risk to the sustainability of the
agricultural development model.

National literature also points to the importance of institutional determinants and
adaptation strategies: recent analyses stress the need for integrated resource manage-
ment, strengthened local water governance, and better coordination between agricultural,
environmental, and industrial policies [17,21]. Some studies, fewer in number, propose
broadening the research spectrum to include the impact of foreign trade on the country’s
water footprint, or the effect of technology transfers on water use intensity [22].

Overall, the previous studies that have discussed the interaction between water and
economic growth in Morocco lack an econometric model that could analyze the long-run
(cointegrating) and short-run relationships between those variables. Furthermore, the
existing literature does not adopt a mixed methodology that could advance a qualitative
and quantitative analysis, to highlight the overview of Moroccan environmental and
economic context and policies, and investigate empirically the effect of water scarcity on
economic growth.

The present research is unique compared to previous studies in both methodological
approach and econometric methods. Unlike the existing literature, our research advances a
mixed methodology and adopts a rigorous empirical approach based on the ARDL model.
In addition, this research fills a gap in the literature by proposing an updated long-term
analysis, considering recent policy developments and climate variability.

3. Overview of the Moroccan Context
Sustainable water management is one of the major challenges facing global develop-

ment today. Some 2 billion people still do not have access to safe drinking water, according
to the United Nations World Development Report [23], highlighting the extent of water
inequalities [24]. The situation is worrying as the demand for fresh water continues to grow
because of urbanization and the expansion of the industrial and agricultural sectors [2].

Sanitation infrastructures also show major disparities. Statistics highlight that only
54% of the world’s population had access to safely managed sanitation facilities in 2020 [25],
while over 3.6 billion people lived in areas with inadequate access to sanitation. This
limited access to water and sanitation has considerable implications on public health,
human development, and socio-economic stability [23].

According to the FAO report, nearly 70% of the world’s freshwater withdrawals are
used for irrigation, accentuating competition for resources with the domestic and industrial
sectors [16]. This dependence of agriculture on water, particularly in arid and semi-arid
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regions, highlights the sensitivity of food security to variations in water availability [24].
Moreover, the impacts of climate change, which are accentuated by the increasing frequency
and intensity of droughts, soil degradation, and reduced rainfall, are further aggravating
global water stress [26].

Morocco, as a developing country, has achieved significant strides in economic growth,
driven by strategic reforms that have enhanced its competitiveness [3]. However, the
nation faces pressing climate change challenges, including water scarcity. This section aims
to present, firstly, an overview of the value added of the agriculture sector in Morocco;
secondly, Moroccan environmental and water challenges; and thirdly, the main national
environmental strategies and laws adopted related to water.

3.1. Agriculture Added Value in Morocco

Agriculture remains a fundamental pillar of Moroccan economic growth, making a
significant contribution to wealth creation and socio-economic stability in the Kingdom.
The role of this sector is strategic. It has a direct impact on food security, rural employment,
and trade, and the country’s macroeconomic trajectory [3].

Figure 1 highlights the declining role of agriculture in Morocco’s national wealth since
the mid-1970s. After an initial sharp fall, the share of agricultural value added appears
to have stabilized at around 12% of GDP over the last twenty years. This change reflects
the transformation of the Moroccan economy, which has gradually diversified towards
industry and services. Despite this development, agriculture remains an important pillar,
both for employment and food security. However, the sector’s heavy dependence on water
resources makes the Moroccan economy particularly sensitive to water stress and climatic
shocks [27].
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Figure 1. Evolution of agriculture added value (% of GDP) period 1975–2021. Source: World Bank,
World Development Indicators [28].

3.2. Water in Morocco: Environmental Challenges

In this alarming global context, Morocco is a particularly iconic case study regarding
a country with a semi-arid to arid climate. It is experiencing structural stress in water
resources, aggravated by recurrent droughts and rapid growth in demand [26]. Morocco
ranks as the 27th country in the world most exposed to the risk of water scarcity according
to the last ranking of World Resources Institute (2023) [1]. Annual per capita freshwater
availability has fallen drastically in recent decades, from over 2000 cubic meters per person



Sustainability 2025, 17, 6990 6 of 23

in the 1960s to less than 600 cubic meters today, well below the water stress threshold set
by the World Bank [2,29].

This deterioration can be explained by several concurrent factors. On one side, pop-
ulation growth, rapid urbanization, and rising living standards have led to a significant
increase in water requirements, notably for food, hygiene, industry, and, above all, agricul-
ture [22].

On the other side, Morocco remains very dependent on irrigated agriculture, which
mobilizes 87% of national freshwater withdrawals [23].

Intensive irrigation, overexploitation of groundwater, and the low efficiency of irriga-
tion systems all contribute to increasing pressure on water resources and accelerating the
degradation of aquatic ecosystems [12].

Figure 2 highlights the steady decline in renewable freshwater resources available
per capita in Morocco since 1975. We can clearly see that the country has gone from a
comfortable situation to a level that is now considered critical, below the threshold of
1000 m3 per capita per year. This trend is the combined reflection of a growing population
and increasingly scarce water resources, under the combined effect of climate change and
overexploitation [16]. This trend explains why Morocco is now one of the most vulnerable
countries to water stress in the MENA region and highlights the need to adopt water
management that is both integrated and sustainable [26].
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Figure 2. Renewable internal freshwater resources per capita (cubic meters). Source: World Bank,
World Development Indicators [28].

Finally, Figure 3 clearly shows that water productivity in Morocco, expressed in con-
stant 2015 dollars per cubic meter, has risen sharply, especially since the 2000s. In other
words, each cubic meter of water used now contributes more to wealth creation. This
encouraging trend is undoubtedly the result of efforts to make water use more efficient,
through the modernization of agriculture and the adoption of new irrigation technolo-
gies [2]. However, it is important to bear in mind that this rapid progress may also signal
growing pressure on water resources, raising the question of the balance between economic
development and sustainable water management [30].

To face these challenges, several reports stress the need for integrated sustainable man-
agement of water resources, combined with innovative policies and enhanced international
cooperation [23,31]. The United Nations’ Sustainable Development Goal No. 6 (SDG 6)
specifically aims to guarantee universal access to water and sanitation by 2030, but many
countries are still a long way from achieving this target [28]. Morocco has made notable
progress in achieving Sustainable Development Goal 6, with an achievement of 75% for
safely managed drinking water services (SDG indicator 6.1.1, 2022) and 70% as a degree
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of implementation of integrated water resources management (SDG indicator 6.5.1, 2023).
However, there are still gaps and challenges to overcome, especially in water stress with an
achievement of only 51% in 2021 (SDG indicator 6.4.2, 2021).
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Figure 3. Water productivity (constant 2015 US dollars per m3). Source: World Bank, World Develop-
ment Indicators [28].

3.3. National Environmental Strategies

Water management thus represents a strategic challenge for Moroccan economic
growth. Resource scarcity is likely to hamper the development of key sectors, including
agriculture, tourism, and the agri-food industry, while exacerbating regional inequalities
and the vulnerability of rural populations [22]. In addition, climate projections for the
country predict a worsening water deficit, reduced rainfall, and rising temperatures, which
will make water management even more complex [23].

Faced with this situation, the Moroccan authorities have engaged in several reforms
and strategies, such as the implementation of the National Drinking Water Supply and
Irrigation Program (PNAEPI) and the promotion of water-saving technologies (desalination,
drip irrigation, etc.), but the results are still not adequate to growing needs [30]. The issue
of the water-economic growth nexus is therefore central to guaranteeing the resilience and
sustainability of the Moroccan development model in the decades to come [27].

To rebuild and restore water availability nationwide, Morocco launched its National
Water Plan (PNE) in 2020, committing nearly $40 billion to the sector [3]. This initiative was
further bolstered in 2022 with an additional budget allocation for the National Program
for Drinking Water Supply and Irrigation 2020–2027, which operates as a component of
the broader PNE [29]. These efforts build upon the foundational strategies initiated by
the earlier Plan Maroc Vert (PMV), launched in 2008, which significantly emphasized the
modernization of irrigation techniques, such as widespread adoption of drip irrigation, to
enhance water use efficiency within the agricultural sector and reduce water losses.

4. Methodology
The present section aims to assess empirically the relationship between economic

growth and water resource constraints in Morocco, using the estimation of an ARDL
(Autoregressive Distributed Lag) model. First, we present the data and the stationarity tests
and detail the procedure for selecting the optimal lags, before presenting and discussing the
econometric results obtained. The aim is to highlight the mechanisms by which variations in
water resources and their productivity influence growth dynamics in Morocco, considering
short- and long-term adjustments [16].
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4.1. Data Type and Source

The empirical analysis is based on annual data covering the period from 1975 to 2021
for Morocco. The data is sourced from the World Bank database [32]. We choose annual
frequency, because it corresponds to the maximum availability of data series over the
period studied for Morocco. The selection of the data is consistent with the literature on
growth and water management [19,27]. The variables are selected based on the research
objectives and on the recommendations of recent empirical work studying the link between
growth, agriculture, and water stress in developing countries [32].

4.2. Variable Description and Justification

Table 1 shows the variables used in the model. Gross Domestic Product (GDP),
measured in constant 2015 US dollars, sourced from the World Bank’s World Development
Indicators (WDI), is used as an indicator of economic growth [26] and Agricultural value
added (AG), expressed as a percentage of GDP, obtained from the World Bank (WDI), is
used for measuring the importance of the agricultural sector, which is highly dependent on
water availability in Morocco [22]. The indicator of the degree of water stress, which is a
structural challenge for the country [16], is renewable freshwater resources (RW), defined
as the annual total volume of internal renewable water resources (in cubic meters per capita
per year), sourced from the World Bank (WDI). Finally, water productivity (WP), measured
as GDP generated per cubic meter of total water withdrawal (US dollars per m3), sourced
from the World Bank (WDI), is an indicator of the efficiency of agricultural uses of the
resource, recommended by the FAO and validated in several recent studies of North Africa
and the Middle East [30,33].

Table 1. Data source and description.

Variable Abbreviation Definition Nature/Unit Source [28]

Real Gross Domestic
Product GDP

Total value of goods
and services produced,
adjusted for inflation

Billions of constant
2015 US dollars World Bank (WDI)

Agricultural Added
Value AG

Value added by the
agricultural sector,
adjusted for inflation

% of GDP World Bank (WDI)

Renewable Internal
Freshwater
Resources per capita

RW
Annual volume of
renewable freshwater
available per capita

Cubic meters per
capita World Bank (WDI)

Water Productivity WP
GDP generated per
unit of water used in
agriculture

Constant 2015 US
dollars per m3 World Bank (WDI)

Source: author’s compilation.

4.3. Descriptive Statistics

Table 2 presents the descriptive statistics for the variables used in the ARDL model
over the period 1975–2021. The average real GDP is 62.7 billion constant dollars, while
the average agricultural value added is 13.28 billion. Renewable water resources per
capita show a marked dispersion, with a minimum of 784.75 m3 and a maximum of
1673.85 m3. Water productivity, measured in constant dollars per cubic meter, also varies
significantly. The results of the normality tests (Jarque–Bera) [34] indicate a slightly non-
normal distribution for agricultural value added and water productivity, which will be
considered when interpreting the econometric results.
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Table 2. Descriptive statistics.

AG GDP RW WP

Mean 13.28351 62.7 billion 1102.414 5.653867
Median 12.35837 53.8 billion 1043.472 4.413786

Maximum 19.25347 124 billion 1673.850 11.74081
Minimum 9.875247 20.1 billion 784.7500 2.234064
Std. Dev. 2.555779 32.8 billion 251.2852 3.076727
Skewness 0.901637 0.494711 0.688850 0.784692
Kurtosis 2.731416 1.903539 2.432059 2.136175

Jarque–Bera 6.509373 4.271488 4.348705 6.284604
Probability 0.038593 0.118157 0.113682 0.043183

Sum 624.3249 2.95 × 1012 51,813.45 265.7317
Sum Sq. Dev. 300.4723 4.95 × 1022 2,904,636 435.4474

Source: author’s calculations.

OpenAI’s ChatGPT (GPT-4, 2025) was used solely for improving language clarity
during manuscript preparation. The authors reviewed and validated all AI-assisted content
to ensure scientific rigor.

5. Results and Discussion
5.1. Preliminary Data Analysis

Before performing the ARDL estimation, it is important to explore some basic prop-
erties of the data. The first step involves testing the stationarity of the series, which is
essential for ensuring the statistical validity of the model and its subsequent results. Once
the stationarity and integration order of all variables have been determined, the next step
is to select the optimal lag length for each series.

5.1.1. Stationarity

To determine the order of integration of the time series, the Augmented Dickey–Fuller
(ADF) [35] unit root test was applied to each variable, first in level and then in first difference.
The results are summarized in Table 3. It appears that GDP and agricultural value added
(AG) are not stationary in level, but become so after differentiation, which classifies them
as integrated variables of order one (I(1)). The variable representing internal renewable
freshwater resources (RW) is stationary in level (I(0)). For water productivity (WP), the
p-value of the ADF test applied to the first difference is 0.07, slightly above the usual 5%
threshold. This situation can be interpreted, according to several authors [36,37], as a
‘weak’ integration of order one (weakly I(1)), which is generally accepted for the estimation
of ARDL models when most variables are I(0) or I(1). Indeed, literature considers that
results close to the threshold can be interpreted flexibly, particularly in empirical studies
of macroeconomic series from emerging countries. Consequently, all the variables in the
model meet the necessary condition for the application of the ARDL method, namely the
absence of second-order integrated variables (I(2)). These results confirm the relevance of
using the ARDL approach, which requires that the variables be either I(0) or I(1), and not
I(2) [38].

Table 3. Augmented Dickey–Fuller test.

Variable ADF (Level) 5% Critical
Value

Stationary at
Level

ADF (1st
Difference)

5% Critical
Value

Stationary at
1st Diff.

Order of
Integration

GDP −1.65 −3.51 No −10.60 −3.51 Yes I(1)
AG −3.08 −3.51 No −11.40 −3.51 Yes I(1)
RW −4.39 −3.51 Yes − − − I(0)

WP −1.92 −3.52/−1.95 * No −1.77 (or slightly
higher) −1.95 No (even at 1st

diff.) Weakly I(1) **

* Critical value depends on the model specification (with or without trend). ** Weak evidence of stationarity at
first difference. Source: author’s calculations.
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5.1.2. Optimum Number of Lags

Choosing the optimal number of lags to include in the ARDL model is an essential
methodological step to correctly capture the adjustment dynamics between variables
without introducing unnecessary over-parametrization. In line with the recommendations
of Pesaran, Shin, and Smith [38] and Lütkepohl [39], several informational criteria were
used: the Akaike information criterion (AIC), the Bayesian Schwarz criterion (BIC), and the
Hannan–Quinn criterion (HQC).

Table 4 presents the specifications tested for selecting the number of lags.

Table 4. Lag length criteria.

Model LogL AIC BIC HQC Adjusted R2 ARDL
Specification

243 −948.99 44.60 45.01 44.76 0.9989 ARDL(3, 0, 1, 2) *
238 −948.25 44.62 45.07 44.78 0.9989 ARDL(3, 0, 2, 2)
242 −948.61 44.63 45.08 44.80 0.9989 ARDL(3, 0, 1, 3)
248 −950.66 44.64 45.00 44.77 0.9988 ARDL(3, 0, 0, 2)
368 −950.69 44.64 45.01 44.77 0.9988 ARDL(2, 0, 1, 2)

Source: author’s calculations. LR: sequential modified LR test statistics (each test at 5% level). FPE: Final prediction
error. AIC: Akaike information criterion. SC: Schwarz information criterion. HQ: Hannan-Quinn information
criterion. * Indicates lag order selected by the criterion.

The optimal lag structure for the ARDL model was selected based on the lowest value
of the Akaike Information Criterion (AIC = 44.60) [38,40], which is widely recognized for
balancing model fit and parsimony, especially with small to moderate sample sizes [37]. To
ensure robustness, we considered a maximum lag length of three for each variable, which
is appropriate for annual data and prevents overfitting [36]. The selected ARDL (3, 0, 1,
2) specification yielded the lowest AIC among all tested combinations. Furthermore, the
suitability of this lag structure was further confirmed through post-estimation diagnostic
tests, as discussed in the next section.

5.2. Model Selection

The ARDL (AutoRegressive Distributed Lag) has several methodological advantages.
The fact that the ARDL framework does not require all series to be integrated at the
same order reduces the risk of specification errors due to the stationarity properties of the
variables [36].

Therefore, the ARDL approach resolves the constraint of studying short samples [40].
Several empirical studies confirm the robustness of the ARDL co-integration tests and
the reliability of the estimation of short- and long-term coefficients, even with less than
50 observations [41].

Also, considering the lags specific to each variable, the ARDL approach allows flexible
modeling of adjustment dynamics. This advantage is relevant for studying the delayed
impact of water shocks on growth or agricultural value added (AG) [42].

The ARDL (AutoRegressive Distributed Lag) model is then used in this study to
analyze the dynamics between economic growth (GDP), water availability (RW), and water
productivity (WP) in Morocco.

The ARDL model used in this study takes the following form in Equation (1):

∆GDPt = α0 + ∑
p
i=1 αi∆GDPt−i + ∑

q1
j=0 β j∆AGt−j + ∑

q2
k=0 γk∆RWt−k+

∑
q3
l=0 δl∆WPt−l + λ1GDPt−1 + λ2 AGt−1 + λ3RWt−1 + λ4PWPt−1 + εt

(1)

With



Sustainability 2025, 17, 6990 11 of 23

∆: first-difference operator,
p, q1, q2, q3: optimal lag orders for each variable, determined empirically based on

information criteria.
α0: constant term,
εt: error term.
The ARDL model (Equation (2)) can be reformulated as an error correction model

(ECM), highlighting the speed of adjustment towards equilibrium after a shock:

∆GDPt = α0 + ∑
p
i=1 αiGDPt−i + ∑

q1
j=0 β j∆AGt−j + ∑

q2
k=0 γk∆RWt−k+

∑
q3
l=0 δl∆WPt−l + ∅ECMt−1 + εt

(2)

ECMt−1 is the error term in the long-term relationship estimated from the levels of
the variables in Equation (3):

ECMt−1 = GDPt−i + β1 AGt−1 + β2RWt−1 + β3WPt−1 (3)

ϕ is the coefficient of adjustment towards equilibrium. To validate convergence, ϕ
must be negative and significant according to Pesaran et al. [38].

5.3. ARDL Estimation Output

Table 5 presents the results of estimating the ARDL (3, 0, 1, 2) model with GDP as
the dependent variable. Water productivity (WP) and its lags are significant coefficients
at the 1% level, showing a significant influence of this variable on economic growth. The
agricultural value added (AG) and water resources (RW) variables show non-significant
coefficients at the usual threshold, although their sign is consistent with theoretical expecta-
tions. The model shows a very good overall fit, with an adjusted R2 greater than 0.99, and
no autocorrelation problems (Durbin–Watson ≈ 1.77).

Table 5. ARDL (3, 0, 1, 2) ARDL estimation output.

Variable Coefficient Std Error t-Statistic Probability

GDP(-1) 1.2516 0.1717 7.29 0.0000
GDP(-2) −0.4974 0.1931 −2.58 0.0145
GDP(-3) 0.1652 0.1097 1.51 0.1414

AG 1.78 × 108 1.22 × 108 1.45 0.1564
RW −2.19 × 108 1.54 × 108 −1.42 0.1653

RW(-1) 2.01 × 108 1.45 × 108 1.39 0.1735
WP 8.60 × 109 8.05 × 108 10.67 0.0000

WP(-1) −1.33 × 1010 1.84 × 109 −7.26 0.0000
WP(-2) 5.15 × 109 1.40 × 109 3.68 0.0008

(C) 1.63 × 1010 8.59 × 109 1.90 0.0657
Diagnostic stat. Value

R2 0.9991
R2 SQ 0.9989

S.E. of regression 1.06 × 109

Akaike info criterion (AIC) 44.60
Schwarz criterion 45.01

Hannan-Quinn criter. 44.75
Log likelihood −971.26

F-statistic 4345.71
Prob(F-statistic) 0.0000
Durbin-Watson 1.77

Source: author’s calculations.
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5.3.1. ECM Form (Short Run) Estimation

Table 6 presents the results of the ARDL model in the form of error correction re-
gression (ECM). We observe that the error correction term [CointEq(-1)] is negative and
highly significant (−0.0806; p < 0.01), indicating a rapid adjustment mechanism towards
the long-run equilibrium after an exogenous shock. This result confirms the presence of a
process of return to equilibrium, in line with the literature that considers the significance
of this term as an essential condition for the validity of ARDL [36,38]. Furthermore, the
differing variables, in particular water productivity (WP) and its lags, have a significant
impact on short-term economic growth, in line with studies highlighting the importance of
water dynamics for GDP trajectories in emerging countries [42].

Table 6. ECM form estimation.

Variable Coefficient Std Error t-Statistic Probability

D(GDP(-1)) 0.3323 0.1356 2.45 0.0195
D(GDP(-2)) −0.1652 0.0862 −1.92 0.0638

D(RW) −2.19 × 108 5.27 × 107 — 0.0000
D(WP) 8.60 × 109 6.47 × 108 — 0.0000

D(WP(-1)) −5.15 × 109 1.17 × 109 — 0.0000
Constante — — — —

CointEq(-1) −0.0806 0.0208 −3.88 0.0005
Diagnostic stat. Value

R2 0.885
R2 adj 0.870

S.E. of regression 1.01 × 109

Akaike info criterion 44.42
F-statistic —

Durbin-Watson 1.77
Source: author’s calculations.

5.3.2. Long Run Form

Table 7 summarizes the long-term coefficients derived from the ARDL model levels
equation. Although none of the coefficients are significant at the 5% level, water productiv-
ity (WP) is marginally significant at the 10% level (p = 0.089), suggesting a potential positive
effect of water efficiency on Moroccan economic growth in the long term. This result is
coherent with the work of the FAO [16] and Wada et al. [33]. Their studies highlight the
importance of sustainable water management in agricultural development strategies. On
the other side, the coefficients associated with agricultural value added (AG) and renewable
water resources (RW) remain statistically insignificant, which is in line with some empirical
analyses on the difficulty of translating structural water improvements into sustainable
economic gains in the North African context [22].

Table 7. Long run form.

Variable Coefficient Std Error t-Statistic Probability

AG 2.20 × 109 2.38 × 109 0.93 0.3610
RW −2.15 × 108 1.59 × 108 −1.35 0.1874
WP 5.18 × 109 2.96 × 109 1.75 0.0894

Constante 2.03 × 1011 1.29 × 1011 1.58 0.1244
Source: author’s calculations.

5.3.3. F-Bounds Test

We use the F-Bounds test (Table 8) to validate the presence of a cointegration rela-
tionship (long-term relationship) which provides an F statistic (2.69) below the critical
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threshold of 5% recommended by Pesaran et al. [38]. It is not possible to conclude that
there is a robust long-term relationship between real GDP, agricultural value added (AG),
water resources (RW), and water productivity (WP) according to this result. It confirms
the results of the literature on growth under water stress and suits studies that highlight
the pre-eminence of short-term adjustments in developing economies faced with water
stress [42].

Table 8. F-Bounds test.

Statistic Value Critical Value (n = 40. k = 3)

F-statistic 2.69 10%: 2.592–3.454 5%: 3.100–4.088
Source: author’s calculations.

5.4. Specification Tests

Specification testing helps verify that the ARDL model is not under-specified as
missing relevant variables or lags or over-specified as including unnecessary terms, thus
enhancing the credibility of the econometric results [36]. In the following section. Several
specification tests are performed to assess the robustness of the model structure and to
identify any potential structural issues. such as omitted variables, multicollinearity, or
inappropriate lag selection.

5.5. Breusch-Godfrey Serial Correlation

Although the Durbin-Watson statistic (1.77) is reported, it is important to note that
this test is not fully reliable for models that include lagged dependent variables, such as
ARDL specifications [37]. To ensure robust assessment of serial correlation, we therefore
applied the Breusch-Godfrey LM test. The Breusch–Godfrey test (LM Test) applied to the
ARDL model results in Table 9 does not reject the null hypothesis of no autocorrelation in
the residuals (p-value = 0.322). The result confirms that the model’s errors are not serially
correlated up to second order, adequate for the prerequisites of time series models and the
robustness of the test as recommended in the literature [37].

Table 9. Lagrange multiplier test.

Test Statistic p-Value Null Hypothesis Conclusion

Breusch–Godfrey Serial
Correlation F = 1.17 0.322 No serial correlation at

up to 2 lags
Not rejected (no
autocorrelation)

χ2 = 3.01 0.223

Source: author’s calculations.

5.5.1. Breusch-Pagan-Godfrey Heteroskedasticity Test

The heteroskedasticity test (Breusch-Pagan-Godfrey) applied to the model’s residuals
in Table 10 shows a p-value = 0.584, above the usual 5% threshold. The null hypothesis of
homoskedasticity cannot be rejected, which confirms that the variances of the errors are
constant over the entire period studied. According to the recommendations of Breusch and
Pagan [38] and Agung [39], this result guarantees the validity of the confidence intervals of
the estimators. in accordance with.

Table 10. Heteroskedasticity Test.

Test Statistic p-Value Null Hypothesis Conclusion

Breusch–Pagan–Godfrey
Heteroskedasticity F = 0.84 0.584 Homoskedasticity of

residuals
Not rejected (no

heteroskedasticity)
χ2 = 8.01 0.533

Source: author’s calculations.
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5.5.2. Normality Test

The Jarque–Bera normality test applied to the residuals (Table 11) provides a statistic
of 4.27 for a p-value of 0.118. The null hypothesis of error normality is therefore not rejected,
which satisfies an essential condition for the validity of coefficient significance tests in
ARDL models [28,29].

Table 11. Jarque–Bera normality test.

Test Statistic p-Value Null Hypothesis Conclusion

Jarque–Bera
Normality JB = 4.27 0.118

Residuals are
normally

distributed

Not rejected
(normality)

Source: author’s calculations.

5.5.3. Multicollinearity Diagnosis

A check on multicollinearity using the Variance Inflation Factor (VIF) (Table 12) shows
that most of the lagged variables have exceptionally high values, particularly GDP (−1 to
−3) and RW(-1), well above the generally accepted threshold of 10 [37]. High VIF values
are commonly observed in ARDL models because the inclusion of multiple lags creates
strong correlations among variables—a structural characteristic well documented in the
econometric literature [36,43,44]. This structural multicollinearity differs fundamentally
from the problematic multicollinearity encountered in static models.

Table 12. Variance inflation factor (VIF) results.

Variable Centered VIF

GDP(-1) 1103.311
GDP(-2) 1356.946
GDP(-3) 411.6253

AG 3.050848
RW 42,075.29

RW(-1) 40,515.20
WP 230.5117

WP(-1) 1121.941
WP(-2) 621.8940

C (Constante) NA
Source: author’s calculations.

As emphasized by Nkoro and Uko [36], this type of multicollinearity does not bias
the estimated long-run relationships or undermine the overall validity of the model. Its
principal effect is to inflate standard errors, which may reduce the statistical significance of
certain coefficients. but does not compromise the reliability of the main results [43].

For full transparency, all VIF values are reported. Nevertheless, we do not consider
elevated VIFs among lagged terms to represent a critical threat to our findings. To reinforce
the robustness of our results, we have conducted additional stability tests, such as CUSUM
and CUSUMSQ, as recommended in the literature [36,44] in the following section.

Table 12 below shows the Variance Inflation Factors (VIF) for the explanatory variables
in the estimated model.

5.5.4. Outliers Test

Analysis of the residuals has enabled us to identify two isolated episodes of outliers,
located around the years 2000–2002 and 2010–2012, as shown in the Figure 4. These atypical
values, although one-off, may reflect the impact of major exogenous shocks (such as
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droughts, changes in water policy, or economic crises) on the model’s dynamics. However.
outside these specific periods. No significant outliers were detected, with almost all
observations remaining at zero. This situation is consistent with what is reported in the
literature, namely that economic models applied to long time series are likely to present a
few extreme residuals linked to historical events [37,43].

0

1

2

1975 1980 1985 1990 1995 2000 2005 2010 2015 2020

OUTLIER

 
Figure 4. Outlier test. Source: author’s calculations.

5.5.5. CUSUM Stability Test

The graphical CUSUM test (Figure 5) shows that the stability curve remains within the
confidence bands for the entire period. According to Pesaran and Pesaran, this indicates
that the model’s coefficients are structurally stable and that the model does not suffer any
major regime change over the study period.

Figure 5. Cusum Test. Source: author’s calculations.

5.5.6. CUSUM of Squares Stability Test

The Visual analysis of the CUSUM of Squares test in Figure 6 reveals that the curve
crosses the confidence bounds twice, which may indicate episodes of structural instability
of the parameters. This result should be considered when interpreting long-term effects,
particularly in the presence of exogenous shocks or policy changes [36,45].
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Figure 6. Cusum of squares test. Source: author’s calculations.

If we cross-analyze, we notice that the periods with outliers in the residual series cor-
respond precisely to the peaks observed on the CUSUM of Squares graph. This agreement
suggests that the structural instabilities detected by the CUSUM of Squares test are due
to these atypical values. This phenomenon is generally the sign of major external shocks
such as extreme droughts. economic crises or institutional changes, which affect both the
dynamics of the residuals and the stability of the model parameters [37].

5.6. ARDL Model Estimation Excluding Outlier Years (2000 and 2011)

To validate that the results of the ARDL model were not influenced by the presence
of outliers identified in the years 2000 and 2011, the model was re-estimated by excluding
these two years from the sample. The results (Table 13) show that the main coefficients,
particularly those related to water productivity (WP and its lags), maintain the same
direction and remain significant at the 1% level, as in the initial estimate. The model’s
overall statistics, such as the adjusted R2 and the Akaike Information Criterion (AIC),
remain very close to the reference estimate.

Table 13. ARDL model estimation excluding outlier years (2000 and 2011).

Variable Coefficient Std. Error t-Statistic p-Value

GDP(-1) 1.3966 0.1728 8.08 0.0000
GDP(-2) −0.6345 0.1912 −3.32 0.0023
GDP(-3) 0.1731 0.1050 1.65 0.1091

AG 1.78 × 108 1.20 × 108 1.49 0.1470
RW −1.82 × 108 1.48 × 108 −1.22 0.2299

RW(-1) 1.68 × 108 1.39 × 108 1.20 0.2384
WP 8.89 × 109 7.72 × 108 11.50 0.0000

WP(-1) −1.49 × 1010 1.85 × 109 −8.05 0.0000
WP(-2) 6.35 × 109 1.42 × 109 4.48 0.0001

C 1.28 × 1010 8.25 × 109 1.55 0.1312
Test Null hypothesis Statistic p−value Decision

Breusch-Godfrey
(autocorrelation) No serial correlation Prob. Chi2(2) = 3.01 0.2225 Not rejected: No

autocorrelation
Jarque–Bera (residual

normality)
Residuals are normally

distributed JB = 17.38 0.00017 Rejected: Non-normal
residuals

Breusch-Pagan-Godfrey
(heteroskedasticity)

Homoskedasticity (constant
variance) Prob. Chi2(9) = 8.01 0.5327 Not rejected: No

heteroskedasticity
Outlier detection (2 SD rule) No extreme outliers - - No outliers detected

Statistic Value
R2 0.9993

Adjusted R2 0.9990
S.E. of regression 1.00 × 109

Akaike info criterion 44.50
F-statistic 4748.05

Prob(F-statistic) 0.0000
Durbin-Watson stat 1.55

Source: author’s calculations.
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This robustness test thus confirms that the dynamics identified between real GDP
and the water variables are not the result of an artifact linked to extreme events but rather
reflect a stable structural relationship [37]. This type of verification is recommended in the
literature to guarantee the reliability of estimated models in the presence of point breaks or
exogenous shocks [42].

6. Discussion
6.1. Interpretation of Results

The empirical results reveal that water productivity (WP) and its lagged values are
highly significant predictors of economic growth in Morocco, both in the short and long
run, which confirms the hypothesis H1 of the present study. The positive coefficient for
current WP (8.60 × 109. p < 0.01) suggests that even small improvements in the efficiency
with which water is used, for example, through the adoption of advanced irrigation
technologies or better water management practices, can have an immediate and substantial
impact on GDP. This result is especially relevant for Morocco, where water scarcity has
become a structural challenge [26]. The negative and significant coefficient for lagged WP
(–1.33 × 1010. p < 0.01) may reflect adjustment effects or diminishing returns, indicating
that while gains in water productivity provide an initial boost to economic activity, their
impact may be partially offset in subsequent periods as the system adapts [46].

Conversely, agricultural value added (AG) and renewable water resources (RW) do
not show statistically significant effects on economic growth, despite Morocco’s high de-
pendence on agriculture and chronic water stress. The lack of significance for AG can be
attributed to the sector’s vulnerability to rainfall variability and market shocks, which often
translate into erratic annual outputs and weaken the stable link between agriculture and
GDP [9]. Regarding RW, its non-significance is likely explained by the low variability ob-
served since 2010, as Morocco’s renewable water resources have remained at critically low
and relatively stable levels, leaving little room for detectable impact on economic perfor-
mance [16]. This chronic scarcity, compounded by the country’s adaptation strategies—such
as investments in water-saving technologies and demand management—has reduced the
sensitivity of GDP to year-to-year fluctuations in water supply.

Overall, these findings emphasize that. under Morocco’s current water constraints.
improvements in water productivity are a more meaningful lever for economic growth
than simply increasing agricultural output or water supply. Future policy should thus
prioritize technological innovation. efficient water use and resilience in agricultural and
water management systems [31].

While the ARDL model allows for the estimation of long-run dynamics, the results
indicate a weak and statistically insignificant long-term relationship between GDP and
renewable water resources (RW) in Morocco. This finding appears counterintuitive, consid-
ering that approximately 40% of the country’s water use is dedicated to agriculture [29], a
sector that remains central to the Moroccan economy. However, several factors can help
explain this result.

First, Morocco’s agricultural sector is highly dependent on annual rainfall and is sub-
ject to frequent droughts. leading to significant year-to-year variability in production [27].
This structural volatility can weaken the statistical association between long-term trends
in RW and aggregate GDP, as economic output in non-agricultural sectors may offset
agricultural fluctuations.

Second, major policy initiatives such as the Green Morocco Plan (Plan Maroc Vert)—
launched in 2008—have promoted investment in irrigation efficiency, water-saving tech-
nologies, and the diversification of agricultural production [18]. This weak long-term
relationship between GDP and renewable water resources (RW) may also be explained
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by Morocco’s proactive adaptation strategies, notably large-scale investments in seawater
desalination (e.g., the Chtouka Aït Baha plant) and the implementation of the National
Water Plan [29]. Such initiatives have enabled the economy to buffer the effects of annual
water scarcity, making growth less sensitive to fluctuations in RW and highlighting the
rising importance of water productivity as a growth driver. These measures have par-
tially decoupled the agricultural sector’s performance from fluctuations in absolute water
availability, making GDP less sensitive to changes in RW at the macroeconomic level.

Third, the persistent water scarcity observed since 2010 has led to a plateau in renew-
able water resources. with little annual variation [21]. This low variability further limits
the capacity of RW to emerge as a significant driver of long-term economic growth in the
model’s estimates. Instead, the findings suggest that Morocco’s growth prospects rely more
on improving water productivity and the efficiency of water use. rather than on absolute
increases in water availability.

Beyond the case of renewable water resources, it is important to note that other
long-run coefficients, such as those related to agricultural value added, also appear non-
significant in the present analysis. This lack of significance may arise from several fac-
tors [47]. First, potential data limitations—such as measurement errors, the aggregation
of economic and sectoral data, or gaps in historical records [27]—could weaken the sta-
tistical power of the estimations. Second, certain structural features of the Moroccan
economy, including the size of the informal sector, limited economic diversification, and
pronounced regional disparities [20], may dilute the impact of sector-specific variables on
overall economic growth. Moreover, unobserved variables, such as governance quality,
institutional factors, and exposure to external shocks [48] (e.g., droughts, global market
fluctuations), might also play a role in shaping long-term relationships. These considera-
tions highlight the need for further research, potentially using more disaggregated data or
alternative econometric approaches, to better understand the drivers of long-run growth in
the Moroccan context.

In summary, the weak long-run impact of RW on GDP reflects both the success of
adaptation policies—such as those under the Green Morocco Plan—and the structural
evolution of the Moroccan economy, which is gradually becoming less dependent on
variable water inputs.

Analysis of the econometric diagnostics reveals the presence of a few isolated outliers
in the residual series, particularly around the years 2000 and 2011. These anomalies coincide
with peaks observed on the CUSUM of Squares graph, indicating episodes of disruption or
exogenous shocks that have potentially affected the structural stability of the model [37].
These shocks, coupled with the volatility of agricultural markets and the introduction of
major policies such as the Green Morocco Plan, were able to generate temporary breaks
in the dynamics of the variables, thus justifying the detection of outliers during structural
stability tests [42]. Taking these episodes into account makes it possible to refine the
analysis of the results and to call for proactive management of water risk in public policies.
However, the robustness tests carried out—including the re-estimation of the model after
excluding these years—show that the main relationships retain their significance and
consistency, in line with the methodological recommendations of Narayan [40] and Banerjee,
Dolado, and Mestre [49]. The classic CUSUM test also confirms the general stability of
the coefficients, while the CUSUM of Squares suggests a cautious interpretation of the
long-term relationships, particularly in the presence of exogenous shocks or changes in
water policy [45].
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6.2. Theoretical Implications and Links to Literature

This study contributes to the literature on the water–economic growth nexus in several
important ways. First, by applying the ARDL modeling approach. The analysis captures
both short- and long-run dynamics between economic growth, water productivity, and
renewable water resources—an approach still underutilized in studies focused on Morocco
and the wider MENA region [6,26]. Second, the empirical results highlight the critical role
of water productivity (WP) in driving short-term economic growth. a finding that aligns
with and expands recent global research emphasizing efficiency and innovation in water
use as levers for sustainable development [31]. Third, the lack of significant long-term
effects for renewable water resources (RW) provides new evidence that, under conditions of
chronic scarcity and adaptation, Economic growth may become less dependent on absolute
water availability and more reliant on productivity gains. These insights not only advance
understanding of Morocco’s unique experience but also offer broader lessons for arid and
semi-arid regions worldwide confronting similar sustainability challenges.

The results are in line with several studies conducted in similar contexts. For example,
in the MENA region, ref. [22] point out that optimizing water productivity has become an
unavoidable priority for public policies to support water-constrained economic develop-
ment. Damania et al. [42] point out that water variability and water resource management
are major determinants of growth in countries with low water availability. In the Moroccan
context, ref. [50] highlight the importance of water efficiency policies in strengthening the
resilience of the agricultural sector to drought.

On an international scale. research such as that by Gleick [51] and Hoekstra and
Mekonnen [52] stresses the need to adopt “soft-path” approaches based on integrated
management and the reduction in the “water footprint” to ensure the sustainability of
growth in a context of water scarcity. Wada and al. [33] use global modeling to highlight
the fact that optimizing water abstraction and use is a prerequisite for sustainable growth.

6.3. Policy Implications and Recommendations

Building on the finding that water productivity (WP) exerts a strong and significant
effect on economic growth in Morocco. policy recommendations should move beyond
generic calls for “integrated resource management” and focus on actionable measures
tailored to the national context. First, accelerating the modernization and expansion of
efficient irrigation systems—particularly drip and sprinkler technologies—can significantly
enhance water use efficiency in agriculture. which consumes over 85% of Morocco’s
total water withdrawals [31]. Targeted public investment. combined with incentives for
farmers to adopt water-saving practices, has been shown to yield substantial gains in both
productivity and resilience [50].

Second, it is essential to invest in the maintenance and rehabilitation of existing water
infrastructure. including irrigation networks. reservoirs. and urban supply systems, to
minimize water losses and improve service reliability [31]. Urban water management
should also be prioritized: promoting water reuse, upgrading distribution systems, and
incentivizing efficient water use in cities and industries can amplify the macroeconomic
benefits of improved WP, as demonstrated in this study.

Finally, given the chronic water scarcity facing Morocco, expanding non-conventional
water sources, such as seawater desalination, particularly in coastal regions, should comple-
ment efficiency strategies. This approach aligns with the objectives of Morocco’s National
Water Plan and is supported by recent investments in large-scale desalination projects [29].
These targeted approaches are explicitly promoted in Morocco’s National Water Plan
and align with the objectives of SDG 6 (Clean Water and Sanitation), strengthening their
relevance in both national and global contexts [2].
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6.4. Limits

However, this study has several methodological and empirical limitations. The quality
of the data on water in Morocco can still be improved: several indicators, such as the level
of water stress, show low variability or gaps after 2010, limiting the power and accuracy of
the econometric estimates [50]. In addition, the relatively small size of the sample and the
annual periodicity constraint reduce the ability to identify specific dynamics or short-term
effects. Some potentially decisive variables (investment in water infrastructure, changes
in agricultural prices, effects of climate change) could not be included due to the lack of
homogeneous and continuous series over the period.

However, it is important to note methodological limitations of the analysis, linked
to the presence of multicollinearity between certain lagged variables in the ARDL model.
As highlighted by the results of the VIF test, this relatively strong collinearity is mainly
explained by the dynamic structure of the model, which integrates several past values of
each variable. This phenomenon is common in time series analyses and does not necessarily
affect the overall validity of the estimates [43]. However, it does call for caution when
interpreting the individual effects of each lag. These may be amplified or attenuated by
existing correlations between variables [39].

Another limitation of this study is that it does not explicitly test the Environmental
Kuznets Curve (EKC) hypothesis by including a quadratic GDP term (GDP2) in the ARDL
model. The EKC framework is widely used to capture potential non-linear relationships
between economic growth and environmental stress, such as water scarcity [9,12]. Our
analysis focused primarily on the dynamic effects of water productivity and renewable wa-
ter resources, but future research could incorporate GDP2 to examine whether an inverted
U-shaped (EKC-type) relationship exists in Morocco [50]. Such an approach would provide
additional theoretical depth and align the study more closely with global debates on the
growth–environment nexus. It is also important to note that in arid countries like Morocco.
persistent water scarcity and adaptive policy responses may limit the emergence of classic
EKC patterns, as highlighted by the World Bank [26].

Also, to explore the impact of investment policies and integrate indicators linked
to water governance or climate change, future works should extend the analysis to a
panel-country perspective [24] as recommended in the recent literature.

7. Conclusions
This study highlights the important role of water productivity in Morocco’s resilience

to the increasing scarcity of water resources and economic growth. The results confirm that,
while the short-term links between water productivity and GDP are robust, the long-term
relationship between growth and water resources remains more nuanced, notably because
of water variability and exogenous shocks. This Moroccan specificity can be explained
by the structural importance of the agricultural sector and the country’s high exposure to
climatic conditions.

In this context, Morocco has promoted ambitious policies, such as the National Water
Strategy 2009–2030 and the Green Morocco Plan (Plan Maroc Vert), aimed at encouraging
integrated resource management. precision irrigation and modernization of the agricultural
sector [16,26]. The importance given to saving water, diversifying supply sources, and
encouraging research and development into water technologies reflects the national will to
adapt the development model to environmental constraints.

However, to build resilience and ensure inclusive growth, it is crucial to continue
efforts in water governance. investment in infrastructure, and integration of water planning
with economic and social policies. Establishing better monitoring indicators and systemati-
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cally integrating climate change risks into decision-making remain major challenges for
Morocco [28].

In sum, the Moroccan experience offers valuable lessons for countries facing similar
challenges in the MENA region and beyond. Continuously improving water productivity
and promoting adaptive management, based on science and innovation, are the major
levers for ensuring water security and supporting sustainable economic development in
the Kingdom.
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