


215

Fig.  A seasonal riverbed lies dry except for a small pool of standing water, on the outskirts of the Tata oasis, in southeastern 
Morocco (Source: Cristiana Strava, 2018).
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Morocco is considered a water-independent country by the World Bank, yet due to its topographical 
diversity, considerable land surface and challenges posed by climate change, it ranks among the most 
water-stressed countries on the globe. Marrakech, an oasis city in Morocco, thrived for centuries 
through the ingenious use of khettarat, a traditional system of underground wells and channels that 
tapped into local aquifers and made use of topography and gravity to sustainably deliver water to 
the city. Until the early 1990s, Marrakech could still meet all its drinking water demand with the use 
of khettarat. Owing to a combination of institutional, political and economic factors, the khettarat 
system went into sharp decline starting in the 1980s and was at risk of disappearing both as a 
form of heritage and as an Indigenous technology. Recent efforts by multiple stakeholders aim to 
safeguard and re-introduce khetterat. They demonstrate the importance of local socio-technical 
systems in ensuring equitable and sustainable development in Morocco and similar arid regions 
around the world.
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Introduction

As a water-independent country1 that does not 
share ownership or usage rights over its sur-
face water or groundwater with any neighbor-
ing state, Morocco enjoys an unusual degree of 
freedom to determine its domestic water poli-
cies (World Bank 2020). However, the country 
faces challenges due to uneven distribution and 
uneven access to sustainable water sources 
across its territory. The situation has been exac-
erbated by accelerating climate change, as well 
as by political decisions to pursue water-inten-
sive economic activities like mass tourism and 
export-oriented agriculture (Davis 2006). These 
factors have made this structural water deficit 
a defining feature and pressing challenge for 
economic and governmental actors. In 2022 
Morocco experienced the worst drought in 
40 years, with ordinary inhabitants feeling the 
impact throughout the country (Manfron et 
al. 2023), particularly in the Marrakech region 
(Elshamy 2022). 

The conditions for this deficit were compounded 
by historical precedents, most of which were set 
in place during the twentieth century. France’s 
Protectorate in Morocco (1912–1956) was 
characterized by a settler-colonial form of occu-
pation. Land expropriated from the Indigenous 
population and export-oriented agriculture be-
came key pillars of the colonial economy (Guer-
in 2016). The introduction of intensive, irrigated, 
industrial agriculture during the colonial period 
overdetermined the direction of water use and 
water-use policy for decades to come. Histori-
ans and political scientists have documented 
some of the economic and political outcomes 
of these transformations (Bouderbala 1984; Da-

vis 2007). However, their ecological and social 
impacts have not been studied as extensively. In 
the following sections, I present several forms 
of historical water management, before describ-
ing the significance of a new water heritage 
museum. I then set these historical approach-
es against the backdrop of challenges posed 
by accelerating climate change and the return 
of mass tourism to the Marrakech area, before 
concluding with a set of recommendations.

Historical Attempts at Local Water Management: 
From the French Protectorate to Post-
independence Morocco

Morocco is 80 per cent arid or semi-arid (fig. 
1), and water availability has dropped from 
3,500 m3 per person per year in 1960 to 730 m3 

per person in 2005 and 645 m3 per person in 
2015 – well below the “water poverty level” of 
1,000 m3 per person per year as defined by the 
World Bank. According to the same data from 
the World Bank and the Moroccan Ministry of 
Equipment and Water, this ratio is expected to 
decline to the absolute threshold of 500 m³ per 
capita per year by 2030 (Taheripour et al. 2020).

To address these conditions, in the post-in-
dependence era (1956–2000s), Morocco’s 
monarchy embarked on several large-scale 
modernization projects, which led to changes 
in institutional and practical arrangements for 
the management of local water systems. This 
entailed, for example, the building of large hy-
dro-power dams and reforms to ownership 
regimes that focused on providing incentives 
to move from communal to private ownership 
(Simonk 2021). Driven by a commitment to the 

1. Water-independence is a measure of how much of the overall volume of a given country’s renewable water resources come 
from sources that are designated as internal or external to that country’s sovereign space. For Morocco this measure is 0 for 
external sources, hence it is a water-independent country. See World Bank (2020).
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economic orthodoxies of the 1970s and 1980s, 
this ultimately prioritized economic growth 
through free-market logic over communally 
managed public goods. This in turn contributed, 
among other things, to the decline of agricultur-
al commons such as the agdal and collectively 
managed water systems such as the khettarat 
(Strava and Amarouche 2022). Marrakech, an 
oasis city in Morocco, thrived for centuries 
through the ingenious use of these khettarat 
(fig. 2), a traditional system of underground 
wells and channels that tapped into local aq-
uifers and made use of topography and gravi-
ty to sustainably deliver water to the city (Faiz 
2002). Until the early 1990s, Marrakech could 
still meet all its drinking water demand with the 
use of khettarat (Faiz and Ruf 2010).

Institutional and Indigenous Approaches: Aman 
Museum for Water Heritage

On January 5, 2017, on the outskirts of the 
oasis city of Marrakech, Crown Prince Moulay 

Hassan inaugurated the Mohammad VI Muse-
um of Water Heritage and Civilization - Aman, 
Morocco’s first water heritage museum, built 
on land donated by the Ministry of Charitable 
Endowments and Religious Affairs (Ministère 
des Habous et des Affaires Religieuses, here-
after Habous). Nicknamed the Aman Museum 
after the local Indigenous Amazigh word for 
“water,” and managed by the Habous, the muse-
um and surrounding site, together with the local 
institutions involved in its planning, constitute 
a unique example of not only recuperating so-
cio-technical water knowledge but also ensur-
ing its preservation through education. 

The choice of planning, building and manag-
ing the museum under the tutelage of the Ha-
bous is not as arbitrary or strange as it might 
first appear. Drinking water fountains and wells, 
as well as washing fountains needed for the 
performance of religious rituals and everyday 
cleaning, have been and continue to be a key 
infrastructure of Moroccan cities and small 
towns. Historically, establishing and maintain-

Fig. 2 A diorama inside the Aman Museum showcasing and labeling in three languages the underground components of 
a khetarra: a long gallery that taps into the water table and angles down toward an irrigation field or oasis community, and 
several maintenance wells that can be accessed from above ground. (Source: Cristiana Strava, 2023).
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ing this infrastructure has been the responsi-
bility of religious institutions like the Habous, 
whose knowledge and custodianship of these 
socio-technical systems extend back many 
centuries (Ftaita 2010). 

However, by bringing together previously dispa-
rate actors from the Moroccan community, pol-
icy and technical sectors, the museum provides 
an unprecedented example of mixed institution-
al stewardship. The work of setting up the muse-
um was anchored in an inclusive approach that 
combines public outreach with public-private 
partnerships in the work of heritage preserva-
tion and knowledge ownership. This approach 
is further illustrated by the consortium of actors 
who participated in the planning, financing and 
scientific coordination of the museum: from 
the German Technical Cooperation Agency 
(GIZ; Deutsche Gesellschaft für Internationale 

Zusammenarbeit), to the local University Cady 
Ayyad in Marrakech, Moroccan engineers and 
historians of the environment and internation-
al museum consultancies (K Nour). The Aman 
Museum demonstrates that the preservation, 
valorization and management of unique water 
systems and associated forms of heritage can 
greatly benefit from cross-sectoral and inter-
national collaboration. Beyond extending this 
knowledge and custodianship into the future, 
the creation of Morocco’s first water heritage 
museum and its location in one of the most wa-
ter-stressed regions of the country might also 
be interpreted as a statement of commitment 
by local and international actors to safeguard 
and valorize Indigenous knowledge systems.

Across 10 permanent exhibits, through varied 
mediums and techniques, the museum traces 
the historical, bio-chemical, legal, spiritual, polit-

Cristiana Strava

Fig. 3 The main atrium of the Aman Museum contains a 3D model of the region’s hydrological system and is designed to 
visually connect all three floors, seeming to reference a deep and wide well (Source: Cristiana Strava, 2023).
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Fig. 4 The tops of khettara maintenance shafts with signs of dereliction and overgrown vegetation, threatening their col-
lapse, Guelmim region, Morocco (Source: Cristiana Strava, 2010).

ical, socio-economic and geographical aspects 
of hydrological systems in the country (fig. 3). 
By placing a particular emphasis on the Indig-
enous knowledge and practice associated with 
khettarat and the skillful management of wa-
ter in Morocco’s arid regions, the exhibits offer 
more than educational information. They also 
remind local and international visitors of the 
immense knowledge that Indigenous communi-
ties already possess – and that this knowledge 
can be lost unless efforts are made to preserve 
it and bring it back to life (fig. 4–5).

Climate Impacts and Sustainable Tourism

The Aman Museum’s proximity to Marrakech is 
not arbitrary and acts as a stark reminder of the 
human and climatic challenges faced by already 
stressed water systems. Until the early 1990s, 

Marrakech could still meet all its drinking wa-
ter demand with the use of khettarat. However, 
at present, the oasis city consumes 66 million 
m3 of fresh water per year which can lead to 
severe aquifer depletion. One significant factor 
is the over-pumping of groundwater from wells 
for intensive agricultural uses and leisure activ-
ities (thirteen golf courses, five waterparks and 
many private lawns and pools) that give the city 
its reputation as the “Las Vegas of Morocco.”

As the city’s tourism industry has returned to ac-
tivity levels matching the years before the COV-
ID-19 pandemic, pressure on the local aquifer 
is set to increase. Recent studies also highlight 
the impending threat posed by the rapid deple-
tion of underground aquifers resulting from a 
decrease in rainfall and from their being heavily 
tapped for agricultural expansion (CESE 2014). 
For three consecutive years (2020, 2021, 2022), 
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Fig. 5 Inside an underground desiccated gallery of a khettara light shines from above through the maintenance shafts. 
The gallery is tall enough for an average-sized person to stand up straight and wide enough to comfortably walk through. 
(Source: Cristiana Strava, 2010).

the region recorded a steady drop in precipita-
tion, with 2020 being one of the driest years on 
record since 1981. Aquifer water has also been 
degraded by seawater intrusion, nitrate pollu-
tion (from fertilizers or untreated sewage) and 
natural increases in salinity (Hssaisoune et al. 
2020). Given the slow recharge rate of these aq-
uifers, their depletion and degradation will have 
severe effects on Morocco’s water systems. 
However, like many other middle-income coun-
tries in the Global South, Morocco’s national 
strategy for economic development continues 
to rely heavily on both a strong tourism sector 
as well as export-oriented agriculture. Taking 
into account the urbanization and population 
growth required to keep these sectors profita-
ble, current predictions warn that unless urgent 
measures are enacted, Morocco expects to 
reach “absolute water scarcity” (less than 500 m2 

per person per year) by 2030 (Taheripour et al. 
2020). 

Conclusion

Recent efforts at recuperating, revitalizing and 
celebrating Morocco’s rich Indigenous water 
heritage have been instrumental in mitigating, 
and in some cases even reversing, some of 
the most detrimental effects of previous wa-
ter-management policies and practices in the 
country’s arid regions (Dahan 2017). 

Public-private partnerships and the phased but 
sustained introduction of renewable sources of 
energy can help alleviate water stress in Mo-
rocco’s arid regions, while also helping to miti-
gate risks in other regions where flooding and 
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coastal erosion pose a threat to local commu-
nities and their livelihoods. Artificial recharge 
of existing aquifers, seawater desalination and 
wastewater reuse are some of the promising 
approaches currently being tested across the 
country. Alongside efforts to revitalize local 
socio-technical water heritage, these approach-
es stand to offer viable solutions that have the 
potential to ensure equitable sustainable water 
futures for all (Hssaisoune et al. 2020). 

However, it is also clear that current models of 
development that remain wedded to capitalist, 
market-driven and financial incentives cannot, 
in the long run, safeguard water resources 
and will ensure neither the survival of heritage 
practices nor that of communities who have 
developed and preserved these practices for 
centuries. Instead, the recuperation of Indig-
enous water-management knowledge in Mo-
rocco demonstrates that to build and maintain 
resilient and locally adapted solutions, decen-
tralized, collective and communal forms of re-
source use and stewardship like the khettarat 
merit broader support and a more central role 
in water-management plans.
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Policy Recommendations

• Establish new or reinforce existing partner-
ships between governmental agencies and 
local communities in charge of safeguarding 
water resources.

• Allocate structural funding to local efforts 
that integrate Indigenous knowledge in na-
tional water-management strategies.

• Concerted efforts can together ensure sus-
tainable, participatory and locally appropriate 
approaches to water conservation, in Moroc-
co as well as in similar semi-arid countries.
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