GROUNDWATER GOVERNANCE IN THE
MIDDLE EAST AND NORTH AFRICA

IWMI Project Report

Groundwater governance in the Arab World

Alvar Closas, Francois Molle

Water Management
Institute




This is an IWMI project publication — “Groundwater governance in the Arab World —
Taking Stock and addressing the challenges”

(i
&
\

)
([
e
W
W

—
—
’ - -

nternational
Water Management
Institute

This publication was made possible through support provided by the Middle East Regional

Platform, U.S. Agency for International Development, under the terms of Award AID-263-
10-13-00005.

USAID

FROM THE AMERICAN PEOPLE

DISCLAIMER

The opinions expressed in this publication are those of the authors and do not necessarily

reflect the views of IWMI, the U.S. Agency for International Development or the United States
government.

Cover photo credit: Wafa Ghazouani (Tunisia).



Table of contents

FOTEWOI..ceuieeertereeeeiruireiraireessessesseceesressastassassssssessesssssessassassasssssssssssssssssssssassasssssssssssssssnnses 9

Section 1. Groundwater governance in the MENA region

Part 1. Groundwater resources, use, and governance in the MENA region

3 I 1V o T 4o T o o 2N 13
1.1  Groundwater resources and abstraction in MOroCCo .......cccccvvviieeeivciieee e 13
1.2 Legislation to regulate groundwater abstraction in Morocco........cccceeevevvciierceneneenenne 16
1.3 Enforcement difficulties and perverse inCeNtives .........eeeeieecciiieeiee e, 18
1.4  The 'Aquifer contract' as a groundwater regulatory tool in MOrocco .........ccccceveueennee. 20
1.5  Groundwater abstraction in the Souss Region, MOroCCo ........cccceeeeeeecuvveeeeeeeeeeccnrneee. 21

151 Groundwater management and the ‘contrat the nappe’ in the Souss .................. 21
1.5.2 Groundwater development in the Upper Souss Basin ........ccccceeeeeeeecciiiieeeeeeeeeeennns 23
1.6  Traditional irrigation and groundwater abstraction systems in Morocco ..................... 25
1.7 Groundwater user strategies in MOIrOCCO .......ccuveeeeeeeiiiiiiieeeee et e e 29

A £ 1= 1= o - PN 30
2.1  Groundwater resources and abstraction in Algeria ......ccccccceveeiiiieiie e, 30
2.2 Groundwater regUIATIONS ......civiiiiiii et 31
2.3 Groundwater abstraction in the Mitidja plain, Algeria ........cccccvvveeeeiiiiiiciiiieeeee e, 32
2.4 Traditional groundwater abstraction systems in Algeria ........cccoovcveiririieeeinieee e, 33
2.5 Land, inequality and groundwater abstraction in Quarizane.........ccccccceeveciiveeeeeeeeeecnnns 33

N ¥ 1] - TN 34
31 Groundwater resources in TUNISIA.....cccueeiiiiieee e ccree e srre e s srre e e s sabe e e s s ranaeee s 34
3.2  Groundwater management and regulation in TUNISIA .......cceoveeciiiieieee e, 36
3.3  Groundwater overexploitation in TUNISIA.......c..ceeeiiiiiiiiiieee et e e 38
34 Measures to curb groundwater Use in TUNISIA ......ccccviieeieee i e e e 40
3.5 Tunisia’s model of decentralized groundwater management .......cccc.ccoeeeccvvveeeeeeeeecnnns 42
3.6 Authorizations and enforcemMENt .......cceeviiiiii e 44
3.7  Groundwater in the Merguellil basin, TUNISIA ........cccoviiieiiieiieicireeee e, 45
3.8 Groundwater management in TUNISIA’S 0SES .......ueeeeriuieeeeiiiieeeeriee e sreee e sree e e esnreee s 48

R | 13 - T 49
4.1  Groundwater resources in Libya........cccccee i 49
4.2  Groundwater abstraction in LIDYa ........ceeiioieciiiiiiiiee et 49

L X -1 1 50
5.1 Groundwater reSoUrces iN EGYPL.. ..o cieei ittt et e st eneee s 50
5.2  Groundwater regulation in EGYPt....eeee oo 51
5.3  Groundwater abstraction in the Nile delta .......cccccoeeriiiei i, 52
5.4  Groundwater abstraction in the Western Desert, Egypt.......ccocccriieeeeiiiiicciiiieeeee e, 53
5.5 Egypt’s new reclamation plans for the Western Desert.........ccccovveeeeeeiicccciiieeeee e, 56

(S 1 T - T T OSSN 57
6.1  GroundwWater iN SUOAN.......cciiiiiiiiie it e s sbee e s s sbre e e s sabeeessnabeeeees 57
6.2  Groundwater-fed irrigation in Northern Sudan .........cccceiiiiieiiiiiiee e, 58

72N -1 « T T4 Vo T N 59



7.1 Groundwater resources and abstraction in Lebanon.........ooeevvveeeeeiiieeeeiieieeee e eeeeeeeennn, 59

7.2  Groundwater use in the Bekaa Valley .........uueeeiiiiiiiiiiieeeee e 60
7.3  Groundwater regulation and development in Lebanon..........ccocovvvieieiiiniinicenenies 61
2 J Y o T T PR 63
8.1  Groundwater resources and abstraction in SYria......cccccocevvriieniiiincen e 63
8.2 Regulation of groundwater abstraction and wells in Syria ......cccccceeeeeiiieiciiiieeeeeeeeeees 64
8.3  Perverse incentives for agriculture leading to groundwater over-abstraction.............. 65
8.4  Traditional groundwater management systems in Syria.......ccccccvveeeeeeiiiccciiiieeee e, 66
L= T 1o T« - o T OO 66
9.1 Groundwater resources and abstraction in Jordan.........ccccovvveiiiivieie e, 66
9.2 Groundwater abstraction iN AzZrag ....ccceeeeieeeeee et 69
9.3  Groundwater regulation iN JOrdan ..o 71
9.4  Traditional groundwater management in JOrdan ........ccocccovverviiiiniieneniee e 75
0 =T o 7T o N 76
10.1 Groundwater resources and abstraction in Yemen ........occcccvveeeeii i, 76
10.2 The development of groundwater abstraction in Yemen .......ccccccoooveciieeeeeeeeecccnnnneen. 76
10.3 Groundwater management policy and regulation in Yemen ........cccooccveiiiiiiniiniiennnnnns 78
10.4 Traditional groundwater management systems and their recent evolution in Yemen. 80
10.5 Community management of groundwater resources in YEMeN ........cccceeeevcveeeeicveeeennns 81
11 SAUdi Arabia...cccceeiiiiineiiiiiieiieiirnieiieneierreneeesrennsssereansssessenssssssennsssssennsssssennssssseennsssnns 82
11.1 Groundwater resources in Saudi Arabia.........coooccuiiiieee i 82
11.2 Groundwater regulation in Saudi Arabia.........ccccciiiiieiiiii i, 83
11.3 Expansion of groundwater abstraction in Saudi Arabia .......cccccccvvveeevivenrcie e 84
12 BahraiNn...cceeiiiiiiiiiiiiicnirrence e reenesesrenaesessennssessennssssssennssssaennsssssennessssennnssssennnssnes 85
12.1 Groundwater resources and abstraction in Bahrain .........ccccooveeeiiiiinciiieeee e, 85
12.2  Groundwater regulation in Bahrain.........ccccceeieiiiiiieieee et e 86
G I 0 T - T T 88
13.1 Groundwater resources and abstraction in OMan.......cccccccveeiiivieee e 88
13.2  Groundwater regulation in OMan ...........eeeiiiiiiiiciiiieeeee e e e 88
13.3 Traditional methods for collecting groundwater in Oman.......ccccccceeeecciveeeeeeeeeeccineeee. 89
N 1 T o 91
14.1 Trends in groundwater deVelopPmMENT.........ooiiiiiiiiiiiiieie e e e 91
14.2  Regulation Of SroUNAWALEr USE .....ccocuuiiiiiiiee ettt e et e e e e e aaraeeees 92
15 TUIPKEY ceieeiieiiiiiiiric ettt reee s reeereasesene e sensesenssssassssenssssnssssensssenssssnssssensesensssrannans 93
15.1 Current groundwater use and general management framework.........ccccccceeeeeeennnnnnenn. 93
15.2  Groundwater Irrigation COOPEratiVES ......cceeieiieiciiiiiieee et e 95
Part 2. Analysis
1 Groundwater development in the Middle East and North Africa........cccccceeeerreeencerennnn. 100
2 Therole of the state in groundwater management.........c.cccveviiiiinniiiinnniinninninnenn. 100
2.1  The state and groundwater development in the Arab world .........cccccoveeiriiineenicnennn. 100
2.2 State legislation and regulation of groundwater abstraction: a panoply of policy tools102
2.2.1 Controlling Well @XPanSioN........civcieee i e st e s e 103
2.2.2 Controlling and reducing abstraction in existing wells.........cccccceeeeeiiiiciiiieeennen.n. 107



N o un b

2.2.3 SUPPIY-SIAE MEASUIES ....veeeeeiiieeeeiiieee e etee e e ertee e e s stee e e s sate e e s snbe e e e s sseeeesenraeessnnnees 110
2.2.4 Government-led participation and attempted groundwater management

Lo LYol =T ol o =Y 1= Lo o R 114
2.3 Effectiveness of state action in groundwater regulation ..........ccccceeeeeiiiiiiiiieeeecc i, 118
23.1 ENfOrcement WEAKNESSES ....ccceccuvieeiciiieie ettt ettt e st e e e snre e e e s nrae e s e ranaeee s 118
2.3.2 Administrative and organizational regulation of groundwater abstraction......... 120
233 The role of international donors in water management: the example of Yemen 122
234 Perverse incentives for agriculture and irrigation ........ccccceeeeeeeeciiiieeeee e, 123
2.3.5 The state, vested interests, and groundwater management .........cccccccveeeeennneenn. 124
2.4 Public policy outcomes and user responses to groundwater depletion...................... 129
241 Expansion, coping with groundwater depletion, or exiting the system............... 129
2.4.2 Cooperation and conflicts between users and with the state..........ccccccevveeeeee.n. 131
Community groundwater management in the Arab World .........cccorveeiiriieiiiriennccnnee. 134
3.1 Traditional groundwater management structures in the Arab world...........cc............. 135
3.2 Community management of wells in Moroccan and Tunisian 0ases.........ccccccvveeeenneee. 135
3.3  Community management in Yemen and its iMits ......ccccceeeeieiiiieeeie e 136
A typology of wells in the Arab World .........ccceuiiiieeiiiiiicicrreeeerreneeesreneeeereensneeseennnns 138
Trajectories of conjunctive surface and groundwater interaction.........ccccceeveeneriencenennnns 142
REFEIENCES ..uvvrriiiiiiiiiiiiieiiiiiiiiiinenaeesiieeniitresssanssseesstteessssssssssssssneesssssssssssssssesssssssssssns 145
L 3 1= 162
7.1 Groundwater reSOUrCES IN YEMEN .....uiiiiiiiicciiieeeee e e e eeccrere e e e e e e e rneere e e e e e e s esnneeaeeeeaeeas 162
7.2  Groundwater politics and policies iN YEMEN .......occeiiiiciiieiiie e 164
7.2.1 Groundwater development in Yemen before unification in 1990 ....................... 164
7.2.2 Groundwater policy and management after 1990 ...........cccccvvveeeeeeeeeccccireeeeeeennn. 165
7.2.3 Groundwater management and Yemeni politics after the 2011 revolution ........ 169
7.2.4 Legal pluralism and water management .......ccceeeeeeecciiieeeee e 171
7.2.5 Failed decentralisation through local councils and water basin committees ...... 172
7.2.6 The role of the international community in water management in Yemen......... 175
7.3 Groundwater, power, and vested interests in YEMEeN ......ccccceeeeeecciiieeeee e, 176
7.3.1 Corruption, political power networks, and vested interests in Yemen................ 177
7.3.2 Qat, politics, and groundwater in YEMEN .......coociriiiiee et 181
7.4 Community and groundwater management in YEMEeN.......cocceeeeeciiieeeeeeeeeecciieeeeeeenn. 185
7.4.1 Community Management FUIES ........ccuuviviieeee et 185
7.4.2 Conflict resolution MEChANISMS......ciiciiiiciie e 185
7.4.3 Dismembering local traditions .........ceeiieieeciiiieiieee e 187
ANNEX 2 .euiiieiiiieiiirieiieesiireeiraeirsasitraessraessrenessrssssressssrsessrsssssessssrassssessssrasssrsnssssasssranssns 189
8.1  The state and political systems in the Arab world ........cccceevvieiiiiiiiiieiii e, 189
8.2  Characterizing the Arab State.....ccuueeiiii i 190



Figures

Figure 1. Project case studies and cases reviewed for the project.......ccccoeevevevcenviienicce e, 10
Figure 2. Groundwater over-abstraction in Morocco (a) and water table declines in the Haouz

and Saiss Plains, MOroCCO (B) ..cccviiiiiiiee et et e 14
Figure 3. Main aquifers in IMOIOCCO ..........uviiiiiei ittt e e e et e e e e e e e e e traeee e e e e e e enannes 15
Figure 4. The Souss aquUIifer in IMOIOCCO........ocutieiieeeie ettt ettt e st see e e 22
Figure 5. Diagram of @ KNettara/ganat .....c..coveiiieiiicieieciec ettt et sve e e 24
Figure 6. Effects of modern groundwater abstraction technology on traditionally irrigated areas

in Ouled-Berrhil between 1970 and 2005..........cooiiiieiieeiieieiee ettt e e sieee e 25
Figure 7. Schematic of a typical irrigation system in FigUIg........cccevveeriiienrcieerer e, 27
Figure 8. The Figuig Oasis, MOFOCCO ........uuvieiiieeeieeiiiirieeeeeeeeeeeetreeeeeeeeeeeettreeeeeeessessassraseeeaeessanannes 28
Figure 9. The Mitidja plain, sub-basins and the aquifer ........cccecvivrer e, 32
Figure 10. Shallow and deep aquifers in TUNISIA .....c..vveeieeiiiicciieeeee et e e e e 35
Figure 11. Water resources and infrastructure in TUNISIa .....ccccveveeriieereenieneesee e 36
Figure 12. Evolution of density of wells in Dar Chichou, Cap Bon in 1951-1989...........ccccceeeennnee 39
Figure 13. Evolution of four piezometers in Haouaria, Cap Bon (1972-2007).....ccccccevveerercverrnnnen. 40
Figure 14. The Merguellil Basin and groundwater over-abstraction in the Kairouan plain .......... 47

Figure 15. Depth to water level in Misratah (northern coast) and in Kufra (South-eastern desert),

1V RSO UUUTR RO URTT 49
Figure 16. Main aquifers in LIDYa .....cueiiiieee ettt e e ertre e e setre e e e sara e e e sabreeessnreeeeenns 50
Figure 17. Major aquifer Systems iN EGYPL ..eceeee ittt e e et e e e e e e e e eaaaes 51
Figure 18. Groundwater withdrawals in the Kharga area, West Desert, Egypt......ccccovvvveeeeerinnnnns 55

Figure 19. Centre pivots in East Oweinat, Egypt, near the border with Sudan (Western Desert) 55

Figure 20. Egypt’s land reclamation plans and desert 0ases........ccccccveeeevcveeeeccreeeeeiiveeeescneee e 57
Figure 21. Changes in groundwater levels in the Central Begaa (1970-2010). .......ccoevvvreeecuvereens 61
Figure 22. Total irrigated area, groundwater irrigated area, and number of wells in Syria (1981-

P40 01 ) PSP RPRPOPRRTR 64
Figure 23. Groundwater basins iN JOrdan ........c.ooociiiiiiii e rreee e e e e e 67
Figure 24. Groundwater production volumes in Jordan (2003) .......ccccceevecieeeecciiee e ecieee e 68
Figure 25. Groundwater abstraction per sector in Jordan .........ccccveeiiiicciiiieeee e 69
Figure 26. Year of well installation in AZrag ......cceeveeiieei it 70

Figure 27. Spring discharge and groundwater pumping levels for drinking water supply in Azraq

Figure 28. Piezometric levels in Azrag (1985-2013) and increase in salinity in one sample well..71

Figure 29. Yemen’s Main @QUITEIS. ... iieii ittt e srte e e s svere e s s ate e e s s snbae e s s s naeeeeenns 78



Figure 30. Principal aquifers in Saudi Arabia .......cc.ccccuveiiiiiiie e 83

Figure 31. Wheat production and imports in Saudi Arabia ........ccceeeeeeiiiiiiiiieieee e 84
Figure 32. Historical groundwater abstraction from the Sag-Ram Aquifer by Saudi Arabia

between 1975 aNd 2007 ........uii ettt ettt et sttt s b e et e bt e sbe e e sareeeneeeeas 85
Figure 33. Groundwater level decline in the Ram Aquifer in the South Wadi Araba Basin .......... 85
Figure 34. Bahrain’s groundwater abstraction ...........cceeeiiii i 86

Figure 35. Annual production of desalinated water and groundwater abstraction in Bahrain .... 87

Figure 36. Growth of tubewells, irrigated cereal yields, and cultivated area in Iran .................... 92
Figure 37. Use of surface and groundwater in 1ran ........ccceeeeeeiiii e 93
Figure 38. Main aquifers in TUIKEY ......ccuuviiieie ettt e e e e e e et r e e e e e e e e e e anaes 94
Figure 39. Groundwater use by sector in TUIKEY........cooiviiiiiiriiei e 95
Figure 40. Evolution of groundwater-irrigated [and area.........ccceeeeeeeieecciiiieeeee e 96

Figure 41. Evolution of salinity in a recharge site in Korba, Cap Bon, Tunisia, before and after 3

VEAIS OF FECNAIZE ...t e e e e e e e e e e e e e et reeeeeeeeeesnaaraeeees 112
Figure 42. Seawater desalination capacity installed in the Arabian peninsula (in 2008)............ 114
Figure 43. Timeline of @VeNtS iN SYIia .......uveiiiiiiiieeee e e et e e e e e e 133
Figure 44. Processes of community groundwater management......cccecveevcererieeeeeeesieneneee e 135
Figure 45. A simplified groundwater well typology for the Arab World ............ccceeviveeiiirinnnnnns 138
Figure 46. General evolution of well use for groundwater abstraction ........cccccccevevvvvcevennennne 139
Figure 47. Cumulative disbursement for Yemen’s water sector support project committed

amount (original and actual aMOUNTS)........ccviiiiiiiiie e e e 176
Figure 48. Power circles and nepotism structure in Yemen during Saleh’s rule ... 180
Figure 49. Share of gat cultivation in agriculture areas in Yemen........cccccocveeeevcveeecccveeeeeeveenn, 184
Figure 50. Conflict resolution in the Ya'fa tribes ......ceeeeiiiiiiiiiieie e, 187



Tables

Table 1. Main legislation enacted in Morocco to regulate groundwater........ccccceveveevceeerienenen. 18
Table 2. Water pricing according to groundwater abstraction levels for private agricultural wells

T o e = o ISR 72
Table 3. Legislation regulating groundwater in Jordan .........ccccoveeiiiiiiiccciiiieee e, 74
Table 4. Number and discharge of groundwater resources (Year 2006-2007) ......cccccvveeerrcrveeennnns 91
Table 5. Groundwater use in Arab COUNTIES .....ccc.eiiiiiiiiiie e e 100

Table 6. Groundwater management and policy instruments, tools, and areas of implementation

N ThE Arab WOTIG ..ottt sttt et e st e st e e sareesneeas 103
Table 7. Groundwater regulation tools for agriculture in selected Arab countries .................... 119
Table 8. Incentives for irrigation in Arab COUNLIES .....eeveiiiiiiiiieeee e 124
Table 9. A general typology of wells in the Arab World .........ccoocevviiericiinieeee e 141
Table 10. Surface and groundwater trajeCtOries .......ceeiieiiecciiiiieee e e e e 143
Table 11. Comparative of groundwater recharge estimates........cccccveeeiiciieeecccieee e, 163
Table 12. Comparative of basin recharge estimates ..........oocccvvvieiiii e, 163
Table 13. Yemen’s 2002 Water Law selected articles on water and groundwater..................... 167

Boxes
Box 1. The 0asis Of FIgUIZ iN IMOIrOCCO.......uuuiiiiiieeeeciieee e ccitee e ettt e e ertre e e eetre e e e sabeeeesenbaaeeesnraeeennes 26

Box 2. The Marqum, a consensus-building document for groundwater management in the

Northern Highlands, YEMEN ...t et e e e e arrea e e e e 82
Box 3. Decentralization in the Arab WOrld ......ooueeeeeeiiiiiieeeeeee ettt et 117
Box 4. Local institutions and communities in JOrdan .........ueeeeeiiiiiiiiiiiiiee e 127



Foreword

This report on groundwater governance in the Middle East and North Africa is part of a series of
four regional reports arising from a research initiative undertaken by the International Water
Management Institute (IWMI) and funded by USAID aiming to address the challenges posed by
the unsustainable use of groundwater in the Middle East and North Africa (MENA) region
(Figure 1). Groundwater over-abstraction is a phenomenon threatening the sustainable
economic and social development of the countries on the southern side of the Mediterranean
and the control and management of over-abstraction has become a clear challenge for policy-
makers, managers and academics in the region. This broader research exercise is aimed at
presenting different governance problems and challenges that exist around the world regarding
groundwater and inform potential future management and policy pathways in the MENA
region.

The reason for this report on groundwater governance in the MENA region arises out of the
necessity to examine, at various scales, existing cases of groundwater regulation and
management so that policy discussions, effective solutions, and mitigation measures to the
groundwater crisis may be found. The countries reviewed in this section are Morocco, Tunisia,
Algeria, Libya, Egypt, Sudan, Jordan, Lebanon, Syria, Bahrain, Saudi Arabia, Yemen, Oman,
Turkey, and Iran. The report analyses, through a political, regulatory, and historical lens, the
different groundwater regulatory tools, reflecting on the different laws, regulations, community
actions, and institutional structures found in the different countries in order to curb
groundwater over-abstraction.

Although this report does not attempt to be exhaustive as it is based on existing and accessible
literature, it offers a number of analytical and factual elements on groundwater governance
presented in an original way. Semi-arid and arid countries are understandably more likely to
(over)exploit their groundwater resources and the lessons drawn from the situation in other
arid areas with different political economies, can potentially be very relevant for the MENA
region as they may indicate potential solutions or -more often than not- flag the dangers or
irrelevance of certain standardized, or seemingly desirable, policies. Thus, the examples studied
here can provide a deeper understanding of the challenges countries in the MENA region face
when it comes to reducing groundwater abstraction, echoing some of the attempts to regulate
groundwater abstraction made by other states in the region.

The results and failures faced by governments and communities can also represent relevant
insights when it comes to enforcing regulation or understanding legal barriers to policy
implementation, all relevant and important lessons for other countries. Reflecting on a wealth
of background stories and experiences will also provide a richer understanding and diversity of
insights to these problems, what worked and did not work. The gravity and complexity of the
situation require a systematic and wide-ranging approach building on existing knowledge and
practices in and beyond the region, so that innovations in groundwater regulation and
legislation can be found and the groundwater depletion trend averted.



Figure 1. Project case studies and cases reviewed for the project
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Part 1. Groundwater resources, use, and governance in the
MENA region
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1 Morocco

1.1 Groundwater resources and abstraction in Morocco

Morocco is characterized by a large geological and hydrological diversity. Groundwater
resources in Morocco are found in 126 aquifer units (FAO 2008a). The Atlantic geological area
(consisting mainly of sedimentary deposits) is the richest in groundwater, with an estimated 60
percent of the country’s groundwater potential and with large regional aquifers including those
of Tadla, Haouz, and Saiss (ibid.). Groundwater is also found in the Eastern part of Morocco, an
arid region except for its northern boundary on the Mediterranean coast, where 15 deep
aquifer units can be found. The third major geological unit in Morocco is the South Atlas area,
also a sedimentary basin where some of the most-exploited aquifers in the country such as the
Souss and Chtouka are found (ibid.). Groundwater contributes around 40 percent of the water
used for irrigation in Morocco. Private irrigation with groundwater outside of the state-
sponsored irrigated areas (of which 28,930 hectares are irrigated with groundwater) represents
around 65 percent of the total private irrigated area in Morocco (although if conjunctive use,
springs, and khettaras are included, groundwater represents around 90 percent of water use in
private irrigation in Morocco) (ibid.).

In Morocco, the expansion of private irrigation, especially in the absence of effective regulatory
arrangements, has resulted in aquifer depletion and the decline of spring flows supporting
medium and small-scale irrigation perimeters, with a decline in area estimated between
150,000 to 200,000 hectares (Van Steenbergen and El Naouari 2010). Overall groundwater over-
abstraction has been estimated at 862 Mm3 by Benabdelfadel (2012) and at "over 1 billion m3"
by the FAO (2008a). The Ministry of Water recently rounded up the number at 1 billion m3
annually (Maroc.ma, 2014). Water tables are declining and so are well depths, reaching up to
300 meters in the Tadla region (Hammani and Kuper 2008) or averages of 100 meters in the
Guerdane perimeter in the Souss region, with a water table having dropped 24 metres in 34
years, or in the Saiss Plain with a drop of 64 metres in 25 years (Figure 2) (Benabdelfadel 2012).
The exact number of wells in Morocco is not known nor estimated, which shows the high
uncertainty due to a high number of illegal wells. In the Tadla scheme, some surveys estimated
the total number of wells at 8,300, with more than 2,500 boreholes (Hammani and Kuper 2008).

Groundwater is used for agriculture in a number of distinct situations (FAO 2008a):

1) Large-scale public irrigation schemes abstracting water from the aquifer and distributing
it through piped networks. This is the case of the Souss Amont scheme in the Souss
basin for example, which irrigates an area of 6,300 hectares;

2) Smaller communal schemes around one well that distribute water through a collective
piped network, totalling 28,930 hectares in 1995;

3) Conjunctive use in large-scale public gravity irrigation schemes, where canal water is
supplemented with water that farmers individually source from their wells; a situation
that prevails in the Tadla, Haouz, Souss Massa, Moulouya, Tafilalet and Ouarzazate
public schemes (ORMVA). According to the 2002 survey on private irrigation, the
number of hectares irrigated by individual wells and boreholes inside the publicly
designated irrigation areas (supplied with surface water) was estimated at nearly
185,000. Additionally, the survey also estimated that around 105,000 hectares were
irrigated with surface and groundwater conjunctively. Actual numbers are of course
expected to be substantially higher;

4) Individual wells drilled by local farmers or investors. This private irrigation has been a
major trend of irrigation development in the last 30 years.
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Figure 2. Groundwater over-abstraction in Morocco (a) and water table declines in the Haouz

and Saiss Plains, Morocco (b)
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Figure 3. Main aquifers in Morocco
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1.2 Legislation to regulate groundwater abstraction in Morocco

The current regime of groundwater abstraction in Morocco was established in 1925 when a
‘dahir’ (decree) was approved reaffirming the public nature of water® and establishing the need
for abstraction permits and concessions (with the exception of shallow wells for drinking water
in rural areas and for livestock use). Alongside the introduction of authorizations for the use of
water, the ‘dahir’ also legislated about the creation of a ‘water police’, in charge of controlling
and enforcing regulations and sanctions (Adnane 1989).

In 1995, the government of Morocco, immersed within a historical context of legislative and
constitutional reforms, issued a new Water Law (Del Vecchio 2013). The law maintained the
public domain of water, put forward the notion of integrated water resource management, the
creation of river basin organizations, and encapsulated the need for users to obtain an
authorization and/or a concession in order to access, use, and dispose of water (BRLI and Agro-
concept 2012; FAO 2008a). The difference between the two is that concessions are contracts
introducing a volumetric cap and issued by the governmental authority in charge of water
resources, whereas the well (drilling) authorization is subject to the River Basin Agency's rule
and does not refer to volumetric limitations (BRLI and Agro-Concept 2012).

Decree 2-97-487 (4th of February 1998) established the procedure for granting authorizations
and concessions relative to the state’s public water domain (‘domaine public hydraulique’).
Abstraction permits (from a well or from any other water source) stipulate the volume of
groundwater to be abstracted, the maximum discharge per hour, the depth of the well, the
intended use of the water, and the area to be irrigated in the case of agriculture. The person
requesting the permit must also present a map of the land plot with the position of the well, as
well as the ownership titles.” The decree also mentions that water withdrawals for irrigation
must be accompanied by a study showing the impact of the project on water resources,
cultivable lands and aquatic ecosystems (but in practice this requirement does not even feature
in the official form provided for permits requests). Groundwater abstraction permits are
required only for wells deeper than 40 metres. When a request is made, a public inquiry
(‘enquéte d'utilité publique’) is conducted by a commission with representatives from the local
commune (qgaid), the ABH (Agence de Basin or River basin organization), the Office de mise en
valeur (ORMVA) (if the land is part of a large scale public irrigation scheme), and a
representative of the provincial or regional services of the ministry of agriculture. This inquiry is
to be carried out within 30 days after the proposed abstraction is announced in the official
Journal (Bulletin officiel) and displayed at the local administration and at the ABH.

If the commission issues a positive recommendation, the director of the ABH can decide
whether a concession can be granted, requiring the approval of the management board (Conseil
d'Administration) of the ABH. In the case of the drilling of a well, the authorization must also
specify the technology to be used, the characteristics of the casing, and the minimum distance
to other wells or water sources to be respected. This distance is supposed to vary depending on
local conditions but the standard distance to other wells is often taken as 100 m (although most
hydrogeological studies point to preferred distances of 400 to 500 m). At the end of the work,
the grantee is in theory given 60 days to submit a report indicating the results of the pumping
tests (to be conducted in presence of a representative of the ABH), the level of the static level of

! The definition of ‘public domain’ in Morocco was established through a dahir under the Protectorate in 1914. In 1919 a
new dahir introduced water (including groundwater) into that public domain, in order to ensure the ‘methodological
utilization of the resource’ (Adnane 1989).

2 In the case of land distributed by the agrarian reform (and not yet owned by the farmer), the document is produced by
the cooperative; in the case of 'guich’' land a certificate is issued by the local representative of the ministry of interior.
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groundwater, the results of chemical and bacteriological analyses (requirement later dropped in
2009), soil samples taken at each meter excavated. This quite demanding procedure is complex
and costly for farmers who, expectedly, prefer to continue drilling wells illegally.

The decree establishes a special case for authorizations requested within the area of
responsibility of the regional land reclamation districts (ORMVA: Office de Mise en Valeur
Agricole), in charge of the large-scale public irrigation schemes. Withdrawal authorizations are
delivered (modified or cancelled) by the Offices, and a notification must be sent to both the ABH
and the ministry in charge of public works. This created tension in terms of responsibilities and
prerogatives between the Offices and the Agences.

Decree 2-97-487 of 1997 indicated that water withdrawals points established before the
enactment of the 1995 Law should be declared to the director of the ABH within a timeframe of
three years after the publication of the decree, and also that permits and withdrawals allowed
based on the earlier 1925 law were cancelled by the new dispositions.

In 2000, Decree 2-00-474 of November 14th, determined the procedure for the recognition of
rights acquired on the public domain. A public inquiry is to be conducted within 60 days by a
commission consisting of representatives of the governor, the ministry of public works, ministry
of agriculture the chamber of agriculture, the communal Council and the ABH, and is to be
announced by posters displayed in public places.

On January the 16™, 2009, Decree 2-07-96 established the procedure for granting authorizations
and concessions relative to the state water domain, replacing Decree 2-97-487 from February
1998. It provided clarifications and more details on the procedures to be followed (for example
announcements of public inquiries must be shown in the River basin agencies, the Offices and
the local commune concerned; requests for a drilling authorization and for withdrawal are
combined in one procedure). The Ministry of public works became the ministry in charge of
water and more importantly the new decree gave another period of three years for the
regularization of wells drilled prior to the date of this decree (i.e. January 2009), opening the
way for the regularization of the wells dug in the past 15 years.

The law also empowers the administration to establish protections or prohibition zones (Decree
2-97-657 of February 1998), based on an evaluation report of the quantitative and qualitative
status of the resource, and its vulnerability to pollution or degradation, prepared by the
governmental authority in charge of public works (Equipement), with advice and input from the
ministry in charge of the environment. Zones of protection, exclusion or prohibition are to be
delineated by a commission formed with various representatives of the local administration,
ministry in charge of public works, ministry of agriculture, ministry of the environment, the ABH
and the commune concerned during an inquiry which cannot exceed 30 days and announced in
the official State Bulletin. Different types of activities affecting water quantity or quality can be
constrained or prohibited in 'périmetres de sauvegarde', such as the drilling of wells. In
Prohibition zones no new authorization or concession can be granted unless it is to be fully
utilized for human or livestock consumption.
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Table 1. Main legislation enacted in Morocco to regulate groundwater

Year Legislation Contents

- Public domain of water

- Integrated water resource management through river basin
organizations

- Users to obtain an authorization and/or a concession in order to
access, use, and dispose of water

- Established the procedure for granting authorizations and
concessions relative to the state’s public water domain (including
groundwater abstraction)

- Determines the procedure for the recognition of rights acquired on
the public domain

- Establishment of a commission to grant groundwater abstraction
rights

- Registration timeframe of 3 years to register wells dug before 1995
- Replacing Decree 2-97-487 from February 1998. It provided
clarifications and more details on the procedures to be followed

- Extension of well registration for another 3 years

1995 Water Law

1998 Decree 2-97-487

2000 Decree 2-00-474

2009 Decree 2-07-96

Source: Compiled by authors.

1.3 Enforcement difficulties and perverse incentives

Today, no specific area in Morocco has been declared as a groundwater prohibition zone. The
Souss Massa basin organization, in the South, prepared the necessary files and made such a
request in 2009 but the central administration has so far failed to take a decision or action on
that request. The Tensift basin organization has not followed such a path but chose to issue an
internal note in 2008 that gave instructions to ban the drilling of new wells. But these
instructions have not been adhered to and many investors have obtained authorization for new
wells, especially when they are needed for projects proposed in the framework of the Plan
Maroc Vert (a major public investment programme in the agricultural sector). As reported by
some officials, some individuals are able to obtain permits 'by telephone’, using their personal
connection with powerful officials.

Several ways are used to circumvent this (semi-official) reluctance to deliver new permits. Some
people apply for wells to be used for domestic proposes or to water cattle, and later on use
them for irrigation. Other apply for permits to deepen their wells (which in most cases have run
dry); although this is treated as a new authorization it is more difficult to turn down such a
request, especially when it comes within the process of regularisation by the farmer. Some
people are keen to rent or buy land with old wells in order to obtain deepening permits more
easily. Other make use of the well regularization process (that has been extended twice -
farmers now have until October 2015 to regularize 'old' wells) to declare recently drilled wells as
'old' (that is, drilled earlier than 2009) and turn them legal.

But the most popular way out is to register for a project within the high priority Plan Maroc Vert
(PMV), which seeks to increase agricultural productivity in the country and has adopted an
aggressive policy of subsidizing drip irrigation projects (at the level of 80 percent for farms over
five hectares, and 100 percent for farms under this limit).?> With just a certificate that their file is
being processed (for either a request for deepening the well or the regularization of an 'old'

*In the early 2000s subsidies for drip irrigation were already at the level of 40 percent and were raised in 2007 to 60
percent.
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well) by the ABH or the Office, farmers can obtain a green light to invest in drip irrigation (and
even well drilling) and at the same time, implicitly, secure the recognition of their well. The state
itself has rented out public land through so called public-private partnerships which "have often
been the opportunity to intensify cultivation and consequently increase groundwater
withdrawals" (BRL and Agro-Concept 2012) and, more disturbingly, is even renting land that is
not cultivated (as can be seen for example with some land from agrarian reform cooperatives in
the Haouz, or 'forestry land' in the Souss), on which investors are subsidized to develop (new)
intensive agriculture.

The PMV even subsidizes well drilling, which helps small farmers that are out-pumped by bigger
farms, but at the same time clearly fuels the expansion of groundwater use. Subsidies as high as
100 percent of course also prompt perverse incentives, with irrigation companies approaching
small and medium-size farmers to propose them projects where they take care of the
administrative procedure, the implementation of the project, and even of the bribing
sometimes necessary to push it through the pipeline. For those with a farm larger than 5
hectares and 'only' 80 percent subsidies, these companies have also learned to slightly overrate
project costs in order to make it effectively free (despite limits in per ha costs fixed in the Plan),
or to decrease the quality of the equipment effectively installed, for the same purpose.

The regularization of 'old' wells has also been bedevilled by deviant behaviours. Because of the
limited success of the first three-year campaign following the February 1998 decree, a
subsequent second three-year period was offered starting with the publication of the 2009
Decree. When this new period for legalization elapsed in February 2012, few users and well
owners had shown up and many of those who did came in during the final days and saturated
the system. As a result it was decided to extend the time frame until October 2015. These
successive steps convey the message to farmers that registering is not so important and that
more time will eventually be given to them to legalize their wells. The cost and the burden of
the administrative procedure also work against farmers willing to regularize their wells.

Enforcement of the law on the ground is also very limited. Currently, the ‘water police’ is the
responsibility of the River Basin Agencies in conjunction with the police and technically the
agencies have the legal means to control the development of illegal abstractions. In areas
managed by the Office, one or several officials from the Offices are also sworn in. The 1995
Water Law also grants access to water abstraction facilities, wells, and boreholes, to the
members of the ‘water police’ and offences by users can be reported, according to the law, and
passed on to the competent judicial authorities to be sanctioned. In the case of a flagrant
offence, they can stop the works and confiscate the equipment found on the premises (drilling
or boring equipment) (BRLI and Agro-Concept 2012). In most cases the water police, or a visit
from officials to the field, is only activated when there is a conflict or a denunciation by some
neighbour.

This legislation aiming to rationalize water resource use, planning, and allocation through the
management of abstractions lost its legitimacy in the eyes of Moroccan farmers as it was used
by the colonial administration to dispossess traditional agriculture of its water rights due to the
lack of knowledge about the regulation and procedures by traditional farmers. When the
officials of the protectorate tried to impose groundwater abstraction limits, they also
encountered the power of colonial agricultural lobbies (BRLI and Agro-Concept 2012). A similar
situation prevails now, with investors having the power to insulate themselves from the
application of the law. Nor are small farmers a target, either because officials are sympathetic to
their situation or because the socio-political situation does not allow them to use 'sticks' with
such dire consequences.
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The lack of political will to enforce difficult regulatory measures can be seen from the non-
effectiveness of the water police, the unchecked perverse incentives of the PMV (where and
when they promote more abstraction of groundwater in critical areas), or the failure by the
Agences to act on people who have openly violated openly the law (e.g. irrigating crops with the
well authorization for domestic use or cattle). It is also reflected in the fact that authorized wells
must theoretically be equipped with a meter (at the cost of the user), which are nowhere to be
seen on the ground; that water fees (also made compulsory by the 1995 law) are maintained at
an extremely low level; and that the 'Aquifer convention' signed in the Souss basin in 2009 has
so far largely remained a dead letter (BRL and Agro-Concept, 2012; see next section).

In Morocco, in view of the challenges associated with groundwater over-abstraction, King
Mohammed V declared in May 2008 that groundwater protection would be a national priority
and instructed the government to prepare a National Water Strategy (Van Steenbergen and El
Naouari 2010). The principle of paying for water use is part of the 1995 Water Law and farmers
have to cover the full cost of development, operation and maintenance of wells. Its
implementation is not effective and groundwater users do not pay for groundwater abstracted
(Tanouti and Molle 2014). Moreover, groundwater meters have started to be introduced with
the new Plan Green Morocco for agriculture in 2008, and it is a prerequisite to access state
subsidies for agriculture. A special commission verifies that the equipment is installed in order
for the farmers to obtain the subsidy. However after this has been verified, there is no further
monitoring and many farmers may remove it or tamper with it after it has been verified by
officials (Tanouti 2014, pers. com.).

1.4 The 'Aquifer contract' as a groundwater regulatory tool in Morocco

Morocco has been trying for the past several years to implement an aquifer management model
loosely based on France’s ‘contrats de nappes’ (aquifer contracts). These ‘contracts’ are
presented by the Ministry of Water as a groundwater management tool based on a collective
process of dialogue on the problems shared within an aquifer, and ultimately signed between
the different public administrations and user associations, incorporating all the measures to be
implemented in order to protect water resources, sustain groundwater demand. The aim of the
government through these contracts is also to prioritize the different measures to be taken in
order to protect the resource and establish an action plan, while defining sustainable water
management policies involving all concerned users (AGIRE 2011).

The experience in Morocco with the ‘contrats de nappes’ started in the region of the Souss
Massa, when in 2006 a ‘contrat’ was established, leading to a Framework convention for the
preservation and development of water resources in the Souss Massa in September 2007.
Authorizations issued by the River Basin Agency in the Souss region include groundwater
abstraction, well and borehole drilling, and other infrastructure using water from the public
domain.*

* As studied by BRLI and Agro-Concept, the system of authorizations in the Souss River Basin in Morocco remains also
unclear as to what can be done once the authorization expires or if the River Basin Agency decides to reduce the
abstraction volume authorized annually for users (in case of groundwater zoning due to over-abstraction or drought).
According to their study, BRLI and Agro-Concept purport that due to the fact that this authorization creates a de facto right
over the resource, the law does not clarify whether any compensations would need to be made by the River Basin Agency
to the users in case the agency had to reduce the amount of groundwater it authorizes the users to abstract. Given the
potential harm caused by these decisions, it is not clear either whether the users could appeal these decisions. Moreover,
the renewal of authorizations can be restrictive for users. This is why abandoned land plots with wells are attractive for
farmers and investors (particularly greenhouse owners in the Massa area) and represent a potential for irrigation
expansion as the land purchase or lease allows for the renewal of the abstraction authorization and the access to
additional groundwater (BRLI and Agro-Concept 2012, in French in the original).
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1.5 Groundwater abstraction in the Souss Region, Morocco

1.5.1 Groundwater management and the ‘contrat the nappe’ in the Souss’

The Souss region produces around 60 percent of the country’s citrus fruits and accounts for half
of the country’s agricultural exports (Houdret 2012). Groundwater represents 95 percent of the
total water use, amounting to around 646 Mm3 per year (2003 data). The Souss-Massa River
Basin has a surface of 25,000 km2 and three main aquifers: the Souss aquifer with around 323
Mm3 of renewable annual recharge, the Chtouka aquifer with 35 Mm3 and the Tiznit aquifer
with 17 Mm3 (Benchokroun 2008). In Agadir, on the coast, tourism represents 30 percent of the
sector's activity in the country (Houdret 2012) although the estimated water demand is low
(0.72 Mm3 per year) (BRLI and Agro-Concept 2012). As a result of agricultural activities and
intensive groundwater abstraction for irrigation, the Souss Massa aquifer experiences a
structural average deficit of 270 Mm3 per year.

The development of agriculture in the Souss region since the 1940s followed the first
hydrogeological studies which showed that there was an ‘important aquifer’ underneath. This
brought about the increase in groundwater abstraction for irrigation from 6,700 hectares in
1950 to 28,000 in 1956, mainly for citrus, tomatoes and vegetables. The decrease of the water
table in the 1980s affected traditional agriculture in the first place, dependent on shallow wells
and khettaras. During that same decade, the increase in private wells and a series of dry years
brought a reduction in surface water affecting 90 percent of traditional farms. The state
intervened in the 1990s by providing pumps for wells in some of the traditionally, and in some
cases collectively, irrigated areas (around 10,000 hectares) in order to supply groundwater for
irrigation, while establishing user associations to manage the systems, levy fees, and cover the
operational costs of running the system (the fee of 0.5 dirham per cubic meter only covers part
of the costs, estimated at 1.20 dirham).

In 2004, the Souss Massa River Basin Agency carried out an awareness campaign about the new
water law aimed at farmers, while at the same time decided to close two wells drilled without
authorization. Different agricultural unions saw this event as a potential precedent and a risk for
many wells without authorization. After they staged different protests the wali of the region
suspended the decision and decided to approach the problem by creating a commission and
integrating the representative members of agricultural unions in order to find a solution. The
commission was then established with 20 institutional partners (including the governorate of
the region; the River Basin Organization; local authorities; agricultural chambers; a federation of
water users for agriculture; research institutes; and water suppliers).

> When not stated otherwise, this section is based on the report by BRLI and Agro-Concept (2012).
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Figure 4. The Souss aquifer in Morocco

ABHSM Management Area

HAUT ATLAS

-

——‘-
e

-

.....
-

o~ 5 3 2 LEGEND
o, N :

40 wabar-table depth (mbgh)
groundwater table crawdown
1968 » 2005 (m)

Nappe des
Chtouka

------ Souss Basin bourdary

&
y—

Crotaceous

waler-table dopth (mbgl)
A

\/V\:\_,\ y— APMOX. Groundawier bved
() 4 ] Tersary-Ouatamary
1980 1985 1990 19 2000 P2 susasic
‘ [ Foonne Tz Basement
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According to government documents, an agreement was then made encapsulating the
discussions that took place during the commission’s sessions and included: freezing the
expansion of irrigated areas for citrus and vegetables; the transformation of gravity irrigation to
drip irrigation funded by the region and also by a fund replenished by the fees levied on
farmers’ groundwater abstraction; the increase of fees for groundwater users; the completion
of several surface water infrastructure projects by the state (22 small dams and 5 large dams);
carrying out studies about the feasibility to irrigate with desalinated water the region of the
Chtoukas; and regularize ‘illegal’ wells. The agreement also included enforcing rules and
allowing the ‘water police’ to fulfil its mission, closing down wells (40 were envisaged in the
convention), confiscating boring and drilling equipment (100 were aimed to be confiscated
according to the convention), asking for drilling permits to drilling companies, as well as
purchasing 3 cars for surveillance patrols.

The issue about limiting the expansion of irrigated areas became one of the most controversial
points, with groundwater users arguing that groundwater could be saved with drip irrigation
and augmented by the supply of surface water with the new infrastructure projects. After
further discussions, an agreement was made on the areas to be included, with a commitment by
the regional Office to follow through a GIS system these cultivated areas, as well as a
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commitment by the River Basin Agency to regularize wells and authorize new ones in the areas
declared to be irrigated in the convention if groundwater flow becomes insufficient. In order to
implement this agreement, a monitoring committee was also created, with regional elected
authorities and farmer representatives.

The agreement was signed in 2007 by the parties involved in the ‘contrat de nappe’, and by
three large agricultural unions (vegetables and fruit exporters, as the largest producers in the
Souss Massa region). Once signed, partial agreements would be also signed in order to
implement the various dispositions and plans. Thus, the terms of the regularization of wells or
the installation of meters would be negotiated between the River Basin Agency and the farmer
associations under the supervision of the Monitoring committee. User participation and
consultation for these contracts was going to be based on the concept of ‘participative planning’
whereby representative groups constituted of various actors and users would be informed of a
series of preliminary studies and introduced to the concept of a ‘contrat de nappe’. The contract
would then be drawn, identifying the common problems and potential measures to be adopted
based on the feedback from working groups with users. An institutional, monitoring, and
supervision structure was supposed to be created as well as indicators regarding the completion
of the ‘contrat’.

Eight years after the signing of the Contrat de Nappe, the situation has not really changed, as
the contract has been undermined by a general laisser-faire attitude, the failure of the
government to deliver on the supply augmentation projects, and the event of a few good
hydrologic years that have displaced the prevailing sense of urgency. In 2014, however, the
government has put the 'contrat de nappe' in the limelight again, declaring a policy to have such
contracts established in all major aquifers in Morocco by 2016 (L'Economiste 2014).

1.5.2 Groundwater development in the Upper Souss Basin®

Boujnikh (2008) has studied the evolution of technology and agriculture in the Upper Souss
basin (upstream from Taroudant). Traditional water technologies such as the khettaras,
predominant during centuries became marginalized and then abandoned after the 1960s and
1970s with the surge of modern groundwater abstraction technology. Boujnikh (2008) counted
more than 100 ancient khettaras, in some case 300 years old, in the Upper Souss basin, with
water flows up to 300 litres per second in winter and irrigating around 5,000 hectares of land.
Even though modern technology came from the lower parts of the basin further south-west in
the 1960s and 1970s, it was preceded by the development of private irrigation well before the
arrival of modern pumps. Due to unforeseeable climate conditions, farmers benefiting from
communal water management supplied by khettaras complemented their water supply from
shallow wells equipped with water lifting devices (arghrour and naaora)’ (especially upstream of
the khettara, for those farmers not connected to the canals carrying the water from the
khettara) (ibid.). Boujnikh (2008) wrote that by the 1950s there were around 3,907 water lifting
devices in the Upper Souss valley irrigating around 3,000 hectares.

In the 1950s however, the first European investors arrived with the first wave of agricultural
colonization, buying land alongside traditionally irrigated plots, and drilled wells. The traditional
water lifting devices could not compete with modern technology nor could the wells be
deepened below 25-30 metres, even though farmers' water wheels changed to the arghrour

® Section based on Boujnikh (2008).

’ The ‘arghrour’ is a water lifting device which uses animal power to lift, via a system of pulleys, a container (usually made
of animal skin) full of water from down a well. The ‘naaora’ is the equivalent of the Persian water wheel. The depth of the
wells for these devices would be limited to 25 metres maximum (Boujnikh 2008).
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(which could reach depths of 30 metres as opposed to the shallower water wheels) in order to
reach further for groundwater. In the 1980s however, according to Boujnikh (2008) the
transformation of traditional water lifting technology became prevalent as farmers first started
to fit engines to the traditional lifting devices, then use deep pumps (having deepened their
wells down to 70 metres in some cases). This transformation, following Boujnikh (2008) brought
out social and economic differences between farmers, as the deepening of wells following the
dropping water table excluded poorer farmers without the means to install modern equipment.
N