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YEAR TANGER LOUKKOS TETOUAN MOULOUYA HAUT SEBOU OUERGHA BEHT BOUREGREG ABID LAKHDAR N'FIS HAUT SOUSS ISSEN DRAA ZIZ

1950 55 51 1 38 59 109 98 16 57 87 12 8 -75 145 -9

1951 -9 4 -22 3 -26 10 8 -26 -61 -39 -39 -26 -71 -46 -55

1952 -59 -44 -58 6 -4 -37 41 -40 -36 -34 8 12 -2 13 1

1953 -22 -9 -37 59 37 -39 46 31 108 58 85 -42 3 17 53

1954 62 57 1 36 34 60 17 -10 10 1 0 50 -10 64 -56

1955 156 139 60 90 113 97 110 151 148 114 157 194 187 145 101

1956 -64 -57 -77 -21 -2 -73 -78 -87 -49 -26 -72 -83 -79 -52 -24

1957 -32 -8 -32 -5 27 -16 6 -16 31 16 -20 7 -47 -20 -31

1958 -15 0 -24 -5 9 38 -30 -31 -11 -22 -72 -42 -81 -59 56

1959 117 94 18 111 104 117 73 63 48 24 -64 -54 -55 -2 -14

1960 -9 -19 -56 -4 40 -39 15 4 -9 -18 -87 -93 -98 -65 64

1961 95 50 0 11 3 41 55 2 89 69 8 53 -1 -49 23

1962 151 157 90 100 124 194 169 248 172 130 236 379 292 61 126

1963 127 126 163 30 27 89 63 92 102 87 9 40 194 -55 315

1964 -42 -5 -43 23 46 3 -9 -31 12 7 54 64 107 35 106

1965 21 17 0 -32 -47 -8 -47 -48 -31 -30 8 -26 -42 101 17

1966 -63 -67 -57 -45 -35 -69 -69 -67 -35 -12 -16 -54 10 -5 0

1967 4 -34 -29 36 50 -21 35 38 28 29 171 165 172 223 -36

1968 162 164 71 58 89 131 139 190 72 51 7 76 118 122 14

1969 86 -39 87 50 43 142 101 11 23 19 33 28 79 34 -39

1970 49 57 51 45 68 65 109 108 107 87 114 191 111 77 -36

1971 34 31 2 24 83 -1 45 15 112 141 -12 -21 -55 -40 24

1972 -84 -67 -29 0 35 -61 -29 -64 -8 18 -52 -61 -90 -48 43

1973 -56 -19 90 3 18 4 76 51 55 90 10 9 30 -47 -42

1974 -84 -63 -44 51 12 -56 -27 -80 -39 -19 -79 -95 -90 -76 35

1975 -52 -37 -4 37 27 -23 -14 -63 -1 1 -47 -63 -74 -72 79

1976 139 123 140 8 54 86 69 89 20 14 -64 -45 -71 -54 -1

1977 -22 47 32 -34 5 34 -19 -12 9 7 8 18 -14 17 -51

1978 51 54 36 -7 9 42 58 156 38 16 55 79 84 6 -31

1979 -56 -68 -28 1 8 -49 -20 -37 -13 -15 -8 40 -48 93 26

1980 -79 -65 -36 -62 -28 -68 -63 -76 -52 -39 -37 -80 -78 -50 -78

1981 -55 -35 -24 -37 -31 -28 -40 -53 -51 -35 -64 -32 -13 -71 -77

1982 -80 -62 -51 -62 -32 -58 -63 -84 -76 -49 -86 -92 -92 -89 -89

1983 -9 15 8 -69 -48 11 -36 -79 -71 -60 -53 -13 -20 -91 -94

1984 -48 -38 -43 -70 -42 -55 -75 -69 -48 -42 -38 43 -30 -73 -90

1985 17 29 3 -19 27 19 -38 -39 -38 -67 -65 -81 -57 -77 -80

1986 -58 -21 -42 -23 -70 -29 -56 -52 -30 -26 -70 -76 -87 -79 -72

1987 -70 -54 -34 -54 -71 -63 -35 -28 -6 -1 173 293 153 140 -55

1988 -78 -52 -23 -55 -76 -65 -61 -63 -12 -4 111 33 85 123 40

1989 -17 7 24 -14 -75 -6 -29 -31 -35 -21 140 -20 36 247 152

1990 -26 -17 67 -2 -58 -16 -18 5 -6 -4 -28 -65 -37 -5 10

1991 -72 -74 -22 -45 -30 -82 -56 -73 -54 -30 81 7 -31 32 -53

1992 -89 -82 -58 -78 -61 -90 -78 -90 -63 -53 -67 -88 -96 -58 -83

1993 -50 -49 20 33 -43 -56 -51 -38 -1 -10 1 -57 -39 11 36

1994 -98 -96 -87 -37 -64 -95 -85 -85 -70 -54 -46 -83 -88 -26 -29

1995 139 102 32 86 52 8 79 126 83 87 179 147 305 93 131

1996 123 65 51 -13 -9 67 16 101 -4 10 45 -20 94 -29 -18

1997 41 69 55 -31 -36 72 -29 -10 -46 -32 6 24 13 -10 -52

1998 -78 -90 -67 -75 -71 -91 -68 -67 -66 -55 -79 -89 -91 -80 -82

1999 -49 -76 -28 -80 -78 -83 -79 -84 -74 -59 3 -62 -36 -28 -44

2000 18 3 -10 5 -44 -2 -53 -49 -57 -67 -92 -91 -87 -90 -84

2001 -41 -56 -29 -31 -43 -65 -64 -43 -52 -62 -55 -52 -81 -59 -33

2002 39 26 8 -41 -26 16 -15 20 -45 -57 -51 -36 -61 -78 -81

2003 36 2 -15 1 -9 6 -28 -9 -1 -7 -30 -30 -52 -41 20

2004 -76 -86 -66 -81 -56 -81 -80 -84 -53 -43 -64 -58 -65 -68 -67

2005 -60 -57 -53 -49 -39 -51 -32 6 -23 -39 -54 -51 -74 -77 -35

2006 -70 -89 -73 -21 -60 -88 -76 -90 -52 -41 -69 -78 -93 11 123

2007 -67 -77 -48 -55 -63 -78 -79 -75 -59 -52 -65 -82 -89 -52 30

2008 89 56 92 199 111 65 107 116 77 53 -7 -26 -16 31 94

2009 128 166 115 111 61 212 167 286 57 30 89 70 238 78 35

2010 63 21 30 -1 1 3 28 58 -20 -26 -53 35 104 1 -32

HYDROLOGICAL DROUGHT CHARACTERISTICS

 surplus

 Deficit < 50%

 Deficit > 50%

DEFICIT OF WATER FLOWS

1. Increase in the 
drought frequency 
from the end of the 
seventies

2. Drought is a 
structural rather than 
an exceptional 
phenomenon

CONCUSION
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DROUGHT IMPACTS

DISRUPTION IN DRINKING WATER SUPPLY

IMPORTANT ECONOMICAL IMPACT ON THE AGRICULTURAL SECTEUR

 Decline in grain production    :  About  60%.

 Important deficit in Irrigation          :  From 20 to  90%

 Decline in Agricultural GDP     :  From 30 up to 40%

 Increase of unemployment in rural areas : Agricultural job 

losses during severe year is estimated about 50 million 

days of work

 Indirect impact : Trade, Food agricultural industry ……. 

 Depletion of traditional water supply in rural areas (springs 

and wells .....) 

 Water rationing in urban area
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http://fr.123rf.com/photo_12177673_mountains-and-sky-in-drought-at-phetchabun-thailand.html


TANGIER : SUPPLY BY SHIP TANKERS
 DURATION OF THE OPERATION             :  7  months

 RENTAL OF 4 SHIPS TANKERS                 : 28 000 m3

 ROTATION BY SHIP TANKER                   : 100 hours

 TOTAL VOLUME DELIVRED                      :  5.6 Mm3

 GLOBAL COST OF THE OPERATION        : 25 million euros

 UNIT COST OF SHIPED WATER               : 4.5 euros per m3

DROUGHT IMPACTS : TANGIER CASE STUDY  
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IMPACT  ON HYDROPOWER  GENERATION 

 Deficit in hydropower production     :  50% 

DROUGHT IMPACTS

IMPACT ON NATURAL ENVIRONMENT 

 Increase of water pollution :

• Decline in dissolved oxygen downstream of waste discharge and in dam 
reservoirs

• Eutrophication of dam reservoirs

• Fish losses  in rivers (Mortality)

 Dysfonction or break services of drinking water treatment plants

 Increase of waterborne diseases

 Deforestation and dewatering of natural lakes and springs
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ACTIONS TO MITIGATE DROUGHT IMPACT

GENERAL PROVISIONS

• Strengthen coordination : Vigilance committees are 

activated during drought periods

 National committee: establish a national program (mitigate 

measures , financial and administrative arrangements)

 Local committees: monitoring the implementation of actions

• Priority setting : drinking water, then irrigation and finally the 

hydropower generation

• Monitoring of changes in water supply, especially in the 

dam reservoirs 
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ACTIONS  TO REDUCE DROUGHT IMPACT

Dead storage
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Acute drought: 85% DW

50% IRR

Water management at dam reservoirs through some 
rules developed since the severe drought 
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• Voluntary and temporary overuse of groundwater (new catchment works and 
rehabilitation of existing structures)

• Construction of small structures to mobilize surface water.

• Water transport

Technical measures to develop water supply

• Drinking water supply :

• Reduce water losses in the network (through the reinforcement of maintenance 
and rehabilitation actions.  

• Enhance population awareness to reduce water consumption

• Irrigation water :

• Reduce water losses in the canals through adequate maintenance ;

• Allocate water for less water consuming crops with a priority to perennial crops;

• Encourage use of efficient irrigation techniques.

Water demand management actions

• Water release from the reservoirs to prevent further water quality deterioration.

Water quality preservation

ACTIONS  TO REDUCE DROUGHT IMPACT
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GIVEN THESE PROVISIONS , THE FOLLOWING ACTIONS ARE TAKEN :



CONCLUSION: LESSONS LEARNED

 Drought is a structural rather than an exceptional phenomenon in
Mediterranean region, specially in the south shore countries

 Drought events in the Mediterranean have become more frequent
since the begin of the eighties

 Initial reactions of authorities have focused on exceptional
measures that may require heavy and inefficient investments

 Agriculture and drinking water in rural areas were heavily affected
by drought
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LESSONS LEARNED FROM ANALYSIS OF PAST EXPERIENCES 



CONCLUSION: BEST PRACTICES

 Move from reactive actions to the proactive management approach:

• Drought characterization through some hydro-climatic indicators (climatic, hydrologic,
water storages, ...) in order to declare drought levels and corresponding alerts

• Measures or action plans to mitigate drought impact, established in advance and
developed in consultation with all stakeholders

 Integrate the drought in water resources planning process.

 Diversifying sources of water mobilization and interconnection of water supply
systems by promoting systems less vulnerable to climate change :(Improve
inter-annual regulation of river flows and promote desalination of seawater to
secure drinking water supply in coastal cities).

 Integrate Water Management : Conjunctive use of both surface water and
groundwater : Strategic role of groundwater during drought periods.

 Promote water demand management and improve efficiency of water use, such
as structural adaptation measures to climate change.

 Promote the economic and financial measures: Insurance, natural disasters
funds.
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