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Chapter 4. Comprehensive Analysis of Water Resources 

4.1 Status of Water Resources 

4.1.1 Hydrological Monitoring 

In Mozambique, rainfall and water level and quality has been monitored at applicable 

monitoring stations, while groundwater monitoring is limited to some areas under the 

jurisdiction of ARA-Sul. Until the end of the civil war after the national independence 

had relevant data not been monitored & produced at most of stations. In turn, this kind 

of discontinuity in monitoring activities has served as an obstacle to hydrological 

analysis. 

Produced data are managed, mainly, by DNGRH, ARAs and INAM. But their 

managerial status needs to be improved; to put it in terms of the management of 

hydrological data, a UGB under each ARA is responsible for manually recording data 

monitored & produced at each station of its corresponding basin. In some cases, 

however, non-experts are mobilized to monitor & record relevant data due to a lack of 

required experts. The ARAs collect and compile data recorded on the part of its 

respective UGBs, and then transmit them to the DNGRH. In general, it takes some 3 

months to do so. This delayed data transmission often leads to data loss.  

On top of that, it’s needed to improve relevant software, too; it’s surveyed that very 

old versions of database management software have been used, and that they are 

incompatible between the ARAs and the DNGRH. This indicates that the DNGRH must 

manually enter data (received from each ARA) directly into its main server. However, 

these entered data are inaccessible on the part of the ARAs due to incompatibility. 

This series of processes is considered problematic in terms of data reliability, and 

actually tends to accompany many errors. Accordingly, data reliability should be 

reviewed before proceeding to the stage of hydrologic analysis with acquired hydrologic 

data.  
 

A) Hydrological Monitoring Stations 

In this MP (Master Plan), a hydrological analysis is performed on the 35 target rivers 

with long-term rainfall data, water level data and any other meteorological data that 
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cover all the regions in Mozambique. In Mozambique, DNGRH, INAM, ARAs, etc. are 

responsible for managing hydrological monitoring data. <Table 4.1-1> shows the 

number of hydrological monitoring stations as identified from the collected status data:  
 

 

<Table 4.1-1> Numbers of hydrological monitoring stations 

ARA 
Number of stations 

Remarks 
Rainfall station Water level station 

ARA-North 105 71 Manually recorded 

ARA-Centro North 361 140 Manually recorded 

ARA-Centro 206 127 Manually recorded 

ARA-Sul 287 234 Manually recorded 

ARA-Zambeze 330 130 Manually recorded 

Total 1,289 702  

 

With the outbreak of the civil war in 1975, many of the stations have lost their own 

records or have stopped monitoring hydrological events so that hydrological data are 

recorded manually. In this respect, the existing observed data should be tested for their 

reliability prior to the use of the data as baseline data for any hydrological analysis. 

 

 

B) Rainfall Data 

1) Rainfall stations 

It’s surveyed that Mozambique has a total of 1,289 hydrological monitoring stations, 

out of which 1,056 (i.e., some 82%) are under the management of the DNGRH’s five 

ARAs, and just 772 (i.e., some 60% of 1,289) have retained their respective monitoring 

data:  

<Table 4.1-2> Status of hydrological monitoring stations 

ARA 
No. of stations NOS-RR* 

Total DNGRH BTFPR CFB INAM Others NOS* Ratio 

ARA Norte 105 96 - - 6 3 50 48% 

ARA CentroNorte 361 338 - - 14 9 349 97% 

ARA Zambeze 330 262 - - 13 55 35 11% 

ARA Centro 206 141 2 24 7 32 85 41% 

ARA Sul 287 219 - - 31 37 253 88% 

Total 1,289 1,056 2 24 71 136 772 60% 

* NOS-RR: Number of stations from which rainfall data are available; NOS: Number of stations 
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As seen in <Table 4.1-3>, rainfall records from the 772 stations having retained them 

have gone through the following three steps to evaluate their applicability, reliability and 

consistency for a long-term runoff analysis based on the number of their recording 

years, presence of any missing data, continuity of observed data, etc.: identify the 154 

stations whose data retention period is at least 30 years; choose among them the 16 

stations having data gauged continuously in the wet seasons (i.e., October to April) for 

the last 20 years or longer; and finally use the double mass curve and the skeletal box-

and-whisker plot to evaluate the reliability of data from the chosen 16 stations. With 

these three steps, the 2 stations have been found to meet data reliability requirements:  

<Table 4.1-3> Procedure for selecting stations meeting data reliability requirements 

Step Description No. of selected stations 

1st step  Identify stations whose data retention period is at 
least 30 years 154 

2nd step  Choose stations having data gauged continuously in 
the wet seasons for the last 20 years or longer 16 

3rd step  Use the double mass curve and the skeletal box-and-
whisker plot to evaluate data reliability 2 
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<Figure 4.1-1> 154 rainfall stations selected in the 1st step 
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<Table 4.1-4> Rainfall stations selected in the 1st step (ARA Norte) 

Code Agency  
Coordinates Rainfall data (year) 

Missing 
ratio Grade 

Latitude (S) Longitude (E) Start 
year 

End 
year 

Missing 
years 

Recording 
years 

P279 DNGRH 14°21' 30.00" 35°39' 0.00" 1954 2001 20 41 33% M 

P565 DNGRH 13°21' 0.00" 38°34' 30.00" 1960 2004 11 45 20% I 

P569 DNGRH 12°58' 30.00" 40°23' 35.00" 1960 1990 26 30 46% M 

P708 DNGRH 12°30' 0.00" 35°26' 0.00" 1960 2012 19 36 35% M 

P828 DNGRH 13°8' 0.00" 39°0' 0.00" 1933 1976 42 41 51% M 

P832 INAM 11°40' 0.00" 39°33' 30.00" 1932 1968 48 36 57% M 

P859 INAM 13°18' 0.00" 35°14' 5.00" 1932 1977 38 46 45% M 

P892 DNGRH 13°0' 0.00" 40°23' 30.00" 1932 1976 39 45 46% M 

P1031 DNGRH 13°13' 18.00" 38°52' 48.00" 1970 2011 4 41 9% I 

P1045 DNGRH 12°58' 54.00" 39°19' 40.00" 1970 2013 14 31 31% M 

※ 1. Source: DNGRH 
2. Grade: O – Okay (acceptable), I – Inappropriate (unacceptable), M – More inappropriate (unacceptable, with 

30% or higher in missing ratio) 
 

<Table 4.1-5> Rainfall stations selected in the 1st step (ARA CentroNorte) 

Code Agency  
Coordinates Rainfall data (year) 

Missing 
ratio 

Grade 
Latitude (S) Longitude (E) 

Start 
year 

End 
year 

Missing 
years 

Recording 
years 

P118 DNGRH 16°47' 0.00" 38°53' 0.00" 1956 2007 29 31 48% M 

P124 INAM 17°53' 0.00" 36°53' 0.00" 1941 2011 11 65 14% I 

P166 DNGRH 14°45' 0.00" 40°33' 0.00" 1968 2009 18 30 38% M 

P206 DNGRH 15°15' 0.00" 37°25' 0.00" 1946 2003 27 44 38% M 

P207 DNGRH 15°42' 0.00" 37°15' 0.00" 1946 1979 41 30 58% M 

P219 DNGRH 17°22' 30.00" 37°43' 30.00" 1950 2009 29 38 43% M 

P249 DNGRH 15°19' 30.00" 37°5' 30.00" 1954 1995 30 33 48% M 

P255 DNGRH 16°54' 0.00" 37°50' 0.00" 1941 2011 34 42 45% M 

P274 DNGRH 16°52' 0.00" 38°18' 0.00" 1956 2010 19 42 31% M 

P282 DNGRH 14°54' 0.00" 40°17' 0.00" 1950 2003 36 31 54% M 

P288 DNGRH 14°55' 0.00" 39°38' 0.00" 1951 2007 27 39 41% M 

P320 INAM 16°49' 0.00" 37°0' 0.00" 1950 2000 16 51 24% I 

P327 DNGRH 16°36' 0.00" 36°58' 0.00" 1955 2010 30 32 48% M 

P332 DNGRH 15°43' 30.00" 39°20' 30.00" 1951 2010 6 60 9% I 

P337 DNGRH 15°31' 0.00" 38°15' 0.00" 1953 2007 28 36 44% M 

P355 DNGRH 16°27' 0.00" 37°36' 0.00" 1956 2010 23 38 38% M 

※ 1. Source: DNGRH 
2. Grade: O – Okay (acceptable), I – Inappropriate (unacceptable), M – More inappropriate (unacceptable, with 

30% or higher in missing ratio) 
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<Table 4.1-5> (continued) 

Code Agency  
Coordinates Rainfall data (year) 

Missing 
ratio Grade 

Latitude (S) Longitude (E) Start 
year 

End 
year 

Missing 
years 

Recording 
years 

P377 DNGRH 16°19' 30.00" 36°20' 30.00" 1956 2010 22 39 36% M 

P403 DNGRH 17°20' 0.00" 38°0' 0.00" 1956 2010 23 38 38% M 

P408 DNGRH 17°26' 0.00" 37°17' 0.00" 1956 2010 12 49 20% I 

P421 DNGRH 15°26' 0.00" 38°43' 0.00" 1959 2010 23 35 40% M 

P423 DNGRH 15°2' 0.00" 39°7' 30.00" 1958 2010 16 43 27% I 

P445 DNGRH 15°50' 0.00" 38°59' 0.00" 1957 2009 17 41 29% I 

P462 DNGRH 13°39' 0.00" 39°47' 30.00" 1959 2010 20 37 35% M 

P465 DNGRH 14°24' 0.00" 39°54' 0.00" 1959 2010 25 33 43% M 

P475 DNGRH 16°12' 0.00" 37°1' 0.00" 1956 2003 29 32 48% M 

P480 DNGRH 15°10' 0.00" 36°48' 30.00" 1958 2007 27 31 47% M 

P481 DNGRH 15°50' 0.00" 37°7' 30.00" 1959 2007 19 38 33% M 

P488 DNGRH 16°33' 0.00" 37°11' 0.00" 1956 2010 17 44 28% I 

P489 DNGRH 15°14' 0.00" 37°52' 30.00" 1959 2007 26 31 46% M 

P557 DNGRH 15°37' 0.00" 39°5' 30.00" 1960 1990 26 31 46% M 

P594 DNGRH 17°22' 0.00" 37°2' 0.00" 1929 1983 46 42 52% M 

P609 DNGRH 15°2' 0.00" 39°16' 0.00" 1964 2010 6 47 11% I 

P638 DNGRH 15°50' 0.00" 39°53' 0.00" 1960 2004 24 32 43% M 

P705 DNGRH 14°54' 30.00" 40°12' 0.00" 1959 2006 10 48 17% I 

P813 DNGRH 15°0' 0.00" 39°51' 0.00" 1958 2010 27 32 46% M 

P842 DNGRH 14°11' 0.00" 40°32' 0.00" 1924 1956 60 33 65% M 

P843 DNGRH 15°7' 0.00" 39°16' 0.00" 1951 1984 35 31 53% M 

P919 DNGRH 16°0' 0.00" 38°10' 30.00" 1966 2010 20 30 40% M 

P922 DNGRH 15°24' 0.00" 37°5' 30.00" 1966 2007 9 42 18% I 

P941 DNGRH 15°22' 30.00" 37°4' 30.00" 1967 2007 9 41 18% I 

P1043 DNGRH 15°12' 16.00" 39°4' 13.00" 1971 2007 9 37 20% I 

P1137 DNGRH 16°48' 38.00" 37°3' 0.00" 1972 2013 3 42 7% O 

※ 1. Source: DNGRH 
2. Grade: Grade: O – Okay (acceptable), I – Inappropriate (unacceptable), M – More inappropriate 

(unacceptable, with 30% or higher in missing ratio) 
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<Table 4.1-6> Rainfall stations selected in the 1st step (ARA Zambeze) 

Code Agency  
Coordinates Rainfall data (year) 

Missing 
ratio Grade 

Latitude (S) Longitude (E) Start 
year 

End 
year 

Missing 
years 

Recording 
years 

P26 TZR 17°27' 0.00" 35°5' 0.00" 1930 1975 41 46 47% M 

P29 DNGRH 16°53' 0.00" 34°39' 0.00" 1949 2015 26 42 38% M 

P30 DNGRH 16°43' 0.00" 34°15' 0.00" 1949 2015 17 50 25% I 

P32 MFPZ 16°33' 0.00" 33°23' 0.00" 1950 2015 18 49 27% I 

P34 MFPZ 16°25' 0.00" 32°50' 0.00" 1951 2015 33 32 51% M 

P37 DNGRH 16°3' 0.00" 33°27' 0.00" 1949 2015 17 50 25% I 

P38 DNGRH 15°56' 0.00" 33°21' 0.00" 1952 2015 24 41 37% M 

P40 DNGRH 16°0' 0.00" 33°13' 0.00" 1952 2015 13 52 20% I 

P41 MFPZ 15°49' 0.00" 31°45' 0.00" 1949 2015 30 37 45% M 

P43 DNGRH 15°36' 0.00" 34°26' 0.00" 1951 2015 22 43 34% M 

P44 INAM 15°37' 0.00" 30°27' 0.00" 1949 2015 10 57 15% I 

P52 DNGRH 15°41' 0.00" 33°48' 0.00" 1953 2015 25 39 39% M 

P60 DNGRH 15°7' 0.00" 30°48' 0.00" 1952 2015 17 48 26% I 

※ 1. Source: DNGRH 
2. Grade: O – Okay (acceptable), I – Inappropriate (unacceptable), M – More inappropriate (unacceptable, with 

30% or higher in missing ratio) 

<Table 4.1-7> Rainfall stations selected in the 1st step (ARA Centro) 

Code Agency  
Coordinates Rainfall data (year) 

Missing 
ratio Grade 

Latitude (S) Longitude (E) Start 
year 

End 
year 

Missing 
years 

Recording 
years 

P90 CFB 19°16' 0.00" 34°12' 0.00" 1952 2008 28 37 43% M 

P91 CFB 18°59' 0.00" 33°10' 0.00" 1952 2015 33 32 51% M 

P93 CFB 18°56' 0.00" 32°52' 30.00" 1952 2016 24 41 37% M 

P96 CFB 19°37' 0.00" 34°45' 0.00" 1953 2016 14 49 22% I 

P106 CFB 19°5' 0.00" 33°39' 0.00" 1952 2015 34 31 52% M 

P122 BTFPR 19°31' 0.00" 33°29' 30.00" 1953 1999 17 47 27% I 

P125 DNGRH 19°32' 0.00" 33°30' 30.00" 1953 1999 17 47 27% I 

P145 DNGRH 18°52' 0.00" 32°43' 0.00" 1953 2015 29 34 46% M 

P158 DNGRH 19°11' 30.00" 33°9' 0.00" 1953 1999 18 46 28% I 

P162 DNGRH 19°13' 30.00" 33°27' 0.00" 1954 1992 33 30 52% M 

P284 DNGRH 20°49' 0.00" 33°22' 0.00" 1955 2015 19 43 31% M 

P359 DNGRH 20°18' 0.00" 33°39' 0.00" 1956 2015 8 53 13% O 

P373 DNGRH 18°59' 0.00" 34°21' 30.00" 1957 2016 24 35 41% M 

※ 1. Source: DNGRH 
2. Grade: O – Okay (acceptable), I – Inappropriate (unacceptable), M – More inappropriate (unacceptable, with 

30% or higher in missing ratio) 
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<Table 4.1-8> Rainfall stations selected in the 1st step (ARA Sul) 

Code Agency  
Coordinates Rainfall data (year) 

Missing 
ratio Grade 

Latitude (S) Longitude (E) Start 
year 

End 
year 

Missing 
years 

Recording 
years 

P1 INAM 26°29' 12.00" 32°34' 12.00" 1952 2015 31 34 48% M 

P2 INIA 26°26' 0.00" 32°9' 0.00" 1951 2012 26 40 39% M 

P3 DNGRH 26°3' 0.00" 32°17' 30.00" 1964 2015 2 52 4% O 

P4 DNGRH 26°17' 30.00" 32°11' 24.00" 1949 2015 6 62 9% I 

P7 DNGRH 26°4' 0.00" 32°22' 0.00" 1951 2012 19 47 29% O 

P10 SAI 25°3' 27.00" 32°51' 6.00" 1931 2012 6 80 7% I 

P11 SAI 25°1' 30.00" 32°45' 54.00" 1931 2012 6 80 7% I 

P12 SAI 25°1' 1.00" 32°42' 56.00" 1931 2012 6 80 7% I 

P13 SAI 25°2' 43.00" 32°43' 54.00" 1931 2012 6 80 7% I 

P14 SAI 25°1' 19.00" 32°47' 3.00" 1949 2012 8 60 12% I 

P15 SAI 25°6' 0.00" 32°52' 28.00" 1931 2001 16 71 18% I 

P17 DNGRH 25°5' 30.00" 33°34' 30.00" 1948 2012 18 51 26% I 

P18 DNGRH 24°56' 0.00" 33°37' 0.00" 1948 2012 18 51 26% I 

P53 DNGRH 24°47' 49.00" 32°6' 44.00" 1953 2015 23 41 36% M 

P67 DNGRH 25°2' 0.00" 33°38' 0.00" 1969 2015 7 41 15% I 

P89 DNGRH 26°51' 31.00" 32°40' 38.00" 1952 2015 7 58 11% I 

P112 DNGRH 26°28' 32.00" 32°39' 0.00" 1952 2015 10 55 15% I 

P113 DNGRH 22°51' 0.00" 31°58' 0.00" 1952 2015 31 34 48% M 

P116 INAM 26°17' 30.00" 32°11' 0.00" 1952 1985 32 33 49% M 

P119 INAM 25°58' 0.00" 32°1' 30.00" 1914 2013 6 97 6% O 

P137 INAM 25°19' 22.00" 32°15' 17.00" 1948 2015 8 61 12% I 

P304 DNGRH 26°4' 0.00" 32°18' 0.00" 1955 1987 30 32 48% M 

P307 DNGRH 25°26' 11.00" 32°53' 11.00" 1955 2014 7 55 11% I 

P310 DNGRH 25°10' 0.00" 32°4' 30.00" 1955 1988 30 32 48% M 

P312 DNGRH 26°11' 49.00" 32°12' 10.00" 1955 2015 4 58 6% O 

P314 DNGRH 24°47' 59.00" 32°51' 33.00" 1955 2015 25 37 40% M 

※ 1. Source: DNGRH 
2. Grade: O – Okay (acceptable), I – Inappropriate (unacceptable), M – More inappropriate (unacceptable, with 

30% or higher in missing ratio)   
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<Table 4.1-8> (continued) 

Code Agency  

Coordinates Rainfall data (year) 
Missing 

ratio Grade 
Latitude (S) Longitude (E) Start 

year 
End 
year 

Missing 
years 

Recording 
years 

P315 DNGRH 26°12' 38.00" 32°9' 54.00" 1955 2015 2 59 3% O 

P317 DNGRH 25°15' 37.00" 32°52' 19.00" 1955 2015 11 51 18% I 

P324 DNGRH 26°18' 0.00" 32°26' 30.00" 1956 2015 26 36 42% M 

P328 DNGRH 25°54' 39.00" 32°29' 19.00" 1956 2015 15 46 25% I 

P331 DNGRH 26°47' 0.00" 32°26' 30.00" 1960 2004 12 45 21% I 

P341 DNGRH 25°48' 30.00" 32°34' 0.00" 1960 2004 19 39 33% M 

P342 DNGRH 25°41' 30.00" 32°21' 0.00" 1960 2004 22 35 39% M 

P378 SAI 25°9' 15.00" 32°51' 53.00" 1957 2012 11 50 18% I 

P383 DNGRH 25°24' 44.00" 32°48' 17.00" 1957 2004 13 48 21% I 

P390 DNGRH 23°51' 0.00" 32°38' 0.00" 1957 2015 19 41 32% M 

P391 DNGRH 24°24' 30.00" 32°52' 0.00" 1958 2015 6 54 10% I 

P393 DNGRH 23°28' 0.00" 32°34' 0.00" 1957 2015 15 45 25% O 

P414 SAI 25°0' 37.00" 32°51' 7.00" 1958 1997 20 39 34% M 

P425 DNGRH 26°11' 47.00" 32°7' 9.00" 1958 2015 21 38 36% M 

P522 DNGRH 25°36' 26.00" 32°39' 35.00" 1960 2015 27 30 47% M 

P541 DNGRH 25°21' 0.00" 32°56' 0.00" 1960 2015 22 35 39% M 

P544 DNGRH 24°34' 30.00" 33°3' 30.00" 1960 2015 19 39 33% M 

P545 DNGRH 25°54' 0.00" 32°30' 0.00" 1960 2015 7 50 12% I 

P549 DNGRH 26°40' 42.00" 32°12' 45.00" 1960 2015 11 46 19% I 

P550 DNGRH 26°49' 0.00" 32°35' 30.00" 1964 2015 23 30 43% M 

P558 DNGRH 25°49' 30.00" 32°27' 0.00" 1960 2015 6 51 11% I 

P568 DNGRH 23°42' 9.00" 35°18' 8.00" 1961 2015 16 41 28% I 

P571 DNGRH 24°23' 0.00" 34°33' 2.00" 1960 2014 20 37 35% M 

P592 DNGRH 25°4' 30.00" 33°29' 30.00" 1951 2015 25 41 38% M 

P597 DNGRH 23°12' 0.00" 35°23' 30.00" 1960 2015 23 34 40% M 

P600 DNGRH 24°29' 29.00" 32°5' 25.00" 1964 2015 18 35 34% M 

P604 DNGRH 24°41' 0.00" 33°15' 0.00" 1966 2015 19 32 37% M 

※ 1. Source: DNGRH 
2. Grade: O – Okay (acceptable), I – Inappropriate (unacceptable), M – More inappropriate (unacceptable, with 

30% or higher in missing ratio) 
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<Table 4.1-8> (continued) 

Code Agency  
Coordinates Rainfall data (year) 

Missing 
ratio Grade 

Latitude (S) Longitude (E) Start 
year 

End 
year 

Missing 
years 

Recording 
years 

P744 DNGRH 22°16' 0.00" 35°7' 15.00" 1964 2015 7 46 13% I 

P745 DNGRH 24°7' 0.00" 35°19' 0.00" 1972 2015 10 35 22% I 

P770 INAM 26°20' 0.00" 32°41' 0.00" 1958 2015 22 37 37% M 

P772 INAM 24°31' 0.00" 33°0' 0.00" 1950 2013 33 35 49% M 

P773 INAM 26°50' 0.00" 32°17' 0.00" 1954 2015 33 30 52% M 

P789 INAM 23°52' 0.00" 35°23' 0.00" 1949 1985 32 37 46% M 

P791 INAM 23°54' 0.00" 35°14' 0.00" 1949 2015 21 47 31% M 

P796 DNGRH 22°3' 0.00" 34°7' 0.00" 1949 2015 20 48 29% I 

P797 INAM 25°2' 0.00" 33°6' 0.00" 1949 2015 33 35 49% M 

P800 DNGRH 20°57' 0.00" 35°1' 0.00" 1949 2004 30 39 43% M 

P808 DNGRH 23°19' 0.00" 35°24' 0.00" 1973 2015 2 43 4% O 

P809 DNGRH 23°53' 0.00" 32°9' 0.00" 1961 2015 20 36 36% M 

P821 INAM 25°36' 5.00" 32°14' 42.00" 1949 2015 8 60 12% O 

P825 DNGRH 24°30' 0.00" 34°48' 0.00" 1949 2015 33 35 49% M 

P849 DNGRH 22°27' 0.00" 31°19' 45.00" 1954 2015 33 30 52% M 

P851 DNGRH 24°3' 0.00" 34°43' 0.00" 1949 1986 37 32 54% M 

P856 INAM 25°26' 52.00" 31°59' 27.00" 1957 2015 10 50 17% O 

P864 DNGRH 25°2' 0.00" 33°38' 0.00" 1949 2013 32 37 46% M 

P865 INAM 25°44' 18.00" 32°40' 34.00" 1949 2016 6 63 9% O 

P890 DNGRH 25°50' 42.00" 32°16' 6.00" 1967 2015 15 35 30% M 

P915 DNGRH 26°51' 0.00" 32°9' 6.00" 1967 2015 5 45 10% I 

P924 DNGRH 25°56' 30.00" 31°58' 30.00" 1967 2015 3 48 6% O 

P1023 INAM 25°27' 0.00" 32°47' 0.00" 1970 2016 6 41 13% I 

P1051 DNGRH 24°55' 0.00" 34°12' 15.00" 1971 2015 3 44 6% I 

P1074 DNGRH 23°29' 0.00" 35°13' 0.00" 1971 2015 3 44 6% I 

P1075 DNGRH 26°0' 18.00" 32°33' 48.00" 1971 2015 2 44 4% O 

P1245 Part. 26°10' 49.00" 32°12' 12.00" 1980 2015 2 35 5% O 

P1261 DNGRH 25°13' 32.00" 32°8' 2.00" 1984 2016 1 32 3% O 

※ 1. Source: DNGRH 
2. Grade: O – Okay (acceptable), I – Inappropriate (unacceptable), M – More inappropriate (unacceptable, with 

30% or higher in missing ratio) 
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<Figure 4.1-2> 16 rainfall stations selected in the 2nd step 
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The 16 rainfall stations selected in the second step as described above are very 

concentrated in the southern region; there are 14 stations in ARA Sul, 1 station in ARA 

Centro-Norte and 1 station in ARA Centro, while no station is available in ARA Zambeze. 

The land area of Mozambique is about 799,380km2. Because its area is very large, a 

hydrological analysis should be performed in line with regional characteristics to 

establish a master plan effectively. When viewed from the locations of the selected 

stations, however, any alternative method is needed to improve the regional reliability 

of data because they are very concentrated in specific regions. 

On the other hand, mean annual rainfall for the last 20 years (from the 16 stations 

selected in the second step) ranges from 416mm to 1,049mm, which indicates a 3-fold 

difference between the minimum and the maximum, and a substantial difference even 

among neighboring stations. Accordingly, it is necessary to improve the reliability of 

data through evaluating their statistical reliability (by means of, for example, 

consistency analysis and outlier testing) before using them:   

<Table 4.1-9> Baseline statistics from 16 rainfall stations selected in the 2nd step 

ARA Code Agency NOS* 
Rainfall (mm) 

Remark 
Mean Max Min SD* MD* 

ARA-Norte - - - - - - - -  

ARA-CentroNorte P1137 DNGRH 1 1,049 1,746 291 304.7 1,456  

ARA- Zambeze - - - - - - - -  

ARA-Centro P359 DNGRH 1 576 1,579 95 311.4 1,484  

ARA-Sul 

P3 DNGRH 

14 

516 1,170 140 272.0 1,030  

P7 DNGRH 458 878 67 225.9 811  

P119 INAM 835 1,408 373 287.4 1,036  

P312 DNGRH 635 1,215 238 263.0 977  

P315 DNGRH 737 1,878 215 358.3 1,663  

P393 DNGRH 396 957 87 227.4 870  

P808 DNGRH 638 1,256 153 222.9 1,103  

P821 INAM 416 866 136 220.1 730  

P856 INAM 581 1,269 239 222.5 1,031  

P865 INAM 642 1,360 176 327.6 1,184  

P924 DNGRH 699 1,382 127 303.9 1,255  

P1075 DNGRH 530 1,059 144 241.7 914  

P1245 Part. 602 1,489 98 291.6 1,392  

P1261 DNGRH 544 1,079 101 233.3 978  

* NOS: Number of stations; SD: Standard deviation; MD: Maximum deviation 
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2) Data reliability analysis 

The reliability of rainfall data from the selected 16 stations is evaluated by checking 

consistency with the double mass curve and verifying outliers with the box-plot.  

If the characteristics of rainfall is found to be homogeneous among comparable 

stations, the double mass curve has a straight slope. On the other hand, if the slope of 

the double mass curve changes sharply at a specific point, it is considered that there is 

a change in observed data at the same point for any other reasons than meteorological 

ones 

Given there is a substantial difference in mean annual rainfall among the 16 selected 

stations, it should be considered that no homogeneity is shown among them and data 

from each of the selected stations have low reliability. 

Thus, the double mass curves to analyze data consistency have been derived to 

compare with regional daily rainfall data (among Global Weather Data (GWD) provided 

by National Centers for Environmental Prediction (NCEP) of National Oceanic and 

Atmospheric Administration (NOAA)). 

Outliers refer to data having a substantial deviation from other data because of any 

measuring or recording errors. The Grubbs and Beck method is commonly employed 

to test hydrological extreme series of outliers. However, the applicability of this method 

is not good for yearly rainfall data because the limit of those outliers becomes too high 

compared to non-extreme data. Accordingly, this study employs the box-plot method, 

which has been commonly used to test outliers among data showing normal distribution.  

The full name of the box-plot method is the skeletal box-and-whisker plot. This 

method produces outliers among data showing normal distribution with the minimum 

value, the first quartile ( %), the second quartile ( %), the third quartile ( %), the 

fourth quartile and the maximum value. In this method, outliers are set to 150% of a 

difference between the first quartile and the third quartile. The outliers are calculated 

with the following formula:  

 

 = % − . × | % − %|,  = % + . × | % − %| 
 

Where  and  refer to low and high outliers, respectively. Any outlier test should 

be conducted with the target data set. In the case of data from the stations as selected 

above, however, it is difficult to directly test them because their reliability is very low. In 
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this study, accordingly, the outliers for rainfall data provided by GWD of NCEP have 

first been tested to acquire the limit of the outliers, and then the appropriateness of the 

selected data has been evaluated against the acquired limit. 

A data reliability analysis performed with the double mass curve and the outlier test 

method as addressed above indicates that the double mass curves for 14 out of the 16 

selected stations (except for R119 and R315) show a line apart from a diagonal line or 

there is a at least 10% variation in outliers. This finding suggests that data consistency 

or reliability is low.  

 

 

(1) P1137 (ARA Centro Norte) (2) P359 (ARA Centro) 

 

(3) P3 (ARA Sul) (4) P7 (ARA Sul) 

<Figure 4.1-3> Data reliability analysis (16 rainfall stations) 
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(5) P119 (ARA Sul) (6) P312 (ARA Sul) 

 

(7) P315 (ARA Sul) (8) P393 (ARA Sul) 

 

(9) P808 (ARA Sul) (10) P821 (ARA Sul) 

<Figure 4.1-3> (continued) 
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(11) P856 (ARA Sul) (12) P865 (ARA Sul) 

 

(13) P924 (ARA Sul) (14) P1075 (ARA Sul) 

 

(15) P1245 (ARA Sul) (16) P1261 (ARA Sul) 

<Figure 4.1-3> (continued) 

Based on the results of data reliability & consistency analysis performed with the 

double mass curve and the outlier test method, only two out of the 16 selected stations 

are found to have hydrologically usable data; still, the coverage of these two stations is 
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concentrated in Maputo, which indicates that rainfall data from there have their own 

limitation to represent regional characteristics: 

<Table 4.1-10> 2 (two) rainfall stations selected in the final step 

Region Code Agency 
Administrative district Location Elevation  

(EL.m) Province District Latitude (S) Longitude (E) 

ARA Sul 
P119 INAM Maputo Namaacha 25°58'0.00" 32°1'30.00" 594.0 

P315 DNGRH Maputo Namaacha 26°12'38.00" 32°9' 54.00" 41.4 

3) Global rainfall data 

As addressed above, only two stations selected in the final step are found to retain 

usable data based on the results of data reliability analysis. However, the two stations 

can not reflect the hydrological characteristics of all regions in Mozambique. 

Moreover, it is impossible to acquire any reliable hydrological data from the 

neighboring countries sharing or bordering the international rivers, although their data 

are essentially required for a long-term runoff analysis.  

In this study, accordingly, global weather data are used because they cover all the 

relevant basins and have hydrological homogeneity and reliability. The global weather 

data are available from several sources as seen in <Table 4.1-11>:  

<Table 4.1-11> Series of global rainfall data 

Name Source Temporal resolution 
Spatial  

resolution 
Reference 

TRMM 
(TRMM3B42) 

CMORPH 
(V0.x) 

CMORPHCRT 
(V1.0) 

PERSIANN 
 

PERSICDR 
(V1. R1) 

 
GPCP1DD 

 
 

GAUGE 
GAUGERT 

JRA55 
MERRA 
MERRA2 

CFSR 
ERAI 

Geo-IR; MW from SSM/I, TMI, 
AMSU, AMSR; gauges 

Geo-IR; MW from SSM/I, TMI, 
AMSU, AMSR; 

Geo-IR; MW from TMI 
AMSU, AMSR 

Geo-IR; MW from TMI 
 

Geo-IR; MW from TMI 
(for training) 

SSM/I; IR; gauges 
Geo-IR; AVHRR  

low-earth-orbit IR, 
SSM/I; gauges; TOVS 

gauges 
gauges 

Reanalysis 
Reanalysis 
Reanalysis 
Reanalysis 
Reanalysis 

1998 - 2012, 
3 hourly 

2003 - 2013, 
3 hourly 

1998 - 2013, 
3 hourly 

2001 - 2013, 
3 hourly 

1983 - 2013, 
daily 

 
1997 - 2013, 

daily 
 

1979-2005, daily 
2006-2013, daily 

1979-2013, 3hourly 
1979-2013, hourly 
1980-2015, hourly 

1979-2014, 6hourly 
1979-2013, 3hourly 

49S - 49N 
0.25 

59S - 59N 
0.25 

59S - 59N 
0.25 

59S - 59N 
0.25 

60S - 60N 
0.25 

 
global, 

1 
 

global land, 0.5  
global land, 0.5  

global, gaussian 0.5625 
global, 0.5 x 2/3 

global, 0.5 x 0.625 
global, 0.5 
global, 0.75 

Huffman et al. (2007) 
 

Joyce et al. (2004) 
 

Joyce et al. (2004) 
 

Hsu et al. (1997) 
Sorooshian et al. (2000) 
Ashouri et al. (2015) 

 
 

Huffman et al. (2000) 
 
 

Chen et al. (2008) 
Chen et al. (2008) 

Kobayashi et al. (2015) 
Rienecker et al. (2011) 
Bosilovich et al. (2015) 

Saha et al. (2010) 
Dee et al. (2011) 

※Source: Comparison of Global Precipitation Estimates across a Range of Temporal and Spatial Scales 
(Gehne, M., T. Hamill, G. Kiladis, and K. Trenberth, 2016) 

 

This MP (Master Plan) uses hydrological data of CFSR (Climate Forecast System 

Reanalysis) provided by the NCEP (National Center for Environmental Prediction) in 
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the U.S. to secure data continuity and reliability. These internationally shared data have 

been recorded for a relatively long period and are very easy to use for a long-term runoff 

analysis.  

The CFSR model was developed by NCEP as part of the climate reanalysis project. 

It has provided climate data (at intervals of 6 hours) for the world since 1950. The CFSR 

model has a lattice structure with cells at intervals of latitude 2.5 degrees and longitude 

2.5 degrees. It ensures the continuity of climatic data with various climatic element 

models and satellite data of the NOAA, and 50 kinds of hydrological data (containing 

temperature, wind, rainfall, humidity, ozone concentration, etc.) all over the world.  

An applicability evaluation of the CFSR data requires a comparison between 

applicable data from any comparable stations in Mozambique and the corresponding 

CFSR data covering the same stations and period.  

The comparable stations in Mozambique selected herein for the foregoing 

comparison include R119 and R315 in ARA Sul from which data are considered reliable; 

and R1013 in ARA Norte, R1137 in ARA Centro-Norte and R44 in ARA Zambeze which 

are rich in regionally observed data, and are relatively free from missing data. 

Bias (Mean Error), RMSE (Root Mean Square Error), MAE (Mean Absolute Error) 

and IOA (Index of Agreement) as indicated below refer to indicators to show to what 

degree there is an error between observed and modeled data. The test results are 

shown in <Table 4.1-12>:  

Bias = 	 1 ( − ) 
RMSE = 	 1 ( − )  

MAE = 	 1 | − | 
IOA = 1 − ∑ ( − )∑ ( − + − )  

Where M and O refer to CFSR data and observed data, respectively.  

Bias, RMSE and MAE closer to “0” and IOA closer to “1” indicate high similarity 

between the observed data and the CFSR data. As shown in <Table 4.1-12>, two series 

of data have a considerable difference between them. Accordingly, it is difficult to verify 



 

4-19 

the reliability of CFSR rainfall data because the fully reliable observed data are not 

available:  

<Table 4.1-12> Comparison between observed rainfall data and CFSR rainfall data 

ARA 
Stations  

(data year) 
Bias MAE RMSE IOA 

ARA-Norte 
P1031 

(1979 to 2011)* 
1.21  4.02  9.75  0.62  

ARA-CentroNorte 
P1137 

(1979 to 2013)* 
0.49  4.69  12.06  0.52  

ARA-Zambeze 
P44 

(1979 to 2014)* 
0.71  2.98  10.47  0.68  

ARA-Centro 
P359 

(1983 to 2014)*  
-0.03  2.65  9.94  0.50  

ARA-Sul 

P119 
(1979 to 2013)* 

0.29  3.27  9.34  0.65  

P315 
(1979 to 2014)*  

0.23  3.28  10.90  0.49  

* : The non-gauging time is not included in the error tests. 
 

A research report titled the “Evaluation of CFSR Climate Data for Hydrologic 

Prediction in Data-scarce Watersheds” (Dile, Yihun Taddue and Reghaven Sprinivasan, 

2014) states that the global weather data like CFSR data can replace gauged data that 

are not usable or whose reliability is low. “Using CFSR as weather input data for 

watershed models (Daniel R. Fuka, 2013)” also states that there is a more favorable 

point in using CFSR data when compared with gauged data; the gauged data are point 

rainfall data, but the CFSR data are areal rainfall data. On top of that, the CFSR data 

contain not only rainfall but also temperature, wind, relative humidity, sunshine, etc. that 

are required for a long-term runoff analysis.  

In this MP, NCEP's CFSR data have been used to reanalyze the mean annual rainfall 

of Mozambique. As a result, the corresponding result has been found to be slightly 

higher than that of DNA’s rainfall analysis (conducted in 1999). Hence, it’s reckoned 

that it’ll be possible to consider regional rainfall variations in a long-term runoff analysis. 

The following figures show the regional distribution of mean annual rainfall:  
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<Figure 4.1-4> Regional distribution of mean annual rainfall (CFSR data) 
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<Figure 4.1-5> Regional distribution of mean annual rainfall (DNA, 1999) 

In conclusion, it’s considered that it’s not possible to use hydrological data observed at 

the 2 selected stations due to their low reliability, short continuity, regional imbalance, 
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difficulty in acquiring hydrological data covering the 9 international rivers, etc. In this MP, 

accordingly, meteorological data (containing rainfall, temperature, humidity and relative 

humidity) of NCEP’s CFSR (covering 36 years from 1979 to 2014) have been used for a 

long-term runoff analysis. The following table shows the number of monitoring stations 

covered in CFSR data: 

<Table 4.1-13> Number of stations (covered in CFSR data) 

 River basin No. of stations ARA Remark 

1 Maputo 28 ARA-SUL International shared 

2 Umbeluzi 5 ARA-SUL International shared 

3 Incomati 41 ARA-SUL International shared 

4 Limpopo 372 ARA-SUL International shared 

5 Save 89 ARA-Centro International shared 

6 Buzi 26 ARA-Centro International shared 

7 Pungoe 27 ARA-Centro International shared 

8 Zambeze 4,124 ARA-Zambeze International shared 

9 Licungo 19 ARA-CentreNorte  

10 Lurio 52 ARA-CentreNorte  

11 Rovuma 132 ARA-Norte International shared 

12 Messalo 22 ARA-Norte  

13 Montepuez 8 ARA-Norte  

14 Mutamba 1 ARA-Sul  

15 Guiua 4 ARA-Sul  

16 Inhanhombe 1 ARA-Sul  

17 Inharrime 13 ARA-Sul  

18 Govuro 10 ARA-Sul  

19 Ucarranga 3 ARA-Centro  

20 Raraga 10 ARA-CentreNorte  

21 Melela 7 ARA-CentreNorte  

22 Molocue 6 ARA-CentreNorte  

23 Ligonha 13 ARA-CentreNorte  

24 Meluli 10 ARA-CentreNorte  

25 Malato 1 ARA-CentreNorte  

26 Monapo 5 ARA-CentreNorte  

27 Mucuburi 10 ARA-CentreNorte  

28 Megaruma 5 ARA-Norte  

29 Namacurra 7 ARA-CentreNorte  

30 Gorongose 9 ARA-Centro  

31 Mongicual 4 ARA-CentreNorte  

32 Calundi 3 ARA-Norte  

33 Meronvi 3 ARA-Norte  

34 Macanga 1 ARA-Norte  

35 Quibanda 1 ARA-Norte  
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An analysis of hydrological data whose use has been determined herein for a long-

term runoff analysis indicates that the dry season lasts from April to October, and the 

wet season from November to March, which is characteristic of the typical Savanna 

climate. It’s also indicated that mean annual rainfall ranges from 1,200mm to 1,400mm 

in highlands (of the northern region), and from 600mm to 800mm in the southern region. 

This suggests that there is a substantial rainfall variation between the two regions:  

<Table 4.1-14> Mean monthly rainfall by river basin 

No. River basin 
Mean monthly rainfall (mm) 

1 2 3 4 5 6 7 8 9 10 11 12 Total 

1 Maputo 131.4 108.8 88.2 40.6 12.1 14.5 13.4 22.3 38.9 87.7 103.4 113.6 774.7 

2 Umbeluzi 161.7 133.3 117.6 54.6 18.4 19.0 14.9 24.6 37.0 80.7 114.0 123.9 899.6 

3 Incomati 120.0 98.0 87.6 37.5 14.6 12.9 11.9 19.0 26.7 59.3 91.9 100.4 679.6 

4 Limpopo 78.5 61.9 46.0 19.2 7.9 6.5 6.2 4.6 9.5 26.6 48.4 71.0 386.3 

5 Save 134.4 108.9 81.1 31.2 10.9 9.2 11.2 6.2 10.5 25.4 55.7 132.3 617.0 

6 Buzi 216.7 164.4 131.9 46.1 15.0 10.3 12.5 8.8 14.0 40.0 88.5 191.9 940.0 

7 Pungoé 242.4 189.0 156.8 50.3 15.5 13.7 16.8 13.9 17.3 39.8 91.2 194.5 1041.1 

8 Zambeze 215.2 186.9 149.3 51.2 9.6 5.3 3.2 3.2 5.6 33.2 109.9 199.0 971.5 

9 Licungo 283.0 257.0 192.2 71.5 25.0 24.7 29.0 20.2 12.9 31.7 72.5 195.4 1215.1 

10 Lurio 321.5 256.0 196.9 60.4 12.7 7.0 7.3 5.8 4.6 12.9 52.6 200.8 1138.5 

11 Rovumna 286.9 261.6 256.2 108.0 25.6 9.7 8.1 7.7 6.0 15.7 50.1 195.9 1231.5 

12 Messalo 283.4 247.3 235.3 96.9 21.7 8.6 7.7 6.8 6.2 15.1 52.2 173.4 1154.6 

13 Montepuez 315.7 275.6 234.9 90.0 21.6 10.2 9.7 8.1 6.9 15.0 52.9 188.9 1229.4 

14 Mutamba 167.4 146.7 113.1 58.0 35.8 29.6 25.3 20.6 26.6 47.5 98.1 117.1 885.7 

15 Guiua 172.0 160.3 114.1 61.0 38.6 32.6 29.1 22.5 25.5 47.4 95.2 115.1 913.2 

16 Inhanombe 166.0 149.7 113.9 56.3 32.8 26.0 22.7 17.6 24.2 48.7 101.9 128.4 888.2 

17 Inharrime 145.1 110.9 91.9 47.2 29.0 22.3 21.0 17.4 22.2 43.6 98.8 109.1 758.4 

18 Govuro 160.5 145.8 94.3 35.3 19.2 12.1 12.4 8.8 11.7 34.2 80.7 123.6 738.5 

19 Ucarranga 276.0 214.8 171.1 58.0 22.1 16.3 17.9 13.4 18.5 44.8 93.4 183.9 1130.2 

20 Raraga 302.0 286.9 228.0 107.3 42.6 40.8 43.2 30.1 20.5 39.8 81.0 193.6 1415.8 

21 Melela 296.5 272.8 224.2 101.5 36.6 32.6 33.8 24.7 14.7 31.4 64.5 186.8 1320.0 

22 Molocue 308.1 271.5 227.0 98.8 34.6 30.1 31.4 23.0 13.3 28.2 65.6 196.7 1328.2 

23 Ligonha 305.2 246.1 211.6 82.8 25.0 20.1 21.2 16.0 9.8 20.9 59.6 192.4 1210.6 

24 Meluli 302.3 248.9 220.5 92.5 25.7 19.9 21.1 15.3 9.5 17.9 57.9 187.4 1219.0 

25 Malato 284.2 241.3 214.5 122.0 42.9 37.4 35.0 27.2 14.2 22.6 55.7 156.3 1253.2 

26 Monapo 307.6 275.8 223.6 87.3 19.7 11.9 12.1 10.8 7.6 17.7 55.9 186.9 1216.8 

27 Mucuburi 316.1 287.7 227.5 86.9 20.9 10.4 10.9 9.8 7.1 16.5 59.0 202.8 1255.5 

28 Megaruma 293.4 262.0 221.5 91.2 20.3 9.4 9.2 8.3 5.7 13.6 50.1 174.2 1158.7 

29 Namacurra 268.9 242.8 194.8 86.0 32.2 33.1 34.8 24.1 16.9 36.3 76.8 164.7 1211.4 

30 Gorongose 213.0 170.7 131.8 42.3 15.5 11.3 11.9 7.5 14.0 35.6 79.7 150.9 884.2 

31 Mongicual 320.5 272.4 216.9 93.7 24.7 19.2 19.5 14.7 9.7 17.4 56.8 175.9 1241.4 

32 Calundi 372.7 322.9 327.4 152.8 39.6 13.9 11.8 10.8 11.8 28.8 78.1 243.9 1614.5 

33 Meronvi 215.1 204.7 224.8 118.3 30.5 8.2 8.2 8.0 8.9 25.4 55.7 145.3 1053.0 

34 Macanga 142.6 150.8 202.9 133.2 35.5 9.3 7.4 8.1 10.1 28.1 53.7 105.4 886.9 

35 Quibanda 215.1 204.7 224.8 118.3 30.5 8.2 8.2 8.0 8.9 25.4 55.7 145.2 1052.9 
 Average 238.3 206.8 177.0 76.8 24.7 17.3 17.1 14.2 14.5 33.0 73.1 161.9 1054.7 
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C) Water Level Data 

The applicability of a model should be checked to estimate runoff in the target river 

basins. Runoff estimated with a rainfall-runoff analysis model is calibrated against 

observed discharge. Parameters input in the model should be adjusted to minimize a 

difference between runoff estimated from rainfall and observed discharge. Therefore, 

the selection of representative stations for a target river basin is very important since 

the reliability for rainfall-runoff analysis directly depends on discharge observed at a 

selected station.  

234 water level stations in ARA-Sul are available among a total of 702 stations in 

Mozambique. Their concentration in the southern region, as is the case with the 

regional imbalance of rainfall stations, is up to 33% of 702 stations. The 235 stations 

have observed discharge data and rating curves used to convert water level into 

discharge:  

<Table 4.1-15> Status of water level stations by ARA 

ARA NOS* NOS-WL* NOS-RC* NOS-D* NOS-WLRCD* 

ARA-Norte 71 71 54 37 34 

ARA-CentroNorte 140 140 110 90 86 

ARA-Zambeze 130 130 21 13 12 

ARA-Centro 127 97 66 67 53 

ARA-Sul 234 181 108 52 50 

Total 702 619 359 259 235 

* NOS: Number of stations; NOS-WL: Number of stations from which water level data are available; NOS-
RC: Number of stations from which rating curves are available; NOS-D; Number of stations from which 
discharge data are available; NOS-WLRCD: Number of stations from which water level data, rating curves 
and discharge data all are available 

 

As indicated in the following table, 51 out of 235 stations with rating curves have been 

selected in the first step to calibrate the rainfall-runoff analysis model. Considerations 

in doing so include the continuity of data, location of station, presence of any missing 

data, etc.:  

<Table 4.1-16> 51 water level stations selected in the 1st step 

ARA Norte CentroNorte Zambeze Centro Sul Total 

No. of stations 2 5 8 6 30 51 

A review of the 51 water level stations selected in the 1st step indicates that they are 

excessively concentrated in ARA-Sul, and 51% out of them are located not in the 

mainstreams but in their tributaries. In addition, runoff for the entire observation period 

cannot be computed without rating curves for each river, but the reliability of available 

rating curves is found to be very low; the proportion of the stations retaining the rating 
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curves for 10 years (2001 to 2010) stands at 43%, that of the stations before 2000 at 

43%, and that of the stations not retaining rating curves for the recent five years at 86%:  

<Table 4.1-17> Water level stations selected in the 1st step (ARA-Norte) 

Station 
code 

River 
Location (deg, min, sec) Start year of the 

rating curve 
Remark 

Latitude (S) Longitude (E) 

E203 Luatize 12°38' 30.00" 36°08' 30.00" 1964 tributary 

E215 Lugenda 13°29' 00.00" 36°18' 00.00" 2010 tributary 

<Table 4.1-18> Water level stations selected in the 1st step (ARA CentroNorte) 

Station 
code 

River 
Location (deg, min, sec) Start year of the 

rating curve 
Remark 

Latitude (S) Longitude (E) 

E92 Licungo 16°23' 30.00" 36°22' 30.00" 1980 Main 

E123 Muecate 14°51' 57.00" 39°38' 10.00" 2001 tributary 

E126 Meluli 15°12' 16.00" 39°04' 12.00" 2001 Main 

E127 Meluli 15°43' 46.00" 39°20' 06.00" 1979 Main 

E431 Lagua 13°36' 00.00" 39°49' 00.00" 1977 tributary 

<Table 4.1-19> Water level stations selected in the 1st step (ARA Zambeze) 

Station 
code 

River 
Location (deg, min, sec) Start year of the 

rating curve 
Remark 

Latitude (S) Longitude (E) 

E302 Revubué 16°06' 41.00" 33°39' 07.00" 2009 tributary 

E320 Zambeze 16°09' 13.00" 33°35' 22.00" 2009 Main 

E348 Luenha 16°31' 31.00" 33°26' 22.00" 1981 tributary 

E365 Condedzi 15°31' 00.00" 34°19' 00.00" 1955 tributary 

E387 Zambeze 16°09' 00.00" 33°35' 30.00" 1980 Main 

E403 Cuacua 17°59' 00.00" 35°42' 30.00" 1982 tributary 

E548 Mazoé-Ponte 16°38' 59.00" 33°07' 00.00" 1982 tributary 

E645 Luia-Chifunde 15°08' 08.00" 32°54' 13.00" 2008 tributary 

<Table 4.1-20> Water level stations selected in the 1st step (ARA Centro) 

Station 
code 

River 
Location (deg, min, sec) Start year of the 

rating curve 
Remark 

Latitude (S) Longitude (E) 

E74 Metuchira 19°11' 15.00" 33°53' 00.00" 1989 Tributary 

E188 Buzi 20°05' 00.00" 33°07' 00.00" 1975 Main 

E246 Lucite 19°57' 30.00" 33°46' 08.00" 1970 Tributary 

E427 Xinica 20°36' 00.00" 32°47' 00.00" 1970 Tributary 

E456 Buzi 19°55' 00.00" 33°52' 00.00" 1976 Main 

E651 Púngoè 19°01' 28.00" 34°10' 48.00" 2004 Main 
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<Table 4.1-21> Water level stations selected in the 1st step (ARA Sul) 

Station 
code 

River 
Location (deg, min, sec) Start year of the 

rating curve 
Remark 

Latitude (S) Longitude (E) 

E6 Maputo 26°47' 24.00" 32°26' 24.00" 2008 Main 

E11 Umbeluzi 26°11' 46.00" 32°07' 17.00" 1984 Main 

E14 Movene II 25°50' 42.00" 32°16' 06.00" 1972 Tributary 

E17 Imcomati 25°58' 00.00" 32°02' 00.00" 1954 Tributary 

E24 Incomati 25°26' 25.00" 32°00' 10.00" 2010 Main 

E26 Incomati 25°19' 26.00" 32°15' 16.00" 2012 Main 

E27 Incomati 25°17' 01.00" 32°30' 23.00" 2007 Main 

E29 Bobole 25°36' 46.00" 32°40' 20.00" 2010 Tributary 

E41 Changane 24°40' 20.00" 33°30' 10.00" 1966 Tributary 

E43 Incomati 25°01' 50.00" 32°39' 17.00" 2014 Main 

E44 Incomati 25°01' 16.00" 32°45' 03.00" 1975 Main 

E45 Incoluane 25°04' 00.00" 32°55' 18.00" 2009 Tributary 

E47 Save 21°08' 30.00" 34°32' 00.00" 2013 Main 

E48 Save 21°18' 49.00" 34°18' 16.00" 1967 Main 

E54 Mucambe 24°37' 00.00" 34°34' 00.00" 2011 Tributary 

E176 Incomati 25°04' 38.00" 32°51' 09.00" 1966 Main 

E205 Inhamiquelene 24°11' 00.00" 34°34' 00.00" 2003 Tributary 

E229 Limpopo 23°50' 55.00" 32°35' 01.00" 1966 Main 

E377 Umbeluzi 26°12' 38.00" 32°09' 54.00" 2007 Main 

E395 Umbeluzi 26°05' 15.00" 32°14' 32.00" 2007 Main 

E413 Sábie 25°19' 00.00" 32°17' 30.00" 2008 Tributary 

E424 Chegua 24°48' 50.00" 33°41' 45.00" 2008 Tributary 

E435 Uamangovola 25°10' 00.00" 32°04' 00.00" 2006 Tributary 

E436 Guiua 23°57' 00.00" 35°23' 00.00" 2001 Main 

E437 Furela 23°47' 00.00" 35°18' 00.00" 2010 Tributary 

E469 Guiguacua 24°02' 00.00" 35°21' 00.00" 2008 Tributary 

E503 Govuro 21°42' 00.00" 35°06' 00.00" 2005 Main 

E546 Elefantes 23°56' 10.00" 32°16' 40.00" 2011 Tributary 

E585 Inhanhombe 23°56' 00.00" 35°11' 00.00" 2009 Main 

E586 Inhanhombe 25°57' 56.00" 32°08' 24.00" 2013 Main 
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In this MP, the hydrological reliability (i.e., consistency and continuity) of water level 

and flow data collected in the first half of 2016 was analyzed to evaluate their usability. 

As a result, it wasn’t confirmed that the data could be used directly for a long-term runoff 

analysis (covering flow frequency analysis and testing & calibration of runoff-model 

parameters).  

As kind of an alternative, CFSR’s hydrological data covering the last 36 years (1979 

to 2014), which are considered as international transboundary data (NCEP), were used 

for the SWAT model, a deterministic model, to conduct a long-term runoff analysis. The 

consistent, long-term acquisition, retention and management of hydrological data are 

required to ensure the future performance of any reliable long-term runoff analysis:  

4.1.2 Long-Term Runoff Analysis 

A) Modeling 

Special attention should be paid in selecting a long-term runoff model to evaluate 

potential water resources and analyze water budget and flow duration for the 

development of water resources. The scale of water resources development depends 

on long-term runoff. 

In Mozambique, most of the major rivers are international rivers, which indicates that 

the spatial distribution of rainfalls in the country and its neighboring countries needs to 

be considered to enhance the reliability of long-term runoff estimates. In addition, the 

hydrological model with physical base to compute parameters from the physical 

characteristics of basins using GIS needs to be applied. In this MP, accordingly, long-

term runoff is analyzed with the ArcSWAT model, which is not only a highly reliable 

public model with lots of application cases capable of considering spatial distribution 

with distribution-type rainfall data with lattice structure, but also a hydrological semi-

distributed model with physical base using GIS. It’s surveyed that the SWAT model was 

used in a research recently conducted on Pungoe Basin (2014):   
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<Table 4.1-22> Comparison among long-term runoff models 

 

B) ArcSWAT Model 

The SWAT (Soil and Water Assessment Tool) is a distributed long-term runoff model 

developed in 1994 by Jeff Arnold of the USDA-ARS (U.S. Department of Agriculture-

Agriculture Research Service). A SWAT model was developed to predict the impacts 

of the land management methods on the behaviors of water, sediment loads and 

Divide Mike-SHE PRMS SWAT 

Agency  DHI (Denmark)  USGS (US)  EPA, USDA (USA) 

Rainfall  Point rainfall   Point rainfall  Point rainfall 

Runoff 

 Consideration of 
surface slope 

 Saint Venant Eq. 
 Richards Eq.(1-D) 
 Flow analysis(3-D) for 

underground aquifer 

 Using area concept 
for runoff of 
permeable area 

 Using daily rainfall 
for runoff of 
impervious area 

 Computation by 
underground water 
storage function and 
linear routing 
coefficient for 
ground water sink 

 Runoff curve 
number of NRCS 

 Calibration for CN 
by surface slope 

 Computation for 
infiltration by 
Green-Ampt Eq. 

 Computation for 
interflow by 
Kinematic Storage 
Model 

Land use 
change 

 Analysis for change of 
runoff with surface 
slope and land use 

 Possibility for 
analysis of land use 
change in each 
Hydrologic 
Response Unit 
(HRU) 

 Possibility for 
analysis of land use 
change in each 
Hydrologic 
Response Unit 
(HRU) 

GIS/RS 
Interface 

 Mike-GIS (Arc/GIS)  Weasel(Arc/Info) 
 GRASS 
 Arc/GIS AVSWAT) 

Model Type  Distributed  Semi-distributed  Semi-distributed 

Remark 

 Private model 
 Flow analysis for river 

and aquifer 
 Physical parameter 

with lattice structure 

 Public model 
 Subdividing by HRU 

from sub-basin 
 Based on UNIX  

 Public model 
 Subdividing by HRU 

from sub-basin 

Advantages & 
Disadvantages 

 Accurate integrated 
model for 
groundwater, surface 
water and 
evapotranspiration 

 Disadvantage that 
should estimate lots 
of parameters 

 Economic 
disadvantage with 
private model 

 Possibility for 
consideration of 
variety land use 

 Disadvantage that 
should estimate lots 
of parameters 

 Applicability for 
ungauged basins 
due to computation 
for parameter by 
physical 
characteristics of 
basins 

 Reliability 
assurance with a lot 
of International 
application case 

Selected 
herein as 

  ◎ 
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agricultural chemicals in terms of the soil type, land use, and land management status 

over a long period of time in complicated large river basins. It has developed into the 

ArcSWAT using the ArcGIS, and its functions have been consistently expanding. 

The SWAT model consists of four sub-models namely hydrology, soil loss, nutrients, 

and channel routing. River basins are divided into sub-basins so as to reflect a wide 

variety of surface characteristics. Sub-basins are additionally divided into HRUs 

(Hydrologic Response Units) according to the land use or soil difference, which affects 

the hydrology. HRU is the smallest land area which has the hydrological combination 

of the same land cover, soil and land management within a sub-basin. 

The hydrological cycle of SWAT model is composed of surface runoff, lateral flow or 

inter flow, infiltration, underground water, waterway loss, evapotranspiration, etc. All 

processes that occur in basin are computed at each HRU based on water balance 

equation. In this, it is defined HRU means the response unit with spatial homogeneous 

characteristics for soil and land use:  

 

 

<Figure 4.1-6> Hydrological cycle of SWAT model 

 



 

4-30 

The water balance equation of the SWAT model is as below:  

S = + − − − −  

Where S : last soil moisture content on day (mm) 

 : initial soil moisture content on day (mm) 

 : rainfall on day (mm) 

 : surface runoff on day (mm) 

 : evapotranspiration on day (mm) 

 : infiltration on day (mm) 

 : underground water on day (mm) 

 

The model can reflect various kinds of crop and evapotranspiration, when the basins 

are divided variously in model. The runoff at each HRU is computed separately, and 

total runoff of basin is computed by channel routing. Through this, the accurate and 

enhanced water balance can be analyzed physically:  

 

<Figure 4.1-7> River routing process with the SWAT model 
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When it rains, it is partially intercepted by branch or leaf of plant and falls on the 

surface. The surface water is infiltrated into soil, evaporated or flows on surface as 

runoff. The surface runoff flows rapidly in small brooks and makes small streams in a 

short time. The infiltrated water is cohesive into soil or flows to surface through 

underground space gradually. Like this, the potential moving route of water particles 

analyzed at each HRU in SWAT model is shown in <Figure 4.1-8>:  

 

<Figure 4.1-8> Potential route of water particles in the SWAT model 

The SWAT model is characterized by the fact that a user can analyze the physical 

process such as hydrologic quantity (runoff), sediment transport, soil loss, nutrient cycle 

at points wanted by user, when a user inputs data such as meteorology, soil 

characteristics, topography, vegetation and method for land use in basin based on 

physical theory. Although the SWAT model is usable for regions with complicated 

topography and large change of land use, the model would secure reliability, when the 

physical characteristics such as topography, land coverage and use, soil, etc. are 

sufficiently available.  
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C) Parameters for SWAT model  

The ArcSWAT model is a distribution model that simulates the runoff based on the 

physical properties of river basin, so it needs the process to determine main parameters 

for the estimation of runoff. Among 28 parameters of SWAT model, 10 parameters that 

affect runoff and evapotranspiration are selected. These are 3 surface response 

parameters, 6 subsurface response parameters and 1 basin response parameter. The 

parameters related to water quality and river administration among parameters of 

SWAT model are not selected for long-term runoff analysis. 

In Mozambique, the data of water level and discharge are insufficient due to missing 

data for the long-term, and the rating curves are also not reliable. Therefore, the 

parameters for long-term runoff analysis are determined by not only the data of water 

discharge but also comparison with the runoff in the relevant existing report for each 

river basin to calibrate the parameters. However, the runoff of river basin without 

relevant existing report is computed based on the flow rate of neighboring river basin:  

<Table 4.1-23> Runoff analysis parameters for the SWAT model  

Parameter 
Range 

Description 
Min Max 

Surface response 

 CN2 35 98 SCS Curve number antecedent moisture conditionⅡ, 
for forested land use 

 ESCO 0 1 Soil evaporation compensation factor 
 SOL_AWC 0 1 Available soil water capacity 

Subsurface response 
 GW_REVAP 0.02 0.2 Rate of transfer from shallow aquifer to zoot zone 

 REVAPMN 0 500 
Threshold water depth in shallow aquifer for 

percolation to deep aquifer to occur 

 GWQMN 0 5000 
Threshold water depth in shallow aquifer for return to 

reach to occur 

 ALPHA_BF 0 1 
Baseflow alpha factor, lower number means a slower 

response 
 RCHRG_DP 0 1 Deep aquifer percolation fraction 
 SOL_K 0 2,000 Saturated hydraulic conductivity 

Basin response 

 SURLAG 0 24 
Surface lag coefficient; controls fraction of water 

entering reach in one day 

 CH_K2 -0.01 150 
Effective hydraulic conductivity in main channel 

alluvium 
Source: Soil & Water Assessment Tool_Input/Output Documentation (version 2012) 
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<Table 4.1-24> Comparison of runoff with the existing report 

Basin 

Mean Annual Runoff 

Master Plan Existing Report 

/s MAR 
Runoff 
Coeff. 

/s MAR Runoff Coeff. Runoff model 

Maputo 119.8 3,759.4 15.7% 120.4  3,797.0  15.6% PITMAN 

Umveluzi 18.7 584.6 11.6% 17.0  535.0  12.1% PITMAN 

Incomati 111.2 3,491.4 11.0% 119.8  3,777.0  10.9% PITMAN 

Limpopo 210.2 6,600.3 4.0% 196.5  6,197.0  4.1% PITMAN 

Save 229.0 7,200.4 11.3% 229.0  7,220.2  10.3% PITMAN 

Buzi 174.8 5,484.9 19.6% 180.3  5,685.0  18.3% PITMAN 

Pungoe 134.4 4,220.7 12.9% 133.0  4,195.0  12.8% PITMAN 

Zambeze 4,024.7 125,954.4 8.8% 4,134.0  130,370.0  9.2% PITMAN 

Lurio 287.4 9,007.2 13.0% 285.4  9,001.0  12.5% MIKE 

Rovumna 890.8 27,894.7 14.6% 875.0  27,594.0  17.4% PITMAN 

Messalo 160.5 5,040.6 17.9% 164.3  5,180.6  19.0% WTRBLN 

Montepuze 63.1 1,983.5 16.1% 59.6  1,879.2  - WTRBLN 

Mutamba 2.0 61.9 7.5% 1.9  59.3  - - 

Guiua 0.4 12.2 14.9% 0.4  12.6  - - 

Inhanhombe 4.1 128.2 11.1% 3.8  118.6  - - 

Inharrime 15.0 468.9 4.6% 2.6  80.7  - - 

Govuro 16.3 510.2 6.1% 3.8  120.8  - - 

Melela 48.0 1,515.7 14.0% 35.0  1,105.1  14.9% - 

Molocue 50.7 1,596.1 18.5% 53.6  1,689.0  - - 

Ligonha 98.1 3,092.1 17.3% 97.6  3,077.0  - - 

Monapo 56.0 1,759.9 18.1% 55.6  1,752.0  - - 

Megaruma 28.2 887.9 14.1% 28.0  883.1  - WTRBLN 

Calundi 24.4 769.1 18.2% 16.6  525.0  - WTRBLN 

Source 

1. Maputo: JOINT MAPUTO RIVER BASIN WATER RESOURCES STUDY MOZAMBIQUE, SWAZILAND AND SOUTH AFRICA 
(MAY 2008) 

2. Umbeluzi: NATIONAL WATER RESOURCES DEVELOPMENT PLAN FOR THE UMBELUZI RIVER BASIN (December 2003)

3. Incomati: NATIONAL WATER RESOURCES DEVELOPMENT PLAN FOR THE INKOMATI RIVER BASIN (December 2003) 

4. Limpopo: LIMPOPO RIVER BASIN MONOGRAPH (December 2013) 

5. Save: THE SAVE RIVER SYSTEM WATER RESOURCES ASSESSMENT (May 2013) 

6. Buzi: DEVELOPMENT OF THE BUZI RIVER BASIN MONOGRAPH AND JOINT INTEGRATED WATER RESOURCES
MANAGEMENT STRATEGY (OCTOBER 2011) 

7. Pungoe: DEVELOPMENT OF THE FUNGWE RIVER BASIN JOINT INTEGRATED WATER RESOURCES MANAGEMENT
STRATEGY (APRIL 2004) 

8. Zambeze: THE ZAMBEZI RIVER BASIN (June 2010), MONOGRAFIA (2017) 

9. Lurio: DESENVOLVIMENTO DA BACIA HIDROGRÁFICA DO LÚRIO (2016) 

10. Messalo: MONOGRAFIA DAS BACIAS INTERNAS DA REGIÃO NORTE DE MOZAMBIQUE. BACIA DE MESSALO 

11. Montepuze: MONOGRAFIA DAS BACIAS INTERNAS DA REGIÃO NORTE DE MOZAMBIQUE. BACIA DE MONTEPUZE 

12. Melela: MONOGRAFIA DA BACIA HIDRGRÁFICA DO RIO MELELA (October 2016) 

13. Megaruma: MONOGRAFIA DAS BACIAS INTERNAS DA REGIÃO NORTE DE MOZAMBIQUE. BACIA DE MEGARUMA 

14. Calundi: MONOGRAFIA DAS BACIAS INTERNAS DA REGIÃO NORTE DE MOZAMBIQUE. BACIA DE MARITIMA 

15. 22 Rivers: IRRIGATION NATIONAL PROGRAM (March 2015) 

16. 5 Rivers: Elaboração de um Plano Integrado de Gestão de Recursos Hídricos na Província de Inhambane (April 2009) 

* MAR: Mean Annual Runoff 
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D) Long-Term Runoff Analysis 

In this MP, the SWAT model has been used for a long-term runoff analysis of the 35 

target rivers to simulate their monthly runoff covering 32 years from 1982 to 2013.  

According to the results of long-term runoff analysis, the mean annual runoff of 

Mozambique is 6,502.0 million  and the runoff coefficient is 14.31%. The mean 

runoff of 13 major rivers is 505.7 /s. The mean runoff of 22 strategic small rivers is 

31.4 /s:  

<Table 4.1-25> Mean annual runoff (13 major rivers & 22 strategic small rivers) 

River Catchment 
area ( ) 

MAP 
(mm) 

ET 
(mm) 

Mean annual runoff 

/s M  Runoff 
Coeff. 

Major 
rivers 
(13) 

1 Maputo 30,903.4 774.7 468.4 119.8 3,759.4 15.70% 

2 Umveluzi 5,589.3 899.6 484.1 18.7 584.6 11.63% 

3 Incomati 46,648.9 679.6 463.3 111.2 3,491.4 11.01% 

4 Limpopo 422,741.3 386.3 253.8 210.2 6,600.3 4.04% 

5 Save 103,075.9 617.0 335.2 229.0 7,200.4 11.32% 

6 Buzi 29,790.4 940.0 472.8 174.8 5,484.9 19.59% 

7 Pungoe 31,365.6 1,041.1 543.8 134.4 4,220.7 12.92% 

8 Zambezi 1,474,004.3 971.5 521.9 4,024.7 125,954.4 8.80% 

9 Licungo 22,761.4 1,215.1 639.5 149.1 4,649.9 16.81% 

10 Lurio 61,015.4 1,138.5 578.0 287.4 9,007.2 12.97% 

11 Rovuma 154,727.4 1,231.5 609.7 890.8 27,894.7 14.64% 

12 Messalo 24,455.9 1,154.6 622.9 160.5 5,040.6 17.85% 

13 Montepuze 10,040.4 1,229.4 643.4 63.1 1,983.5 16.07% 

Strategic 
small 
rivers 
(22) 

14 Mutamba 928.7 885.7 524.3 2.0 61.9 7.52% 

15 Guiua 89.5 913.2 484.1 0.4 12.2 14.90% 

16 Inhanhombe 1,294.7 888.2 504.4 4.1 128.2 11.15% 

17 Inharrime 13,478.3 758.4 460.3 15.0 468.9 4.59% 

18 Govuro 11,288.6 738.5 443.6 16.3 510.2 6.12% 

19 Ucarranga 3,016.1 1,130.2 631.8 18.8 589.5 17.30% 

20 Raraga 9,123.0 1,415.8 776.7 73.6 2,315.5 17.93% 

21 Melela 8,180.1 1,320.0 731.8 48.0 1,515.7 14.04% 

22 Molocue 6,512.2 1,328.2 725.3 50.7 1,596.1 18.45% 

23 Ligonha 14,736.8 1,210.6 646.9 98.1 3,092.1 17.33% 

24 Meluli 10,253.0 1,219.0 668.8 72.0 2,260.8 18.09% 

25 Malato 105.5 1,253.2 825.0 0.7 23.2 17.57% 

26 Monapo 8,005.9 1,216.8 649.6 56.0 1,759.9 18.07% 

27 Mucuburi 9,438.7 1,255.5 655.9 64.3 2,014.2 17.00% 

28 Megaruma 5,445.6 1,158.7 620.6 28.2 887.9 14.07% 

29 Namacacurra 7,562.8 1,211.4 687.1 44.7 1,406.3 15.35% 

30 Gorongose 10,212.4 884.2 500.0 41.6 1,301.8 14.42% 

31 Mongicual 3,254.2 1,241.4 684.8 22.1 694.8 17.20% 

32 Calundi 2,619.1 1,614.5 657.7 24.4 769.1 18.19% 

33 Meronvi 1,089.4 1,053.0 619.2 5.8 182.3 15.89% 

34 Macanga 329.9 886.9 599.0 1.5 47.8 16.35% 

35 Quibanda 361.4 1,052.9 566.0 1.9 61.2 16.10% 
Average - 1,054.7 580.0 207.5 6,502.0 14.31% 

Total - - - - 227,571.7 - 

* MAP : Mean annual precipitation, ET : Evapotranspiration  
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4.1.3 Water Resources Potential 

The water resources potential in the river basin is the useful water resources 

subtracted the loss from total amount of water resources. The results of runoff analysis 

are used to estimate useful water resources by each river basin. Total water resources 

and useful water resources of 35 rivers are estimated at 2,251.4 billion  and 227.6 

billion . As for the useful water resources, the highest is 125,954.4 million  in the 

Zambezi River, and the lowest 12.2 million  in the Guiua River. As for the runoff 

ratio among 13 major rivers, the lowest is 4.0% in the Limpopo River indicating that the 

loss rate is high due to the low rainfall and a lot of evapotranspiration in the broad 

lowland plains. As for the water resources per unit area, the highest is 293.7 thousand 

/km2 in the Calundi River and the lowest 15.6 thousand /  in the Limpopo 

River that shows an unfavorable condition of water use:  

<Table 4.1-26> Water resources potential (13 major rivers & 22 strategic small rivers) 

River 
 

Catchment 
area 

( ) 

MAP 
(mm) 

Availability 
of water 

resources 
(10 3) 

Runoff 
ratio. 
(%) 

Water resources 
potential Water 

loss 
(10 3) Total 

(10 3) Unit (10 3/2) 

Major 
river 
(13) 

1 Maputo 30,903.4 774.7 23,940.9 15.7% 3,759.4 121.7 20,181.5 

2 Umbeluzi 5,589.3 899.6 5,028.1 11.6% 584.6 104.6 4,443.6 

3 Incomati 46,648.9 679.6 31,701.2 11.0% 3,491.4 74.8 28,209.8 

4 Limpopo 422,741.3 386.3 163,288.1 4.0% 6,600.3 15.6 156,687.7 

5 Save 103,075.9 617.0 63,599.9 11.3% 7,200.4 69.9 56,399.5 

6 Buzi 29,790.4 940.0 28,002.4 19.6% 5,484.9 184.1 22,517.4 

7 Púngoè 31,365.6 1,041.1 32,655.7 12.9% 4,220.7 134.6 28,435.0 

8 Zambeze 1,474,004.3 971.5 1,431,995.2 8.8% 125,954.4 85.5 1,306,040.8 

9 Licungo 22,761.4 1,215.1 27,656.9 16.8% 4,649.9 204.3 23,007.1 

10 Lurio 61,015.4 1,138.5 69,463.0 13.0% 9,007.2 147.6 60,455.8 

11 Rovuma 154,727.4 1,231.5 190,539.1 14.6% 27,894.7 180.3 162,644.4 

12 Messalo 24,455.9 1,154.6 28,235.8 17.9% 5,040.6 206.1 23,195.2 

13 Montepuez 10,040.4 1,229.4 12,344.0 16.1% 1,983.5 197.5 10,360.5 
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<Table 4.1-26> (continued) 

River 
 

Catchment 
area 
( ) 

MAP 
(mm) 

Availability 
of water 

resources 
(10 ) 

Runoff 
ratio 
 (%) 

Water resources 
potential Water 

loss 
(10 3) Total 

(10 3) Unit (10 3/2) 

Strategic
small 
rivers 
(22) 

14 Mutamba 928.7 885.7 822.5 7.5% 61.9 66.6 760.7 

15 Guiua 89.5 913.2 81.7 14.9% 12.2 136.1 69.6 

16 Inhanhombe 1,294.7 888.2 1,149.9 11.1% 128.2 99.0 1,021.7 

17 Inharrime 13,478.3 758.4 10,221.8 4.6% 468.9 34.8 9,752.9 

18 Govuro 11,288.6 738.5 8,336.5 6.1% 510.2 45.2 7,826.3 

19 Ucarranga 3,016.1 1,130.2 3,408.7 17.3% 589.5 195.5 2,819.1 

20 Raraga 9,123.0 1,415.8 12,916.1 17.9% 2,315.5 253.8 10,600.5 

21 Melela 8,180.1 1,320.0 10,797.7 14.0% 1,515.7 185.3 9,282.0 

22 Molocue 6,512.2 1,328.2 8,649.8 18.5% 1,596.1 245.1 7,053.6 

23 Ligonha 14,736.8 1,210.6 17,840.5 17.3% 3,092.1 209.8 14,748.4 

24 Meluli 10,253.0 1,219.0 12,498.4 18.1% 2,260.8 220.5 10,237.6 

25 Malato 105.5 1,253.2 132.2 17.6% 23.2 220.2 109.0 

26 Monapo 8,005.9 1,216.8 9,741.3 18.1% 1,759.9 219.8 7,981.3 

27 Mucuburi 9,438.7 1,255.5 11,850.5 17.0% 2,014.2 213.4 9,836.2 

28 Megaruma 5,445.6 1,158.7 6,310.0 14.1% 887.9 163.0 5,422.1 

29 Namacacura 7,562.8 1,211.4 9,161.6 15.3% 1,406.3 185.9 7,755.3 

30 Gorongose 10,212.4 884.2 9,029.4 14.4% 1,301.8 127.5 7,727.6 

31 Mongicual 3,254.2 1,241.4 4,039.7 17.2% 694.8 213.5 3,344.9 

32 Calundi 2,619.1 1,614.5 4,228.5 18.2% 769.1 293.7 3,459.4 

33 Meronvi 1,089.4 1,053.0 1,147.1 15.9% 182.3 167.3 964.8 

34 Macanga 329.9 886.9 292.6 16.4% 47.8 145.0 244.7 

35 Quibanda 361.4 1,052.9 380.5 16.1% 61.2 169.5 319.3 

Total  - 2,251,487.0 - 227,571.7 - 2,023,915.2 

 
* MAP : Mean annual precipitation   
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4.1.4  Drought 

A)  History of Drought Damages 

The history of Mozambique described below is based on the “Global Assessment 

Report on Disaster Risk Reduction” (2011) authored by the ISDR (International 

Strategy for Disaster Reduction), the “Report on Drought-Related Crop Damages 1990 

to 2009” (2010) authored by the INGC (National Institute of Disaster Management) of 

Mozambique, and other data produced by “Deslnventar,” a disaster management 

information system operated & maintained by the ISDR.  

Mozambique has experienced numerous extreme droughts since its independence 

in 1975. Drought frequently occurs with varying intensity in the country, and is regionally 

observed every three to four years.  

Since 1979, about 90,000 hectares of agricultural land have been damaged and 

about 11 million people have been affected by repeated extreme drought events. 

Drought affects various sectors, including agriculture, animal husbandry and water 

supply for villages. The impacts of drought are mainly concentrated in the agricultural 

sector, but include indirect losses such as forest fires, a lack of domestic & industrial 

water, and social & environmental impacts. Mozambique’s poverty is closely related to 

highly varying rainfall, frequently repeated drought and high dependence of rainfed 

agriculture on rainfall. 

Drought damages are a major concern for agriculture in southern regions such as 

Inhambane, Gaza and Maputo (except for coastal area in Maputo). Tete, a central 

region, is also frequently affected by drought. Some regions, including Matutuine, 

Chibuti, Moatize and Cahora Bassa, face not only drought risks as well as flood risks. 

<Table 4.1-27> Status of drought damages by region (1979 to 2012) 

Province Deaths Victims Affected Crop damage Lost cattle 

CABO DELGADO 0 0 91,554 14,464 0 

GAZA 100,259 0 2,086,019 5,822 1,375 

INHAMBANE 1 167,901 1,339,351 3,452 20,824 

MANICA 0 0 769,213 3,890 0 

MAPUTO 10 0 400,052 0 0 

NAMPULA 200 1,286 1,060,582 29,573 0 

NIASSA 0 343 55,921 0 0 

SOFALA 7 0 1,971,664 0 0 

TETE 94 0 3,311,644 0 0 

ZAMBEZIA 8 0 274,042 33,520 0 

TOTAL 100,579 169,530 11,360,042 90,721 22,199 
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Deaths Affected & Victims 

<Figure 4.1-9> Drought casualties (1979 to 2012) 

Mozambique’s historic drought events occurred in 1981 to 1984, 1991 to 1992, 1994 

to 1995, and 2002 to 2003, respectively:  

<Table 4.1-28> Examples of extreme drought events 

Year Drought disaster 

1980 Southern and central regions, including the Limpopo River basin 
1981-1983 Southern and central regions, including the Zambeze River basin 

1983-1984 
Most of country, including the Zambeze River basin: Cholera 
epidemic; many die because of drought and war 

1987 Inhambane: many people affected 

1991-1993 
Entire country: 1.32 million people affected; Major crop failure 
and shortage of drinking water 

1994-1995 
Southern and central regions, including the Zambeze River 
basin: 1.5 million affected; shortage of drinking water and cholera
outbreak 

1999 Around 100,000 people affected 

2002-2003 
Southern and central regions: many people affected,  
43 districts affected 

2004~2005 Southern and central regions: many people affected 
2008 Southern and central regions: many people affected 

2010 
60 districts in the southern and central regions: many people 
affected 
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<Table 4.1-29> Yearly drought damages (Mozambique, 1979 to 2012) 

Year 
Deaths 

(person) 
Victims 
(person) 

Affected 
(person) 

Crop damage 
(ha) 

Lost cattle 
(head) 

1979 0 0 0 0 0 

1980 0 0 0 0 0 

1982 100,000 0 0 0 0 

1983 0 0 0 0 0 

1984 0 0 958,806 0 0 

1985 0 0 908,233 0 0 

1986 0 0 140,355 0 0 

1987 0 0 0 0 0 

1988 0 30,000 267,557 0 0 

1989 0 0 0 0 0 

1990 0 0 0 0 0 

1991 0 0 33,000 0 0 

1992 8 0 1,195,791 0 0 

1993 60 0 750,000 0 0 

1994 4 0 22,612 0 0 

1995 2 0 81,081 0 0 

1996 0 0 33,357 0 0 

1997 0 0 104,631 0 0 

1998 0 0 118,467 0 0 

1999 0 0 164,449 10,000 0 

2000 0 0 126,802 0 0 

2001 247 0 204,243 10,245 0 

2002 11 343 1,554,373 19,378 0 

2003 11 0 1,060,388 0 0 

2004 92 10,968 650,056 3,696 0 

2005 21 57,176 1,306,523 31,308 0 

2006 108 58,162 614,893 7,225 20,824 

2007 0 12,700 422,355 3,452 0 

2008 7 181 315,791 19 1,375 

2009 8 0 236,948 5,398 0 

2010 0 0 86,581 0 0 

2012 0 0 2,750 0 0 

TOTAL 100,579 169,530 11,360,042 90,721 22,199 
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Deaths 

 

Affected & Victims 

<Figure 4.1-10> Yearly drought casualties (1979 to 2012) 

To put it in term of crop years, 1982 to 1983, 1986 to 1987 and 1991 to 1992 saw 

drought-specific crop damages, when Tete and Manica experienced a decrease in corn 

yields to 40% and 85% of the nationwide average, respectively. These extreme drought 

events caused massive food shortage, hunger and disease, while increasing food 

imports, worsening the national debt burden 

Due to recent drought from 1991 to 1992, grain production was halved so that over 

twice as much grain as grain production had to be imported; especially, the southern 

region had to receive 4 million tons of food aid. The loss of agricultural production due 

to drought in 1992 was reported to reach 4% of GDP (Gross Domestic Product). 
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<Figure 4.1-11> Drought-specific crop damages (1990 to 2009) 
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B)  Causes of Vulnerability to Extreme Drought 

Mozambique is inevitably vulnerable to extreme drought events due to the regional, 

seasonal imbalance of water resources and difficulties in managing water resources in 

international rivers. The causes of such vulnerability can trace back to meteorological 

elements with a high level of temporal and spatial volatility, an imbalanced reliance on 

international rivers, and a lack of hydraulic structures.  

 

1) Meteorological elements 

Mozambique is characterized by a high level of meteorological volatility having a 

substantial impact on rainfall, rainfall duration and rainfall frequency. In addition, tropical 

cyclones, El Niño and La Niña events have contributed to the creation of various 

extreme drought events.  

According to the INAM (National Meteorology Institute) of Mozambique, the return 

period (i.e., frequency) of extreme rainfall events has been shortened, while their 

intensity is known to be on the increase. Precipitation between December and March 

accounts for 60% to 90% of annual precipitation, which indicates that the distribution of 

annual rainfall is considerably imbalanced. 

Mozambique has a wealth of water resources as a whole; almost all basins in the 

country have a considerable surplus for total runoff compared to predicted water 

demand. To put it in terms of the geographical distribution of water resources, however, 

the northern region is richer in water resources than the southern region. In particular, 

there has been serious water shortage in many of basins in the southern region where 

the dry season occupies the larger portion of the year.   

Mean annual rainfall ranges from about 2,000 mm in the northern region to about 500 

mm in the southern region. Annual rainfall variations in the southern region are very 

substantial compared to the northern and central regions. Some rivers in the southern 

region gets dried up during the dry season. 

 

2) Regional imbalance of water resources 

As described above, Mozambique has a high level of regional imbalance in mean 

annual rainfall; in the northern mountainous region, mean annual rainfall exceeds 

2,000mm, and the central mountainous and coastal region has at least 1,000mm of 

mean annual rainfall. In the southern region and Tete Province of the central region, 
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however, mean annual rainfall stands at 800mm to 300 mm, which is relatively low 

compared to other regions; mean annual rainfall is less than 400mm to 500mm in the 

borders with South Africa (upstream of Inconmati and Limpopo Basins in the south), 

and with Zimbabwe (at the right bank of the Zambeze River). Very small rainfall, very 

substantial evaporation and very low runoff rate are characteristics of these border 

areas, which constitute the so-called “Dry Zone” by making the zone dry.  

Thus, the regional imbalance of water resources serves as a very disadvantageous 

condition for ensuring the reliable supply of water resources, which, in turn, worsens 

localized drought damages and causes serious water shortage.  

 

3) High level of reliance on international rivers 

Mozambique shares about half of water resources with its neighboring countries so 

that its reliance on international river basins for water resources is considered as very 

high. A total of nine major rivers are classified as international rivers, with about 54% 

of total annual runoff occurring in the neighboring countries. 

This indicates its increasing national vulnerability in terms of water availability; in the 

southern region, all major rivers (including Maputo, Umbeluzi, Incomati, Limpopo and 

Save) originate in neighboring countries and lots of water from the rivers is consumed 

in upper countries, which is why water availability is decreased in the lower basin where 

Mozambique basin is located.  

 

4) Lack of hydraulic structures 

The storage capacity of hydraulic structures available in Mozambique remains very 

low, and many of them are rendered underdeveloped. However, its water demand has 

been steadily increasing due to population surge and improper land use practices. 

Water demand increasing on the part of major economic sectors (especially, irrigation 

water demand) cannot be met with the existing hydraulic structures. Accordingly, the 

development of medium- & large-scale or small-scale hydraulic structures is required 

to use Mozambique’s abundant water resources for increasing water demand. 
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5) Lack of interagency water management experts & budgets 

Pursuant to the Water Resources Act of Mozambique, MOPHRH (Ministry of Public 

Works, Housing and Water Resources), DNGRH (National Directorate of Water 

Resources Management under MOPHRH), and DNAAS (National Directorate of Water 

Supply and Sanitation) are mandated to be responsible for managing water resources. 

In addition to this, the ARAs (Regional Water Administrations) has also been 

established by the same law to ensure cooperation and collaboration among different 

sectors involved along the boundaries of river basins. The ARAs are responsible for 

ensuring the integrated management of basin-wide water resources across national 

rivers. As of now, 13 different river basins are under the management of the ARAs. 

Other government agencies involved in the management of water resources in 

accordance with the same law include MINAG (Ministry of Agriculture), MIREME 

(Ministry of Mineral Resources and Energy), MISAU (Ministry of Health), and MITADER 

(Ministry of Terrain, Agriculture, Rural Development). Thus, multiple government 

agencies involve themselves in the management of water resources, which indicates a 

need to ensure coordinative cooperation and collaboration among them before a 

decision is made about the management of water resources. In reality, however, 

systematic interagency cooperation is insufficient to address drought issues so that 

there is difficulty in taking timely, consistent measures with the involvement of multiple 

ministries. Other stumbling blocks making it difficult for the government to take 

proactive countermeasures against drought include a lack of specialized interagency 

manpower capable of coordinating drought issues among those different ministries, an 

absence of specific manual to ensure proper response to extreme drought events, and 

a shortage of budgets available to overcome extreme drought at a national level.  
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4.1.5 Groundwater Resources 

Water is indispensable to maintain human activities and ecosystems. Among the 

freshwater resources on earth, the surface water which is generally developed and 

used in the river and lake is distributed limitedly and preserved mainly in the form of 

glacier or groundwater. 

Surface water development conditions in the world are more and more unfavorable. 

Therefore, the security of stable water resources is required to prepare for the water 

shortage and the continuous increase of water demand in the future. The groundwater 

is considered as the most reasonable alternative among several alternative water 

resources. Accordingly, the conservation and management of groundwater shall be 

more important in the future. 

Surface water is the main source of water supply in Mozambique, but most of the 

rural population has used groundwater. According to the PRONASAR (National 

Program for Water Supply, DNA, 2012) data in 2012, about 15 million people have been 

supplied with groundwater from about 19,000 wells. According to the report released 

by the World Bank in 2012, 67% (i.e., 15,220,000 people) of the total population in 

Mozambique use groundwater for domestic purposes. 

In this chapter, groundwater productivity, utilization pattern and water quality are 

evaluated and then a comprehensive basis for groundwater development and 

management is provided. 
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A) Groundwater Availability  

Groundwater is originated from precipitation. Some of the precipitation infiltrate into 

the soil and fill the voids by gravity. The groundwater moves along the pores or cracks 

of rock from the higher potential to the lower potential area by gravity. The groundwater 

migrated through the geological medium is appeared to the surface and may form a 

fountain. 

Groundwater is generally defined as the “water contained in the saturated zone where 

the pores in geological medium are completely filled with water.” The groundwater fills 

the pores formed in the strata. The volume and hydraulic properties of pores depends 

on the structure and texture of strata. 

The pores are divided into primary and secondary pore by its foundation. The primary 

pore is formed simultaneously with the formation of strata and exists in unconsolidated 

sediments, volcanic rocks, lava tubes and cooling joints. The secondary pore is formed 

after the formation of strata together with fault, joint, fracture and cavity in carbonate 

rocks. 

Groundwater exists in all the materials of crust and its distribution is accorded with 

the hydrogeologic settings of media. The crust materials are divided into the 

unconsolidated and consolidated state. The unconsolidated materials belong to the 

porous sediments namely alluvium and colluvium and are contained in shallow 

groundwater aquifer. The igneous, sedimentary and metamorphic rocks belong to 

consolidated materials. The igneous and metamorphic rocks have crystalline structures 

and they are similar to each other in terms of hydrogeological characteristics. 

It should be quantified about the amount of groundwater that can be extracted from 

specific aquifer, to evaluate the storage and productivity of groundwater. 

The productivity of groundwater is determined by the permeability and storability of 

aquifer that is divided into alluvial aquifer and bedrock aquifer in terms of its 

consolidation degree.  

 

1) Hydrogeological characterization 

Regions having similar hydrogeological characteristics were identified from the 

hydrogeological map prepared in 1987. <Table 4.1-30> shows a summary of the 



 

4-47 

hydrogeological characteristics of each region, which are categorized into four groups, 

including physical geography, geology, groundwater and general, as seen in <Table 

4.1-30>:  

<Table 4.1-30> Summary of hydrogeological map of Mozambique (1987) 

Provinces 
Physical 

Geography 
Geology Groundwater General 

 
1. 
 

Basement 
Complex 

(Pre-
Cambrian) 

∙ 57% of 
Mozambique 

∙ Mountains and 
plateaus  

∙ Weathered rocks 
(mountains) 
leaving thick 
(sometimes 50m) 
sediments on 
plateaus  

∙ Lots of rain  
∙ Good recharge  
∙ All year around 

rivers in rainy 
areas  

∙ Early Precambrian 
(part of the 
Zimbabwe Craton)  

∙ Greenschists, 
limestone, 
conglomerates, 
marbles, quartzite's 

∙ Later Precambrian 
(Part of the 
Mozambique Met-
amorphic Belt)- 
gneiss, granite, 
migmatite 

∙ Poor water-carrying 
formations  

∙ Limited aquifers  
∙ Low (<600 mg/l) 

mineralization  
∙ Higher (500-1000 

mg/l) mineralization 
in arid areas  

∙ Medium-high 
hardness  

∙ pH 7.0-8.3 

∙ Sediments are 
porous and 
impermeable 
(much clay)  

∙ Permeable zone by 
the parent rock that 
is still intact  

∙ Most prolific 
aquifers are in the 
marbles 

 
2.  
 

Volcanic 
Terrains  
(Post- 

Cambrian) 

∙ Fractured 
eruptions, lead to 
volcanic rock 
terrain  

∙ Easily weathered 
rock, mountains 
have been formed  

∙ Weathered 
material formed a 
dark and clayey 
soil 

∙ Rhyolites  
∙ Basalt  
∙ Alkaline rocks 

∙ Great quality 
groundwater in 
rhyolites, low 
hardness, low 
mineralization 
(<500 mg/l)  

∙ Poor quality 
ground-water in 
basalt, harder, 
mineralization high 
(8500 mg/l) 

∙ Large amount of 
clay in the ground, 
impermeable  

∙ Less than 10 m 
weathered material 

 
3.  
 

Middle 
Zambeze 

Sedimentary 
Basin  

(Karoo)  

∙ Belongs to the 
Karoo basin  

∙ Quite dry, 
precipitation 
between 500-700 
㎜/year 

∙ Quaternary  
∙ Conglomerates and 

tillites made from 
mud, silt and clay 
stones 

∙ Lack of knowledge  
∙ Probably low water 

withdrawal capacity 
because of fine 
course material. 
Better by fractures  

∙ Mineralization, 400- 
800 mg/l  

∙ Quaternary sand 
formations might 
work as local wells 

∙ Quaternary 
formations, from 
sand, silt and clay  

∙ Thick sediments 
can be found, over 
300 m 

 
4.  
 

Maniamba 
Sedimentary 

Basin  
(Karoo)  

∙ Belongs to the 
Karoo basin  

∙ Much precipitation, 
between 1100-
1400 mm/year  

∙ Quaternary  
∙ Conglomerates 

from sand, mud 
and siltstones,  

∙ Shales  

∙ Lack of knowledge  
∙ Probably low water 

withdrawal capacity 
because of fine 
course material.  

∙ Mineralization, 400- 
800 mg/l  

∙ Quaternary sand 
formations might 
work as local wells 

∙ Quaternary 
formations from 
sand, silt and clay  

∙ Very thick 
sedimentary 
structures,  

∙ 2000 m has been 
found 
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<Table 4.1-30> (continued) 

Provinces 
Physical 

Geography 
Geology Groundwater General 

 
5.  
 

Rovuma 
Sedimentary 

Basin  
(Meso- 

Cenozoic) 

∙ Plains and low 
plateaus  

∙ Precipitation; 800- 
1200 mm/year  

∙ High recharge 
capacity in the 
north, low in the 
south because of 
clayey soils 

∙ Cretaceous 
marlstone  

∙ Plateaus are 
covered with sand, 
20-40 meters thick  

∙ Coast is covered 
with 30-60 m thick 
sandstone 

∙ Brackish water  
∙ Impermeable 

cretaceous 
marlstone  

∙ Good quality 
(mineralization 100-
300 mg/l)  

∙ Medium outtake  
∙ Deep aquifers, 

outtake of 30 l/s but 
water has a low pH 
and is very soft 
(leads to corrosion) 

∙ Eluvial formation, 
clean water but not 
much outtake  

∙ Alluvium 
formations has 
better yields, but 
sometimes 
brackish water 

 
6.  
 

Mozambique 
Sedimentary 
Basin (North 
of the Save)  

(Meso- 
Cenozoic) 

 
 

∙ Plains, plateaus 
and valleys  

∙ More rain by the 
coast (1400 mm/ 
year), less inland 
(700-900 mm/year) 

∙ Overall good 
recharge 

∙ Cretaceous sand-
stones, as thick as 
2500 m  

∙ Sandstone  
∙ Limestone  
∙ Marl 

∙ High mineralization 
(>8500 mg/l),  

∙ 60% brackish 
water, 40% fresh 
water  

∙ Better quality on 
the plateau, 
mineralization; 350-
1500 mg/l  

∙ Shallow water table 
can be found on 
plateaus, very low 
pH (problem with 
corrosion)  

∙ Productive wells 
can be found in the 
valleys, might be 
mineralized  

∙ Good sand 
formations, might 
be too shallow on 
some places  

∙ A 300m thick sand 
formation has been 
found on top of 
clay formation 

∙ Problems with clay 
in the sandstone at 
places 

 
7.  
 

Mozambique 
Sedimentary 
Basin (South 
of the Save)  

(Meso- 
Cenozoic) 

 
 

∙ Plateaus and 
valleys  

∙ Dune area by the 
coast (30 km in 
average width)  

∙ Precipitation; 
coast:700-1000 
mm/ year inland: 
350 mm/year  

∙ Recharge is best 
by the dunes (by 
the coast), least 
inland  

∙ Main rivers, but 
they dry out during 
the dry season  

∙ 700 lakes, only 8% 
are permanent  

∙ Limestone in the 
north-east  

∙ Sandstones 
dominates inland  

∙ Shales, marls, 
sandstones from 
cretaceous  

∙ Thick sandstones 
(up to 1500 m)  

∙ Tertiary formations 
7of calcareous and 
sandstones  

∙ Quaternary 
sediments cover 
70% of basin 

∙ Best prospects by 
the alluvial and 
dune areas  

∙ Saline problems 
(high resistivity) 
because of the 
Pleistocene 
transgression and 
the arid conditions 

∙ Contains a big fresh 
water aquifer called 
"Limpopo aquifer" 
which might run out 
if over-exploited  

∙ Well explored place, 
many aquifers  

∙ Salinity is a 
common issue  

∙ Dunes can be 
found, up to 100 
m. The sand is 
sorted (medium to 
coarse) and it is 
clean  

∙ Up to 60 m thick 
alluvium deposits 
can be found by 
the big rivers  

∙ Problems with clay 
in the sandstone 
at places 
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2) Hydrogeological unit 

Geological units identified from hydrogeological characteristics are called hydrogeological 

units. Hydrological units can be classified into various types according to geological time, rock 

type, sheet, topography, shape of voids, and other hydraulic properties (e.g., permeability 

coefficient, transmissivity, storage coefficient, groundwater yield, etc.).  

In the case of Korea, its territory is classified into eight hydrogeological units, including 

metamorphic rock, limestone, paleo-sedimentary rock, intrusive igneous rock, nonporous 

volcanic rock, neo-sedimentary rock, porous volcanic rock, and unconfined sedimentary rock. 

The properties of groundwater potential are dominated by secondary voids mostly originating 

from the adiabatic structure (e.g., faults and joints) except for unconsolidated to semi-

consolidated clastic sedimentary layers and porous eruptive volcanic rocks. The formation of 

adiabatic structure is closely related to the time when rocks are generated and transformed 

(Master Plan for Groundwater Management, 2012). 

In this study, Mozambique’s territory was classified into three hydrogeological units, 

including crystalline rocks, sedimentary rocks and alluvial deposits, from geological 

distribution, hydraulic characteristics of each stratigraphic layer and water quality as indicated 

in its limited archive of geological data and geological maps (drawn up in 1987), and then the 

rate of groundwater recharge was calculated for each of those hydrogeological units to 

estimate groundwater recharge and exploitable groundwater as a whole:  

<Table 4.1-31> Species for hydrogeological unit 

Division 
Species based on 
Water Quality & 

Geology 

Species in accordance 
with Korean Criteria 

Species based on 
Rock Formation 

Hydro- 
geologic 

Unit 

Alluvium 
unconsolidated clastic 

Sediments 
Alluvium 

Sedimentary rock 
Semi-consolidated clastic 

Sedimentary rock Clastic 

Carbonate Rock Carbonate Rock 

Volcanic Rock 
Porous Volcanic 

Crystalline Rock 
(Precambrian 

Basement Complex) 

Non-porous Volcanic 

Igneous Rock Igneous Rock 

Metamorphic Rock Metamorphic Rock 

Features 

․ Merging sedimentary 
and volcanic rocks 
because of similar rock 
formation processes 
․ Reflection of water 
quality of aquifers and 
rock formations 

․ Integration of criteria 
for water quality and 
quantity  
․ Reflection of rock age 
and rock formations 

․ Igneous and 
metamorphic rocks 
combined into 
Crystalline Rock 
because of similar 
hydrological properties  

Application   O 
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<Figure 4.1-12> Hydrogeological map (Mozambique, 1987) 
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3) Groundwater recharge 

Groundwater recharge means that when it rains, the rainwater infiltrates into the 

ground and reaches the aquifer. This is a very important process in the groundwater 

circulation, and the amount of groundwater recharge depends on the recharge rate of 

groundwater. 

Data on national groundwater recharge in Mozambique are not reliable. According to 

a study by IWACO in 1985, the groundwater recharge of sandy soils around Maputo is 

140 ~ 185mm per year that is about 20% of annual rainfall. The groundwater recharge 

of sandy soils around Pemba city is 210 ~ 350mm per year that is about 30% of annual 

rainfall. Chitima, a semi - arid region near Tete, has low permeability and its 

groundwater recharge is less than 10mm per year. 

The data for groundwater recharge in Mozambique is stated in IWACO (Consultant 

for Water and Environment) study in 1985, hydrogeological map in 1987 and Messalo 

report in 2011.  

In Mozambique, the recharge rate of hydro-geological unit is determined considering 

the existing studies with the low reliable data as shown in the following table:   

<Table 4.1-32> Recharge rate of hydrogeological unit 

Division 
Hydrogeological 

Map (1987) 
IWACO (1985) 

Messalo 
Report (2011) 

Application 

Crystalline Rock < 5% - 3~7.5% 5% 

Sedimentary Rock 5~10% - 10% 10% 

Alluvium 10~30% 
20~30% (sandy 

soil) 
20% 20% 

In order to estimate the amount of groundwater recharge of each sub-basin, the total 

amount of water resources is calculated using its area and annual rainfalls. Then, the 

groundwater recharge amount is calculated by multiplying total amount of water 

resources and recharge rate of hydrogeological unit distributed in each sub-basin. 

Total groundwater recharge in Mozambique is about 68,618 Million m3/year that 

corresponds to about 10% of total annual precipitation. 

The amount of groundwater recharge is relatively high in the Rovuma, Lurio and 

Zambeze River basins in the northern region because rainfall in the northern region is 

higher than in the southern region. 
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<Figure 4.1-13> Groundwater recharge at each sub-basin 
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4) Groundwater exploitable from each sub-basin 

Brackish groundwater is groundwater containing salt, which is originated by natural 

phenomena or artificial causes. 

Generally, natural brackish groundwater is composed of two types. Firstly, in the 

coastal area, high density seawater flows into the aquifer and forms a brine layer. 

Secondly, it is formed by the influence of bedrock containing rock salt and salt 

component in the marine sedimentary layer. 

Anthropogenic brackish groundwater is occurred by the infiltration of pollutants such 

as wastewater, calcium, chloride, etc. into the groundwater. 

In Mozambique, brackish groundwater seems to be originated by a natural cause. 

The groundwater of coastal area is brackish by seawater intrusion and the groundwater 

of a certain inland is brackish by dissolution of rock salt and salt component in the 

marine sedimentary layer. 

Brackish groundwater has the negative impact on human activities such as corrosion 

of facilities, incompatibility of drinking water, inhibition of plant growth, etc. Therefore, 

the brackish groundwater is not a suitable groundwater resource. 

In the southern region (Limpopo, Incomati, Umbeluzi, Maputo and Govuro River 

basins), brackish groundwater would be originated from marine sediments mainly. In 

coastal areas of Megaruma and Namacurra River basins, brackish groundwater would 

be influenced by salt of seawater. 

The area containing brackish groundwater in Mozambique is about 10.5% of the total 

area. Its area is not suitable to develop the groundwater for water use and is excluded 

in the exploitable groundwater volume. 

The amount of exploitable groundwater is groundwater resources that can be 

developed for water use in aquifers. It represents the amount of groundwater infiltrated 

into the aquifer by the groundwater recharge in the total water resources. It does not 

include the brackish groundwater distributed in 10.5% area of Mozambique. 
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<Figure 4.1-14> Regional distribution of brackish groundwater 

(Source: Groundwater Development Map, DNA, 1987) 



 

4-55 

Groundwater exploitable in Mozambique was estimated at 61,397,584,800 ㎥/year, 

9.4% of its yearly rainfall.  

<Table 4.1-33> and <Figure 4.1-15> show groundwater exploitable from each sub-

basin. As seen in the table, it’s indicated that R11-04 ranks first in terms of groundwater 

exploitable to stand at 3,143,641,100 ㎥/year, followed by R11-05 and R08-01 in a 

descending order.  

<Table 4.1-33> lists the top 30 sub-basins in terms of groundwater exploitable in 

Mozambique:  

<Table 4.1-33> List of the top 30 sub-basin in terms of groundwater exploitable 

Rank Sub-
b i

Basin 
N

Exploitable 
G d t

Rank Sub-
b i

Basin 
N

Exploitable 
G d t

1 R11-04 Rovuma 3,143,641.1  16 R12-05 Messalo 824,893.4  

2 R11-05 Rovuma 2,544,613.1  17 R11-12 Rovuma 784,028.1  

3 R08-01 Zambeze 1,943,252.9  18 R08-09 Zambeze 765,660.9  

4 R08-04 Zambeze 1,727,967.2  19 R09-03 Licungo 744,930.3  

5 R11-08 Rovuma 1,623,123.1  20 R11-10 Rovuma 718,227.6  

6 R11-03 Rovuma 1,400,177.0  21 R12-02 Messalo 675,242.5  

7 R10-05 Lurio 1,375,226.8  22 R22-01 Messalo 672,404.5  

8 R10-07 Lurio 1,243,725.7  23 R09-01 Licungo 671,982.1  

9 R08-17 Zambeze 1,203,729.6  24 R10-01 Lurio 670,004.7  

10 R11-01 Rovuma 1,164,399.0  25 R10-03 Lurio 650,847.5  

11 R08-03 Zambeze 1,113,706.6  26 R21-02 Melela 623,528.1  

12 R10-04 Lurio 1,072,142.1  27 R09-02 Licungo 620,654.8  

13 R08-22 Zambeze 1,025,588.8  28 R10-02 Lurio 599,318.3  

14 R08-06 Zambeze 918,880.3  29 R08-23 Zambeze 581,563.4  

15 R12-01 Messalo 877,510.2  30 R10-06 Lurio 566,971.5  

 

When viewed from administrative districts, Niassa is found to rank first in terms of 

groundwater exploitable, and other administrative districts whose groundwater 

exploitable is possibly considered as substantial include Zambezia, Tete, Cabo and 

Delgado. 
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<Figure 4.1-15> Groundwater exploitable from each sub-basin 
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<Figure 4.1-16> Groundwater exploitable from each district 
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B) Groundwater Utilization  

1) Groundwater consumption 

According to the report by World Bank 

in 2007, most of the water consumption 

is destined to irrigation and the domestic 

water is used secondly in Mozambique 

as shown in <Figure 6.2-6>. It is not 

possible to find how much the 

groundwater has been used through the 

report.  

According to the census in 2007, 

about 60% of the population is 

supplied with water by traditional wells 

or manual pumps without pipe. 

The <Figure 4.1-18> shows the percentage of population using the groundwater for 

each province, based on the data of INE in 2013. The well numbers and the percentage 

of operating well in each province are shown in <Figure 4.1-19>, based on PRONASAR 

data of 2012. The <Figure 4.1-20> shows the well numbers per each 1000 inhabitants 

in each province. 

Based on the data, 79%~83% of the population of Gaza, Inhambane, Zambezia and 

Cabo Delgado Provinces, and 66~70% of the population of Tete, Nampula and Niassa 

Provinces have been supplied with groundwater. Less than 50% of the population has 

been supplied with groundwater in Sofala and Manica Province, and only 24% of the 

population in Maputo Province. More than 3 million people in Zambezia and Nampula 

Provinces use groundwater, respectively.  

Therefore, the groundwater for domestic use in these provinces is very essential. 

Niassa and Cabo Delgado Provinces in the northern region depend on the groundwater 

for their water ruse, but the portion of operating wells is low.  

About 15 million people, 67% of total in Mozambique, use the groundwater and the 

well numbers per 1,000 inhabitants are 1.2. 

<Figure 4.1-17> Percentage of each water 
consumption type 

(Source: World Bank report in 2007) 
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<Figure 4.1-18> Population supplied with groundwater by province 

(Source: INE and the Ministry of State Administration and Function)  

 

<Figure 4.1-19> Percentage of operating wells to all wells by province  

(Source: PRONASAR in 2012)  
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<Figure 4.1-20> Number of wells per 1000 inhabitants by province  

(Source: PRONASAR in 2012)  

Because the distribution of wells at each district has not been checked, the average 

inhabitants per well are not confirmed in any provinces.  

In the urban areas, FIPAG is responsible for the finance and development of water 

supply infra-structures. About 3,800,000 inhabitants in urban areas have used the 

domestic water by FIPAG.  

It is found that approximate 24% of inhabitants in the urban areas are provided with 

municipal water by wells, of which water is sourced from not the groundwater but the 

surface water.  

The <Table 4.1-34> shows the number of groundwater wells operated by FIPAG in 

each city:  

<Table 4.1-34> Groundwater wells operated by FIPAG 

System Well Numbers 

Tete/Moatize 12 (Ancient Tete) + 9 (Matundo/Chingondzi) + Unknown (Moatize) 

Quelimane 6 (Nicoadala) 

Xai-Xai 12 (new holes) + unknown(old) 

Chókwe 
At least 7 (Chokwe, Lionde, Massavasse, Conhane, Nwaxicoluane, 

Mapapa and Guijá) 

Maxixe Unknown (Habana) 

Pemba Unknown (Metuge) 

Angoche 3 (Malatane Lagoon) 
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The <Figure 4.1-21> shows the population served by FIPAG with the water source 

type in each city:  

 

 

<Figure 4.1-21> Municipal population by water source (served by FIPAG)  

 

The water use for agriculture and livestock corresponds to 72% of total, as shown in 

the report of World Bank in 2007.  

The low groundwater usage results from follows. ① abundance of surface water for 

irrigation in rainy season, ② high risk of groundwater development because of lack of 

groundwater information, ③ presence of brackish groundwater in marine sediment 

area ④ No installation of submersible pump in the well for irrigation because of poor 

electric supply in rural area. 

In view of the touristic potential based on the natural resources in Mozambique, that 

is hunting tourism, sport fishing, ecotourism, beach tourism, etc., it is foreseen the water 

use shall be increased by the construction of groundwater wells. 

The basic groundwater information such as productivity of aquifer and water quality 

has not been investigated well. 
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2) Groundwater uses by sector 

With the information collected from DNAAS, it is verified that not all the ground water 

users are registered. The missing information in the database exists because the 

groundwater construction report has not been registered.  

In many cases, most of the wells are not asked for permission to undertake the infra-

structure investigation. There is problem that it is not allowed to access the existing 

wells by their owners. Moreover, it has been difficult to register them and to calibrate 

the quantity of water, because the technicians are not enough for inspection activities 

in Mozambique. 

When it comes to the groundwater use, it is verified with ARAs database that the 

industry uses the largest groundwater, while the agriculture uses the smallest 

groundwater among 6 kinds of fields as shown in <Fig. 4.1-22>:  

 

 

<Figure 4.1-22> Percentage of groundwater uses by sector 

(Source: ARAs database) 
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4.2 Climate Change 

4.2.1 As-Is (Present Status) & To-Be (Projection) 

Global warming caused by rapid industrialization and urbanization since the Industrial 

Revolution has caused climate change, and its adverse impacts have significantly 

intensified; climate change has impacts on a wide range of sectors (e.g., water quality 

and quantity, river ecosystem, forests, agriculture, ocean, public health, sanitation, 

industries, etc.), posing a threat to the survival of mankind itself. Especially with the 

growing intensity and frequency of heavy rainfall and the intensity scale of cyclones, 

flood and storm surge damages are expected to become larger. It is also anticipated 

that the increasing fluctuation of precipitation will lead to the greater possibility of 

periodic extreme flood and drought events.  

Climate change is highly likely to affect precipitation and runoff, intensifying water-

related disasters like floods and droughts. Indeed, it is almost impossible to prevent the 

occurrence of such disasters and therefore it is reasonable to develop various 

adaptation measures to live with them.   

Some developed economies, which recognized the impacts of climate change, have 

already implemented policies to ensure adaptation to climate change and mitigate its 

impacts, reducing GHG (Green House Gas)  emissions by sector. Yet, Mozambique is 

still in its infancy when it comes to climate change issues, and thus any climate change 

adaptation measure has not been implemented yet.   

The IPCC(Inter-governmental Panel on Climate Change) 5th Assessment Report calls 

for measures to mitigate climate change by reducing GHG emissions and to ensure 

adaptation to climate change and its various impacts. This is because global warming 

will continue for centuries to come even if the international community succeed in 

implementing adaptation measures to cut down GHG emissions.  

A nation that has a responsibility to protect the life and property of its people should 

minimize the impacts of climate change by establishing and implementing short- and 

long-term climate change adaptation plans. Of many areas affected by climate change, 

the water sector is the most vulnerable to it, which, in turn, necessitate the 

establishment and implementation of such adaptation measures. In this regard, this MP 

(Master Plan) outlines the general impacts of climate change on the water sector and 

the consequent changes in the hydrological characteristics of the river basin, and based 
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on this, presents a response strategy for the water sector to actively respond to climate 

change.   

A) Projection of Global Climate Change 

Since the Industrial Revolution, GHG emissions due to anthropogenic activities 

(including industrial development) has increased, affecting the global climate system. 

Now, most of scientists accept that atmospheric GHGs block the release of infrared 

radiation, and that human activities fuel the greenhouse effect. The recent publication 

of the IPCC 5th Assessment Report has raised the public attention to climate-change-

induced natural disasters. The AR5 concluded that without concerted mitigation efforts, 

global surface temperature rise could increase up to 4.8℃ (2.6~4.8℃) with a global 

average of 3.7℃ by the end of this century, and that the sea level will rise up to 82cm 

(45~82cm) with a global average of 63cm. The AR5 adopted Representative 

Concentration Pathways (RCPs), which are four GHG concentration trajectories to 

predict global climate change. The RCP scenarios of the AR5 are shown in <Table 4.2-

1>:  

<Table 4.2-1> IPCC 5th Assessment Report: RCP scenarios 

 Scenario Description 

RCP2.6 Immediate, active reduction of GHG emissions   

RCP4.5 Strong mitigation policy outcomes 

RCP6.0 Medium-range mitigation policy outcomes 

RCP8.5 BAU scenario (without GHG reduction) 

 

RCP is a set of four new pathways developed as a basis for long- and near-term 

modeling experiments, forming a new GHG data set for the period extending to 2005 

covering that covers various changes in urban and desert areas and Siberia’s 

permafrost due to land use. According to the AR5, if the current GHG mitigation policies 

are achieved to a considerable degree, the global temperature will rise by 1.1℃ to 

2.6℃, and the sea level by 32cm to 63cm by 2100. Even if GHGs, including carbon 

dioxide, are no longer emitted, more active reduction efforts are needed given the fact 

that more than 20% of the CO2 that has been already emitted is highly likely to remain 

in the atmosphere for the next 1,000 years or longer. The report pointed out the CO2 

concentration as a main cause of climate change. The CO2 concentration reached 

391ppm in 2011, up nearly 40% since the industrialization in 1950, and its main cause 

traces back to anthropogenic activities, including the use of fossil fuel. It is apparent 
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and uncontroversial that global warming is happening, and thus global warming and 

sea level rise will become more serious.  

The climate system projections of the AR5 are determined by multi-model simulations 

of RCP scenarios. The AR5 said that the atmospheric concentration is attributable to 

an increase in the accumulated CO2 released for the 21st century and presented the 

projection for the end of 21st century (2081-2100). Continuous GHG emission will fuel 

global warming, leading to changes in every element of the climate system. The AR5 

estimates that some of the changes are highly likely to be unprecedented in hundreds 

or even thousands of years, concluding that CO2 emissions should be reduced 

significantly and steadily to mitigate climate change. Key projections for each of climate 

change elements can be summarized as follows:   

1) Temperature 

A global surface temperature change during the end of the 21st century (2081-2100) 

is projected to likely exceed 1.5℃ for all RCP scenarios except for RCP2.6. Warming 

is likely to exceed 2℃ for RCP6 and RCP8.5. Warming will continue after the year 2100 

under all RCP scenarios except for RCP2.6, exhibiting decadal variability instead of 

inter-annual variability with regional differences: 

 

Scenario Range of temperature change Average 

RCP 2.6 0.3~1.7℃ 1.00℃ 

RCP 4.5 1.1~2.6℃ 1.85℃ 

RCP 6.0 1.4~3.1℃ 2.25℃ 

RCP 8.5 2.6~4.8℃ 3.70℃ 
 

<Figure 4.2-1> Projection of global average surface temperature change  
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2) Water Cycle 

A change in global water cycle due to global warming in the 21st century will not be 

uniform. With the exception of some regions, there will be a significant difference in 

precipitation between dry regions and wet regions as well as between the dry season 

and the wet season.    

Under RCP8.5 scenario, the high latitudes and the equatorial Pacific are likely to 

experience an increase in mean annual precipitation. In many mid-latitude and 

subtropical dry regions, mean precipitation will likely decrease while in many mid-

latitude wet regions, mean precipitation will likely increase.    

If the global mean temperature rises, most mid-latitude regions and wet tropical 

regions are highly likely to see stronger and more frequent torrential rain at the end of 

this century. In the 21st century, more regions are likely to be affected by the monsoon 

system. That is, the monsoon wind is likely to weaken but monsoon precipitation is 

likely to increase thanks to the growing moisture in the atmosphere. Monsoon is likely 

to make an earlier or normal onset, but the withdrawal date is likely to be delayed, 

lasting for a longer period.   

 

3) Sea Level 

Global mean sea level rise will continue during the 21st century, very likely at a faster 

rate than observed from 1971 to 2010 due to intensified marine warming and mass loss 

of glaciers and ice sheet. For the period 2081~2100 relative to 1986~2005, the rise will 

likely be in the range of 0.26~0.545m (RCP2.6), 0.32~0.623m (RCP4.5), 0.33~0.62m 

(RCP6.0) and 0.45~0.812m (RCP8.5).  

Sea level rise will not be uniform. By the end of the 21st century, however, it is very 

likely that sea level will rise in more than 95% of the ocean area. About 70% of the 

coastlines worldwide are projected to experience a sea level change within ±20% of the 

global average: 
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Scenario Sea level rise Average 

RCP 2.6 0.26~0.545m 0.40m 

RCP 4.5 0.32~0.623m  0.47m 

RCP 6.0 0.33~0.620m 0.48m 

RCP 8.5 0.45~0.812m 0.63m 
 

<Figure 4.2-2> Projection of global mean sea level rise  

 

4) Carbon and other biogeochemical cycles 

Climate change will affect the carbon cycle and fuel an increase in atmospheric CO2, 

and the ocean absorption of CO2 will accelerate ocean acidification  

Under all the RCP scenarios, the ocean will continue to absorb anthropogenic CO2 

by 2100 and the amount of absorption will increase for a higher concentration pathway 

(very high confidence). Most models under all RCP scenarios project the constant 

carbon absorption of land but it is somewhat uncertain as the results of some model 

simulations show that a combination of climate change and land-use change will lead 

to a decrease in carbon absorption of land.  

Based on the Earth System Model, the fact that climate-carbon feedback will be 

positive in the 21st century has high confidence. That is, climate change will offset some 

of the carbon absorbed by ocean and land and in turn, the amount of atmospheric CO2 

will increase. As a result, a great amount of anthropogenic CO2 will remain in the 

atmosphere.  
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The Earth System Model projects a global increase in ocean acidification under all 

RCP scenarios by the end of the 21st century; a decrease in surface ocean’s pH lies in 

the range of 0.065 (0.06~0.07) under RCP6, 0.145 (0.14~0.15) under RCP4.5, 0.203 

(0.20~0.21) under RCP6.0, and 0.31 (0.30~0.32) under RCP8.5.  

Cumulative CO2 emissions from fossil fuel is projected to stand at 270 (140~410) GtC 

under RDP2.6, 780 (595~1005) GtC (Giga ton CO2) under RCP4.5, 1060 (840~1250) 

GtC under RCP6.0, and 1685 (1415~1910) GtC under RCP8.5, between 2012 and 

2100: 

 

 

Scenario 

Cumulative total anthropogenic CO2 emissions for the period 

2012~2100 (in GtC) 

Range Average 

RCP 2.6 140 ~ 410 270 

RCP 4.5 595 ~ 1005 780 

RCP 6.0 840 ~ 1250 1060 

RCP 8.5 1415 ~ 1910 1685 
 

<Figure 4.2-3> Projection of cumulative anthropogenic CO2 emissions 
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B) Projection of Climate Change in Mozambique in terms of Water Availability 

1) Changing temperature 

The “Climate Change Knowledge Portal For Development Practitioners and Policy 

Makers” (The World Bank Group, http://sdwebx.worldbank.org/climateportal/ 

countryprofile/home.cfm) forecasts that mean temperature will rise at least 1.4℃ up to 

3.7℃ in Mozambique by 2060. It also predicts a higher temperature rise in the southern 

and coastal regions, especially in Limpopo Basin and Zambeze Valley. 

It predicts greater variability in precipitation with a decrease in precipitation during the 

dry season (January to June) and an increase in precipitation during the wet season 

(July to September). It also forecasts that the frequency of torrential rain will increase 

by 2060:  

 

 

 

 

 

<Figure 4.2-4> Precipitation variations induced by climate change 

 

2) Increasing flood risk 

As mean temperature rises and rainfall increases in Mozambique during the wet 

season, flood risk will likely increase. The northern region is likely to experience more 

frequent floods, while the southern regions will suffer more serious floods and 

consequently greater flood damages. Cyclones will likely to form constantly in the 

eastern region of Mozambique, causing a precipitation increase in the country. It is 

expected that such a precipitation increase will reduce safety against floods, which in 

turn will lead to inundation and river flooding in urban areas due to a collapse of the 

drainage systems, and will pose a threat to critical infrastructure assets (including 

structures & facilities in residential areas), causing greater life and property losses.   
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3) Increasing drought risk 

In the future, the precipitation variability will increase and a growing number of years 

will have extremely less rainfall. Changes in precipitation, rainfall patterns and 

evapotranspiration will likely affect irrigation flow and return flow, resulting in an 

increased uncertainty in reliably securing water resources, and will change the amount 

and period of runoff, creating a great ripple effect on domestic and industrial water 

demand. In addition, a change in the seasonal characteristics of river runoff caused by 

climate change will likely cause an imbalance in the timing of water demand and supply, 

making it more difficult to ensure the sound management of water resources. 

 

4) Changing river environment 

It is expected that lowered river level and rising river temperature due to the impacts 

of climate change will increase bacteria, nutritive substances and metal contamination, 

worsening water quality and river environment.    

A change in the seasonal characteristics of runoff may lead to the occurrence of 

extreme flood or drought events, and consequently frequent flooding is likely to 

increase soil loss, negatively affecting river quality and environment.   

In addition, increasing turbidity and changes in river environment will affect river 

ecosystem, including fish and underwater plants, and changing water cycles will also 

have influences on vegetation along or in natural channels. A decrease in dissolved 

oxygen (DO) concentration due to climate-change-induced water temperature rise or a 

microbial decomposition accompanied with DO consumption will lower DO 

concentration to worsen water quality, which in turn affects inhabiting species.     

 

4.2.2 Strategies for Adaptation to Climate Change 

The 20th century finds fossil fuel (e.g., oil) as one of the most important resources to 

mankind. However, many international organizations have warned that the world will 

experience international disputes over water resources, which are essential for the 

survival of humanity and the earth’s ecosystems in the 21st century. For Mozambique, 

water issues constitute very important national agenda to be addressed to improve the 

people’s quality of life and maintain its international competitiveness in the same 

century.   
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According to an IPCC technical report, water availability and quality will be important 

factors that influence the human society and the environment already affected by 

climate change. Therefore, it is necessary to improve the understanding of these 

problems.   

As climate change increases the uncertainty of establishing water-related plans and 

the difficulties in preparing measures against extreme natural disasters such as floods 

and droughts, it will be more necessary to conduct a quantitative evaluation on the 

variability of water resources and reflect the results in national water-related plans.     

It is projected that rainfall intensity will increase significantly, and rainfall duration 

becomes even longer for the next 100 years. Thus, more proactive water management 

practices are needed.   

Based on recent observations and findings from precedent studies on climate change, 

mean annual precipitation and runoff are expected to increaser or decrease by each 

target year, and that reliability of water supply and safety against flood are expected to 

decrease due to a huge variability between the maximum and minimum observed 

values. Thus, it is required to actively cope with the increasing variability of monthly 

precipitation and runoff by basin.   

A river temperature rise changes the loss of nutritive salts and soil in river flow, 

worsening water quality and lowering the efficiency in securing water for various 

purposes. In turn, this does harms to human health and threats river ecosystem. Thus, 

it is necessary to timely and properly address the problem of worsened river 

environment.  

Since climate change may have a drastic impact on reliability of water supply, flood 

control and river environment over a long period of time, a long-term strategy is needed 

to ensure adaption to climate change, along with its continuous monitoring and 

stepwise vulnerability analysis   

 

A) Assess the Impacts of Climate Change on Water Resources and their 

Vulnerability  

A system capable of accurately monitoring hydrological variations and water 

availability in which the impacts of climate change are incorporated needs to be put in 

place; it is necessary to improve a system for monitoring and tracking hydrological 

variations and water availability that can be used to analyze the impacts of climate 
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change (e.g. rainfall, river level, flow, sediment, evaporation, water supply & demand, 

etc.), modernize monitoring devices and equipment for hydrological variations, secure 

& specialize relevant engineers, and establish a regional integrated system for such 

hydrological variations and other monitoring DB. 

It is needed to assess the impacts of climate change on water resources and conduct 

a vulnerability analysis in a consistent manner. In addition, a variety of assessments 

and analysises need to be taken, including the assessment of the impacts of climate 

change on dams, water & wastewater infrastructure, etc. and the impacts of 

temperature rise on industrial, agricultural and domestic water demands, and the 

vulnerability analysis of dams, water & wastewater infrastructure, etc. to identify the 

impacts of such climate change on water supply.     

It is also necessary to assess water use patterns by sector, which includes the 

development of response strategies to identify trends in the changing patterns of 

industrial, agricultural and domestic water uses; detail water uses by sector; and 

monitor changes in water consumption by sector.    

For the assessment of impacts on flood control, the vulnerability analysis and the 

development of response strategies, it is required to assess the impacts of climate-

change-induced extreme rainfall events on dams, levees, weirs and other structures 

and facilities and analyze their vulnerability to those events, and to collect and analyze 

relevant data for an economic feasibility analysis of the water sector in relation to 

climate change.  

 

B) Improve Water-Related Institutions & Organizations to Ensure Adaptation 

to Climate Change 

It is necessary to improve water-related institutions, including the River Act, push for 

the legislation of new laws (e.g., a framework act on water management) in line with 

the trends of the times, and thereby ensure proper adaptation to climate change, 

In addition, an institutional mechanism needs to be put in place to stably secure 

funding for investments in the river and water sectors, and a “comprehensive water-

related plan for each of target basins” with a new framework should be established 

considering the impact of climate change. In a way to ensure efficient adaptation to 

climate change, it is necessary to evolve the current water management system into a 

basin-based river management system for integrated water management, and further 

into an organizational system to ensure the integrated management of water availability 
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& quality, reliable water supply and consistent flood control in line with the projected 

trends of climate change.    

C) Strengthen Proactive Reponses to Extreme Flood & Drought and Ensure 

Adaptation to Changing River Environment 

In order to proactively respond to extreme floods and droughts and damages to river 

environment as caused by climate change, the phased concentration and choice of 

policy responses needs to be steadily made through a quantitative analysis of water 

resources and river-related indicators. This is because it is hard to control national 

disasters completely and it is required to make an efficient investment of limited 

government budgets in a way to meet the principle of “minimum input and maximum 

output.”     

Therefore, structural and non-structural flood and drought measures need to be 

driven in a phased way and in line with the projected trends of climate change through 

a long-term assessment of the climate-change-induced variability of evaporation, 

rainfall, river flow, water availability and river environment. In addition, basin-based 

measures should be promoted in a phased way to protect waterfronts and river 

channels through a long-term monitoring and assessment of river ecosystem.  

1) Proactive responses to extreme flood events 

a. Structural measures 

Structural measures include the construction of multi-purpose dams with the function 

of flood control, dry dams or flood control reservoirs. It is also necessary to improve the 

existing levees in terms of height and safety.  

In order to enhance the capacity of the existing multi-purpose dams to extreme floods, 

their hydrological stability needs to be examined under various flood scenarios covering 

abnormal weather conditions, and their flood control capacity needs to be improved. To 

this end, it is necessary to prevent massive damages accompanied with extreme floods 

(e.g., dam failure due to overflow) by building emergency spillways, and to optimize the 

capability of an applicable river system for water supply and flood control through 

ensuring interconnected operation among multipurpose dams and hydroelectric power 

dams.   
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It’s also needed to enlarge flood conveyance through improving rivers, developing 

flood plains and dredging channels and thereby provide against an increase in flood 

discharge.  

b. Non-structural measures 

It is hard to control flood completely where external forces such as increasing 

precipitation due to the impacts of climate change are growing. For this reason, various 

structural and non-structural measures should be prepared to avoid the concentration 

of external forces and disperse them. This requires integrated flood management 

appropriately implemented in accordance with local conditions and through various 

structural and non-structural measures.   

To this end, it is necessary to establish a land use and management plan based on 

flood risks; flood-prone areas with a high risk of flood damages should be used as parks 

and wetlands while critical infrastructure should be installed in areas with a lower risk 

of flood. To enable this, a nationwide flood risk map should be drawn up.      

A flood risk map, which shows flood-prone areas and evacuation routes, should be 

made and distributed for emergency evacuation. The flood risk map is to be made with 

the GIS method and considering the occurrences of flooding in a river and the 

characteristics of flood-prone areas, and will help users have a quick understanding of 

flood information and evacuate timely in any emergency.    

In addition, it is necessary to develop disaster-adaptive cities with a basin having 

capability to control stormwater storage, infiltration and runoff in line with an urban plan 

since rivers’ capacity to discharge flood is limited. Given that the greening of urban 

riverine areas is effective as a measure against flood, it is necessary to employ the LID 

(Low Impact Development) approach by expanding waterfront and green infrastructure 

in urban areas.   

In the event of any extreme flood that exceeds the capacity of flood control 

infrastructure, it is required to use advanced precipitation prediction techniques for 

improving flood forecasting capability and issuing a swift, accurate flood forecast, which 

would help minimize consequent flood damages. To enable this, it is necessary to build 

a flood forecasting and warning system and strengthen the emergency evacuation 

system by diversifying information delivery methods (mobile phone, signboard, etc.) for 

the prompt delivery of information.    
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Institutional, systematic measures should be established to strengthen the 

emergency evacuation system by promoting a need for flood risk maps and 

institutionalizing their publication.  

 

2) Proactive responses to extreme drought events 

a. Improve the efficiency of water demand and use management 

It is necessary to encourage the development of water-saving devices and systems, 

provide institutional incentives for the introduction of such water-saving devices and 

systems, and thereby enhance the efficiency of water demand management. This 

requires the introduction of water-saving infrastructure development policies at a 

governmental level, as through improving aged water pipes, installing water-saving 

devices and expanding the reuse of reclaimed wastewater.  

It is also needed to build a legal, institutional basis for the promotion of water reuse, 

reasonably adjust the water tariff system, and proactively manage the domestic and 

industrial water demand, which is vulnerable to climate change.  

 
b. Develop a system to ensure reliable water supply against potential drought  

Ensuring reliable water supply requires analyzing water supply vulnerability and 

developing criteria for reliable water distribution. To this end, it is necessary to analyze 

water supply vulnerability to the temporal, spatial imbalance of water distribution 

caused by droughts, and to develop a stable water supply system against any 

emergencies such as droughts. In other words, surplus water from regions with 

sufficient water availability should be supplied to water-scarce regions by coordinating 

the water supply system among involved basins to resolve a regional imbalance of 

water supply.  

It is reckoned that various measures are needed to secure water sources, and 

thereby improve the water & wastewater service rates of rural areas whose water & 

wastewater infrastructure is in poor shape.     

Also, an emergency water supply system should be prepared to cope with water 

pollution caused by natural disasters or accidents that are triggered by extreme weather 

events. This requires the development of systems to supply surplus water reserved for 

any emergency uses, efficient reservoir operation techniques against extreme droughts, 

alternative water supply systems against any emergency, and real-time water quality 
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monitoring systems, along with the formulation of measures to secure environmental 

flow requirement in preparation for water pollution during the dry season.   

 

c. Build infrastructure to ensure the efficient management of limited water 

resources and the further development of water resources 

It is necessary to strengthen capability for efficient responses by ensuring integrated 

operation among associated reservoirs, rivers and groundwater sources, networking 

among associated river systems. 

It is also necessary to re-evaluate the water supply capacity of the existing dams 

through a quantitative prediction of a potential decrease in river flow due to the impacts 

of climate change, and to continue efforts to secure environmental flow and new water 

resources in preparation for potential water shortage and rehabilitate the existing dams.     

 

d. Develop alternative water development technologies 

It is necessary to steadily introduce rainwater harvesting technologies in a phased 

way, as through developing & popularizing multi-functional, decentralized rainwater 

management technologies and monitoring & management technologies to improve the 

efficiency of the rainwater management systems.  

Systems to secure any alternative water resources (e.g., desalination systems, 

rainwater harvesting systems, water reuse systems, etc.) should be provided for 

vulnerable areas by identifying their demand for such systems and formulating a plan 

to provide those systems in a phased way, and operation & maintenance systems for 

the foregoing systems should also be built.  

 

3) Adaptation to changing river environment due to the impacts of climate 

change 

The monitoring of wetlands and river ecosystems vulnerable to flow variations 

accompanied with climate change, temperature & water temperature rise, saltwater 

intrusion, etc. needs to be strengthened. Relevant institutional stakeholders should 

work together to collect various information on the impacts of changing external forces 

(induced by climate change) on water quality, soil, runoff, channel shape, inhabiting 



 

4-77 

species, etc., and to monitor environmental changes, which would enable the setting of 

clear indicators.    

It is necessary to build a system capable of quantitatively predicting impacts on river 

environment (e.g., reduced environmental flow and OD, changing temperature, change 

in types of florae and faunae, etc.), and thereby to develop measures for the protection 

of river environment from climate change. Increased rainfall intensity due to the impacts 

of climate change may cause a high level of turbidity to last for a long period of time in 

river ecosystem, which will accompany various changes in there, including a decline in 

river usability and a rise in water treatment costs. Accordingly, it is necessary to develop 

comprehensive measures for each river system through conducting a quantitative 

analysis of the mechanism where turbid water occurs.  
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4.3 Water Demand 

4.3.1 Water Use 

A) General 

Mozambique is not classified as a water shortage country. However, it’s considered 

significantly vulnerable in terms of variability in water availability and unpredictability of 

rainfall and runoff. Moreover, it is hard to distribute water resources efficiently due to 

high dependency on shared river basins, climate change, vulnerability on drought and 

geological characteristics. Moreover, due to the economic situation of Mozambique, 

restoration of facilities has deteriorated the vulnerability of water resource control. 

These factors have aggravated critical risk on national economy in Mozambique. 

There are 104 river basins in Mozambique. According to the report, Mozambique 

Country Water Resources Assistance Strategy(World Bank, 2007), Total mean annual 

runoff is estimated at 216 ㎦/year. The total inflow at the border is about 116 ㎦/year 

while the runoff generated within the country averages about 100 ㎦/year. Therefore, 

more than 50% of the total mean annual runoff is generated outside of the country. 

Also, in the Southern area of Mozambique, all major rivers (such as Maputo, 

Umbeluzi, Incomati, Limpopo and Save) originate in neighboring countries and flow to 

Mozambique. Significant water abstraction from these rivers in the upstream countries, 

along with high flow variability, reduces water availability in these basins and increases 

water vulnerability of the Southern region. The management of river basins and 

reservoirs upstream of its territory has direct impact on its own risks. 

 

B) Water Use by Sector 

Severe variability of national water resources has impacts on economic structure and 

power. Moreover, difficult estimation and variability of rainfall can cause negative 

effects to whole socio-economy. Also, it constrains investment to national land 

development, advanced technology and agricultural techniques. As a result, low 

reliable water supply system effects as obstructions to industry and service sector, so 

that it constrains variety of economic activities. 

 According to FAO, Water use was estimated for the year 2000 indicate a total water 

withdrawal of 635×106 ㎥. The main consumer of water is agriculture, accounting for 
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550×106 ㎥ (87%), followed by the domestic sector using 70 ×106 ㎥ (11%) and 

industry consuming 15×106 ㎥ (2%).  

According to Irrigation in Africa in figures (FAO, 2005), Water use at agricultural 

sector was projected to grow to 900×106 ㎥ by 2015. Mainly, water deficit is predicted 

in the Umbeluzi, Limpopo and Buzi River basins caused by an increase in water 

demand as seen in <Table 4.3-1>:  

 

<Table 4.3-1> Water availability by sector 

Water availability Year Quantity Unit 

Renewable water resources 

Average precipitation  1,032 ㎜/yr 

  827 109㎥/yr 

Internal renewable water resources  100.3 109㎥/yr 

Total actual renewable water resources  217.1 109㎥/yr 

Dependency ratio  53.8 % 

Total actual renewable resources per inhabitant 2004 11,318 ㎥/yr 

Total dam capacity 2000 77,474 106㎥/yr 

Water withdrawal 

Total water withdrawal 2000 635 106㎥/yr 

Irrigation + livestock 2000 550 106㎥/yr 

Municipalities 2000 70 106㎥/yr 

Industry 2000 15 106㎥/yr 

Per inhabitant 2000 36 ㎥/yr 

Surface water and groundwater withdrawal 2000 635 106㎥/yr 

As % total actual renewable water resources 2000 0.3 % 

Non-conventional water sources 

Produced wastewater  - 106㎥/yr 

Treated wastewater  - 106㎥/yr 

Reused treated wastewater  - 106㎥/yr 

Desalinated water produced  - 106㎥/yr 

Reused agricultural drainage water  - 106㎥/yr 

Source: FAO (2005) 

According to the “Role of Water in the Mozambique Economy” (WB, 2005), water 

demand in 2003 was projected to 635×106 ㎥. However, it was estimated to increase 

to 918×106 ㎥ by 2015. Also, due to population growth, estimated population was 

projected to 49×106 by 2050. 

Most of social indicators in Mozambique approach to average value of African 

countries. However, when it comes to the water resource sector, the indicator shows 

only 37% while the average indicator in African countries show 58%. This was 
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presumed while the indicator rural area is only 27% and the average value in African 

countries is 46.5%. The majority of water supply in Mozambique has been supplied to 

urban area and relatively big city and village. As a result, the water supply rate in urban 

area is 65% while the value is only 27% in rural area where 73% of Mozambican lives. 

Severe restraints have been existed on long term economic growth due to increase 

of water demand in major economic sector like agriculture. Mainly, this restraint factors 

have been raising in the most developed southern and central area in Mozambique. 

From the year of 2003 to 2015, it was expected that domestic water demand was 

estimated to rise to 45% in the southern area while 35% in the central area. Water 

demand of the sector was estimated to rise to 70% in the southern area while 60% in 

the central area (WB, 2005). 

A total amount of available water resources depends on infrastructure such as water 

resources facilities and water distribution system. In order to support economic growth 

and development plans in various sectors, actual extra water infrastructure should be 

needed to solve problems not only the entire volume of future water supply but also 

potential water deficit in the Southern and the Central area to meet the requirement. 

 

C) Water Supply 

1) Domestic water 

Domestic water is supplied by FIPAG. Most of the supplied water is utilized as 

domestic water excepting industrial use. As of 2015, the system supplies water of 

approximately 437,714㎥ to 18 major cities for 5.6×106 people. Also, the entire 

consumption of water is covered 159×106 ㎥/year. It has supplied about 50% of water 

to Maputo area. Current water supply system for urban areas mostly depends on 

surface water while groundwater is the main source of water supply system for 5 major 

cities such as Pemba, Tete, Xai-Xai, Quelimane and Chokwe. The present conditions 

of domestic water supply for 18 cities are shown in <Table 4.3-2>:   
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<Table 4.3-2> Water supply for domestic water 

City / District 
Capacity 
(㎥/day) 

Population(person) 
Coverage 

Total Served 

Maputo/Matola/Boane 229,077 2,228,281 1,155,465 50% 

Xai-Xai 16,043 141,842 132,688 97% 

Chokwe 8,182 132,321 106,044 96% 

Inhambane 9,670 119,417 78,755 66% 

Maxixe 7,265 117,700 80,864 69% 

Beira/Dodno 44,733 594,502 461,162 77% 

Quelimane 10,819 237,318 130,842 55% 

Nampula 27,407 579,006 236,836 41% 

Nacala 11,786 253,405 62,816 25% 

Angoche 1,787 110,467 34,829 32% 

Pemba 10,193 162,133 97,508 60% 

Lichinga 4,076 193,810 43,264 22% 

Cuamba 1,972 107,591 18,158 17% 

Tete 35,168 265,248 207,941 68% 

Manica 19,536 398,991 253,893 73% 

Total 437,714 5,642,032 3,101,065 56% 
Source: FIPAG (2016) 

 

2) Irrigation water 

According to the IMF report (2014), GDP of Mozambique is US$165.9billion. While 

the share of agriculture in GDP was falling steadily, it still produces approximately 22% 

of the GDP, industry (including manufacturing) produces about 33%, and services 

produce about 45% of the GDP. 

Rain-fed farming in Mozambique is subject to frequent droughts, and food security is 

low. The climate of Mozambique imposes the risk of harvest loss in rainfed agriculture 

exceeding 50% in all regions south of the Save River, and can reach up to 75% in the 

interior of Gaza Province. The central and north regions of the country have more 

appropriate conditions for rainfed agriculture, where the probability of good harvests 

during the wet season is 70-95%. The north of Manica Province and the south of Tete 

Province are excluded from this Centre-North region, as they have a risk of harvest loss 

in rain-fed crops of usually more than 50%. Irrigation efficiency is reduced to 25-50%, 

mainly in the surface irrigation areas of smallholder farmers. Agricultural companies, 

which mainly use sprinkler irrigation, have efficiency rates of up to 70%. 
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For their main source of livelihood, almost 95% of the cultivated land in Mozambique 

is cultivated by the family sector. An estimated 70% of total population or about 12.5 

million people live in rural areas. In 2003, there were an estimated 3.2 million farm 

families cultivating some 4.5 million ha. Average cultivated area per household was 

only about 1.4 ha. 

About 45% of the country is considered suitable for agriculture, however, only 4% of 

the total arable land is presently cultivated. More than half of the potential irrigable land 

is in the Zambeze valley. Other basins included in the estimate were the 

Limpopo/Incomati, Pungué/Buzi, small rivers in Zambézia, and the Lugenda River and 

other rivers in Niassa and Cabo Delgado. 

Irrigation water is delivered mainly from a river, which does not have a plenty of water 

to supply in dry season, surveyed currently operational intake facilities are presented 

in the <Table 4.3-3> below. Irrigated area of Gaza Province, occupied 38.3% of the 

entire irrigated area, is 70,697 ha and is supplied with water of 2,618.4 ha per intake 

facility:  

<Table 4.3-3> Intake stations for irrigation water use 

Province No. of facility 
Irrigated area 

(ha) 

Irrigated area / 
provincial area 

(%) 

Irrigated area 
per facility (ha) 

Niassa 6 1,022 0.01 170.4 

Cabo Delgado 9 2,517 0.03 279.7 

Nampula 13 3,659 0.05 281.5 

Zambezia 40 4,285 0.04 107.1 

Tete 74 750 0.01 10.1 

Manica 144 2,784 0.04 19.3 

Sofala 62 37,263 0.55 601.0 

Inhambane 7 336 0.00 48.1 

Gaza 27 70,697 0.94 2,618.4 

Maputo 149 57,940 2.55 388.9 

Maputo City - 1,135 3.27 - 

Total 531 182,390   

Source: PNI (2015) 
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3) Industrial water 

Agriculture uses about 73% of the total water consumption, while industry sector uses 

only about 2%. 

Mozambique has three “mega-projects” – the Mozal aluminum smelter, the Cahora 

Bassa hydroelectric plant and Sasol gas – and several more are planned for 

implementation in the period to 2010. The mega-projects are intended to boost 

economic activity, raise manufacturing outputs, improve the trade balance, as well as 

increase government revenue. 

Mozambican industries are concentrated in the country’s major cities – Maputo, 

Matola, Beira and Nampula, and their water supply almost exclusively relies on the 

existing urban water supply systems. No accurate information is available on water 

consumption by industries, however as the country pursues its industrialization policy, 

it is expected that there will be increased demand for water to meet the production 

requirements. For Maputo the current consumption is estimated in the order of 

10,000㎥/day. It is expected that this water consumption will double in the short term 

with construction of new planned industries such as Mozal 3 and the MISP (Maputo 

Iron and Steel Project). Currently, Mozal uses 50,000 ㎥ of water per month and has 

requested a guarantee supply of up to 75,000 ㎥/month in the future to meet the needs 

of the extended Mozal 3 project. 

4) Environmental water 

Environmental water is necessary to keep ecological functions and maintenance of a 

river. Also, it is essential to maintain appropriate balance of water quality and quantity 

for efficient water resources maintenance and ecological system in a river. 

Conservation of ecology for aquatic system is possible in rivers, estuaries, swamps and 

groundwater resources through ecological water preservation. Moreover, water 

resources allocated for environment and hydroelectric power are utilized for 

recreational activities. 

Reuse of water is estimated to be increased by government’s policy for development 

of tourism. In Mozambique, there are 34 nature conservation areas that occupy more 

than 10% of total land area. For qualitative and quantitative aspects, reasonable 

quantity of environmental water should be suggested to protect ecological system for 

each river basin.  



 

4-84 

4.3.2 Projection of Future Water Demand 

A) Direction of Projection 

Between 1996 and 2013, annual average GDP growth rate in Mozambique has been 

estimated with approximately between 7% and 8%. Accordingly, water demand is 

expected to increase continuously in consideration of economic growth. In order to 

utilize and supply water resources more efficiently, it is essential to estimate water 

demand reasonably. 

There are several water demand projection methodologies in the existing studies 

focused on rivers. Otherwise, water demand projection is considered rationality and 

fairness so that comprehensive plan for 35 rivers will be established. The direction is 

presented as below. 

- Reliability: Data collected from government or related institution 

- Consistency: Statistics data collected from one institution 

- Basic Equation: Unit water consumption × Data corresponding to unit water 

consumption 

The water demand was estimated for irrigation sector that account for most of water 

demand besides domestic (including tourism) industrial, livestock and tourism sector. 

 

<Figure 4.3-1> Schematic diagram for the projection of total water demand 

Total Water Demand Amount
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- House connection
- Yard tap
- Stand post

Tourism

Domestic Irrigation Livestock Industrial

- Well/Borehole

Crop

- Sugar cane
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- Poultry

Industry Sector

- Food
- Fabric
- Apparel
- Sawmill
- Furniture
- paper and cellulose
- Graphics
- Chemistry
- Oil and coal
- Rubber & plastics
- Tanneries
- Quarry and cement
- Metallurgy
- Steel
- Industrial machinery
- Electrical and electronic
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1) Baseline year (present year) and target years 

The latest statistics was the data of 2012 from Mozambique INE, so that basis 

year(present) of this study was determined with 2012. 

Target years were considered with Shor-term, Mid-term and Long-term in 

consideration of population projection by INE, PNI from INIR (2015), study reports of 

each major basin area. 

- Short-term: year of 2025 

- Mid-term: year of 2030 

- Long-term: year of 2040 

 

2) Water demand scenarios: Low, medium and high demand scenarios 

According to scale of scenarios, water demands for Low, Medium and High condition 

were applied. Water supply ratio, irrigation area and heads of livestock were considered 

as important factors to decide scenarios. AIAS (2013), the national water supply plan, 

presents scenarios (Low and Medium) according to water supply ratio based on the 

population projection of INE. Accordingly, domestic water demand was analyzed based 

on population data projected by INE and scenario by AIAS (2013). Thus, water supply 

ratio for the year of 2025 was decided as 80% for low supply ratio and 100% for high 

supply ratio. Irrigation area was decided with three scenarios (Low, Medium, High) by 

results from PNI (INIR, 2015). Heads of livestock were applied with conditions of current 

situation, increasing trend and related plans:  

<Table 4.3-4> Water demand scenarios 

Scenario 
Water service 

rate 
Irrigated area Heads of livestock 

Economic 
growth rate 

Low demand 
(LDS) 

80% 
(2025 year) 

Moderate condition 
by PNI 

Continuous  
status quo 

4% 

Medium demand 
(MDS) 

100% 
(2025 year) 

Medium condition 
by PNI 

Increasing 
Condition 

6% 

High demand 
(HDS) 

100% 
(2025 year) 

Superior condition 
by PNI 

Increasing trend 
and related plans 

8% 
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3) Decomposition of sub-basins 

Since all the data and plans were established based on administrative unit, water 

demand by district was projected prior to water demand by sub-basin. Based on these 

data, water demand by sub-basin of 35 rivers is projected when analyzing water 

balance. 

 

B) Domestic Water 

Basically, Domestic water demand means all type of water use in human activities in 

houses and public facilities. Related laws, regulations and plans below were 

established to estimate water demand and supply water in Mozambique. 

To estimate domestic water demand, related laws and regulations were considered 

below. 

- Decree No. 30/2003: lpcd (liter per capita day) for each water supply facilities 

presented. 

- Ministerial Decree No. 237/2010: Domestic water supply area (Villa) presented. 

 

The AIAS report (2013) that presents water supply and sanitation were applied to 

estimate water supply of urban area.  

- Infrastructure Management (Water Supply) Water and Sanitation (AIAS, 2013): Plan 

for water supply for each district in year of 2018, 2025, 2040 presented. 

 

In this master plan, according to the request of DNGRH and AIAS and Decree No. 

30/2003, future domestic water demand including tourism water demand was projected. 

Domestic water supply was estimated based on conditions described above. 

Estimation procedure of domestic and tourism water supply were presented in the 

following figure:  



 

4-87 

 

<Figure 4.3-2> Schematic diagram for the projection of future domestic water demand 

 

 

1) Future population 

Population data of past and present statistics is essential to estimate domestic water 

supply. When it comes to projection of population for water supply, it should be 

calculated based on the data. Also, socio-economic factors and trend of demographic 

change must be considered. According to the Mozambique Country Water Resources 

Assistance Strategy (WB, 2007), While the population of Mozambique is expected to 

grow at the moderate annual rate of 2.2-2.3% between 2005 and 2020, rural-urban 

migration is expected to continue. The urban population may possibly grow as much 

as 4-5% per annum. 

INE implemented projection of population for each district with factors above 

mentioned. The results for urban and rural area from 2007 to 2040 were presented in 

the table below. For future population projection, the proportions of the population of 

each district were projected in relation to the total population of the province (for urban 

and rural area) by using a logistic function. Also, these were adjusted through a logistic 

function for each sex, and were extrapolated for each year of the projection from 2007 

to 2040. 



 

4-88 

Besides, the related plan, Infrastructure Management for Water Supply Water and 

Sanitation (AIAS, 2013) was carried out based on projection of population results, so 

that projection result by INE was applied. The estimated projection of population is as 

shown in <Table 4.3-5>:  

 

<Table 4.3-5> Future population 

Province/City 
Population (×1,000 person) 

2012 2020 2025 2030 2035 2040 

Niassa 1,472 1,998 2,370 2,762 3,182 3,636 

Cabo Delgado 1,797 2,037 2,173 2,305 2,437 2,570 

Nampula 4,648 5,618 6,239 6,864 7,503 8,159 

Zambezia 4,444 5,406 6,014 6,607 7,212 7,849 

Tete 2,229 3,050 3,639 4,270 4,964 5,753 

Manica 1,735 2,287 2,666 3,057 3,475 3,940 

Sofala 1,904 2,315 2,618 2,953 3,316 3,703 

Inhambane 1,427 1,623 1,759 1,904 2,058 2,217 

Gaza 1,344 1,549 1,698 1,861 2,037 2,222 

Maputo 1,506 2,107 2,588 3,162 3,805 4,489 

Maputo City 1,194 1,320 1,401 1,484 1,566 1,643 

Total 23,701 29,310 33,165 37,229 41,554 46,181 

 

2) Service rate (coverage) 

In case of water supply rate for the target year, it is hard to adapt analyzed reasonable 

statistic data due to lack of recorded data in Mozambique. Hence, future water supply 

rate should be computed based on planned water supply rate for each target year. 

According to the FIPAG, Current water supply rate varies from 17%~97% for each 

district. However, report by AIAS, Infrastructure Management (Water Supply) Water 

and Sanitation (AIAS, 2013) suggested plan for water supply rate in 2025 as below. 

- Low demand: Water supply rate 80% for target year 2025(100% in 2040) 

- Medium demand: Water supply rate 100% for target year 2025 

- High demand: Water supply rate 100% for target year 2025 
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3) Domestic water consumption per capital per day (lpcd) 

After taking consideration of value by Decreto No. 30/2003, lpcd (liter per capita day) 

in urban area was applied for present estimation. For projection of water consumption, 

values by AIAS report (2013) were adapted. Water supply amount per capita-day is 

equal to water consumption per capita-day divided by revenue water ratio:  

 

<Table 4.3-6> Domestic water consumption per capita per day 

Category 
Water Consumption per Capita (lpcd) 

Remark 
2013-2015 2018 2025-2040 

House connection 
(>2,000) 

125.0 130.0 150.0 

 

House connection 
(<2,000) 

80.0 100.0 125.0 

Yard tap 50.0 50.0 50.0 

Stand post 30.0 30.0 30.0 

Well 20.0 20.0 20.0 

Source: Administração de Infra-estruturas (de Abastecimento) de Água e Saneamento (AIAS, 2013) 

 

4) Water loss 

According to past reports of each river basin, water loss was adapted as 35%. Also, 

DNAAS planned it as 25% for new water supply facilities. On the other hand, 

Infrastructure Management (Water Supply) Water and Sanitation (AIAS, 2013) 

suggested water loss for each target year. As a result, water loss according to AIAS 

report (2013) was adapted for consistency of plan in this project. 

 

<Table 4.3-7> Water loss 

Administration Unit 
Water Loss 

Remark 
2013-2015 2018 2025-2040 

City 50% 40% 30%  

Villa 25% 20% 20%  
Source: Administração de Infra-estruturas (de Abastecimento) de Água e Saneamento (AIAS, 2013) 
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5) Tourism water 

Tourism water is the total amount of water used by accommodations. Water demand 

for tourism is estimated as daily water volume for one room (L/room/day) according to 

Decreto No. 30/2003. Adapted daily water demand (L/room/day) for each type of 

accommodation was presented below. 

- Room without bathroom: 70 L/room/day 

- Room with bathroom: 230 L/room/day 

The numbers of accommodation room were considered with data of accommodations 

and rooms by province and district from INE. Also, due to lack of data, all rooms of 

provincial data were distributed to accommodations of district level. Besides, all rooms 

were assumed as rooms with private bathroom. 

As a result, tourism water only occupies about 1.6% of domestic water demand, so 

that increasing trend of tourism sector does not have an impact on total amount of 

domestic water. Accordingly, it was adapted that tourism water would be kept the 

estimated value with no change in the future:  

 

<Table 4.3-8> Future tourism water demand 

Province Capital 
Hotel room  

(No.) 

Tourism water 

Demand (106㎥) Rate (%) 

Niassa Lichinga 1,437 0.33 7.1 

Cabo Delgado Pemba 783 0.18 3.8 

Nampula Nampula 1,242 0.29 6.2 

Zambezia Quelimane 1,039 0.24 5.1 

Tete Tete 1,293 0.30 6.4 

Manica Chimoio 844 0.19 4.1 

Sofala Beira 1,537 0.35 7.5 

Inhambane Inhambane 3,420 0.79 16.9 

Gaza Xai-Xai 1,282 0.29 6.2 

Maputo Matola 1,677 0.39 8.4 

Maputo City - 5,751 1.32 28.3 

Total 20,305 4.67 100.0 
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6) Future domestic water demand 

Domestic water demand including tourism water was estimated for district level 

according to three scenarios. Estimated results for each province were presented in 

<Tables 4.3-9 to 4.3-10>, and <Figures 4.3-3 and 4.3-4> show the domestic water 

demand map by district. Domestic water demand is not directly proportional to 

population due to difference between unit water consumption and water loss for each 

district:  

<Table 4.3-9> Domestic water demand under LDS* 

Province/City 
 Domestic Water Demand (106㎥) 

Present 2020 2025 2030 2035 2040 

Niassa 15.88 39.45 59.49 78.90 97.30 113.93 

Cabo Delgado 24.47 41.64 54.54 72.03 88.56 103.49 

Nampula 62.78 119.37 168.53 201.49 234.02 264.42 

Zambezia 37.51 70.48 96.48 110.08 123.30 135.19 

Tete 22.41 33.85 45.13 59.79 73.98 86.89 

Manica 21.92 36.77 49.48 61.01 71.81 81.38 

Sofala 49.69 56.83 66.41 77.41 88.16 97.22 

Inhambane 23.65 28.37 34.34 42.27 49.96 57.41 

Gaza 28.98 31.95 35.68 40.63 45.42 49.93 

Maputo 59.77 104.98 146.06 185.32 222.61 254.11 

Maputo City 88.79 112.32 135.53 145.60 154.64 159.62 

Total 435.84 676.02 891.68 1,074.52 1,249.74 1,403.58 

* LDS: Low Demand Scenario 

<Table 4.3-10> Domestic water demand under MDS* & HDS* 

Province/City 
 Domestic Water Demand (106㎥) 

Present 2020 2025 2030 2035 2040 

Niassa 15.88 41.10 63.23 81.00 97.91 113.93 

Cabo Delgado 24.47 39.81 57.84 73.85 89.05 103.49 

Nampula 62.78 124.33 175.00 205.09 234.93 264.42 

Zambezia 37.51 73.95 101.33 112.83 124.13 135.19 

Tete 22.41 31.38 47.77 61.23 74.32 86.89 

Manica 21.92 37.04 52.21 62.57 72.33 81.38 

Sofala 49.69 55.64 69.90 79.17 88.35 97.22 

Inhambane 23.65 28.02 36.67 43.72 50.58 57.41 

Gaza 28.98 32.77 38.13 42.21 46.20 49.93 

Maputo 59.77 104.31 154.35 189.03 222.25 254.11 

Maputo City 88.79 118.60 143.86 149.59 154.82 159.62 

Total 435.84 686.95 940.30 1,100.29 1,254.87 1,403.58 

* MDS: Medium Demand Scenario; HDS: High Demand Scenario 
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(a) Present (b) Year 2020 

  

(c) Year 2025 (d) Year 2030 

  

(e) Year 2035 (f) Year 2040 

<Figure 4.3-3> Domestic water demand under LDS* 

* LDS: Low Demand Scenario 
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(a) Present (b) Year 2020 

  

(c) Year 2025 (d) Year 2030 

  

(e) Year 2035 (f) Year 2040 

<Figure 4.3-4> Domestic water demand under MDS* & HDS* 

* MDS: Medium Demand Scenario; HDS: High Demand Scenario 
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C) Irrigation Water 

Irrigation water is the water required to cultivate crops. Most of farm land is dependent 

on non-irrigated farming, irrigation rate is figured out as only 4%. 

Prioritized plans for irrigation water in Mozambique are as follows. 

- Five-Year Program of Government of Mozambique (Programa Quinquenal do 

Governo Para) 

- Irrigation Strategy (Estratégia de Irrigação) 

- Strategic Plan for Development of Agricultural Sector (Plano Estratégico de 

Desenvolvimento de Sector Agrário) 

- National Investigation Plan for Agricultural Sector (Plano Nacional de Investimento 

Para o Setor Agrário) 

- National Strategy of Management of Water Resources (Estratégia Nacional de 

Gestão dos Recursos hídricos, 2007) 

- National Program for Irrigation (Programa Nacatioal de Irrigação, 2015) 

 

Among these plans, National Program for Irrigation (2015) of Irrigation Agency 

aggregated water demand of 22 rivers which covers about 80% of overall water 

demand, and suggested future development scenario.  

Irrigation water demand was estimated as per the procedure as shown in the 

following figure:  

 

<Figure 4.3-5> Schematic diagram for the projection of future irrigation water demand 
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1) Gross irrigation requirement 

Irrigation water demand is calculated taking into consideration infiltration, 

evapotranspiration, effective rainfall. Infiltration is affected by characteristic of soil and 

ground water level evapotranspiration is determined by kinds of crops and climate 

condition. And effective rainfall is dependent on rainfall. Water required for crop is 

calculated taking into consideration annual variation of rainfall, cultivation condition and 

kinds of crops. According to PNI (2015), the requirement of whole water demand for 

cultivation, which can meet the frequency of 80%, is adopted as irrigation water. 

Besides, gross irrigation water demand is estimated taking into consideration water loss 

at irrigation facilities. 

Generally gross irrigation water demand is estimated for irrigated farm considering 

loss rate, and net irrigation water demand is estimated for non-irrigated farm without 

considering loss rate. The methodology for crop water demand is based on the 

methodology speculated by FAO. 

Evapotranspiration (Eto), crop coefficient (Kc) and cultivation period are based on the 

data from PNI (2015). Evapotranspiration and crop coefficient by province during 

1983~2012 are shown in the following tables. Crop coefficient (Kc) was calculated 

using each value of growing period, sowing period, growth stages and harvesting by 

PNI (2015). 

 

<Table 4.3-11> Evapotranspiration (1983 to 2012) 

Province 
Evapotranspiration (㎜) 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total 

Niassa 114.7 114.7 111.6 105.4 102.3 96.1 102.3 120.9 161.2 176.7 164.3 130.2 1,500.4 

Cabo Delgado 139.5 133.3 133.3 127.1 120.9 111.6 108.5 120.9 142.6 158.1 167.4 158.1 1,621.3 

Nampula 148.8 151.9 142.6 136.4 124.0 114.7 114.7 136.4 173.6 201.5 204.6 179.8 1,829 

Zambezia 158.1 148.8 136.4 117.8 102.3 86.8 89.9 111.6 144.0 173.6 186.0 176.7 1,632 

Tete 167.4 161.2 161.2 148.8 124.0 105.4 108.5 145.7 186.0 210.8 213.9 179.8 1,912.7 

Manica 139.5 133.3 120.9 105.4 93.0 83.7 86.8 108.5 139.5 155.0 161.2 148.8 1,475.6 

Sofala 167.4 164.3 151.9 130.2 99.2 93.0 89.9 105.4 133.3 155.0 170.5 167.4 1,627.5 

Inhambane 158.1 151.9 133.3 108.5 83.7 68.2 71.3 86.8 111.6 133.3 145.7 158.1 1,410.5 

Gaza 161.2 151.9 133.3 108.5 83.7 68.2 71.3 93.0 130.2 151.9 161.2 167.4 1,481.8 

Maputo 158.1 155.0 136.4 108.5 89.9 74.4 77.5 96.1 111.6 136.4 136.4 155.0 1,435.3 

Source: PNI (2015) 
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<Table 4.3-12> Crop coefficient 

Crop 
Crop Coefficient 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Lettuce - - - - - - - - 0.80 0.93 1.00 0.96 

Cotton 1.14 0.99 0.87 - - - - - 4.00 3.47 1.68 1.15 

Peanut 0.89 - - - - - - - - 0.50 0.76 1.09 

Pineapple 1.10 1.10 1.10 1.10 1.10 1.10 0.50 0.50 0.59 0.74 0.89 1.04 

Rice 1.20 1.20 1.08 - - - - - - - 1.00 1.09 

Banana 0.50 0.60 0.70 0.85 1.00 1.10 1.10 0.90 0.80 0.80 0.95 1.05 

Potato - - - - 0.45 0.83 1.10 1.04 0.92 - - - 

Sweet Potato 0.83 1.08 0.83 - - - - - - - 0.50 0.55 

Sugar Cane 0.50 0.60 0.70 0.85 1.00 1.10 1.10 0.90 0.80 0.80 0.95 1.05 

Onion - - 0.60 0.89 1.10 1.03 0.89 - - - - - 

Citrus 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 

Bean - - - 0.52 1.04 1.08 0.73 - - - - - 

Nhemba Bean 0.41 - - - - - - - - 0.56 1.17 1.09 

Green Bean - 0.30 0.71 1.00 0.94 - - - - - - - 

Sunflower - - 0.40 0.81 1.10 0.93 0.55 - - - - - 

Cassava 0.30 0.30 0.30 0.30 0.30 0.65 1.08 1.10 1.10 1.10 0.93 0.63 

Maize-Dry 
Epoch 

- - - 0.51 0.89 1.20 1.14 0.68 - - - - 

Maize-Wet 
Epoch 

0.91 - - - - - - - - 0.54 0.98 1.20 

Soy 0.96 0.63 - - - - - - - 0.30 0.71 1.00 

Tobacco - - 0.67 1.08 1.03 0.65 - - - - - - 

Tomato-Dry 
Epoch 

- - - - 0.57 1.09 1.14 0.98 0.85 - - - 

Tomato-Wet 
Epoch 

- 0.57 1.09 1.14 0.98 0.85 - - - - - - 

Wheat - - - 0.46 0.98 1.10 1.03 0.43 - - - - 
Note: Calculated using factors for each growing period by PNI (2015) 

 

Water Requirement for Crop (CWR) is calculated based on meeting the 

evapotranspiration of crop (ETc) under the conditions of disease-free, optimized soil, 

sufficient water and fertility, etc. This factor is estimated according to below equation.  

CWR = ETc = ETo × Kc 

  where, CWR: Water Requirement for Crop (㎜/10-day)  

          ETc: Evapotranspiration of Crop (㎜/10-day)  

          ETo: Potential Evapotranspiration (㎜/10-day)  

          Kc: Crop Coefficient 
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Net Irrigation Requirement (NIR) for estimation of irrigation water demand is 

calculated by Peff subtracted from CWR. It is estimated with following equation. 

  NIR = CWR - Peff 

  where, NIR: Net Irrigation Requirement (㎜/10-day)  

         CWR: Water to be Utilized for Cultivation (㎜/10-day)  

         Peff: Effective Precipitation (㎜/10-day) 

 

Several methods for calculation of effective rainfall are suggested by FAO. The 

method adopted in the Zambezi River Basin (2010) was applied in this master plan. 

Effective precipitation was calculated based on precipitation and evaporation data by 

PNI (2015). The equations are suggested below. 

    Peff = Ptot × (125-0.2×Ptot)/125: when Ptot is smaller than 250㎜ 

    Peff = 125 + 0.1 × Ptot         : when Ptot is larger than 250㎜ 

Thus, monthly effective rainfall is estimated as shown in the following table. 

<Table 4.3-13> Effective precipitation 

Province 
Effective Precipitation (㎜) 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total 

Niassa 153.1 140.9 138.6 60.3 21.1 2.2 2.4 1.7 8.1 20.0 83.5 138.5 770.4 

Cabo Delgado 116.9 128.8 132.1 79.5 33.0 26.0 16.7 6.4 3.9 6.8 59.5 85.4 695.0 

Nampula 155.5 148.6 130.0 70.5 22.2 16.1 16.3 17.3 3.5 17.6 51.6 129.0 778.2 

Zambezia 156.5 145.8 144.6 94.3 53.4 49.2 64.7 19.9 11.0 19.6 52.9 121.6 933.5 

Tete 130.8 111.8 80.6 22.1 5.0 3.0 3.8 1.6 2.2 11.8 52.3 106.1 531.1 

Manica 149.4 130.8 110.6 52.6 16.4 10.9 15.8 13.0 28.1 51.0 70.8 131.1 780.5 

Sofala 152.8 150.2 152.6 102.0 52.7 36.1 57.3 27.7 19.3 49.8 86.0 151.3 1,037.8 

Inhambane 103.9 101.8 98.9 61.9 38.2 54.1 39.1 26.9 20.8 33.3 72.3 117.6 768.8 

Gaza 110.6 89.1 96.8 76.7 53.8 56.6 48.4 28.8 28.1 44.9 92.6 105.0 831.4 

Maputo 113.1 94.0 83.1 44.8 22.7 20.8 17.4 13.0 24.6 51.8 83.8 96.3 665.4 

Maputo City - - - - - - - - - - - - - 
Note: Calculated using factors for each growing period by PNI (2015) 
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The following formula is used to estimate Gross Irrigation Requirement (GIR):  

  GIR = NIR / Ep 

  Where  

GIR: Gross Irrigation Requirement (㎜/10-day) 

NIR: Net Irrigation Requirement (㎜/10-day) 

Ep: Project Efficiency (Irrigation Efficiency) 

 

Efficiency of Irrigation (EP, Project Efficiency) is calculated by the following equation 

taking into consideration FAO (1977)1, FAO (1992)2. 

  Ep = Ea × Eb × Ec 

  Where 

Ep: Project efficiency (Ratio between water made directly available to the 

crop and that released at headworks) 

Ea: Field application efficiency (ratio between water directly available to 

the crop and received at the field inlet) 

Eb: Field canal efficiency (ratio between water received at the field inlet 

and that received at the inlet of the block of fields) 

Ec: Conveyance efficiency (ratio between water received at inlet to a 

block of fields and that released at the project headworks) 

<Table 4.3-14> Project efficiency 

Category Value 

Ea (Field application efficiency) 0.70 

Eb (Field canal efficiency) 0.80 

Ec (Conveyance efficiency) 0.80 

Ep (Project Efficiency) 0.45 

As described above, the project efficiency is 70% for a corporate farm and 25~50% 

for a small self-cultivating farm which occupies most of agriculture. 

                                                 

1 FAO Irrigation and Drainage Paper 24 revised Guidelines for predicting Crop Water Requirement(1977) 

2 FAO Irrigation and Drainage Paper 46 CROWAT, A Computer Program for Irrigation Planning and 
Management(1992) 
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According to The Role of Water in the Mozambique Economy (WB, 2005), the project 

efficiency is referred to as 45%. Furthermore, according to The Zambezi River Basin: 

A Multi-Sector Investment Opportunities Analysis (WB, 2010), it is referred to as 39% 

for gravity-fed and 50% for spring cooler. 

Based on the Mozambique’s studies above, the project efficiency for this MP decided 

by consultation with INIR is 45%. 

Multiplying with irrigated area, irrigation water demand can be estimated as below. 

  Irrigation Water Demand (㎥/10-day) = GIR × A × 10 

  Where 

GIR: Gross Irrigation Requirement (㎜/10-day) 

A: Irrigated Area (ha) 

2) Irrigated area 

While cultivation area is about 5.6×106 ha in 2012 according to INE, irrigated area is 

181,184 ha according to PNI report (2015, Irrigation Agency) where 9,000 ha was 

recently developed. Irrigation Agency (INIR) continuously investigates irrigated area by 

field survey and updates its GIS data. Current irrigation area (July 2016) was 

investigated as 182,390 ha slightly increased from data of PNI (2015) so that its GIS 

data was used. Meanwhile, area for sugarcane irrigation is not included in this GIS. But 

Irrigation Agency (INIR) established irrigation development plan by choosing sugarcane 

as a representative crop in PNI report (2015). Therefore, this study estimates irrigation 

water demand based on sugarcane whose crop coefficient is relatively high. 

 

3) Water demand scenarios 

According to PNI (2015), future irrigation area for Low, Medium and High demand are 

122,500 ha, 200,000 ha and 287,000 ha respectively. However, only for Low demand 

future irrigation area was presented in PNI (2015) as following <Table 4.3-15>. 

Therefore, future irrigation areas for Medium and High demand were calculated from 

total irrigation area and ratio of regional area ratio as following <Table 4.3-16> and 

<Table 4.3-17>:  
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<Table 4.3-15> Irrigation area potential under LDS* 

Type Basin 
Potential Irrigation Area (ha) 

2016-2020 2021-2025 2026-2030 2031-2035 2036-2040 Total 

Small 
Irrigations 
(<100ha) 

National 500 1,000 2,000 3,500 5,000 12,000 

Mean and 
Large 

Irrigations 
(>100ha) 

Zambeze 400 3,000 4,500 5,000 5,000 17,900 

Rovuma - - - 500 7,500 8,000 

Lúrio - - 8,500 3,000 1,000 12,500 

Licungo - 500 5,000 8,000 1,000 14,500 

Limpopo 4,400 7,000 7,000 6,500 7,000 31,900 

Búzi - - 500 7,500 2,500 10,500 

Melúli - - - - 9,500 9,500 

Maputo - - 1,000 2,200 2,500 5,700 

Total 5,300 11,500 28,500 36,200 41,000 122,500 

* LDS: Low Demand Scenario 

Source: PNI (2015) 

<Table 4.3-16> Irrigation area potential under MDS* 

Type Basin 
Potential Irrigation Area (ha) 

2016-2020 2021-2025 2026-2030 2031-2035 2036-2040 Total 

Small 
Irrigations 
(<100ha) 

National 700 3,700 2,800 5,000 7,100 19,300 

Mean and 
Large 

Irrigations 
(>100ha) 

Zambeze 600 11,100 6,400 7,100 7,100 32,300 

Rovuma - - - 700 10,600 11,300 

Lúrio - - 12,100 4,300 1,400 17,800 

Licungo - 1,800 7,100 11,400 1,400 21,700 

Limpopo 6,200 25,900 10,000 9,200 10,000 61,300 

Búzi - - 700 10,700 3,500 14,900 

Melúli - - - - 13,400 13,400 

Maputo - - 1,400 3,100 3,500 8,000 

Total 7,500 42,500 40,500 51,500 58,000 200,000 

* MDS: Medium Demand Scenario  
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<Table 4.3-17> Potential irrigation area under HDS* 

Type Basin 
Potential Irrigation Area (ha) 

2016-2020 2021-2025 2026-2030 2031-2035 2036-2040 Total 

Small 
Irrigations 
(<100ha) 

National 900 4,500 4,300 7,500 10,600 27,800 

Mean and 
Large 

Irrigations 
(>100ha) 

Zambeze 800 13,700 9,600 10,600 10,600 45,300 

Rovuma - - - 1,000 16,000 17,000 

Lúrio - - 18,100 6,400 2,100 26,600 

Licungo - 2,300 10,600 17,000 2,100 32,000 

Limpopo 8,300 32,000 14,900 13,800 14,900 83,900 

Búzi - - 1,100 16,000 5,300 22,400 

Melúli - - - - 20,300 20,300 

Maputo - - 2,100 4,700 5,400 12,200 

Total 10,000 52,500 60,700 77,000 87,300 287,500 

* HDS: High Demand Scenario 

 

The results of irrigation area by province, divided from irrigation area by scenario 

above, are shown in the following tables: 

<Table 4.3-18> Irrigation area under LDS* 

Province 
Irrigated/Irrigable Area (ha) 

Present 2020 2025 2030 2035 2040 

Niassa 1,022 1,094 1,241 4,977 7,089 14,051 

Cabo Delgado 2,517 2,567 2,667 5,097 6,344 8,772 

Nampula 3,659 3,710 3,812 6,376 7,564 17,850 

Zambezia 4,285 4,382 5,236 11,300 20,302 22,399 

Tete 750 1,112 3,505 7,152 11,353 15,729 

Manica 2,784 2,878 3,356 4,527 11,680 14,819 

Sofala 37,263 37,324 37,526 37,962 39,764 40,845 

Inhambane 336 920 1,869 2,918 4,055 5,401 

Gaza 70,697 74,609 80,853 87,191 93,230 99,848 

Maputo 57,940 57,956 57,990 59,056 61,373 64,039 

Maputo City 1,135 1,135 1,135 1,135 1,135 1,135 

Total 182,390 187,690 199,190 227,690 263,890 304,890 

* LDS: Low Demand Scenario 
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<Table 4.3-19> Irrigation area under MDS* 

Province 
Irrigated/Irrigable Area (ha) 

Present 2020 2025 2030 2035 2040 

Niassa 1,022 1,123 1,666 6,978 9,990 19,828 

Cabo Delgado 2,517 2,587 2,956 6,411 8,193 11,624 

Nampula 3,659 3,730 4,106 7,751 9,453 23,963 

Zambezia 4,285 4,424 7,534 16,140 28,970 31,927 

Tete 750 1,287 10,139 15,321 21,290 27,505 

Manica 2,784 2,921 4,688 6,341 16,542 20,958 

Sofala 37,263 37,350 38,096 38,710 41,281 42,808 

Inhambane 336 1,159 4,670 6,163 7,776 9,696 

Gaza 70,697 76,210 99,312 108,361 116,912 126,363 

Maputo 57,940 57,963 58,086 59,579 62,846 66,582 

Maputo City 1,135 1,135 1,135 1,135 1,135 1,135 

Total 182,390 189,890 232,390 272,890 324,390 382,390 

* MDS: Medium Demand Scenario 

 

<Table 4.3-20> Irrigation area under HDS* 

Province 
Irrigated/Irrigable Area (ha) 

Present 2020 2025 2030 2035 2040 

Niassa 1,022 1,152 1,813 9,774 14,233 29,061 

Cabo Delgado 2,517 2,607 3,055 8,235 10,884 16,048 

Nampula 3,659 3,751 4,208 9,672 12,211 34,171 

Zambezia 4,285 4,466 8,373 21,244 40,383 44,807 

Tete 750 1,462 12,380 20,164 29,080 38,358 

Manica 2,784 2,964 5,139 7,668 22,922 29,577 

Sofala 37,263 37,376 38,291 39,229 43,075 45,368 

Inhambane 336 1,433 5,765 8,001 10,422 13,284 

Gaza 70,697 78,074 106,610 120,104 132,932 147,016 

Maputo 57,940 57,970 58,120 60,363 65,312 71,065 

Maputo City 1,135 1,135 1,135 1,135 1,135 1,135 

Total 182,390 192,390 244,890 305,590 382,590 469,890 

* HDS: High Demand Scenario 
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4) Future irrigation water demand 

Irrigation water demand by scenarios was estimated at District level. In this report, 

the water demand at Province level is summarized in the following tables. 

For irrigation water demand, relatively low rainfall southern region (Sofala, Gaza, 

Maputo etc.) were analyzed as the districts where need more irrigation water demand 

than high rainfall region (northern and central areas). Meanwhile, the water demand 

was anticipated to steeply increase in northern and central region as PNI (2015) 

(irrigation development program) is executed. 

For district level, Maputo in 2012 needs the highest irrigation water demand. However, 

irrigation water demand in Gaza will increase steadily, and will be bigger than Maputo 

after 2020. 

<Table 4.3-21> Irrigation water demand under LDS* 

Province 
Irrigation Water Demand (106㎥) 

Present 2020 2025 2030 2035 2040 

Niassa 15.57 16.67 18.91 75.83 108.01 214.07 

Cabo Delgado 42.26 43.10 44.77 85.57 106.52 147.28 

Nampula 70.36 71.34 73.29 122.59 145.45 343.23 

Zambezia 51.11 52.27 62.46 134.77 242.15 267.16 

Tete 17.66 26.17 82.46 168.26 267.10 370.06 

Manica 34.12 35.27 41.12 55.47 143.13 181.59 

Sofala 349.96 350.54 352.43 356.53 373.45 383.61 

Inhambane 2.77 7.59 15.41 24.05 33.42 44.52 

Gaza 550.36 580.81 629.42 678.76 725.77 777.29 

Maputo 635.76 635.94 636.31 648.01 673.43 702.69 

Maputo City 12.46 12.46 12.46 12.46 12.46 12.46 

Total 1,782.39 1,832.16 1,969.03 2,362.30 2,830.88 3,443.95 

* LDS: Low Demand Scenario 
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<Table 4.3-22> Irrigation water demand under MDS* 

Province 
Irrigation Water Demand (106㎥) 

Present 2020 2025 2030 2035 2040 

Niassa 15.57 17.12 25.39 106.31 152.20 302.09 

Cabo Delgado 42.26 43.43 49.62 107.63 137.55 195.16 

Nampula 70.36 71.73 78.96 149.05 181.78 460.79 

Zambezia 51.11 52.77 89.86 192.51 345.53 380.80 

Tete 17.66 30.29 238.55 360.46 500.90 647.10 

Manica 34.12 35.79 57.44 77.70 202.71 256.82 

Sofala 349.96 350.78 357.79 363.56 387.70 402.04 

Inhambane 2.77 9.55 38.50 50.80 64.10 79.92 

Gaza 550.36 593.27 773.12 843.56 910.13 983.70 

Maputo 635.76 636.01 637.37 653.75 689.59 730.59 

Maputo City 12.46 12.46 12.46 12.46 12.46 12.46 

Total 1,782.39 1,853.20 2,359.05 2,917.77 3,584.65 4,451.46 

* MDS: Medium Demand Scenario 

 

<Table 4.3-23> Irrigation water demand under HDS* 

Province 
Irrigation Water Demand (106㎥) 

Present 2020 2025 2030 2035 2040 

Niassa 15.57 17.56 27.62 148.91 216.85 442.76 

Cabo Delgado 42.26 43.77 51.29 138.25 182.73 269.43 

Nampula 70.36 72.12 80.91 185.97 234.80 657.06 

Zambezia 51.11 53.26 99.87 253.38 481.65 534.42 

Tete 17.66 34.40 291.27 474.41 684.18 902.45 

Manica 34.12 36.32 62.97 93.96 280.89 362.43 

Sofala 349.96 351.03 359.62 368.44 404.55 426.09 

Inhambane 2.77 11.82 47.52 65.95 85.90 109.49 

Gaza 550.36 607.78 829.93 934.98 1,034.84 1,144.48 

Maputo 635.76 636.09 637.73 662.35 716.66 779.78 

Maputo City 12.46 12.46 12.46 12.46 12.46 12.46 

Total 1,782.39 1,876.60 2,501.20 3,339.05 4,335.50 5,640.84 

* HDS: High Demand Scenario 
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<Figure 4.3-6> Irrigation water demand under LDS* 

* LDS: Low Demand Scenario 

  

(a) Present (b) Year 2020 

  

(c) Year 2025 (d) Year 2030 

  

(e) Year 2035 (f) Year 2040 
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(a) Present (b) Year 2020 

  

(c) Year 2025 (d) Year 2030 

  

(e) Year 2035 (f) Year 2040 

<Figure 4.3-7> Irrigation water demand under MDS* 

* MDS: Medium Demand Scenario 
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(a) Present (b) Year 2020 

  

(c) Year 2025 (d) Year 2030 

  

(e) Year 2035 (f) Year 2040 

<Figure 4.3-8> Irrigation water demand under HDS* 

* HDS: High Demand Scenario 
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D) Livestock Water 

Livestock water demand is the water required to raise livestock such as cattle, pig, 

sheep, chicken, etc. Primarily, related laws or plans as below were considered to 

estimate livestock water demand. 

- Executive Manual for rural water supply project (Manual de Implementação de 

Projectos de Abastecimento de Água Rural, 2009): This presents unit water 

consumption per species of livestock 

Prioritized plan related to livestock water demand is PEDSA (Strategic Plan for 

Development of Agricultural Sector, Plano Estratégico de Desenvolvimento de Sector 

Agrário, 2007), where Value chain as per Six Corridor Plan is included. 

A brief procedure for estimation of livestock water demand is described in the 

following figure:  

 

<Figure 4.3-9> Schematic diagram for the projection of livestock water demand 

 

1) Number of livestock heads 

Number of livestock was collected from INE Census (2011) and data from MASA 

(2012-2014). Number of main livestock categorized by cattle, goat, sheep, pig, donkey, 

rabbit, chicken, goose, turkey and guinea fowl is arranged by Province level in these 

references. Number by District level was calculated by the area ratio of each District 

which should be designated as agro-ecological zone. 

Using basis year of this plan, 2012, the following scenarios were designated for future 

projection of livestock number (refer to <Table 4.3-24>~<Table 4.3-25>). 
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- Low Demand: Continuous status quo 

- Medium Demand: Increasing tendency (based on increase rate 2011 to 2014) 

- High Demand: Increasing tendency + additional increase of 50% Value chain 

(poultry in Nampula and cattle in Tete by 2020) 

<Table 4.3-24> Number of livestock heads by animal 

Scenario Animal 
No. of Livestock(×1,000head) 

Present 2020 2025 2030 2035 2040 

Low 
Demand 

Cattle 1,541 1,860 1,860 1,860 1,860 1,860 

Goat 4,448 5,208 5,208 5,208 5,208 5,208 

Sheep 234 369 369 369 369 369 

Pig 1,727 2,128 2,128 2,128 2,128 2,128 

Donkey 20 18 18 18 18 18 

Rabbit 164 440 440 440 440 440 

Chicken 18,985 26,837 26,837 26,837 26,837 26,837 

Duck 1,862 3,814 3,814 3,814 3,814 3,814 

Goose 2 61 61 61 61 61 

Turkey 75 217 217 217 217 217 

Poultry 383 739 739 739 739 739 

Sub-total 29,441 41,692 41,692 41,692 41,692 41,691 

Medium 
Demand 

Cattle 1,541 3,074 4,038 5,002 5,966 6,929 

Goat 4,448 6,813 8,255 9,697 11,139 12,581 

Sheep 234 369 369 369 369 369 

Pig 1,727 2,438 2,742 3,045 3,349 3,652 

Donkey 20 18 18 18 18 18 

Rabbit 164 440 440 440 440 440 

Chicken 18,985 26,837 28,558 30,280 32,001 33,722 

Duck 1,862 3,814 4,826 5,838 6,850 7,863 

Goose 2 61 61 61 61 61 

Turkey 75 217 234 251 268 284 

Poultry 383 739 739 739 739 739 

Sub-total 29,441 44,821 50,280 55,740 61,199 66,659 

High 
Demand 

Cattle 1,541 3,233 4,437 5,761 7,265 9,039 

Goat 4,448 6,813 8,255 9,697 11,139 12,581 

Sheep 234 369 369 369 369 369 

Pig 1,727 2,438 2,742 3,045 3,349 3,652 

Donkey 20 18 18 18 18 18 

Rabbit 164 440 440 440 440 440 

Chicken 18,985 28,631 30,352 32,074 33,795 35,516 

Duck 1,862 3,967 4,979 5,991 7,003 8,015 

Goose 2 64 64 64 64 64 

Turkey 75 220 237 254 271 287 

Poultry 383 771 771 771 771 771 

Sub-total 29,441 46,964 52,664 58,483 64,483 70,752 
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<Table 4.3-25> Number of livestock heads under different scenarios 

Scenario Province 
No. of Animal (×1,000 Head) 

Present 2020 2025 2030 2035 2040 

Low 
Demand 

(LDS) 

Niassa 1,021 1,439 1,439 1,439 1,439 1,439 

Cabo Delgado 1,781 2,241 2,241 2,241 2,241 2,241 

Nampula 3,267 5,055 5,055 5,055 5,055 5,055 

Zambezia 5,666 7,642 7,642 7,642 7,642 7,642 

Tete 2,902 3,381 3,381 3,381 3,381 3,381 

Manica 3,076 5,256 5,256 5,256 5,256 5,256 

Sofala 2,791 4,677 4,677 4,677 4,677 4,677 

Inhambane 2,274 2,933 2,933 2,933 2,933 2,933 

Gaza 2,184 2,811 2,811 2,811 2,811 2,811 

Maputo 4,479 6,256 6,256 6,256 6,256 6,256 

Maputo City 616 - - - - - 

Sub-total 30,057 41,691 41,691 41,691 41,691 41,691 

Medium 
Demand 
(MDS) 

Niassa 1,021 1,439 1,861 2,282 2,704 3,125 

Cabo Delgado 1,781 2,241 2,241 2,241 2,241 2,241 

Nampula 3,267 5,294 5,517 5,739 5,962 6,184 

Zambezia 5,666 7,711 8,886 10,061 11,236 12,411 

Tete 2,902 3,381 3,446 3,511 3,576 3,641 

Manica 3,076 6,472 7,625 8,778 9,930 11,083 

Sofala 2,791 5,156 5,840 6,524 7,208 7,892 

Inhambane 2,274 2,964 3,164 3,364 3,564 3,764 

Gaza 2,184 3,284 3,762 4,239 4,716 5,194 

Maputo 4,479 6,878 6,878 9,001 10,062 11,123 

Maputo City 616 - - - - - 

Sub-total 30,057 44,821 49,219 55,740 61,199 66,659 

High 
Demand 
(HDS) 

Niassa 1,021 1,439 1,861 2,282 2,704 3,125 

Cabo Delgado 1,781 2,241 2,241 2,241 2,241 2,241 

Nampula 3,267 7,278 7,501 7,723 7,946 8,168 

Zambezia 5,666 7,711 8,886 10,061 11,236 12,411 

Tete 2,902 3,540 3,845 4,270 4,875 5,750 

Manica 3,076 6,472 7,625 8,778 9,930 11,083 

Sofala 2,791 5,156 5,840 6,524 7,208 7,892 

Inhambane 2,274 2,964 3,164 3,364 3,564 3,764 

Gaza 2,184 3,284 3,762 4,239 4,716 5,194 

Maputo 4,479 6,878 7,939 9,001 10,062 11,123 

Maputo City 616 - - - - - 

Sub-total 30,057 46,964 52,664 58,483 64,483 70,752 
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2) Livestock water consumption per capita per day (lpcd) 

Unit water consumption related to livestock water demand is presented Executive 

Manual for rural water supply project (Manual de Implementação de Projectos de 

Abastecimento de Água Rural, 2009). Thus, the unit water consumption presented in 

the reference (Executive Manual for rural water supply project) was chosen for this 

study’s estimation for more reasonable application. 

 

<Table 4.3-26> Livestock water consumption per capita per day (lpcd) 

Animal 
Unit Water Consumption 

(L/head/day) 
Remark 

Horse (Cavalo) 25.0 Burros 

Diary cow (Gado leiteiro) 35.0  

Cow (Gado) 30.0 Bovinos 

Hog (Porco) 13.0 Suinos, Rabbit (Coelhos) 

Sheep (Ovelha) 20.0 Ovinos 

Goat (Cabrito) 20.0 Caprinos 

Poultry (Aves)  0.2 
Perús, Galinhas, Patos, 
Gansos, Galinha do mato 

Source: Manual de Implementação de Projectos de Abastecimento de Água Rural (2009) 

 

3) Future livestock water demand 

Although there are national strategies such as PEDSA mentioned previously, it is 

difficult to estimate future water demand and estimation may be uncertain because 

there is no development plan at Province or District level like plans for domestic and 

irrigation water. However, it is anticipated that the livestock being raised in Mozambique 

will grow as agricultural industry grows. Thus, livestock water demand is estimated 

considering this possibility. Especially, the Value chain by Six Corridor plan is 

considered and it is assumed that poultry in Numpula Province and cattle in Tete 

Province will increase to 50% more than average growth rate.  



 

4-112 

Livestock water demand in Maputo City in the future was neglected because actual 

water consumption was very little in 2012 and rapid urbanization as capital of 

Mozambique is anticipated.  

Livestock water demand by scenarios was estimated at District level. In this report, 

the water demand at Province level is summarized in the following tables. 

 

<Table 4.3-27> Future livestock water demand under LDS* 

Province 
Livestock Water Demand (106㎥) 

Present 2020 2025 2030 2035 2040 

Niassa 5.12 5.62 5.62 5.62 5.62 5.62 

Cabo Delgado 7.41 7.88 7.88 7.88 7.88 7.88 

Nampula 16.54 21.88 21.88 21.88 21.88 21.88 

Zambezia 14.22 17.49 17.49 17.49 17.49 17.49 

Tete 29.73 32.38 32.38 32.38 32.38 32.38 

Manica 21.98 31.25 31.25 31.25 31.25 31.25 

Sofala 18.94 21.14 21.14 21.14 21.14 21.14 

Inhambane 18.49 21.56 21.56 21.56 21.56 21.56 

Gaza 24.08 28.43 28.43 28.43 28.43 28.43 

Maputo 12.70 19.86 19.86 19.86 19.86 19.86 

Maputo City 1.49 - - - - - 

Total 170.71 207.50 207.50 207.50 207.50 207.50 

* LDS: Low Demand Scenario 
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<Table 4.3-28> Future livestock water demand under MDS* 

Province 
Livestock Water Demand (106㎥) 

Present 2020 2025 2030 2035 2040 

Niassa 5.12 5.62 5.71 5.79 5.88 5.96 

Cabo Delgado 7.41 7.88 7.88 7.88 7.88 7.88 

Nampula 16.54 27.54 32.70 37.86 43.01 48.17 

Zambezia 14.22 19.56 21.39 23.22 25.06 26.89 

Tete 29.73 32.38 32.39 32.40 32.42 32.43 

Manica 21.98 57.53 78.75 99.97 121.19 142.41 

Sofala 18.94 31.06 39.03 47.00 54.96 62.93 

Inhambane 18.49 23.79 27.72 31.65 35.58 39.52 

Gaza 24.08 40.14 49.83 59.51 69.20 78.88 

Maputo 12.70 34.55 34.55 59.27 71.63 83.99 

Maputo City 1.49 - - - - - 

Total 170.71 280.06 329.95 404.56 466.80 529.05 

* MDS: Medium Demand Scenario 

<Table 4.3-29> Future livestock water demand under HDS* 

Province 
Livestock Water Demand (106㎥) 

Present 2020 2025 2030 2035 2040 

Niassa 5.12 5.62 5.71 5.79 5.88 5.96 

Cabo Delgado 7.41 7.88 7.88 7.88 7.88 7.88 

Nampula 16.54 27.94 33.09 38.25 43.41 48.57 

Zambezia 14.22 19.56 21.39 23.22 25.06 26.89 

Tete 29.73 37.16 44.38 55.19 71.40 95.72 

Manica 21.98 57.53 78.75 99.97 121.19 142.41 

Sofala 18.94 31.06 39.03 47.00 54.96 62.93 

Inhambane 18.49 23.79 27.72 31.65 35.58 39.52 

Gaza 24.08 40.14 49.83 59.51 69.20 78.88 

Maputo 12.70 34.55 46.91 59.27 71.63 83.99 

Maputo City 1.49 - - - - - 

Total 170.71 285.24 354.69 427.74 506.19 592.74 

 * HDS: High Demand Scenario 
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(a) Present (b) Year 2020 

  

(c) Year 2025 (d) Year 2030 

  

(e) Year 2035 (f) Year 2040 

<Figure 4.3-10> Future livestock water demand under LDS* 

* LDS: Low Demand Scenario 
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(a) Present (b) Year 2020 

  

(c) Year 2025 (d) Year 2030 

  

(e) Year 2035 (f) Year 2040 

<Figure 4.3-11> Future livestock water demand under MDS* 

* MDS: Medium Demand Scenario 
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(a) Present (b) Year 2020 

  

(c) Year 2025 (d) Year 2030 

  

(e) Year 2035 (f) Year 2040 

<Figure 4.3-12> Future livestock water demand under HDS* 

* HDS: High Demand Scenario 
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E) Industrial Water 

Industrial water demand includes water required for manufacture of products, and 

water required for potable and hygiene water for workers. Industrial water in 

Mozambique is also supplied from clean water line and ground water.  

In general, industrial water demand could be estimated considering unit water 

consumption per area or per product yields but in Mozambique unit water consumption 

per product yields is presented in Decree No. 30/2003. 

Nevertheless, it is difficult to acquire production yields at District level. Thus, industrial 

water demand is calculated by following equation where number of workers at District 

level as per INE is available:  

 

Industrial Water Demand = (Unit water Consumption) × (Number of workers) 

 

 

<Figure 4.3-13> Schematic diagram for the projection of industrial water demand 

 

1) Number of workers 

Present year’s industrial water was estimated from the number of workers for Medium 

Demand at District level, and future industrial water estimated from 6% economic 

growth rate of 2017 presented by Work Bank. The economic growth rate of Low 
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Demand and High Demand were considered as 4.0% and 8.0% respectively. The result 

is shown in the following table. 

<Table 4.3-30> Number of workers projected from economic growth rate (LDS*) 

Province 
Economic 

Growth Rate 

No. of Workers 

Present 2020 2025 2030 2035 2040 

Niassa 4.0% 705 965 1,174 1,428 1,738 2,114 

Cabo Delgado 4.0% 2,029 2,777 3,378 4,110 5,001 6,084 

Nampula 4.0% 11,019 15,080 18,347 22,322 27,159 33,043 

Zambezia 4.0% 4,496 6,153 7,486 9,108 11,081 13,482 

Tete 4.0% 838 1,147 1,395 1,698 2,065 2,513 

Manica 4.0% 2,867 3,924 4,774 5,808 7,066 8,597 

Sofala 4.0% 18,724 25,625 31,177 37,931 46,149 56,148 

Inhambane 4.0% 1,031 1,411 1,717 2,089 2,541 3,092 

Gaza 4.0% 1,841 2,520 3,065 3,730 4,538 5,521 

Maputo 4.0% 21,082 28,852 35,103 42,708 51,961 63,219 

Maputo City 4.0% 12,159 16,640 20,246 24,632 29,968 36,461 

Total - 76,791 105,094 127,863 155,564 189,268 230,273 

* LDS: Low Demand Scenario 

 

<Table 4.3-31> Number of workers projected from economic growth rate (MDS*) 

Province 
Economic 

Growth Rate 

No. of Workers 

Present 2020 2025 2030 2035 2040 

Niassa 6.0% 705 1,124 1,504 2,012 2,693 3,604 

Cabo Delgado 6.0% 2,029 3,234 4,328 5,791 7,750 10,372 

Nampula 6.0% 11,019 17,563 23,503 31,452 42,090 56,326 

Zambezia 6.0% 4,496 7,166 9,590 12,833 17,174 22,982 

Tete 6.0% 838 1,336 1,787 2,392 3,201 4,284 

Manica 6.0% 2,867 4,570 6,115 8,183 10,951 14,655 

Sofala 6.0% 18,724 29,843 39,937 53,445 71,521 95,711 

Inhambane 6.0% 1,031 1,643 2,199 2,943 3,938 5,270 

Gaza 6.0% 1,841 2,934 3,927 5,255 7,032 9,411 

Maputo 6.0% 21,082 33,602 44,966 60,175 80,528 107,765 

Maputo City 6.0% 12,159 19,380 25,934 34,706 46,444 62,153 

Total - 76,791 122,393 163,790 219,188 293,322 392,532 

* MDS: Medium Demand Scenario 
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<Table 4.3-32> Number of workers projected from economic growth rate (HDS*) 

 

* HDS: High Demand Scenario 

 

2) Industrial water consumption per capita per day (lpcd) 

Unit water consumption as shown in the following table presented by Pacific Institute 

was applied to estimate industrial water demand at District level. Unit water 

consumption presented in <Table 4.3-33> was proposed in Harmonização das Formas 

de Mecanismos de Operacionalização do Regulamento de Pesquisa de Exploração de 

Águas Subterrâneas (RPEAS) of DNA:  

<Table 4.3-33> Industrial water consumption per capital per day (lpcd) by sector 

Note: 225 days in 1 year 

Source: Waste Not, Want Not: The Potential for Urban Water Conservation in California (Pacific Institute, 2003) 

 

There is much discrepancy between calculation result based on number of workers 

and one based on production yields as shown in the following table. According to the 

Province 
Economic 

Growth Rate 

No. of Workers 

Present 2020 2025 2030 2035 2040 

Niassa 8.0% 705 1,305 1,917 2,817 4,139 6,082 

Cabo Delgado 8.0% 2,029 3,756 5,518 8,108 11,913 17,504 

Nampula 8.0% 11,019 20,395 29,968 44,032 64,698 95,062 

Zambezia 8.0% 4,496 8,322 12,227 17,966 26,398 38,787 

Tete 8.0% 838 1,551 2,279 3,349 4,920 7,230 

Manica 8.0% 2,867 5,307 7,797 11,457 16,833 24,734 

Sofala 8.0% 18,724 34,657 50,922 74,821 109,937 161,534 

Inhambane 8.0% 1,031 1,908 2,804 4,120 6,053 8,895 

Gaza 8.0% 1,841 3,408 5,007 7,357 10,809 15,883 

Maputo 8.0% 21,082 39,021 57,335 84,244 123,782 181,877 

Maputo City 8.0% 12,159 22,505 33,068 48,588 71,391 104,897 

Total - 76,791 142,135 208,843 306,858 450,876 662,484 

Industrial Sector 
Unit Water Consumption 

(L/worker/day) 
Industry 

Unit Water Consumption 
(L/worker/day) 

Food 7,450 Oil and Coal 43,100 

Fabric 5,800 Rubber & Plastics   460 

Apparel  150 Tanneries   130 

Sawmil 8,120 Quarry and Cement 4,940 

Furniture  210 Metallurgy 4,990 

Paper and Cellulose 3,790 Steel 2,800 

Graphics  380 Industrial Machinery   420 

Chemistry 3,160 Electrical and Electronic 1,080 
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existing studies, industrial water demand is presented as approximately 2% of total 

water demand in Mozambique but calculated amount (106,407 mil. ㎥/year) is more 

than 6% of total water demand:  

<Table 4.3-34> Industrial water consumption per capital per day (lpcd): 2013 vs. 2014 

Note: According to Decreto No. 30/2003, industrial water demand is projected based on total product 
amount in Mozambique. 

Thus, unit water consumption for food sector is adjusted to lower value and final 

estimation is calculated from adjusted unit consumption as shown in the following table: 

<Table 4.3-35> Adjusted industrial water consumption per capital per day (lpcd) 

Note: 1. Unit consumption for food sector is adjusted from original table presented by Pacific Institute  

2. 225 days in 1 year 

No. 
Industry 
Sector 

Water Demand (103㎥) 

Based on  
No. of Workers 

Based on Product 

2013 2014 

1 Food  87,289 26,762 26,077 

2 Fabric  2,215 9,519 3,892 

3 Apparel  70 - - 

4 Sawmill  5,348 - - 

5 Furniture   182 - - 

6 Paper & cellulose   640 393 514 

7 Graphics  102 - - 

8 Chemistry  1,379 - - 

9 Oil and coal   4,170 - - 

10 Rubber & Plastics 120 - - 

11 Tanneries 7 0 1 

12 Quarry & cement   1,956 - - 

13 Metallurgy   552 - - 

14 Steel  2,048 1,361 1,378 

15 Industrial machinery & equipment  245 - - 

16 Electrical and electronic equipment  83 - - 

Total 106,407 38,035 31,862 

Industrial Sector 
Unit Water Consumption 

(L/worker/day) 
Industry 

Unit Water Consumption 
(L/worker/day) 

Food 2,300 Oil and Coal 43,100 

Fabric 5,800 Rubber & Plastics   460 

Apparel  150 Tanneries   130 

Sawmil 8,120 Quarry and Cement 4,940 

Furniture  210 Metallurgy 4,990 

Paper and Cellulose 3,790 Steel 2,800 

Graphics  380 Industrial Machinery   420 

Chemistry 3,160 Electrical and Electronic 1,080 
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3) Projection of future industrial water demand 

Industrial water demand at District level was estimated according to number of 

workers and unit consumption defined in previous section. The result is shown in the 

following tables. 

Industrial water demand is relatively less than other water demand and much water 

demand is estimated in Maputo Province where urbanization is expanding. Increased 

water demand is estimated in Nampula Province and Sofala Province besides Maputo 

Province in 2040:  

 

<Table 4.3-36> Industrial water demand (LDS*) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

* LDS: Lower Demand Scenario 

  

Province 
Industrial Water Demand (106 ㎥) 

Present 2020 2025 2030 2035 2040 

Niassa 0.53 0.72 0.88 1.07 1.30 1.58 

Cabo Delgado 2.04 2.79 3.39 4.12 5.02 6.10 

Nampula 8.12 11.11 13.52 16.45 20.01 24.34 

Zambezia 2.71 3.71 4.51 5.49 6.68 8.12 

Tete 2.23 3.05 3.71 4.52 5.50 6.69 

Manica 1.93 2.64 3.22 3.91 4.76 5.79 

Sofala 9.43 12.91 15.71 19.11 23.25 28.28 

Inhambane 0.67 0.91 1.11 1.35 1.65 2.00 

Gaza 0.89 1.21 1.47 1.79 2.18 2.66 

Maputo 11.15 15.26 18.57 22.59 27.49 33.44 

Maputo City 6.38 8.73 10.62 12.92 15.72 19.13 

Total 46.07 63.05 76.70 93.32 113.54 138.14 
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<Table 4.3-37> Industrial water demand (MDS*) 

Province 
Industrial Water Demand (106 ㎥) 

Present 2020 2025 2030 2035 2040 

Niassa 0.53 0.84 1.12 1.50 2.01 2.69 

Cabo Delgado 2.04 3.24 4.34 5.81 7.77 10.40 

Nampula 8.12 12.94 17.32 23.17 31.01 41.50 

Zambezia 2.71 4.32 5.78 7.73 10.35 13.85 

Tete 2.23 3.55 4.76 6.37 8.52 11.40 

Manica 1.93 3.08 4.12 5.51 7.38 9.87 

Sofala 9.43 15.03 20.12 26.92 36.03 48.22 

Inhambane 0.67 1.06 1.42 1.91 2.55 3.41 

Gaza 0.89 1.41 1.89 2.53 3.38 4.53 

Maputo 11.15 17.77 23.79 31.83 42.60 57.01 

Maputo City 6.38 10.17 13.60 18.21 24.36 32.60 

Total 46.07 73.42 98.26 131.49 175.96 235.48 

* MDS: Medium Demand Scenario 

<Table 4.3-38> Industrial water demand (HDS*) 

Province 
Industrial Water Demand (106 ㎥) 

Present 2020 2025 2030 2035 2040 

Niassa 0.53 0.97 1.43 2.10 3.09 4.54 

Cabo Delgado 2.04 3.77 5.54 8.13 11.95 17.56 

Nampula 8.12 15.03 22.08 32.44 47.67 70.04 

Zambezia 2.71 5.01 7.37 10.83 15.91 23.37 

Tete 2.23 4.13 6.06 8.91 13.09 19.24 

Manica 1.93 3.58 5.25 7.72 11.34 16.67 

Sofala 9.43 17.46 25.65 37.69 55.38 81.37 

Inhambane 0.67 1.24 1.82 2.67 3.92 5.76 

Gaza 0.89 1.64 2.41 3.54 5.20 7.64 

Maputo 11.15 20.64 30.33 44.56 65.48 96.21 

Maputo City 6.38 11.81 17.35 25.49 37.45 55.03 

Total 46.07 85.27 125.28 184.08 270.48 397.42 

* HDS: High Demand Scenario 
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(a) Present (b) Year 2020 

  

(c) Year 2025 (d) Year 2030 

  

(e) Year 2035 (f) Year 2040 

<Figure 4.3-14> Industrial water demand (LDS*) 

* LDS: Low Demand Scenario 
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(a) Present (b) Year 2020 

  

(c) Year 2025 (d) Year 2030 

  

(e) Year 2035 (f) Year 2040 

<Figure 4.3-15> Industrial water demand (MDS*) 

* MDS: Medium Demand Scenario 
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(a) Present (b) Year 2020 

  

(c) Year 2025 (d) Year 2030 

  

(e) Year 2035 (f) Year 2040 

<Figure 4.3-16> Industrial water demand (HDS*) 

* HDS: High Demand Scenario 



 

4-126 

F) Environmental Flow 

Environmental flow is water for environment required to minimize the impact by 

human’s action such as water extraction for domestic and irrigation use, etc. 

Environmental flows have been discussed for approximately 20 years in Mozambique. 

It started with discussions about minimum flows. At present, the discussion subject is 

mainly about the importance of variability and maintenance of the natural flow regime. 

Mozambique also does not have the expertise to collect all the necessary data which 

may span over many seasons. 

In the large regulated rivers that Mozambique shares with its neighbors, such as the 

Zambeze, Incomati and Limpopo Rivers, there is a large need to consider 

environmental flows. For the Incomati River, such agreement was established in 2002 

among the South Africa, Mozambique and Swaziland. In this agreement, the three 

countries agreed upon a minimum flow for the ecological reserve at about 5 % of mean 

annual discharge.  

Concept of environmental flow is maintaining stream with sufficient flow to prevent 

stream depletion and salt intrusion at an estuary bordered with sea. And environmental 

flow for some rivers such as Limpopo, Save and Buzi Rivers considering ecological 

system, were presented by some studies. The principal direction to determine 

environmental flow is to maintain flow considering natural condition such as depletion 

of rivers in the dry season, lack of legal framework and lack of national budget.  

- Flow to be maintained to prevent stream depletion 

- Flow to be maintained to prevent salt intrusion at estuary bordered with the sea 

 

1) Environment flow suggested by previous studies 

Following table describes environmental flows suggested by previous studies. 

Specific value of environmental flow for Maputo, Umbeluzi, Incomati, Limpopo, Save, 

Buzi and Pungoe, Rovuma River was suggested by existing river research documents. 

Maintenance flow was suggested to mitigate saline intrusion for Incomati and Pungoe. 

For other rivers, 10% of MAR was suggested by PNI document (2015). In case of 

Zambeze River, minimum outflow 450 ㎥/s required for electricity generation in Cahora 

Bassa dam was considered as environmental flow because the flow meets the 

requirement of 10% of MAR of PNI document. 
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<Table 4.3-39> Environmental flow suggestions (from previous studies) 

Note: EFR (Estuarine Flow Requirements) 

2) Environmental flow requirement 

To decide environmental flow, flow duration curve for each river as shown in the 

<Table 4.3-40> was produced by using daily streamflow calculated by ArcSWAT 

River Source Environmental Flow 

Maputo 
IncoMaputo Agreement 
(2002) 

• Big Bend (GS16, Usuthu): 520 M㎥/a (=1.7 ㎥/s) 
• E-4 in Salamanga: 840 M㎥/a (2.7 ㎥/s) 

JIBS (2001) • EFR: 4.752 ㎥/s 

Umbeluzi 

JIBS (2001) • 0.819 ㎥/s 

SWECO (2005) • 10.0 ㎥/s 

Informação para a operação da 
barragem de Pequenos 
Libombos (ARA-Sul, 2010) 

• 15% of tributary flow each month (<5 ㎥/s) 
in Pequenos Libombos Dam 

Incomati 
IncoMaputo Agreement 
(2002) 

• Corumana Dam: 200 M㎥/a(Min.: 0.6 ㎥/s) 
• Ressano Garcia: 290 M㎥/a (Min.: 2.6 ㎥/s) 
• Sábiè: 290 M㎥/a(Min.: 2.6 ㎥/s) 
• Marracuene (estuary): 450 M㎥/a(Min.: 3.0 ㎥/s) 

JIBS (2001) • 5.0 ㎥/s (Salt intrusion considered) 

Limpopo 

PNI (2015) • 10% of outflow 

Informação para a operação da 
barragem Massingir (ARA-Sul, 2010) 

• 15% of the affluent flow in each month in the 
Rivers Limpopo and Elefantes 

JIBS (2001) • 10% of outflow 

Limpopo River Basin Monograph 
(LIMCOM, 2013) 

• 14.05 ~ 30.90% of MAR 

Save 
The Save River Basin – a shared 
water resource Monograph (2011) 

• 15% of MAR 

Buzi 

Development of the Buzi river 
basin Monograph and Joint 
IWRM strategy (2011) 

• 15% of MAR 

Assessment of environmental flow 
requirements in Buzi River basin, 
Mozambique (Lovisa Lagerblad, 2011) 

• 23.9%~57.1% of MAR 

Desenvolvimento da Monografia 
da Bacia Hidrografica do Rio 
Buzi e Estrategia Conjunta de 
Girh /IWRM (SWECO, 2011) 

• 18.5%~50.0% of MAR 

PNI (2015) • 10% of outflow 

Pungoe 

Pungoe Agreement (2016) • 15% of MAR or 20.3 ㎥/s 

Chamuço (1997) • 10 ㎥/s (Salt intrusion considered) 

PNI (2015) • 10% of outflow 

Zambezi 
Cahora Bassa Effects of Flow 
Regulation (Martin C. Thomas, 2000) 

• 450 ㎥/s (minimum of outflow after generation 
in Cahora Bassa Dam) 

PNI (2015) • 10% of outflow 

Rovuma 
Development of the Ruvuma river basin 
monograph and joint IWRM strategy (2013) 

• 15% of MAR 
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modeling. 

MAR was calculated by averaging annual flows deduced from ArcSWAT modeling, 

10% of which was determined as environmental flow as described in <Table 4.3-41> 

below. 

Considering the previous studies mentioned above, the priority order of 

considerations on the environmental flow for each river is as below. 

 

Priority 1. The minimum flow presented in the Agreements 

Priority 2. The minimum flow presented in the existing studies (including salinity 

prevention) 

Priority 3. Tennant method (10% of MAR) 

 

As per the above priority, final environmental flow of each river is as shown in <Table 

4.3-40>:  
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<Table 4.3-40> Flow duration curve 

No. River 
Area 
(㎢) 

Flow (㎥/s) by Duration 

Abundant Flow 
(95 days) 

Average Flow 
(185 days) 

Low Flow 
(275 days) 

Drought Flow 
(355 days) 

1 Maputo 30,903 128.9859 93.9949 68.7449 47.3683 

2 Umbeluzi 5,589 15.2953 11.7686 9.7907 8.1005 

3 Incomati 46,649 119.7379 90.3934 58.9486 37.4985 

4 Limpopo 422,741 179.5184 129.2534 105.0672 80.7700 

5 Save 103,076 165.9959 116.2100 81.4894 52.3630 

6 Buzi 29,790 116.1997 47.8022 34.3588 25.0205 

7 Pungoe 31,366 89.2081 70.9292 44.0148 28.1836 

8 Zambeze 1,474,004 4,832.3056 2,178.8956 1,056.2625 691.9066 

9 Licungo 22,761 216.1091 39.5611 10.1768 5.4635 

10 Lurio 61,015 439.5088 134.0778 35.1431 19.1013 

11 Rovuma 154,727 1,467.3563 349.9813 118.2981 63.8963 

12 Messalo 24,456 184.7438 89.1322 25.9194 11.8853 

13 Montepuez 10,040 85.4559 48.0898 14.8138 7.3498 

14 Mutamba 929 1.0029 0.7798 0.5904 0.3596 

15 Guiua 90 0.4912 0.0538 0.0000 0.0000 

16 Inhanhombe 1,295 3.6033 1.9659 1.6847 1.3540 

17 Inharrime 13,478 11.7994 7.9398 6.6823 5.0356 

18 Govuro 11,289 5.2885 4.7278 3.9901 3.0113 

19 Ucarranga 3,016 17.9297 14.2842 8.1367 4.3692 

20 Raraga 9,123 104.5572 58.7094 27.2967 15.5027 

21 Melela 8,180 82.4875 38.4063 11.0899 3.8535 

22 Molocue 6,512 73.8528 46.3576 18.9549 6.5363 

23 Ligonha 14,737 136.2653 106.8172 46.7385 18.7634 

24 Meluli 10,253 75.5525 55.6636 24.7826 8.7581 

25 Malato 106 0.7235 0.6187 0.3391 0.0452 

26 Monapo 8,006 88.0000 43.3571 12.3483 5.4563 

27 Mucuburi 9,439 104.4991 37.8137 7.5752 3.3412 

28 Megaruma 5,446 38.9488 22.6075 10.3801 6.3620 

29 Namacurra 7,563 58.4959 37.1131 17.5516 11.0811 

30 Gorongose 10,212 19.2491 16.3465 12.9931 8.0864 

31 Mongicual 3,254 34.1558 14.0261 6.2018 3.3240 

32 Calundi 2,619 28.5051 13.7383 6.9697 3.7353 

33 Meronvi 1,089 8.8334 2.4749 1.1937 0.7666 

34 Macanga 330 1.9464 1.3947 0.9501 0.6236 

35 Quibanda 361 1.7840 0.7420 0.3647 0.1702 
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<Table 4.3-41> Environmental flow based on Tennant Method 

No. River 
Area (㎢) 10% of MAR 

(M㎥/year) Moz. Entire 

1 Maputo 1,979 30,903 24.1 

2 Umbeluzi 2,319 5,589 24.3 

3 Incomati 14,998 46,649 112.2 

4 Limpopo 86,398 422,741 134.9 

5 Save 16,845 103,076 117.7 

6 Buzi 26,005 29,790 478.8 

7 Pungoe 29,911 31,366 402.5 

8 Zambeze 178,448 1,474,004 1,499.4 

9 Licungo 22,761 22,761 465.0 

10 Lurio 61,011 61,015 900.7 

11 Rovuma 100,126 154,727 1,805.1 

12 Messalo 24,456 24,456 504.1 

13 Montepuez 10,040 10,040 198.3 

14 Mutamba 929 929 6.2 

15 Guiua 90 90 1.2 

16 Inhanhombe 1,295 1,295 12.8 

17 Inharrime 13,478 13,478 46.9 

18 Govuro 11,289 11,289 51.0 

19 Ucarranga 3,016 3,016 59.0 

20 Raraga 9,123 9,123 231.6 

21 Melela 8,180 8,180 151.6 

22 Molocue 6,512 6,512 159.6 

23 Ligonha 14,737 14,737 309.2 

24 Meluli 10,253 10,253 226.1 

25 Malato 106 106 2.3 

26 Monapo 8,006 8,006 176.0 

27 Mucuburi 9,439 9,439 201.4 

28 Megaruma 5,446 5,446 88.8 

29 Namacurra 7,563 7,563 140.6 

30 Gorongose 10,212 10,212 130.2 

31 Mongicual 3,254 3,254 69.5 

32 Calundi 2,619 2,619 76.9 

33 Meronvi 1,089 1,089 18.2 

34 Macanga 330 330 4.8 

35 Quibanda 361 361 6.1 

Total 702,623 2,544,446 8,837.0 
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<Table 4.3-42> Suggested environmental flow 

No. River 
Area (㎢) Env. Flow 

(M㎥) Criteria or Reference 
Moz. Entire 

1 Maputo 1,979 30,903 85.4 IncoMaputo Agreement (2002) 

2 Umbeluzi 2,319 5,589 36.0 
JIBS (2001) 
Operational manual of the Pequenos 
Libombos reservoir (ARA-Sul,2010) 

3 Incomati 14,998 46,649 169.5 
IncoMaputo Agreement (2002) 
JIBS (2001) 

4 Limpopo 86,398 422,741 198.4 
Operational manual of the Massingir 
reservoir (ARA-Sul, 2010) 

5 Save 16,845 103,076 176.5 15% of MAR (existing basin monograph) 

6 Buzi 26,005 29,790 718.2 15% of MAR (existing basin monograph) 

7 Pungoe 29,911 31,366 271.7 Pungwe Agreement (2016) 

8 Zambeze 178,448 1,474,004 15,704.3 
Cahora Bassa Effects of Flow 
Regulation (2000) 
Tennant Method (10% of MAR) 

9 Licungo 22,761 22,761 465.0 Tennant Method (10% of MAR) 

10 Lurio 61,011 61,015 900.7 Tennant Method (10% of MAR) 

11 Rovuma 100,126 154,727 2,707.6 15% of MAR (existing basin monograph) 

12 Messalo 24,456 24,456 504.1 Tennant Method (10% of MAR) 

13 Montepuez 10,040 10,040 198.3 Tennant Method (10% of MAR) 

14 Mutamba 929 929 6.2 Tennant Method (10% of MAR) 

15 Guiua 90 90 1.2 Tennant Method (10% of MAR) 

16 Inhanhombe 1,295 1,295 12.8 Tennant Method (10% of MAR) 

17 Inharrime 13,478 13,478 46.9 Tennant Method (10% of MAR) 

18 Govuro 11,289 11,289 51.0 Tennant Method (10% of MAR) 

19 Ucarranga 3,016 3,016 59.0 Tennant Method (10% of MAR) 

20 Raraga 9,123 9,123 231.6 Tennant Method (10% of MAR) 

21 Melela 8,180 8,180 151.6 Tennant Method (10% of MAR) 

22 Molocue 6,512 6,512 159.6 Tennant Method (10% of MAR) 

23 Ligonha 14,737 14,737 309.2 Tennant Method (10% of MAR) 

24 Meluli 10,253 10,253 226.1 Tennant Method (10% of MAR) 

25 Malato 106 106 2.3 Tennant Method (10% of MAR) 

26 Monapo 8,006 8,006 176.0 Tennant Method (10% of MAR) 

27 Mucuburi 9,439 9,439 201.4 Tennant Method (10% of MAR) 

28 Megaruma 5,446 5,446 88.8 Tennant Method (10% of MAR) 

29 Namacurra 7,563 7,563 140.6 Tennant Method (10% of MAR) 

30 Gorongose 10,212 10,212 130.2 Tennant Method (10% of MAR) 

31 Mongicual 3,254 3,254 69.5 Tennant Method (10% of MAR) 

32 Calundi 2,619 2,619 76.9 Tennant Method (10% of MAR) 

33 Meronvi 1,089 1,089 18.2 Tennant Method (10% of MAR) 

34 Macanga 330 330 4.8 Tennant Method (10% of MAR) 

35 Quibanda 361 361 6.1 Tennant Method (10% of MAR) 

Total 702,623 2,544,446 24,305.6  
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G) Total Water Demand 

1) Future total water demand 

Total water demand considering all water use calculated at previous sections is 

shown in the following table and figure.  

Total water demand in 2040 is estimated 5,193×106 ㎥ in the case of low scenario, 

6,619×106 ㎥ in the case of medium scenario, and 8,034×106 ㎥ in the case of high 

scenario. That is, total water demand in the case of high scenario is 2,841×106 ㎥ 

larger than one of low scenario and 1,415×106 ㎥ larger than one of medium scenario. 

Average increase rate is 4.0% for low scenario, 6.1% for medium scenario, and 8.0% 

for high scenario:  

<Table 4.3-43> Total water demand 

Scenario Water Use 
Water Demand (106㎥) 

Present 2025 2030 2040 

Low 
Demand 

Domestic 
435.8  891.7  1,074.5  1,403.6  
(17.9%) (28.4%) (28.7%) (27.0%) 

Irrigation 
1,782.4  1,969.0  2,362.3  3,444.0  
(73.2%) (62.6%) (63.2%) (66.3%) 

Livestock 
170.7  207.5  207.5  207.5  
(7.0%) (6.6%) (5.6%) (4.0%) 

Industrial 
46.1  76.7  93.3  138.1  
(1.9%) (2.4%) (2.5%) (2.7%) 

Sub-total 
2,435.0  3,144.9  3,737.6  5,193.2  
(100.0%) (100.0%) (100.0%) (100.0%) 

Medium 
Demand 

Domestic 435.8  940.3  1,100.3  1,403.6  
(17.9%) (25.2%) (24.2%) (21.2%) 

Irrigation 1,782.4  2,359.1  2,917.8  4,451.5  
(73.2%) (63.3%) (64.1%) (67.2%) 

Livestock 170.7  329.9  404.6  529.1  
(7.0%) (8.9%) (8.9%) (8.0%) 

Industrial 46.1  98.3  131.5  235.5  
(1.9%) (2.6%) (2.9%) (3.6%) 

Sub-total 2,435.0  3,727.5  4,554.1  6,619.6  
(100.0%) (100.0%) (100.0%) (100.0%) 

High 
Demand 

Domestic 435.8  940.3  1,100.3  1,403.6  
(17.9%) (24.0%) (21.8%) (17.5%) 

Irrigation 1,782.4  2,501.2  3,339.1  5,640.8  
(73.2%) (63.8%) (66.1%) (70.2%) 

Livestock 170.7  354.7  427.7  592.7  
(7.0%) (9.0%) (8.5%) (7.4%) 

Industrial 46.1  125.3  184.1  397.4  
(1.9%) (3.2%) (3.6%) (4.9%) 

Sub-total 2,435.0  3,921.5  5,051.2  8,034.6  
(100.0%) (100.0%) (100.0%) (100.0%) 
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(a) Low demand scenario 

 

(b) Medium demand scenario 

 

(c) High demand scenario 

<Figure 4.3-17> Total water demand  
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2) Comparison with other studies 

Results of this study and other previous studies are shown in the following table. 

Other studies estimate 200~372×106 ㎥ of domestic water demand, 

1,029.4~1,086.0×106 ㎥ of livestock water demand, 8.3~25.0×106 ㎥ of industrial 

water demand at present, which values are similar with this study. 

When compared with water demand estimates made by PNI that are based on the 

combined results of the study report covering the 22 basins, domestic water estimated 

in this MP from applying AIAS data to the entire country is larger. However, irrigation 

water estimated in the MP is smaller. This is because nationwide statistics (GIS) from 

INIR used in the MP to estimate such irrigation water don’t contain data in relation to 

the areas that can’t be irrigated due to aged irrigation infrastructure, etc. 

In this MP, the Consulant has estimated water demand by use from the most updated 

reliable nationwide statistics in consultation with the PSC and other institutional 

stakeholders. The results indicate that, when viewed from pattern and range, total water 

demand estimate (including the proportions of water demand by use) is, on the whole, 

similar to the ones from other comparable studies as seen in the following table:  
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<Table 4.3-44> Comparison of projected water demand with other studies 

Reference Water use 
Water demand (106㎥) 

2015 2025 2040 

The Role of Water  
in the Mozambique 

Economy (2005) 

Domestic 372.0 - - 

Irrigation 1,086.0 - - 

Livestock 71.0 - - 

Industrial 25.0 - - 

Environment 47.0 - - 

Sub-total 1,602.0 - - 

PNI (2015) 

Domestic 201.0 340.2 566.1 

Irrigation 1,029.4 3,481.0 4,974.6 

Livestock 26.9 40.8 75.6 

Industrial 8.3 32.3 56.5 

Environment 10.0 10.0 10.0 

Others 37.5 56.0 71.9 

Sub-total 1,313.6 3,960.4 5,754.8 

This 
study 

Low 
demand 

Domestic 470.2 891.7 1,403.6  

Irrigation 1,801.1 1,969.0 3,444.0  

Livestock 184.5 207.5 207.5  

Industrial 49.8 76.7 138.1  

Sub-total 2,505.6  3,144.9  5,193.2  

Medium 
demand 

Domestic 470.2 940.3 1,403.6  

Irrigation 1,808.9 2,359.1 4,451.5  

Livestock 211.7 329.9 529.1  

Industrial 51.8 98.3 235.5  

Sub-total 2,542.7  3,727.5  6,619.6  

High 
demand 

Domestic 470.2 940.3 1,403.6  

Irrigation 1,817.7 2,501.2 5,640.8  

Livestock 213.7 354.7 592.7  

Industrial 53.7 125.3 397.4  

Sub-total 2,555.3  3,921.5  8,034.6  

Note: . It’s to compare against the other studies that the Consultant has additionally made water demand 
estimates in this MP for the year 2015 as above.   
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4.4 Water Balance Analysis (WBA) 

4.4.1 Methodology 

A) General 

A water balance analysis (WBA) is a series of processes to predict water supply and 

shortage from flow available in the baseline year of water supply by estimating future 

water demand against present water demand (net water consumption), and to plan the 

size, location and timing of a dam to be developed, if necessary. The WBA is conducted 

in line with the status quo at the time of the same analysis and the finalized plan of each 

target year, and is the priority work that needs to be done before formulating a future 

water supply plan.  

• Water demand: Water consumption, including domestic, industrial and agricultural 

water demand and water loss from water sources to an end consumer, which was 

estimated for each target year by conducting a statistical analysis and employing 

other reasonable methods based on historical data and future plans 

• Net water consumption: Actual water consumption estimated by subtracting return 

flow from water demand in a water service area, which refers to water consumed 

away that doesn’t return to an original water source 

• Natural streamflow: River flow in a natural state that is free from any anthropogenic 

intervention or impact as generated by river diversion, river import, reservoir 

storage, etc.  

• Baseflow: Flow that can be supplied from a river against water consumption 

actually used for a water budget analysis, which refers to flow in a natural state 

with neither developing the river basin nor using any anthropogenic water use or 

flow estimated with any other reasonable techniques 

• Reliability of water supply: Level of reliability to which water supply should be 

secured to stably prepare for future potential water shortage in accordance with 

the national water resource plan  

• Return flow rate: Return flow refers to flow that returns to its corresponding river, 

which is estimated by subtracting net water consumption (evapotranspiration, 

infiltration, etc.) from water supply, and return flow rate refers to the ratio of return 

flow to water supply.  

• Basin & sub-basin: Basin refers to a synthetic unit made for the purpose of 

convenience to conduct a WBA and formulate a water resource plan, and sub-

basin refers to a subset of basin made in line with a basin-specific water supply & 
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distribution system.  

• River diversion & import: River diversion refers to water diverted from one specific 

water source through a regional water supply system to another sub-basin, and 

river import refers to water imported from any of other sub-basins.  

 

B) Assumptions 

A WBA should be conducted under reasonable assumptions. In this MP, accordingly, 

the following assumptions or conditions were employed for the WBA:  

• It was assumed the meteorological & hydrological conditions in the baseline year 

would be repeated in the target year.  

• The baseline year for WBA was set to 2012, which was also the baseline year 

used to project water demand, and target years were determined at 2025, 2030 

and 2040, respectively, in consultation with DNGRH.  

• The WBA was conducted under a water supply system with which it would be 

possible to make most of available water and minimize minimum water loss 

during the drought event whose intensity was the same with that of the past 

drought events. In this case, all applicable water loss as caused in the system 

was considered.  

• For domestic and industrial water, large-scale water abstraction & distribution 

system was considered into a schematic diagram (sub-basins & water supply 

systems). As far as small-scale water supply systems are concerned, for which 

there was complexity in determining water abstraction points and water 

distribution system, it was assumed that water would be abstracted at the estuary 

of an applicable sub-basin, and would return to the next sub-basin.  

• It was assumed that agricultural water (i.e., irrigation water) for which return 

system was various and diverse (in that return flow rates and points are different 

for such agricultural water due to different water supply, different antecedent 

moisture in soil, different cropping system, etc.) would be equally distributed 

among farmlands in an applicable sub-basin, and would return to its 

corresponding sub-basin after it’s been consumed.  

• For international rivers which flow down as natural streamflow from upper 

countries, minimum flow specified in an international treaty was considered along 

with water demand on the part of those upper countries.  

• The sum of river water not consumed and return flow (generated after water 

consumption) was considered as water transfer to its corresponding lower sub-

basin.  
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C) Procedure 

1) Investigation and Analysis on Water Supply System 

Relations between water abstraction points and water demand points was clearly 

investigated and analyzed to accurately reproduce the actual water supply where water 

supply points (e.g., river, dam, etc.) are linked to the water demand points; provided 

that, however, relations between the two were unclear, it was assumed that water would 

be abstracted and supplied from the applicable sub-basin of water demand points. Main 

investigation & analysis items include:  

• Distribution of water supply sources and water demand points (spatial & temporal 

distribution, etc.) 

• Water sources (dam, river, etc.), water points, and water allocations 

• Water supply system, and water discharge (return) points 

• Status of facilities/structures that may affect water supply system 

 

2) Decomposition of Sub-basin and Decision on Unit Period for Analysis 

Target basins and sub-basins were decomposed to accurately reproduce the actual 

water supply system, ensure its convenient analysis and improve the applicability of the 

analysis results. Unit period for analysis was so determined as not to overestimate or 

underestimate water shortage considering the local situation of Mozambique, hydraulic 

& hydrological time of flowing down from a river, frequency of water supply, etc.  

• Decompose target basins & sub-basins and detail relations among the 

decomposed basins and sub-basins to accurately reproduce the actual water 

supply system  

• Avoid overdecomposing the target basins and sub-basins in line with a long-term 

national water resource plan and ensure linkage to the decomposition system 

under the established national water resource plan 

• Conduct an analysis on a monthly basis under water supply conditions (e.g., unit 

of agricultural water demand, topographical, hydraulic and hydrological conditions 

of target sub-basins, presence of dams and reservoirs, etc.) 
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3) River Network for Water Balance Analysis 

A river network was constructed to network among water supply and demand points 

in line with the decomposed basins & sub-basins. It was ensured that the river network 

consisted of the decomposed sub-basins or nodes, dams & reservoirs, links between 

water supply and demand points, etc. to clearly show the whole network, connection 

between upstream and downstream, and direction of water supply.  

This MP contains a river network covering the 35 target river basins to the appendices 

hereto, along with plans for water transfer outside the target river basins. 

 

4) Natural Streamflow 

Baseflow refers to river flow that can be supplied with no anthropogenic water use 

(applied for WBA). Accordingly, natural flow calculated by adjusting any anthropogenic 

impacts against actual flow measured at a target point or any alternative flow 

reasonably calculated in line with an applicable WBA system is used as baseflow. In 

this case, the latter flow should be calculated from staff gauge data covering highly 

representative points, historical reservoir operation data, etc.  

Natural streamflow at the target points of a gauged basin that are free from any 

anthropogenic impacts is calculated from relations between actually measured water 

level and flow, while natural streamflow at the target points of a gauged basin that aren’t 

free from such anthropogenic impacts is estimated with the following equation:  

Natural streamflow = Actual flow measured at a target point + Net water 

consumption (or Upper water diversion – Upper water import + Change in upper 

reservoir storage – Return flow)  

In the case of an ungagged target basin with no observed data available or in case 

that there is a lack of reliable data from there or a lack of any other data explaining 

about anthropogenic impacts on the target basin, data from a comparable basin whose 

topographical, hydraulic and hydrological characteristics are similar to those of the 

target basin are converted into data for the target basin using an appropriate analysis 

model. In this MP, accordingly, the corresponding SWAT model was employed for a 

long-term runoff analysis of the target basin.  
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4.4.2 Water Balance Analysis 

A) River Network and Decomposition of Sub-basin 

For appropriate analysis, it is efficient to define sub-basin. In this master plan, 209 

sub-basins for 35 rivers were defined considering comprehensively above 

consideration and basin report of rivers. 

The flow network for water balance analysis in 35 rivers, defined to forecast future 

water surplus of deficit by aggregating water demand and natural water flow besides 

water transfer across basin boundary, was shown in Appendix:  

 

<Figure 4.4-1> Procedure for WBA (Water Balance Analysis) 
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<Figure 4.4-2> Sub-basins of the 35 target rivers  
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B) Natural Stream Flow 

Natural stream flow is stream flow without water extraction of man and estimation of 

long-term natural streamflow is key factor for establishment of reasonable and efficient 

water use plan. 

Methodology and results of natural stream flow are mentioned in detail in the section 

‘4.1.2 Long-term natural stream flow’. Natural stream flow for sub-basin required for 

water balance analysis was estimated according to area ratio of sub-basin to entire 

river basin natural streamflow of which was calculated.  

Meanwhile, for water balance analysis, outflow of nine international rivers from the 

upstream countries is required. Practically, due to difficulty on calculation of outflow 

from neighboring countries, outflow by the agreements on the international rivers were 

applied. As for the international rivers with no existing agreement, outflow from 

upstream countries was calculated by using the specific discharge method. Water 

Demand of each river basin use an area ratio value between basin area in upstream 

countries and entire basin area. 

The Agreements on the international river are shown in the <Table 4.4-1>. Of them, 

Maputo, Incomati and Pungoe have the specified minimum flows at certain points of 

river:  

<Table 4.4-1> Agreements in international rivers 

Agreement River Contents 

Interim 
IncoMaputo 
Agreement 

(2002) 

Maputo 
• Big Bend (GS16, Usuthu): 520 M㎥/a (=1.7 ㎥/s) 
• E-4 in Salamanga: 840 M㎥/a (2.7 ㎥/s) 

Incomati 

• Downstream of Corumana Dam: 200 M㎥/a (Min.: 0.6 ㎥/s) 
• Ressano Garcia: 290 M㎥/a (Min.: 2.6 ㎥/s) 
• Sábiè: 290 M㎥/a(Min.: 2.6 ㎥/s) 
• Marracuene (estuary): 450 M㎥/a (Min.: 3.0 ㎥/s) 

Limcom  
Agreement 

(2003) 
Limpopo • Agreement of the Limpopo Watercourse Commission 

Pungoe 
Agreement 

(2016) 
Pungoe • 20.3 ㎥/s or 15% of MAR 

Zamcom  
Agreement 

(2003) 
Zambeze • Agreement of the Zamcom Watercourse Commission 

Note: MAR (Mean Annual Runoff) 
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C) Water Demand 

Water demand for 148 Districts was estimated to calculate entire water demand of 

Mozambique. These water demands by district were spatially converted to water 

demand by 209 sub-basins because natural stream flow was estimated by sub-basin 

and water balance calculation was on a basis of sub-basin.   

Irrigation water demand was estimated from irrigated area in sub-basin by GIS 

information acquired from INIR. However, domestic, livestock, industrial water demand 

was estimated primarily based on data at District level of INE so that conversion 

calculation was executed to estimate water demand by sub-basin. For this, population 

ration was used as conversion basis. Thus, at first, population by sub-basin was 

calculated by area ratio of Districts. Then, each water demand by District was 

distributed to related sub-basin based on population ratio.  

In this master plan, the municipal water (domestic and industrial water) for Maputo 

city-Matola city-Boane, Dondo-Beira city, Inhanbane city and Maxixe city is 

considerated to be supplied from other river basin source.  

To begin with, water sources of Maputo city-Matola city-Boane are Pequinas 

Libombos dam in Umbeluzi basin and Corumana dam and Moamba Major dam in 

Incomati basin. In 2017, Moamba Mojor dam is under construction. Therefore, it was 

assumed that water supply from Moamba Mojor dam will be available after final target 

year of this mater plan, 2040. 

Other cities such as Dondo-Beira city, Inhanbane city and Maxixe city was found to 

be supplied from the Pungoe, Guia and Inhanhombe Rivers, respectively. 

Findings mentioned above are summarized in <Table 4.4-2>:  
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<Table 4.4-2> Interbasin water supply 

River 
Transfer 

Water supply Reference 
Source Destination 

Umbeluzi 

Pequenos 
Libombos 

Dam 
(R02-06) 

Maputo City/ 
Matola City/ 

Boane 
Present: 87.8 M㎥/a 

Informação para a 
operação da 
barragem de 
Pequenos Libombos 
(ARA-Sul, 2010) 

Incomati 

Corumana 
Dam 

(R03-06) 

Maputo City/ 
 Matola City/ 

Boane 

2018: 21.9 M㎥/a 
2020: 43.8 M㎥/a 

Data provided by 
FIPAG 

Moamba 
Major Dam 
(R03-09) 

Maputo City/ 
Matola City/ 

Boane 

2009: 47.5 M㎥/a 
2014: 71.2 M㎥/a 
2021: 94.9 M㎥/a 

Feasibility Study of 
Moamba Major Dam 
(DNGRH, 2003) 

Pungoe 
River Stream 

(R07-07) 
Dondo/ 

Beira City 
Present: 16.3 M㎥/a Data provided by 

FIPAG 

Guia 
River Stream 

(R15-01) 
Inhambane 

City 
Present: 3.5 M㎥/a Data provided by 

FIPAG 

Inhanhombe 
River Stream 

(R16-02) 
Maxixe City Present: 2.7 M㎥/a Data provided by 

FIPAG 

 

 

In addition, dam data were considered to reflect water supply as per dam operation. 

As a result, dams such as Pequinos Libombos, Massingir, Chicamba dam which have 

operation rule and outflow data, were incorporated in the water balance analysis. In 

addition, capacity increase of Corumana dam and Moamba-Major dam under 

construction at present were also considered in the water balance analysis with other 

dams already planned for construction. Dams considered for the water balance analysis 

are listed in <Table 4.4-3>:  
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<Table 4.4-3> List of dams considered for WBA 

No. River Sub-basin Dam 
Live Storage 

(106㎥) Remark 

1 Umbeluzi 
R02-05 
R02-06 

Pequenos 
Libombos 

350.0  

2 Incomati R03-06 Corumana 
662.0 

(1,240.0) 
Renovation 

3 Incomati R03-09 Moamba-Major 760.0 Under construction 

4 Limpopo R04-15 Maccaretane 13.5  

5 Limpopo 
R04-36 
R04-37 

Massingir 2,030.4  

6 Buzi R06-03 Mavuzi 1.1  

7 Buzi R06-04 Chicamba 2,008.0  

8 Zambeze R08-10 Lupata 2,880.0 Plan 

9 Zambeze R08-18 Boroma 395.0 Plan 

10 Zambeze R08-19 Mphanda Nkuwa 2,092.0 Plan 

11 Zambeze R08-23 Cahora Bassa 39,200.0  

12 Lurio R10-02 Lurio Quedas 753.0 Plan 

13 Rovuma R11-10 Locumue 1.5  

14 Montepuez R13-07 Chipembe 24.7  

15 Monapo R26-04 Messica 49.5  

16 Monapo R26-08 Nampula 3.4  

* WBA: Water Balance Analysis 

Note: ( ) is live storage after dam renovation. 
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<Figure 4.4-3> Location of dams (covered in the WBA performed herein) 
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D) Return Flow 

Return flow is flow of water which is returned to river after consumption for each 

purpose. Return flow rate is returned water amount to water consumption. Returned 

amount is different depending on its purpose of use. It is assumed that return flow is 

not returned to its sub-basin but downstream node of sub-basin.  

Until recently, there are no investigations and studies on return flow in Mozambique. 

Accordingly, the return flow rates, used in neighboring countries such as South Africa 

and Malawi, were reviewed and return flow rate applicable to Mozambique was 

determined.  

The return flow rates applied are 50% for domestic in urban area (including tourism), 

0% for domestic in rural area, 10% for irrigation and 50% for industrial. The return flow 

rate of water transfer is not considered because transferred water will be consumed in 

transferred basin and used water flows into the stream of that basin. The return flow 

rate is as indicated in <Table 4.4-4>:  

 

<Table 4.4-4> Return flow 

Water Demand 
Return Flow  

Rate 
Reference 

Domestic  

Urban 
(including 
tourism) 

50% 

• Development of an urban requirement and return 
flow model (L.C. Hattingh, 2007) 

• The Development of a Reconciliation Strategy for 
the Crocodile (West) Water Supply (South Africa, 
2009) 

Rural 0% 
• The Development of a Reconciliation Strategy for 

the Crocodile (West) Water Supply (South Africa, 
2009) 

Irrigation 10% 
• Project for National Water Resources Master 

Plan in the Republic of Malawi (JICA, 2014) 

Livestock 0% 

• Application of the Water Evaluation and Planning 
Model to Assess Future Water Demands and 
Resources in the Olifants Catchment(South 
Africa, 2007) 

Industrial 50% 
• Development of an urban requirement and return 

flow model (L.C. Hattingh, 2007) 
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4.4.3 Future Water Deficit 

WBA (Water Balance Analysis) is a process to predict water balance in each 

mainstream and tributary of a target basin by comparing its future water demand with 

the natural streamflow of the baseline year for water supply to the target basin in order 

to plan reliable water supply, and to decide about the size, timing and location of a dam 

to be constructed or formulate a water transfer plan, if necessary to solve the problem 

of water shortage in the target basin.  

In this respect, a WBA needs to be conducted on a regular basis to formulate or 

improve a future water supply plan. Along with the construction of a river network to 

connect among different basins and sub-basins, accordingly, a WBA was performed on 

each sub-basin under different water demand scenarios and at calculation intervals of 

30 days. Long-term runoff data covering 32 years (1982 to 2013) were used for inflow, 

and it was assumed that hydrological events indicated in those historical data would be 

repeated in the future too. Target years were set to 2025, 2030 and 2040 in consultation 

with DNGRH, and water shortage was projected against the projected future water 

demand.   

In this MP, 3 different scenarios were employed in relation to future water demand: 

low-, medium- and high-level water demand scenarios. Among them, the medium-level 

water demand scenario was used as the baseline scenario under which future water 

demand was projected to conservatively estimate potential water shortage for the 

maximum drought year, and thereby to provide against its socioeconomic impacts on 

the country.  

A WBA performed under the above assumptions indicated that water shortage would 

reach 524 million ㎥ per year in the present time, which was attributable to the 

regionally, seasonally imbalanced distribution of water resources, a lack of capacity to 

manage water resources in international rivers and a shortage of hydraulic structures 

enabling the efficient use of limited water resources rather than a total amount of water 

resources available itself. Also, future water shortage was estimated at 601 million ㎥, 

746 million ㎥ and 126.6 billion ㎥ in target years of 2025, 2030 and 2040, 

respectively. To make matters worse, water shortage may occur earlier than expected 

or may increase in quantity much more than estimated, depending on changing trends 

in population growth, industrial/economic development, etc. 
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<Table 4.4-5> Water deficit (MDS*) 

Scenario 
Return period of 

drought  
(with water shortage) 

Water Deficit (106㎥/year) 

Remark 
Present 2025 2030 2040 

Low 
Demand 

MAR (normal) - 4 7 45  

5-year 91 127 173 378  

10-year 189 240 292 569  

Max. drought  
(32-year) 

414 486 559 818  

Medium 
Demand 

MAR (normal) - 16 34 165  

5-year 91 191 289 690  

10-year 189 331 444 948  

Max. drought 
(32-year) 

414 601 746 1,266 ○ 

High 
Demand 

MAR (normal) - 26 71 385  

5-year 91 218 383 1,148  

10-year 189 367 550 1,449  

Max. drought 
(32-year) 

414 640 868 1,857  

* MDS: Medium Demand Scenario 

 

<Figures 4.4-4 to -7> shows the rates of water shortage to water demand; the closer 

the rate becomes toward “100%” the more serious water shortage is. As seen in the 

figure, serious water shortage is observed mainly in the southern region and 

downstream of the international rivers 
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Year 2012 Year 2025 

  

Year 2030 Year 2040 

<Figure 4.4-4> Water deficit (32-year maximum drought, MDS*) 

* MDS: Medium Demand Scenario 
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Year 2012 Year 2025 

  

Year 2030 Year 2040 

<Figure 4.4-5> Future Water Deficit (MAR (normal), MDS*) 

* MDS: Medium Demand Scenario 
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Year 2012 Year 2025 

  

Year 2030 Year 2040 

<Figure 4.4-6> Water deficit (5-year drought, MDS*) 

* MDS: Medium Demand Scenario 
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Year 2012 Year 2025 

  

Year 2030 Year 2040 

<Figure 4.4-7> Water deficit (10-year drought, MDS*) 

* MDS: Medium Demand Scenario 
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<Table 4.4-6> Water deficit (32-year maximum drought, Medium Demand Scenario) 

Category River 
Water Deficit (106㎥/year) 

Remark 
Present 2025 2030 2040 

Total amount 414 601 868 1,266  

13 major 
rivers 

Maputo 13 14 28 98 Maputo 

Umbeluzi - 0 0 0 Maputo 

Incomati 39 44 50 59 Gaza, Maputo 

Limpopo 15 113 152 232 Inhambane, Gaza, Maputo 

Save 25 31 33 37 
Manica, Sofala, Inhambane, 
Gaza 

Buzi 37 39 40 60 Manica, Sofala 

Pungoe 44 57 63 78 Manica, Sofala 

Zambeze 89 109 119 179 
Niassa, Zambezia, Tete, 
Manica, Sofala  

Licungo 22 30 84 217 Zambezia 

Lurio - - 3 25 
Niassa, Cabo Delgado, 
Nampula, Zambezia 

Rovuma - - - 1 Niassa, Cabo Delgado  

Messalo 11 11 11 11 Niassa, Cabo Delgado  

Montepuez 1 1 1 1 Cabo Delgado 

22 small 
rivers 

Mutamba 5 6 7 7 Inhambane 

Guiua 2 2 2 2 Inhambane 

Inhanhombe 1 1 1 1 Inhambane 

Inharrime 21 25 26 30 Inhambane, Gaza 

Govuro 1 1 1 1 Inhambane 

Ucarranga 2 2 2 2 Sofala 

Raraga 3 4 4 5 Zambezia 

Melela - - - - Zambezia 

Molocue 0 0 0 1 Zambezia 

Ligonha 3 3 4 5 Nampula, Zambezia 

Meluli 2 2 2 84 Nampula 

Malato 0 0 0 0 Nampula 

Monapo 6 29 33 46 Nampula 

Mucuburi 42 44 44 45 Nampula 

Megaruma - - - - Cabo Delgado 

Namacurra - - - - Zambezia 

Gorongose 25 28 29 31 Manica, Sofala 

Mongicual 1 1 1 1 Nampula 

Calundi - - - - Cabo Delgado 

Meronvi 4 4 4 4 Cabo Delgado 

Macanga - - - - Cabo Delgado 

Quibanda 0 0 0 0 Cabo Delgado 
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<Table 4.4-7> Water deficit (MAR (normal), Medium Demand Scenario) 

Category River 
Water Deficit (106㎥/year) 

Remark 
Present 2025 2030 2040 

Total amount - 16 34 165  

13 major 
rivers 

Maputo - - - 11 Maputo 

Umbeluzi - - - - Maputo 

Incomati - - - - Gaza, Maputo 

Limpopo - 11 24 59 Inhambane, Gaza, Maputo 

Save - - - - 
Manica, Sofala, Inhambane, 
Gaza 

Buzi - - - - Manica, Sofala 

Pungoe - - - - Manica, Sofala 

Zambeze - - - 1 
Niassa, Zambezia, Tete, 
Manica, Sofala  

Licungo - - 5 78 Zambezia 

Lurio - - - 3 
Niassa, Cabo Delgado, 
Nampula, Zambezia 

Rovuma - - - - Niassa, Cabo Delgado  

Messalo - - - - Niassa, Cabo Delgado  

Montepuez - - - - Cabo Delgado 

22 small 
rivers 

Mutamba - - - - Inhambane 

Guiua - - - - Inhambane 

Inhanhombe - - - - Inhambane 

Inharrime - - - - Inhambane, Gaza 

Govuro - - - - Inhambane 

Ucarranga - - - - Sofala 

Raraga - - - - Zambezia 

Melela - - - - Zambezia 

Molocue - - - - Zambezia 

Ligonha - - - - Nampula, Zambezia 

Meluli - - - 3 Nampula 

Malato - - - - Nampula 

Monapo - 5 6 9 Nampula 

Mucuburi - - - - Nampula 

Megaruma - - - - Cabo Delgado 

Namacurra - - - - Zambezia 

Gorongose - - - - Manica, Sofala 

Mongicual - - - - Nampula 

Calundi - - - - Cabo Delgado 

Meronvi - - - - Cabo Delgado 

Macanga - - - - Cabo Delgado 

Quibanda - - - - Cabo Delgado 
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<Table 4.4-8> Water deficit (10-year drought, Medium Demand Scenario) 

Category River 
Water Deficit (106㎥/year) 

Remark 
Present 2025 2030 2040 

Total amount 189 331 444 948  

13 major 
rivers 

Maputo 8 9 21 88 Maputo 

Umbeluzi - - - - Maputo 

Incomati 25 29 34 43 Gaza, Maputo 

Limpopo 9 97 135 213 Inhambane, Gaza, Maputo 

Save 11 13 13 14 
Manica, Sofala, Inhambane, 
Gaza 

Buzi - - - 3 Manica, Sofala 

Pungoe 1 2 3 6 Manica, Sofala 

Zambeze 70 90 100 136 
Niassa, Zambezia, Tete, 
Manica, Sofala  

Licungo 19 21 57 168 Zambezia 

Lurio - - 2 20 
Niassa, Cabo Delgado, 
Nampula, Zambezia 

Rovuma - - - - Niassa, Cabo Delgado  

Messalo - - - - Niassa, Cabo Delgado  

Montepuez - - - 0 Cabo Delgado 

22 small 
rivers 

Mutamba 5 6 6 7 Inhambane 

Guiua 2 2 2 2 Inhambane 

Inhanhombe 0 0 1 1 Inhambane 

Inharrime 17 21 22 25 Inhambane, Gaza 

Govuro - - - - Inhambane 

Ucarranga 0 0 0 1 Sofala 

Raraga - - - - Zambezia 

Melela - - - - Zambezia 

Molocue - - - - Zambezia 

Ligonha 0 2 3 5 Nampula, Zambezia 

Meluli - - - 160 Nampula 

Malato 0 0 0 0 Nampula 

Monapo 3 21 25 36 Nampula 

Mucuburi 7 8 8 9 Nampula 

Megaruma - - - - Cabo Delgado 

Namacurra - - - - Zambezia 

Gorongose 8 9 9 10 Manica, Sofala 

Mongicual - - - - Nampula 

Calundi - - - - Cabo Delgado 

Meronvi 2 2 2 2 Cabo Delgado 

Macanga - - - - Cabo Delgado 

Quibanda - - - - Cabo Delgado 
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<Table 4.4-9> Water deficit (5-year drought, Medium Demand Scenario) 

Category River 
Water Deficit (106㎥/year) 

Remark 
Present 2025 2030 2040 

Total amount 91 191 289 690  

13 major 
rivers 

Maputo 3 4 16 77 Maputo 

Umbeluzi - - - - Maputo 

Incomati 3 3 4 7 Gaza, Maputo 

Limpopo 6 67 97 167 Inhambane, Gaza, Maputo 

Save 3 4 5 6 
Manica, Sofala, Inhambane, 
Gaza 

Buzi - - - 1 Manica, Sofala 

Pungoe - - - - Manica, Sofala 

Zambeze 62 78 88 119 
Niassa, Zambezia, Tete, 
Manica, Sofala  

Licungo - 2 38 146 Zambezia 

Lurio - - 4 23 
Niassa, Cabo Delgado, 
Nampula, Zambezia 

Rovuma - - - - Niassa, Cabo Delgado  

Messalo - - - - Niassa, Cabo Delgado  

Montepuez - - - - Cabo Delgado 

22 small 
rivers 

Mutamba 2 2 3 3 Inhambane 

Guiua 1 2 2 2 Inhambane 

Inhanhombe 0 0 0 0 Inhambane 

Inharrime 2 3 3 5 Inhambane, Gaza 

Govuro - - - - Inhambane 

Ucarranga - - - - Sofala 

Raraga - - - - Zambezia 

Melela - - 0 0 Zambezia 

Molocue - - - - Zambezia 

Ligonha - - 0 1 Nampula, Zambezia 

Meluli - - - 93 Nampula 

Malato 0 0 0 0 Nampula 

Monapo 2 17 21 29 Nampula 

Mucuburi - 0 0 1 Nampula 

Megaruma - - - - Cabo Delgado 

Namacurra - - - - Zambezia 

Gorongose 6 7 7 10 Manica, Sofala 

Mongicual - - - - Nampula 

Calundi - - - - Cabo Delgado 

Meronvi 1 1 1 1 Cabo Delgado 

Macanga - - - - Cabo Delgado 

Quibanda - - - - Cabo Delgado 
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4.5 Flood Risk Assessment 

Mozambique is vulnerable to floods, not only because of the heavy rains during rainy 

season and the cyclones from Indian Oceans, but also because of the additional floods 

from neighboring countries located upstream as the country is located downstream of 

international rivers. Also, the complex rivers crossing the vast plains and intersecting 

with many tributaries increase the flood damage. The recent robust economic activities, 

urbanization and industrialization have changed the land-use pattern and have 

increased the potential of flood damage:  

 

<Figure 4.5-1> Flood damage by year 

  

Maputo Matola 

  

Xai-Xai Beira 

<Figure 4.5-2> Status view of inland flooding 
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These flood damages result in not only the loss of many lives and properties but also 

the hindrance of the economic development in Mozambique. Mozambique's economy 

has declined sharply, in fact, with the natural disasters like floods. Therefore, the action 

for flood mitigation is very important aspect in the water resources management to 

promote socio-economic development and to improve the quality of life in Mozambique. 

 

4.5.1 Flood Damages 

A) History of Major Flood Damages 

The reasons and types of flood disaster that occurred in the past should be reviewed 

to establish efficiently the flood prevention plan and implement properly the flood control 

work. The data and references about flood damage are collected through DNGRH, 

ARAs, etc. for comprehending for Status of flood damage in Mozambique in the past. 

The status of major flood damage by year is summarized in <Table 4.5-1>:  

<Table 4.5-1> History of flood damages (1977 to 2015) 

Year Deaths 
Displaced 
persons 

Affected 
people 

Destroyed 
Houses  

Destroyed 
crop field 

(ha) 

Cost in 
millions of 

USD 
Affected basin 

1977 300 3,323 400,000  23,000 60 Limpopo 

1978 45  219,000 72,000 60,000 102 Zambeze 

1984 135 47,500 350,000  250,000 35 
Maputo, Umbeluzi, 

Incomati 

2000 783 500,000 2,999,164 47,723  600 
Maputo, Umbeluzi, 
Incomati, Limpopo, 
Govuro, Save, Búzi 

2001 200 155,000 400,000    Zambeze, Púngoè 

2007 50 90,000 800,000 5,942   Zambeze, Púngoè 

2013 117 154,000 350,000  150,000 575 
Limpopo, Zambeze, 

Licungo 

2015 150 150,000   30,000 155 Licungo 

Source: Avaliação da Situação Hidrológica e Hidráulica das Cheias em Moçambique 1977-2013 
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1) Flood in 1977 

The flood in February 1977 was caused by a tropical cyclone named Emilie, and 

Mozambique had heavy rain followed by floods. Emilie greatly affected the Limpopo 

River. basin near Zimbabwe. The tropical cyclone, Emilie, accompanied by heavy rain 

at the beginning of February, was uncommon. Due to Emilie, the flood damage mostly 

occurred in the Limpopo basin due to the rapid rising of water level in Massingir dam:  

 
<Figure 4.5-3> Route of the cyclone EMILIE (1977) 

The flood in 1977 had a significant influence on the vast plains near the Limpopo and 

Elephants Rivers in Gaza Province. It occurred with heavy rain at the lower regions 

such as Chicualacuala, Chókwè, Guijá, Chibuto and Xai-Xai Districts. 

The big flood affected residential areas of several districts namely Xai-Xai, 

Macarretane, Muianga, Chiguiela, Chalacuane and Chibuto. In Xai-Xai, the streets and 

houses were inundated with damage of water supply and drainage facilities. In 

Macarretane, the train station was inundated with serious damage of railway and trains. 

When the flood occurred in 1977, 14 bridges of highway collapsed, 1 railway was 

destroyed, and the communication system was cut off for about 2 weeks due to damage 

of about 40km lines. Damages to social overhead capital facilities were very huge.  

The following figures show the water levels of SAC (Hydrometric Stations equipped with 

the Flood Warning System) stations in the Limpopo River at Chókwè and Xai-Xai, 

saying that the big flood had flowed over the alert level during this period:  
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<Figure 4.5-4> Water levels at Chokwe and Xai-Xai in the Limpopo River (1977) 

2) Flood in 1978 

The flood in 1978 occurred in Sofala and Zambezia Provinces from February to 

March as heavy rains occurred by Angelle cyclone at the Zambeze River basin in 

Mozambique, and also in the upstream countries. The Cahora Bassa dam constructed 

in 1975 was operated mainly to produce hydropower during the flood in 1978 and its 

operation failures for sudden inflow increasing increased the flood damage at the 

downstream. 

Because the Zambeze River basin has many flat regions, it is easily flooded and this 

basin is very vulnerable to heavy rain. The delta region of Zambeze begins at Mopeia 

and has almost 150km of length, which looks greatly extensive and susceptible to 

floods. The influence of tides affects to 80km from the estuary and increase flood 

damage. The inflows from tributaries of the Zambeze River such as Luia, Revuboé, 

Luenha and Shire adding to the inflow of the main river make the big flood risk 

hydrologically to the delta region.  

In terms of floods control, the operation of Cahora Bassa dam was not normal under 

the flood in 1978, and the discharge at Cahora Bassa dam affected directly the flow of 

Zambeze River and aggravated the flood damage downstream area. During 2 years 

after construction, the flood forecasting and warning system at Cahora Bassa dam had 

not been studied substantially and without suitable operation rules, the dam had been 

operated mainly to produce hydropower. During the flood in 1978, Cahora Bassa dam 

had no choice but to release the inflow to downstream, because the inflow of Cahora 

Bassa dam was increased suddenly by the discharge of Kariba dam in Zimbabwe. In 

addition, information alert failure on water release at the dam that did not arrived on 

time caused huge flood damage. The water levels of SAC stations at Zumbo (E-310) 
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and Tete (E-320) are over the alert water level during this period as shown in the 

following figure:  

 

 

<Figure 4.5-5> Water levels at Zumbo and Tete in the Zambeze River (1978) 

3) Flood in 1984 

The flood in 1984 was caused by cyclone Domoina subsequently to heavy rains from 

the end of January to beginning of February. The cyclone Domoina started in the Indian 

Ocean, crossed Madagascar and entered Mozambique on January 23. It affected 

Maputo on 29th January with high irregularity and went out towards western Swaziland 

and Republic of South Africa (RSA). Due to cyclone Domoina, the southern region of 

Mozambique, some areas of RSA and Swaziland had heavy rains. The moisture 

condition of soils in the southern region of Mozambique was already saturated by prior 

rainfalls, and the increase of runoff rate under this condition aggravated the flood 

damages. 

The flood in 1984 affected all areas of Maputo Province and Maputo City belonging 

to the basins of the Maputo, Umbelúzi and Incomáti Rivers. The extensive low-lying 

lands such as Bela Vista, Magude and Xinavane were inundated. The all flat areas at 

downstream of Pequenos Libombos were also damaged by flood. At that time, all 

relevant hydrological stations were inundated and the water discharge was assumed 

approximately. This phenomenon happened also in Swaziland and RSA due to huge 

flood:  
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<Figure 4.5-6> Water level at Maputo-Madubula and Incomati-Magude (1984) 

The impact of floods in 1984 was aggravated, because dams for flood control did not 

exist in basins of the Maputo, Umbelúzi and Incomáti Rivers. At that time, two dams of 

Corumana and Pequenos Libombos in the beginning stage of construction. Because 

the recorded rains were occurred in RSA and Swaziland and huge flood flowed into 

Mozambique located downstream of these countries, the flood damage became much 

bigger. 

 

4) Flood in 2000 

The floods in 2000 caused tremendous damage in the southern and central regions 

of Mozambique from February to March. The floods in 2000 were caused by subtropical 

depression and cyclone LEON-ELINE and Gloria that brought the intense rainfalls in 

Mozambique and shifted to the neighboring countries. When LEON-ELINE was moving 

towards the west, it rained intensively not only in Mozambique but also in neighboring 

countries. So many people were killed and SOC infrastructures were destroyed in the 

countries. Especially the damage in Mozambique increased more and more due to 

overlap of rainfalls by cyclone LEON-ELINE and flood from upstream countries. The 

floods from neighboring countries flowed into Mozambique through the international 

rivers such as Umbelúzi, Incomáti, Limpopo, Save and Búzi. These rivers (except for 

the Búzi River) had been already flooded due to intensive rainfall:  
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<Figure 4.5-7> Moving route of cyclone LEON-ELINE (2000) 

During the flood in 2000, the Pequenos Libombos dam had been already operating 

in the Umbelúzi River and greatly contributed to flood control. Also, the Corumana dam 

in the Sabiè River and Massingir dam in the Elefantes River contributed to the flood 

control by detention of flood discharge. However, these were not sufficient to prevent 

the flood risk in 2000 completely, despite the flood mitigation of these dams. The many 

central and southern low-land regions including the cities of Chókwè and Xai-Xai were 

inundated due to destruction of river banks and channels. 

The following figures show the water levels in the Maputo, Incomáti and Limpopo 

Rivers during the flood period, that were over the alert level and the flood were 

continued for a long time:  
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<Figure 4.5-8> Water levels at Maputo-Madubula and Incomati-Magude (2000) 

 

 

<Figure 4.5-9> Water levels at Limpopo-Chokwe and Limpopo-Xai-Xai (2000) 

 

5) Flood in 2001 

The floods in 2001 occurred because the torrential rains in the upper basin of the 

Zambeze River, Kariba region resulted in substantial inflows and its middle basin also 

had significant rains. From the middle of January 2001, the strong flood caused by a 

tropical storm in Zambezia Province and its flood continued to the beginning of March. 

The flood control by gate operation of Cahora Bassa dam was succeeded in decrease 

of flood peak. However, the flood control at the dam resulted in the increase of lag time 

from flood detention effect and the extension of flood to March at delta zone in Zambeze 

basin. In addition, the low-land of Zambeze basin was inundated by the flood that flowed 

from the tributaries such as Luia, Revuboé, Chire, etc., and the flood was aggravated. 

As the records of Cahora Bassa dam during this flood period, the maximum inflow was 

13,800 ㎥/s on February 22 and 12,300 ㎥/s on March 22, showing that the flood was 

continued for a long time. 
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The relief efforts of INGC are said to have reduced the flood damage considerably 

during the floods in 2001. Despite these relief efforts, many persons were killed, 

victimized or affected in Zambezia and Sofala Provinces. Their roads were also 

damaged easily with local rain or others because many roads were not paved reaching 

around 25 million USD in roads damages. 

The inundation of about 20,000 ha in Marromeu caused loss of 4 million dollars. Also, 

the communication between the center and north of the country was interrupted by the 

flood in the Zambeze River:  

 

 

<Figure 4.5-10> Water levels at Zambeze, Marromeu and Caia (2001) 

The worst regions for flood damage were Maganja, Morrumbala, Mopeia, Mocuba 

Districts in Zambezia Province; and Búzi, Cheringoma, Gorongoza Districts in Sofala 

Province. Besides, the the Licungo and Púngoè River basins also had a lot of flood 

damages due to the storm with heavy rain, but the data of flood damage are not clarified.  

 

6) Flood in 2007 

The flood in 2007 was caused by heavy rains at the downstream basins of Kariba 

Dam in the Zambeze River in Zambia, Zimbabwe, Malawi and Mozambique. The flood 

in 2007 was caused from the Aruângua River at the border between Mozambique and 

Zambia rather than the large discharge from Kariba Dam. The water levels of the 

Aruângua River were close to the alert level on December 2006 and February 2007 

that negatively affected Cahora Bassa dam at the downstream. With this, the inflow to 

the dam was close to 10,000 ㎥/s and the discharge from the dam was over 8,000 ㎥/s:  
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<Figure 4.5-11> Managing & gauged water levels of Cahora Bassa Dam (flood in 2007) 

 

<Figure 4.5-12> Inflow & discharge of Cahora Bassa Dam (flood in 2007) 

The flood in 2007 also occurred in Púngoè basin. The traffic was interrupted for some 

days, because the No. 6 road between Beira and Machipanda was inundated by the 

intense rainfall. Also, the low-land among Púngoè basin was inundated at that time. 

7) Flood in 2013 

According to the report for flood in 2012 and 2013 by DNGRH, rainfall in the southern 

part of Maputo Province and the central part of Sofala Province is found to lie within a 

common level during the wet season. However, it rained heavily at wide regions near 

the boarders with Zimbabwe, Botswana and RSA and their own countries. 

Because of the tropical cyclone that occurred in January 2013, floods occurred in 

Limpopo and Incomati basins due to the flood inflow from the upstream countries. The 

water levels of the Incomati and Limpopo Rivers in Mozambique were seriously closed 
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to the alert level or more due to the heavy rains at upstream countries at that time. The 

water levels at major points of the Incomati and Limpopo Rivers are shown in the 

following figure:  

  

<Figure 4.5-13> Water levels at Incomati-Magude and Limpopo-XaiXai (2013) 

The flood in 2013 seriously affected Chicualacuala, Xai-Xai, Chókwè, Guijá, Chibuto 

Districts in Gaza Province of the Limpopo River basin. Additionally, the heavy rains in 

the Licungo River basin caused flood damages in Namacurra and Maganja Districts in 

Zambezia Province; and Panda, Homoíne, Magude and Manhiça Districts in Incomáti 

and Inhanhombe River basins. 

The floods in the Limpopo River were caused by the intense rainfalls that occurred 

along the borders between RSA, Zimbabwe and Mozambique. The important thing for 

the flood of the Limpopo River basin in Mozambique 2013 was that the flood damage 

was caused by overflowing of the river, although Mozambique had no rains resulting 

from too much inflow into the Limpopo River basin from the upper countries. So, 

Mozambique should seriously manage the geographical characteristics at the 

downstream of international rivers for flood control. The Licungo River basin had flood 

damage with heavy rain at its own basin in January 2013 that caused the inundation of 

low-land regions. Other small basins were also affected by flood.  

8) Flood in 2015  

According to a flood report (DNGRH, 2014/2015), it’s indicated that there were flood 

damages in Licungo, Zambeze, Megaruma and Messalo Basins in 2015; the two 

successive cyclones, Chedza and Banzi, as formed from the Indian Ocean 

accompanied torrential rainfall in the same year to cause intensive flood damages in 

the basins while moving through the central and southern regions of Mozambique. In 

particular, the flood damages were found to be the most substantial in Licungo Basin 
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where lowlands and farmlands were submerged and social infrastructure (e.g., roads, 

bridges) was destroyed.  

 

 

<Figure 4.5-14> Migration paths of the 2015 cyclones 

<Figure 4.5-14> shows the migration paths of the two successive cyclones Chedza 

and Banzi, which caused lots of flood damages in 2015. They successively passed 

through Licungo Basin whose whole area was laid under their influential sphere so that 

the basin suffered substantial flood damages.  

 

 

<Figure 4.5-15> Water level observed in Gurue & Mocuba along the Licungo River (2015) 

<Figure 4.5-15> shows water level observed in Gurue & Mocuba along the Licungo 

River during the 2015 floods, which are located in Licungo. As seen in the figure, a 

preset warning water level was exceeded in both of the two areas at that time. 

Especially, Mocuba saw the largest flood as it had ever suffered recently; the warning 

level was exceeded by more than 2 times. The Dutch survey team, which wrote a 

disaster survey report at that time, reported that flood amounted to at least 19,000 ㎥/s 

in Mocuba. 
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B) Major Flood Damage by Basin 

As the relevant references, the major river basins such as Maputo, Umbelúzi, 

Incomati, Limpopo, Save, Buzi, Pungoe, Zambeze, Licungo and Messalo are 

vulnerable to flood. <Table 4.5-2> shows the occurrence years for major floods by basin: 

<Table 4.5-2> Years of major floods by basin 

BASIN YEAR 

Messalo 2006,2007,2013,2015 

Licungo 1984,1995,1998,2013,2014,2015 

Zambeze 1978,1997,2001,2007,2008,2013,2015 

Púngoè 1999,2001,2008 

Buzi 2000, 2015 

Save 2000 

Limpopo 1975,1977,1978,1981,1988,1996,2000,2013 

Incomati 1984,1985,1996,2000,2013 

Umbeluzi 1977,1984,1985,1999,2000,2011 

Maputo 1984,2000 

Source: DNGRH 

The major river basins such as Maputo, Umbeluzi, Incomati, Limpopo, Save and Buzi 

were damaged by floods more than 2,000 times and lost a lot of people and properties.  

 

1) Maputo River basin 

The Maputo River is an international river shared by RSA, Swaziland and 

Mozambique. The major floods in Maputo basin are the flood in 1984 caused by cyclone 

Domoina and the flood in 2000 recorded huge flood damage at central and southern 

regions. 

In 1984, the cyclone Domoina caused huge flood damage not only in Mozambique 

but also in RSA and Swaziland. At that time, the Flood Warning System and efficient 

evacuation method for rural regions were also not available. With this situation, the 

Pongolapoort Dam at RSA discharged water to downstream without notice, so 

Mozambique at the downstream had a lot of damage. Due to discharge from the dam, 

many people farming near the river were killed by flood. The other cause of flood in 
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1984 is inflow from upstream of the Umbelúzi and Incomáti Rivers to have huge 

damages.  

The flood in 2000 was caused by heavy rains. In the flood, the 162 hectares of 

irrigation land in Maputo basin were damaged. The flood in 2000 occurred 

simultaneously at Umbelúzi, Incomáti, Limpopo, Save and Búzi basins costing the flood 

damage of around 600 million USD and it was evaluated to be the worst flood for 100 

years. 

2) Umbeluzi River basin 

The Umbeluzi River basin is shared by Mozambique, RSA and Swaziland. 

Mozambique constructed Pequenos Libombos Dam in the Umbeluzi River in 1988. The 

flood damage caused by the cyclone Domoina in 1984 did affect not only the Maputo 

River basin but also the Umbeluzi River basin and flood damages also occurred in 1985, 

1999, 2000 and 2011. The largest damage in the Umbeluzi River basin was caused by 

the flood in 1984. The causes of flood damages in the Umbeluzi River basin in 1984 

were not only the cyclone Domoina but also the heavy rains in Mozambique and 

Swaziland. In the flood in 1984, 100 people or more were killed, the lowlands were 

inundated, and Pequenos Libombos dam under the construction was damaged. Also, 

the water supply and drainage facilities were damaged, electric power supply was 

stopped causing much discomfort. The roads between Mozambique, RSA and 

Swaziland were inundated and a bridge nearby Boane station was destroyed. 

The flood in 1999 occurred in the Movene River, a tributary of the Umbeluzi River, 

because the water of Pequenos Libombos Dam reached the maximum level. The flood 

occurred in the Movene River affected the bridges connecting with RSA. 

The flood in 2000 was huge, but it was not relatively serious in comparison with that 

of the Limpopo River basin. The flood damages in 2000 could be reduced, because the 

Flood Warning System was operated and the flood control at Pequenos Libombos Dam 

was available.  

Nevertheless, 4 people were killed by flood. The roads between Maputo and Boane 

and between Boane and Moamba were inundated causing much discomfort. 

3) Incomati River basin 

The Incomati River basin is an international river shared by Mozambique, RSA and 

Swaziland. Mozambique constructed Corumana Dam in the Sabie River, a tributary of 

the Incomati River, in 1989. 
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In 1976, the Incomati River basin had flood damage and the lowlands in the basin 

were affected by flood. In the 1976 flood, serious economic loss was made without 

damage of human life. The Banana plantations in the Incomati River basin were entirely 

destroyed, and the sugar cane factories damaged. The EN1 road and the Incoluane 

weir were also destroyed. 

The Incomati River basin was damaged by the flood in 1984 caused by cyclone 

Domoina. The lowlands in the Incomati River basin were inundated and the water 

supply in Moamba District was affected. Also, the traffic of EN1 road was obstructed. 

The most serious damage was the destruction of Moamba bridge, that caused the traffic 

disconnection of Sabié District for months. The construction of Corumana Dam was 

affected by this flood. 

Due to the floods that occurred in 1984, 1985 and 1996, the lowlands were inundated 

and SOC Infrastructures like roads were damaged in the basin. 

The flood in 2000 is the largest flood in the Incomati River basin. The flood in 2000 

was caused by overlapping heavy rains in the basin starting from December 1999 and 

the flood caused by tropical depression in RAS that was upstream of the Incomati River. 

It rained a lot in RSA and the huge flood flew into downstream such as the Crocodile 

and Sabié Rivers. The Kruger Park being across by two rivers had the largest flood 

damage after 1998. The status of flood damage in the Incomati River basin is as shown 

below:  

 Traffic disconnection at northern districts of Maputo due to destruction of the EN1 

road nearby Incoluane 

 Entire destruction of Moamba bridge reconstructed after the flood in 1984 

 Destruction of railroad between RSA and Zimbabwe 

 Inundation of irrigation lands in districts such as Xinavane, Sabié and MARAGRA 

 Inundation of lowlands in the Incomati R. basin 

The flood in 2012 was caused by cyclone Giving which came into Mozambique from 

Indian ocean on January 16. The downstream basin of the Incomati River had huge 

flood damage due to heavy rains that cyclone Giving brought in RSA and Swaziland. 

The major damage in the Incomati R. basin were caused at Crocodile and Komati. 

The flood in 2013 was caused by heavy rains in Mozambique, RSA, Zimbabwe and 

Botswana. The major damage in the Incomati R. basin was occurred at Panda, 

Homoíne, Magude and Manhiça District. 
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4) Limpopo River basin 

The Limpopo River is an international river shared by Mozambique, Botswana, RSA 

and Zimbabwe. Mozambique constructed Massingir dam in 1977. The Limpopo River 

basin was damaged by flood in 1975, 1977, 1981, 1996, 2000 and 2013. The Limpopo 

River basin has suffered from the floods most often among several river basins in 

Mozambique. The Limpopo River basin has unusual hydraulic characteristics and the 

flow of the Incomati River is unexpectedly mixed by flows of its tributaries because the 

deep and large inundation is formed by geological conditions during the flood. Although 

the flood damages in 1975, 1981 and 1996 were small, and the roads, bridges and river 

banks were destroyed. 

The flood in 1977 was the worst flood in Mozambique at that time and the lowlands 

in the Limpopo River basin were totally inundated. The Massingir dam was effective in 

mitigating the flood despite being under construction. The major flood damages in 1977 

were many deaths, destruction of river banks, inundation of lowlands in Chokwé District, 

destruction of farmhouse and destroy of bridge in road EN1 connecting with Xai-Xai. 

After the flood in 1977, the Mozambique government implemented resettlement 

program for agricultural villages damaged by flood and tried to construct the safety 

village for flood. 

In the 1981 flood, huge flood damage was not caused because the Flood Warning 

System of DNGRH worked properly and the flood control of Massingir Dam in the 

Elephants River, a tributary of the Limpopo River, was well done. 

In the 1996 flood, the major concern was the serious leakage of Massingir dam and 

its rehabilitation. After the construction in 1977, the Massingir dam discharged the water 

through the spillway without gate for the first time.  

The flood in 2000 was bigger than the flood in 1997 in terms of flood damage. This 

flood was caused by tropical depression in early February. The flood occurred at 

downstream basin of the Limpopo River, because it rained a lot due to the tropical 

depression, not only in Mozambique but also in RSA, Botswana and Zimbabwe. 

However, the flood was aggravated because it rained heavily again due to cyclone Eline 

in Mozambique, RSA, Botswana and Zimbabwe. At that time, the huge flood flew into 

the lowlands in the Limpopo River basin and the flood damage was very big. The status 

of major flood damage is as shown below:  
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 Deaths over 500 persons, over 200,000 victims 

 Inundation over 2m of Chokwé District, interruption of water and electric supply 

for over one month 

 Inundation over 3m of Xai-Xai District, huge damage for SOC infrastructures such 

as road, water supply and drainage facilities, electric system, river bank, etc. 

 Damage of Macarretane dam which supplies water to irrigation lands of Chokwé 

District, destruction of road and railway connecting with Zimbabwe 

 Damage of infrastructures such as river bank, channel, etc. protecting irrigation 

lands of Chokwé District 

 Traffic disconnection for 6 months due to destruction of road and bridge toward 

Xai-Xai 

 Direct or indirect socio-economic damage in Gaza and Inhambane Provinces 

The flood in 2013 was caused by heavy rains in Mozambique, RSA, Zimbabwe and 

Botswana. This flood seriously affected Chicualacuala, Xai-Xai, Chókwè, Guijá and 

Chibuto Districts in Gaza Province. The flood in 2013 is the biggest flood after the flood 

in 2000. The major flood damages in 2013 are as shown below:  

 

  

Irrigation in Chokwe Rice processing factory in Chokwe 

  

Agricultural areas of Xai-Xai 

<Figure 4.5-16> Flood damages to irrigated lands 
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Damages to dikes in Xai-Xai 
 

 

Dike adjacent to bridge in Macarretane Rupture of dike in Chilembene 

<Figure 4.5-17> Flood damages to SOC infrastructure (2013) 

5) Save and Buzi River basin 

The Save and Buzi Rivers are international rivers shared by Mozambique and 

Zimbabwe. Chicamba Dam was constructed in the Revué River, a tributary of the Buzi 

River, before independence for sole purpose of hydropower generation. These two river 

basins did not have huge flood damage because of relatively low population density 

and low economic development. Nevertheless, the flood damage such as deaths and 

victims occurred in Nova Mambone and Machanga Districts in February 2000. The 

flood in 2000 was the largest in two basins recorded by DNGRH. This flood was caused 

by tropical depression and cyclone LEON-ELINE and Gloria. 

6) Púngoè River basin 

The Púngoè River is shared by Mozambique and Zimbabwe. The major floods in the 

Púngoè River basin occurred in 1999, 2001, 2008 and 2010. The flood in 2001 was the 

largest in terms of damage. This flood was caused by heavy rains in January 2001 of 

the rainy season. The roads toward Beira were entirely inundated and the traffic was 
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disconnected. 11,000 persons in Nhamatanda District had to be resettled. Also 7 

persons in Sofala Province and 3 persons in Manica Province were killed. 

7) Zambeze River basin 

The Zambeze River is an international river shared by Mozambique, Angola, Namibia, 

Botswana, Zambia, Zimbabwe, Tanzania and Malawi. Cahora Bassa Dam in the 

Zambeze River basin of Mozambique was constructed in 1975. Another large dam in 

the Zambeze River basin is Kariba Dam in Zambia. These two dams are available to 

control flood, but the major function is to generate hydropower. 

The flood in 1978 was caused by cyclone Angelle with heavy rains. At that time, the 

Cahora Bassa and Kariba dam were completely destroyed by inflow flood. But the direct 

communication between Cahora Bassa dam and Kariba dam was difficult because 

Mozambique was at war. Actually, flooding status at Kariba dam was not transmitted 

timely to Cahora Bassa dam. Thus, the flood damage became huge due to flood control 

operation at Cahora Bassa dam, because it was not known in advance that Kariba dam 

discharged water to downstream. The flood damages in 1978 are as shown below:  

 Deaths of 45 people 

 Victims of around 219,000 people 

 Inundation of around 60,000ha 

 Destruction of around 72,000 houses 

 Damage of around 40km railway between Marromeu and Beira 

 Damage of around 1,000 heads of livestock 

The flood in 1997 was occurred by cyclone Lisette occurred in January. The flood 

was occurred by cyclone Lisette with heavy rains. The 1977 flood damages in the 

Zambeze River. basin are as shown below:  

 Deaths of 30 people 

 Victims of around 160,232 people 

 Injury of 4 persons 

 Destruction of around 5,100 houses 

 Damage of 11,285 ha agricultural land  

 Damage of around 150 heads of livestock 
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The flood in 2001 was caused by inflow from Kariba dam due to heavy rains at 

upstream basin and middle stream basin of the Zambeze River. 70 people were killed 

and around 170,000 people were affected in Zambezia Province. Also, 115 people were 

killed, and around 271,000 people were affected in Sofala Province. Around 60,000 

people in Zambézia Province and around 82,000 people in Sofala Province were 

evacuated to temporary lodgings. Also, the agricultural land of around 20,000ha were 

damaged by the flood. 

The flood in 2007 was caused by heavy rains at downstream of Kariba dam in 

Mozambique, Zambia, Zimbabwe, Malawi, etc. This flood was heavily occurred in the 

Aruângua River located between Mozambique and Zambia. Around 50 people were 

killed and around 90,000 people were evacuated to 33 temporary lodgings. Also, 

around 800,000 people living near the Zambeze River were affected directly or 

indirectly by the flood and 5,942 houses were destroyed. 

8) Licungo River basin 

The Licungo River basin is located in Zambezia Province. The major tributaries of the 

Licungo River include the Lugela, Nhamacurra and Luo Rivers which join to right side, 

and the Moon River which joins to left side. In the Licungo R. basin, accordingly, no 

large hydraulic structures like dams to store water and two bridges are available. Nante 

District in the river basin has agricultural lands of several hundreds ha and the river 

banks to protect agricultural lands and the irrigation canals have been constructed. The 

major flood damages in the Licungo River basin occurred in 2001 and 2013. 

The flood in 2001 was caused due to heavy rains in the basin from January to 

February and by cyclone DERA in late March. The flood damage in 2001 was not 

counted exactly. 

The flood in 2013 was caused due to heavy rains in the Licungo River basin. At that 

time, the water levels in the basin were almost over the alert level. The major flood 

damages in 2013 were as shown below:  

 Destruction of small bridges in Nicoadala District 

 Destruction of river bank of Maganja Village that has irrigation lands at Nante 

District 

 Destruction of EN-1 road between Chimuara section, Nicoadala and Namacurra, 

and road between Namacurra and Macuze 

 Inundation of agricultural low-lands and houses in Namacurra District, Maganja 

District, etc. 
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The 2015 floods are the flood events occurring while the successive cyclones, 

Chedza and Banzi, as formed from the Indian Ocean, passed through Licungo Basin 

to accompany lots of rainfall in there. The floods are reported to be much larger than 

the 2013 floods. With these 2015 floods, Licungo Basin saw lots of arable lands and 

social infrastructure assets (e.g., roads, bridges) lost or destroyed. According to a report 

wrote by the National Disaster Management Institute (INGC) to show the status of flood 

damages (caused by the floods in Mozambique), the 2015 floods left behind at least 

150 deaths, some 150,000 victims, 3,500 hectares of lost crops, and 30,000 hectares 

of destroyed arable lands. The following table shows the status of flood damages 

caused by the floods:   

Date Status of flood damages 

Jan. 9-11 

 Regular water levels in the Licungo basin, sometimes 

approaching and slightly surpassing alert level  

 In the evening of 11 January: extreme rainfall events  

 In the evening of 11 January: bridge at Nante collapses 

Jan. 12 

 Continuing extreme rainfall in entire Licungo basin  

 Water level at Mocuba rises by more than 5m in less than 4 hrs 

and reaches it maximum beyond 12m  

 Bridge at Mocuba collapses, trapping people on bridge  

 Bridge at Malei overtopped and severely damaged 

Jan. 13 

 Continuing rainfall in entire Licungo basin (but less extreme)  

 Water level at Mocuba drops and at Nante the water level 

reaches its maximum 

Jan. 14-16 

 Rainfall returns back to normal  

 Water levels further reduce at Mocuba and maintain their 

high level at Nante 

Jan. 17-Feb. 10 
 Water levels at Nante remain high and fluctuate, with a trend 

to reduce. 
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Flooded road & bridge Flood in Mocuba 

  

Flooded low-lying arable lands 

<Figure 4.5-18> Status view of flood damages by the 2015 floods in Licungo 

 

C) Socioeconomic Impacts 

The agriculture largely contributes to national economy. The people engaged in 

agriculture usually live near the rivers, because many nutrients for good agricultural 

productivity exist in the soils near the rivers. At the large and low-land flood planes in 

most rivers, the many nutrients soak into the soil through repeated process that the 

flood planes are inundated and not inundated alternately. However, these flood planes 

are very dangerous. Flood inundation directly affects residents who live near the river. 

The agricultural lands are damaged by flood, and then the national economy is also 

affected. Many researchers pointed out that GDP decreased at least 0.5% when floods 

occurred in Mozambique. 

The floods in Mozambique are also closely associated with lifespan. Around 1,100 

people were killed by the 1997 flood in the Limpopo River basin and the 2013 flood in 

the Limpopo and Zambeze River basins. Around 700 people were killed by the 2000 

flood.  
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The flood in Mozambique affects SOC facilities largely. The flood in 1977 and 2013 

destroyed major SOC facilities and negatively affected national economy. Due to the 

flood in 2000, N1 road was destroyed and the traffic between Maputo, Gaza and 

Inhambane was disconnected for 1 week. The communications were disconnected due 

to destruction of many bridges and roads by the 2013 flood. The facilities for railroad 

and the operation of railways in the Limpopo R. basin was affected by the 2000 flood 

and the operation of railways between Sena and Nacala was affected by the 2013 flood. 

So, the port users were also affected.  

The above-mentioned floods caused severe damages to the national economy. 

Firstly, the direct damages were caused due to inundation of products, and then the 

national economy was affected by hindrance of commercial activities. When SOC 

facilities are damaged, the national economy would be negatively affected because the 

rehabilitation of damaged facilities requires funds. Due to the flood damage in 2000, 

GDP decreased for 2 years. In 2013, Mozambique appropriated around 322 million 

USD as rehabilitation expense. That was around 4% of GDP. 

The following figure shows that GDP decreased largely after huge flood. It shows that 

the control and mitigation of flood in Mozambique are very important:  

 

<Figure 4.5-19> Flood damages as indicated on the annual GDP curve 
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4.5.2 Flood Damages: Causes & Problems 

Mozambique is very vulnerable to flood. The vulnerability to flood is caused by 

various reasons. Firstly, intensive rains make huge floods. And then it is easy to 

inundate flood plain by inflow flood because the flood plain is included in extensive flat 

lands. Also, a large volume of flood sometimes flows into Mozambique from 

neighboring countries, because Mozambique is located downstream of 8 international 

rivers. In addition, the change of land use like increasing cultivation land affect floods. 

The flood damages in Mozambique are caused by the reasons stated below. 

 

A) Meteorological Causes 

Most of the Mozambican territory is located in tropical rainforest climate zone and 

tropical monsoon climate zone, and Mozambique has dry and rainy seasons separately 

in a year unlike tropical rainforest climate. It is very hot as mean annual temperature is 

around 27℃. The temperature in the coldest month is not lower than 18℃. The annual 

change of temperature is not large. The summer, with a lot of sunshine, is in the rainy 

season from November to March by equatorial low pressure as pressure trough near 

the equator. The winter, with less sunshine, is in the dry season from April to October 

by influence of subtropical high-pressure belt located in Latitude 30 degrees. 

Accordingly, this kind of climate appears in the phenomenon that the rain is 

concentrated in rainy season. 

Also, the difference of mean annual rainfall between regions in Mozambique is very 

big. The mean annual rainfall in Gaza and Inhambane Provinces is below 400mm, while 

at Gurue and Milange in Zambezia Province it is more than 2,000mm. 

This phenomenon is caused by latitudinal differences. Also, the heavy rains at high 

altitudes are caused by mountain effect of high altitudes, such as the western part of 

Manica Province, the northern part of Tete Province, the upper part of Zambezia 

Province, Lichinga highlands, etc. 

The cyclones that bring heavy rains in Mozambique are formed in the northeast side 

of the Indian Ocean, move through Madagascar island and Mozambique straight and 

then move into Mozambique. These cyclones bring heavy rains and strong winds, and 

cause floods. The cyclone Domina in 1984 and Eline in 2000 were the origin of the 

huge flood which affected the southern region, and the cyclone Angelie in 1978 caused 

the huge flood to the Zambezi River. 
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The cold front occurring in the Indian ocean is the one of the major flood causes in 

Mozambique, because the cold front reaches hundreds of kilometers and stays for long 

periods although its rainfall intensity is weaker than that of cyclone. 

 

B) Geomorphological Causes 

The geomorphological characteristics of Mozambique contribute to the floods. The 

area less 200m above sea level is approximately 40% of the country. 

The southern regions have very vast plain with low altitudes, that are created 

throughout thousands of years by alternation of inundation and sediment. 

In the central regions, the areas near the estuaries of the Buzi, Púngoè and Zambeze 

Rivers form mostly low altitudes. Thus, these plains have been flooded repeatedly in 

the past. 

The northern region, including the north of the Zambeze River basin, is generally at 

elevated altitudes, but only the Licungo River basin in the northern regions is at low 

altitudes and is easily inundated:  

 

 

<Figure 4.5-20> Distribution of rainfall 

intensity 

<Figure 4.5-21> Geomorphological 

characteristics 
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C) Inflow of Huge Flood from Upper Nations 

Mozambique shares 9 international rivers with neighboring countries, and their basin 

areas are around 50% of Mozambican territory. All of them except for the Rovuma River 

have inflows from other countries, as Mozambique is located downstream these 

countries. As stated in the previous chapter, the river basins vulnerable to floods include 

Maputo, Umbeluzi, Incomati, Limpopo, Save, Buzi, Púngoè, Zambeze and Licungo. 

Only the Licungo River is not an international river. 

The vulnerability to floods in Mozambique comes from the geomorphological 

characteristics, that Mozambique is located downstream of international rivers. In the 

rainy season, RSA, Swaziland and Zimbabwe have heavy rains usually due to the 

geomorphological effects such as cold front and mountain effect, and the floods flow 

into Mozambique. At that period, the cyclones also occur frequently. The cyclones 

move crossing Madagascar island and Mozambique strait into Mozambique, and then 

move to RAS, Swaziland and Zimbabwe. This phenomenon also makes Mozambique 

vulnerable to floods. Mozambique is firstly damaged by influence of the cyclone, and 

then Mozambique is secondly damaged by inflows of the flood that occur in upstream 

countries. Thus, the floods caused by the cyclone are overlapped and aggravated. The 

flood damages became much bigger when the flood was caused by cyclone Domoina 

in 1984 and by cyclone Eline in 2000. It is difficult for Mozambique to control the floods, 

when the countries located upstream discharge the flood downward to Mozambique 

without concern for the damage at the downstream of their dams. 

D) Change in Land Uses 

The change of land use increases the vulnerability to floods, because the population 

become concentrated depending on the industrialization and any land development 

brings the change of forest to farmland or the increase of pavement area without 

storage and infiltration of water. 

The land use like this in Mozambique is also changing to increase the vulnerability 

for flood. In the last decades, the timber industry has developed in Mozambique. The 

timber industry has changed cultivation lands and burned forest to decrease the area 

of forest. Also, the growing rural population has changed forest to use as agricultural 

land in order to cultivate crops. They have used timber and charcoal as energy source 

that results in decrease of forest area. 

The use in this manner causes the bigger flood due to decrease of water storage at 

the land surface. The velocity of concentration for flood become fast and the soil erosion 
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is also aggravated, because the area of forest is reduced. Thus, the debris flow occurs 

easily in the flood and destroy roads and bridges seriously. The water channels may 

lose their discharge function due to the debris. 

E) Lack of Disaster Prevention Infrastructure 

Mozambique has been mitigating floods damage by Non-structural methods like flood 

warning system at SAC (Hydrometric Stations equipped with the Flood Warning 

System), because Mozambique has insufficient budget for disaster prevention. 

Mozambique has controlled floods with only 5 dams namely Cahora Bassa, Chicamba 

Real, Corumana, Massingir and Pequenos Libombos dam. The proper structures to 

prevent flood, such as river bank (levee) and spur dyke are not available in Mozambique. 

Mozambique has suffered a lot of damages to human lives, agricultural areas and 

houses when the floods flow, because the disaster prevention facilities in Mozambique 

are insufficient. 

F) Lack of the Public’s Awareness toward Flood Prevention 

The public awareness for flood prevention in Mozambique is very short, because 

most Mozambican understand that floods are not a daily problem such as traffic and 

environmental matters, but an occasional problem in rainy season when the cyclone 

occurs. The flood prevention is not a temporary activity but continuous activity with 

cooperation of government and residents, because that activity protects not only the 

personal property and life, but also the national economy. 

Systematic countermeasures are needed to prevent floods with regards to this, the 

government and residents should cooperate to plan long-term or short-term prevention 

measures of flood, and carry out the plan consistently. 

G) Lack of Interagency Collaboration 

The relevant organizations, such as DNGRH, ARAs, INGC etc., may not have carried 

out the flood prevention of Mozambique cooperatively. The cooperation between 

central government and local governments may also be short. In case of local 

government, the flooding status of upstream area may not alert downstream area well, 

because the network for flood information between upstream and downstream is not 

systemized. Thus, the efficient network system between the central and local 

governments, between local governments and residents should be organized. 

In addition, the cooperative network systems between neighboring countries are 

activated efficiently because Mozambique is located downstream of international rivers. 
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4.5.3 Flood Control Challenges 

A) Increasing Occurrence of Extreme Rainfall Events   

The extreme rainfalls occur more frequently at present than in the past all over the 

world, and the intensity of extreme rainfall becomes stronger and stronger because of 

climate change due to global warming. The extreme rainfalls have been commonly 

defined when their intensity is over 30mm/hr or over 80mm/day and 10% of annual 

rainfall. The duration of extreme rainfall is usually from a few minutes to a few hours, 

its radius of influence is around 10~20㎢, it is distributed in a relatively small area, and 

it sometimes occurs with thunder and lightning. 

In order to understand rainfall characteristics in Mozambique, the numbers of extreme 

rainfall, over 80mm/day, are counted for 40 years from October 1975 to March 2015. 

That is why the extreme rainfall over 80mm/day easily cause flood damage and the 

rainfall stations measures daily rainfall instead of hourly rainfall. Although the collection 

of rainfall data in Mozambique is not normal, the extreme rainfall can be analyzed using 

data of SAC(Sistema de Aviso de Cheias, Hydrometric Stations considered in the Flood 

Warning System) station. SAC is specially managed to reduce flood damage through 

flood warning as well as water level, flow and rainfall measurement. In 2016, 32 water 

level flow observation stations and 28 rainfall observation stations are designated. 

Although SAC stations have a lot of missing data, the results of analysis are sufficient 

to patternize rainfall. 

Locations and started gauging dates of SAC stations are shown in Figure 4.5-19 and 

Table 4.5-3 respectively. The P-110 and P-1318 stations are not included in the data 

for extreme rainfall, because the gauging data are not available. 

The mean annual numbers of extreme rainfall, over 80mm/day, is 15.83 from October 

1975 to March 2015, while the number from October 1975 to September 2000 is 10.64 

and the number from October 2000 to March 2015 is 24.47. Thus, the number of 

extreme rainfall become 2.3 times in the last 15 years. Therefore, the flood damages 

have increased continuously, because the numbers of extreme rainfall have increased. 



 

4-186 

 

<Figure 4.5-22> Location of SAC rainfall stations  
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<Table 4.5-3> Status of SAC rainfall stations 

Management 
agency  

River basin No. of stations Station Start date of gauging 

ARA-Sul 

Maputo P-331 Madubula I 01/01/56 

Umbelúzi P-315 Goba Estação 01/03/55 

Incomati 
P-856 Ressano Garcia 01/12/57 

P-589 Magude 01/05/70 

Limpopo 

P-393 Combomune 01/11/57 

P-260 Chókwè 01/09/54 

P-67 Xai-xai 01/03/69 

Mutamba P-745 Jangamo 01/10/72 

Inhanombe P-662 Maxixe 01/12/60 

ARA-Centro 

Save 
P-1112 V.Franca 01/10/72 

P-110 Massangena 01/11/50 

Púngoè 
P-375 Púngoè-Sul 01/08/56 

P-1273 Inhazonia 01/03/00 

Búzi 
P-422 Dombe 01/11/58 

P-1274 Goonda 01/12/00 

ARA-Zambeze Zambeze 

P-44 Zumbo 01/11/44 

P-50 Caia 01/11/58 

P-51 Megaza 01/01/53 

P-590 LuaneMarromeu 01/11/60 

P-1287 E.S.Tete 04/01/01 

P-835 Mutarara 01/10/36 

ARA-Centro-Norte Licungo 
P-219 Gurué 01/01/51 

P-1137 Mucuba 01/11/72 

ARA-Norte 

Lugenda P-1318 Congerenge - 

Messalo P-868 Nairoto - 

Montepuez P-1152 Mecuia 01/10/33 

Messalo P-1306 Miangaleua 09/11/01 

Megaruma P-1032 Megaruma - 
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<Figure 4.5-23> Yearly change in rainfall intensity 

 

B) Increasing Occurrence of Natural Disasters 

The abnormal weather occurs worldwide due to global warming, specifically climate 

changes. Thus, the climatic disasters such as cyclone, flood, drought, forest fire, etc. 

have increased largely in comparison with geological disasters such as earthquake, 

landslide, volcano, etc. The climate change causes ecosystem degradation, adverse 

effect of water resources and foods, threat of coastal and low-lands, damage of industry 

and human health. Predictably the serious natural disasters may be caused by increase 

of rainfall frequency, flood scale, flood frequency and cyclone intensity. 

Frequently, Mozambique also had more abnormal weather such as cyclones with 

high temperature due to climate changes and frequent rainfall disasters the in the rainy 

season. The intensive rainfall and flood are not caused by climate changes completely, 

but it is acknowledged that extreme rainfall has occurred more often due to climate 

change.  

According to the 'Responding to climate change in Mozambique by INGC in 2012', 

as a result of climate change, the natural disaster risk in Mozambique will increase 

significantly after the coming 20 years. Although the temperature in Mozambique is 

different from each region, it may also make up to 2 to 2.5˚C by 2050 and 5 to 6˚C by 
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2090. The rainfall is variable, the drought more severe in the dry season, and the rainfall 

much higher in the rainy season. The flood risk will increase notably in the southern 

regions. The central regions will have the heaviest impact due to the intense cyclones 

and rise of sea level. 

 

C) Increasing Flood Inflow in International Rivers 

Mozambique shares 9 international rivers with neighboring countries, and their basins 

within Mozambique cover around 50% of Mozambican territory. All of them (except for 

the Rovuma River) have inflows from other countries into Mozambique located 

downstream of rivers and affect Mozambique with floods from neighboring countries. 

The development of water resources is a major policy to handle the water demand 

increased by population growth and industrial development. Therefore, it is forecasted 

that the neighboring countries will construct water resources facilities in international 

rivers to secure more water resources. The neighboring countries upstream are likely 

to discharge the large volume of water at dam without consideration of safety for 

downstream region when the flood occurs due to climate changes that the short-term 

intensive rainfalls increased. Thus, it is forecasted that the possibility of floods of 

Mozambique will increase. Thus, the joint watercourse community shall control the 

international rivers in the rainy season with the mutual agreement in order to solve the 

flood matters based on international cases. 

 

D) Increasing Potential Flood Damages 

Although very large rainfalls and abnormal floods have occurred frequently, the 

topography of river basin has been changed by urbanization using the lands near the 

rivers for production activity and human life. This change relatively increases the 

vulnerability for floods. 

The vulnerability to floods increases because the lands near the rivers are used more 

and more for urbanization and industrialization and the high-density development 

contributes for population concentration. The development of lands near the rivers for 

agriculture causes flood damages. Also, the flood damage potential has increased, 

because the cities grow along the river side. 

Also, it is predicted that vulnerable population for flood damage, younger than 5 years 

or older than 70 years, increase rapidly, because the rate of aging population increases 

by the improvement of life environment. Therefore, the comprehensive analysis for 
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flood control using Risk Management Techniques is requested in terms of the 

vulnerable elements to floods such as urbanization, industrialization, vulnerable 

population, etc. 

4.5.4 Flood Risk Assessment 

A) Definition of Flood Risk 

The flood risk index in the entire area of Mozambique will be assessed to establish a 

plan for flood mitigation. The flood risk index, a new concept for evaluation method of 

flood control from Korea, is a composite index that analyzes the regional flood 

characteristics and differentiates the measures of flood control by region.  

If the flood risk index is applied to the whole area of Mozambique, it would contribute 

to the regional distribution of relative flood risk and is helpful to establish the policy in 

regions that need flood protection measure preferentially. Its concept is shown in the 

following figure.  

 
<Figure 4.5-24> Basic concept of flood risk 

For the flood risk index, the climatic vulnerability is assessed through analysis of 

meteorological characteristics and then the hydro-geological, socio-economic and flood 
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protection vulnerabilities are assessed. The damage scale and occurrence probability 

for past floods are also reflected in the regional flood risk assessment. 

The 4 components of flood risk assessment are as stated below. 

-Climatic Vulnerability Component 

·Frequency of extreme rainfall event, frequency of daily rainfall event 

-Hydro-Geological Vulnerability Component 

·Flood risk area, flood damage scale, impermeability, watershed slope 

-Socio-Economic Vulnerability Component 

·Population density, financial independence rate, dependent population rate 

-Flood-Protection Vulnerability Component 

·Existence of flood mitigation facilities such as levee, dam, and etc. 

 

The flood risk index is evaluated by classification from 1(very safe) to 5 (very 

dangerous) resulting from the vulnerability analysis. The distribution of flood risk by 

district is presented as shown in the following table:  

<Table 4.5-4> Flood risk grade & countermeasure 

Grade 
Score of  
flood risk  

Countermeasures 
Distribution of flood risk 

in Korea (example) 

5 
(very 

dangerous) 
81~100 

Urgent implementation for large-scale 
structural & non-structural measures 
(dam, levee, river improvement, etc.) 

4 
(dangerous) 

61~80 

Simultaneous implementation for 
structural & non-structural measures 
(levee, river improvement, resident 

migration, flood warning, etc.) 

3 
(normal) 

41~60 
Implementation mainly for non-structural 

measures 
(flood warning, land use limitation, etc.) 

2 
(safe) 

21~40 

Eco-friendly watershed measures and 
associated management 

(eco-friendly flood management such as 
detention pond, wetlands, etc.) 

1 
(very safe) 

0~20 Unnecessary 

The hazard and the vulnerability are elements that should be considered at the same 

time to assess safety for some regions. The hazard analysis is to assess the scale and 

range of external force to cause damages in some regions, while the vulnerability 

Analysis is to assess the strength and weakness against external force in the regions, 
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with the decided scale and range of hazard. Questions like how often and how big 

damage has been occurred, are past-oriented and the questions, like which elements 

are mostly affected by the damages and which elements aggravate damages, are 

future-oriented. 

The flood risk assessment is performed for both hazard and vulnerability 

simultaneously. This method is useful to repeatedly assess the damages continually, 

despite establishment of structural measures due to recent climate changes and has 

been studied a lot recently. On the other hand, the flood risk assessment is a process 

to prevent the flood risk and respond to it by figuring out the regional strength and 

weakness against present and future disasters based on past damages. 

The detailed hydrological quantities, like the design flood, at the major places in any 

river will not be computed in this master plan, because the objective of this master plan 

for water resources management is a guideline of long-term policy for the nationwide 

river basins. DNGRH need to compute the detailed hydrological quantities when the 

study or plan is performed for a certain river. 

 

B) Assessment Indicators & Assumptions 

As previously mentioned, the flood risk is assessed for 4 kinds of components namely 

the climatic vulnerability, hydro-geological vulnerability, socio-economic vulnerability 

and flood protection vulnerability. 

The data for flood risk Assessment are defined in Table 4.5-5 The past flood damages 

are shown on the flood inundation map from INGC and the flood damage data of 

DesInventar (Disaster Information Management System, http://www.desinventar.net). 

The DesInventar has been operated by support of UNISDR (United Nations Office for 

Disaster Risk Reduction) and UNDP (United Nations Development Programme). It has 

provided information on the damages to humans, houses, crops, etc. by district through 

the data for flood damage of INGC, etc. from 1979 to 2012 in Mozambique. 

Against the flood risk, the vulnerability is assessed in terms of population density and 

dependent population rate. For the one, the population density by district was computed 

with population by area in data of INE. For the other one, the dependent population 

means socially disadvantaged person needing help, who are less than 5 years old and 

more than 70 years old. The economic vulnerability is shortage of financial 

independence that is judged for the budget amount of each province. 
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Flood vulnerability by district depends on the circumstance that a dam does not exist 

upstream of an applicable river. 

The climatic vulnerability is assessed for abnormal flood, and it depends on the 

rainfalls more than 80mm a day that may be considered extreme rainfall event. The 

climatic vulnerability is also assessed with the statistical data for cyclone damages of 

INAM, because Mozambique has many floods by cyclone. 

In Korea, the impervious surface and the slope of a river basin are another element 

for flood risk assessment. However, only two cities, Maputo and Beira, have the 

attribute information for impervious area. Therefore, the impervious area cannot be 

included for the flood risk assessment in Mozambique. Also, the steeper slope of river 

basin is the faster concentration time of runoff. That is the slope of a river basin causes 

floods more often and flood risk is high in Korea. However, Mozambique has vast flat 

land as geographical characteristics. Despite its mild slope, the flood risk is high 

because the flooding area is expanded easily due to poor drainage. So, the basin slope 

is not also included for the flood risk assessment:  

<Table 4.5-5> Data analysis for flood risk assessment 

Component Element Assessment 
Unit Attribution of data 

Hydro- 
geological 

Vulnerability 

Flood hazard zone Flood area 
(District) 

· Flood inundation maps of INGC 
· History of previous flooding area 

Flood damage scale District 

· Flood damage data in DesInventar collecting 
data of INGC 
(Deaths, Missing, Victims, Affected, Houses 
Destroyed, Houses Damaged, Damages in crops 
Ha data by district) 

Socio- 
economic 

Vulnerability 

Population density District · Statistical data of INE 

Financial 
independence rate Province 

· Financial budget by province 
(República de Moçambique Ministério da 
Economia e Finanças SISTAFE) 

Dependent 
population rate District 

· Statistical data of INE by District 
(Population less than 5 years old & more than 70 
years old among total) 

Flood 
protection 

Vulnerability 
Dam District · Whether a dam does not exist on the upstream 

Climatic 
Vulnerability 

Frequency of extreme 
rainfall event District 

· Times of rainfall more than 80mm at a station a 
day 
· Distributing rainfall by district using Thiessen 
weighting factor 

Cyclone damage District · Statistical data for Cyclone damage of INAM 

C) Methodology 

As seen in <Figure 4.5-22>, a flood risk assessment covering the whole parts of 

Mozambique was performed by assessing the flood risk factors of each of the 10 

districts against the given assessment indicators:  
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<Figure 4.5-25> Calculation of flood risk index 

In formula, C means climatic vulnerability, S means the socio-economic vulnerability, 

G means hydro-geological vulnerability and P means flood protection vulnerability. The 

flood risk index is calculated by each vulnerability index. The flood risk is divided by 5 

grades from very safe to very dangerous and the counter measures by each grade are 

generally defined. The flood risk index by each vulnerability is standardized through 

converting into 0~1 using cumulative normal distribution function by district.  

The normal distribution is a bell-shaped probability distribution and has the highest 

occurrence probability in mean value. The further away from mean value a variable is, 

the less the occurrence probability is. The distributions occurring in social and natural 

phenomenon are similar to the normal distribution mainly. The formulas for probability 

density function (PDF) and cumulative probability distribution function (CDF) of normal 

distribution are as shown below:  

 ( ) = √ − ( )
: PDF for normal distribution ( ) = √ − ( )

: CDF for normal distribution 

 

In formula, μ = E(X) : the mean of distribution, = ( ) : the variance of 

distribution 

The shape of normal distribution is decided variously by mean(−∞ < μ < ∞) and 

variance(0 < < ∞). The larger the value of μ is, the more to the right the center of 

distribution is. The larger the value of is, the more scattered widely around the mean 

value the distribution is. 

The final flood risk index by district is converted into the score of 0 to 100 from 

standardized score of 0 to 1. The index score contains the standardized score weighted 

for 4 components namely hydro-geological, socio-economic, Climatic, and flood 
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protection. The score of 81 or more as flood risk index by district belongs to the grade 

of "Very Dangerous". 

 

D) Results  

The results of flood risk assessment by district are shown in <Figure 4.5-23> and 

<Table 4.5-6>. 

As indicated in <Figure 4.5-23>, it is emphasized that the capital city Maputo, the 

northern part of Maputo Province, the southern part of Gaza, the eastern part of Sofala 

Province and the eastern part of Zambezia Province are extremely dangerous against 

floods. The very high hydro-geological vulnerability of these regions is that floods 

occurred and frequently caused damages in the past, namely in the Maputo, Umbeluzi, 

Incomati, Zambeze and Licungo Rivers. Buzi District in Sofala Province had a bigger 

flood area and high cyclone damages due to very high hydro-geological and climatic 

vulnerability. Beira City of Sofala Province is an extremely dangerous region like Buzi 

District, with high climatic vulnerability due to big damage by cyclone and high socio-

economic vulnerability due to large population density. It is evaluated that Tete, 

Nampula, Cabo Delgado and Niassa Provinces are safe for floods than other provinces, 

because these provinces generally have small scale for flood damages relatively and 

low climatic vulnerability for extreme rainfall. However, it should be considered that the 

evaluation results can be different from the phenomenon of real flood, because this 

evaluation is based on the limitation of data in terms of their quantity and quality. When 

flood risk will reassess later based accumulated data with high quality, the results on 

the flood risk will have higher reliability.  
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<Figure 4.5-26> Distribution of flood risks 
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<Table 4.5-6> Flood risk index by district 

Province / 
City District Flood 

risk Grade Damage 
order 

Province / 
City District Flood 

risk Grade Damage 
order 

Niassa 

Cidade de Lichinga 20 2 108 

Nampula 

Ilha de 
Moçambique 28 2 91 

Cuamba 71 4 37 Lalaua 14 1 129 

Lago 17 1 120 Malema 63 4 47 

Lichinga 20 2 106 Meconta 15 1 127 

Majune 17 1 121 Mecuburi 13 1 135 

Mandimba 49 3 59 Memba 29 2 89 

Marrupa 17 1 122 Mogincual 38 2 77 

Maúa 22 2 103 Mogovolas 71 4 38 

Mavago 10 1 140 Moma 82 5 27 

Mecanhelas 50 3 57 Monapo 23 2 101 

Mecula 14 1 133 Mossuril 23 2 102 

Metarica 28 2 93 Muecate 8 1 142 

Muembe 11 1 138 Murrupula 25 2 97 

N'gauma 17 1 119 Cidade de Nacala-
Porto 13 1 136 

Nipepe 18 1 116 Nacala-Velha 19 1 112 

Sanga 14 1 132 Nacaroa 17 1 124 

Cabo 
Delgado 

Cidade de Pemba 37 2 79 Rapale-Nampula 11 1 139 

Ancuabe 18 1 114 Ribaue 20 1 109 

Balama 21 2 104 

Zambezia 

Cidade de 
Quelimane 42 3 70 

Chiúre 34 2 82 Alto Molocué 43 3 68 

Ibo 11 1 137 Chinde 90 5 15 

Macomia 36 2 80 Gilé 56 3 50 

Mecufi 35 2 81 Gurué 29 2 90 

Meluco 14 1 128 Ile 54 3 52 

Mocimboa da Praia 18 1 115 Inhassunge 69 4 41 

Montepuez 38 2 75 Lugela 82 5 29 

Mueda 20 2 105 Maganja da Costa 99 5 5 

Muidumbe 20 1 110 Milange 38 2 76 

Namuno 19 1 111 Mocuba 84 5 22 

Nangade 19 1 113 Mopeia 98 5 8 

Palma 15 1 126 Morrumbala 97 5 9 

Pemba-Metuge 33 2 83 Namacurra 88 5 17 

Quissanga 14 1 131 Namarró 42 3 71 

Nampula 

Cidade de 
Nampula 18 1 118 Nicoadala 92 5 13 

Angoche 78 4 31 Pebane 76 4 32 

Namapa-Erati 25 2 98 Tete Cidade de Tete 17 1 123 
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<Table 4.5-6> (continued) 

Province / 
City 

District 
Flood 
risk 

Grade 
Damage 

order 
Province / 

City 
District 

Flood 
risk 

Grade 
Damage 

order 

Tete 

Angónia 20 2 107 

Inhambane 

Cidade de 
Inhambane 47 3 63 

Cahora-Bassa 10 1 141 Funhalouro 40 2 72 

Changara 62 4 48 Govuro 93 5 12 

Chifunde 28 2 92 Homoine 58 3 49 

Chiuta 27 2 96 Inharrime 68 4 43 

Macanga 17 1 125 Inhassoro 51 3 56 

Magoe 24 2 100 Jangamo 52 3 55 

Maravia 14 1 134 Mabote 39 2 73 

Moatize 45 3 66 Massinga 81 5 30 

Mutarara 83 5 26 Cidade de Maxixe 52 3 54 

Tsangano 18 1 117 Morrumbene 70 4 39 

Zumbo 31 2 86 Panda 43 3 69 

Manica 

Cidade de Chimoio 39 2 74 Vilankulo 95 5 11 

Barué 46 3 64 Zavala 44 3 67 

Gondola 27 2 94 

Gaza 

Cidade de Xai-Xai 67 4 44 

Guro 14 1 130 Bilene-Macia 97 5 10 

Machaze 54 3 51 Chibuto 99 5 3 

Macossa 25 2 99 Chicualacuala 50 3 58 

Manica 32 2 85 Chigubo 27 2 95 

Mossurize 67 4 45 Chókwè 100 5 1 

Sussundenga 68 4 42 Guijá 83 5 25 

Tambara 53 3 53 Mabalane 70 4 40 

Sofala 

Cidade de Beira 90 5 16 Manjacaze 82 5 28 

Buzi 100 5 2 Massangena 46 3 65 

Caia 83 5 24 Massingir 30 2 87 

Chemba 75 4 34 Xai-Xai 98 5 6 

Cheringoma 75 4 33 

Maputo 

Cidade da Matola 84 5 23 

Chibabava 84 5 21 Boane 49 3 61 

Dondo 87 5 18 Magude 87 5 20 

Gorongosa 37 2 78 Manhiça 98 5 7 

Machanga 92 5 14 Marracuene 63 4 46 

Maringue 33 2 84 Matutuíne 72 4 35 

Marromeu 87 5 19 Moamba 49 3 60 

Muanza 30 2 88 Namaacha 47 3 62 

Nhamatanda 99 5 4 Cidade de Maputo 71 4 36 
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4.6 Status of Electricity Industry 

4.6.1 Structure & Status of National Electricity Industry 

In Mozambique, 90% of electricity supply comes from hydropower generation, which 

indicates that it has high hydropower potential (standing at 19GW in terms of installed 

capacity). Most of hydro-electricity supplied in Mozambique is generated by Cahora 

Bassa Dam located in Tete Municipality in the northwestern region. The installed 

capacity of the dam is 2,075MW. 1,608MW of electricity was generated in 2015, 

recording a net profit of 4.2 billion metical (approximately 71.6 million dollars). Out of 

electricity generated from the dam, 74% is exported to South Africa. As of 2014, only 

2,100MW of hydropower potential presumably owned by Mozambique has been 

developed, and the government has been continuously expanding and developing its 

hydropower capacity.  

Mozambique reportedly hold approximately 187TCF (Trillion Cubic Feet) of natural 

gas in Rovuma Basin of the northeastern region, and it will be exploited in earnest from 

2021. In 2015, the natural gas-fired power plant in Ressano Garcia started to generate 

132MW of electricity, and its generation is expected to reach 200MW in 2025.  

Mozambique’s total coal production is estimated at 7.67 million tons for the year 2015, 

and is expected to increase to 9.5 million tons by 2020. Due to a decrease in the 

international coal prices in 2015, two ongoing coal-fired power plant projects (1500MW) 

have been delayed.  

The annual solar insolation amounts to 1.785~2.206kWh/m2 in the country whose 

solar PV power potential stands at 23,000MW. Average wind speed is 7m/s in the 

southern region that has 1,100MW of wind power potential. Lands available to produce 

biomass and biofuel is reported to reach over 30 million ha.  

Despite such rich energy resources and Electricity of Mozambique, EDM’s active 

efforts to expand electricity supply, only 26% of the total population benefit from 

electricity supply services, which indicates an urgent expansion of electricity supply 

capacity. EDM has been supplying electricity to 120,000 new customers annually from 

2007, and has extended its grid to 146 districts by 2015. Given the average growth rate, 

it is expected that it can supply electricity to 50% of the total population by 2023. 
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A) Structure of Electricity Industry 

The electricity industry in Mozambique has been developed by government entities 

and independent power producers (IPPs), mainly led by Electricidade de Mocambique 

(EDM), Hidroelectrica de Cahora Bassa (HCB), and Moz Transmission Company 

(MOTRACO). EDM, as a government-owned electricity provider, is responsible for all 

the production, transmission and distribution, and commercialization of electricity 

produced domestically. HCB is a joint venture owned by Mozambique (85%) and 

Portugal (15%), and operates Cahora Bassa Dam as an IPP. MOTRACO produces 

electricity, and one third of the electricity is consumed in Mozambique, and the 

remaining portion is exported to South Africa and Swaziland. Major energy-related 

institutions in Mozambique and their functions are as follows.  

1) Institutional stakeholders (government entities) 

a. Ministry of Mineral Resources and Energy (MIREME) 

The Ministry of Mineral Resources and Energy (MIREME) is responsible for 

developing national plans and policies related to energy and mineral resources. It 

oversees the energy mix of the country, and controls areas related to resources such 

as oil, natural gas, refined products and coal.  

b. National Directorate of Energy(DNE) 

The National Directorate of Energy (DNE), as an organization under MIREME, is 

responsible for enacting, implementing and developing electricity policies, developing 

& implementing projects, and establishing & managing energy-related policies. DNE 

also handles areas associated with rural electrification. The Technical Unit for 

Implementation of Hydropower Projects (UTIP) under MIREME is in charge of the 

development of hydropower projects.  

c. The Conselho Nacional de Electricidade (CNELEC) 

After the Conselho Nacional de Electricidade (CNELEC) was closed once, it was re-

established as a consultative body for the electricity market in 2008 as a part of the 

Energy Reform and Access Project (ERAP) funded by the World Bank. Its main tasks 

include evaluating the performance of EDM and setting electricity tariffs.  
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d. The Fundo Nacional de Energia (FUNAE) 

The Fundo Nacional de Energia (FUNAE) was established in 1997 in an effort to 

expand rural electrification and to advance energy supply services. Its vision is to 

secure both economic and social development through energy supply, and has been 

focusing on projects to expand electrification by supplying renewable energy to schools 

and clinics. The biggest difference between FUNAE and EDM is that FUNAE focuses 

on off-grid electrification.  

e. Electricidade de Mocambique(EDM)  

The Electricidate de Mocambique (EDM), as a government agency under MIREME, 

is responsible for generating, transmitting and distributing electricity through the 

national power grid, and overseeing IPPs. EDM buys about 400MW of electricity from 

HCB.  

2) Independent Power Producers (IPPs) 

The private sector in Mozambique has been broadly engaged in projects to expand 

the national power grid. In particular, the Mozambican government promotes the 

participation of independent power producers (IPPs), and thus IPPs such as HCB, 

Aggreko, Petromoc and MGC account for over 90% of electric power generation in 

Mozambique.  

a. Hidroelectrica de Cahora Bassa(HCB) 

Hidroelectrica de Cahora Bassa (HCB), as one of the independent power producers, 

is owned by the Mozambican government (85%), Companhia Electrica do Zambeze 

(CEZA, 7.5%), and Redes Energeticas Mozambique Nacionais (REN, 7.5%) in Portugal. 

HCB operates Cahora Bassa Dam with 2,075MW in installed capacity, and sells 

electricity to Electricity Supply Commission (ESKOM) in South Africa, EDM in 

Mozambique, and ZESA in Zimbabwe.  

b. Moz Transmission Company (MOTRACO) 

Moz Transmission Company (MOTRACO) is an independent transmission company 

(ITC) owned by EDM, ESKOM and SEB (Swaziland Electricity Board) (33.33% each), 

and operates and manages a 400kV network system. MOTRACO supplies electricity 

to the Mozal aluminium smelter located in Maputo, Mozambique.  



 

4-202 

 

<Figure 4.6-1> Structure of the electricity industry 

B) Electricity Consumers 

Consumers of electricity generated and supplied through the national power grid in 

Mozambique can be divided into the following three groups.  

 Low voltage consumers: Residents and businesses in Mozambique  

 Medium and high voltage consumers: Industries in Mozambique supported by 

EDM and MOTRACO 

 Southern Africa Power Pool (SAPP) and South Africa’s markets  
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<Figure 4.6-2> Structure of electricity supply 

※ Source: EDM Annual Report 2015 
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C) Status of Electricity Industry 

1) Power plants 

Cahora Bassa Dam, one of the largest hydroelectric power dams in Africa, has an 

installed capacity of 2,075MW, and supplies electricity to Mozambique, South Africa, 

Zimbabwe, Botswana and the Southern African Power Pool (SAPP).  

Most of the dams owned by EDM were built four decades ago, and their 

decrepit structures & facilities have not been properly maintained with no proper actions 

taken over the past two decades. For this reason, its capacity available to generate 

electricity is lower than 60% of its installed capacity, reaching as low as 117MW. EDM’s 

ongoing projects include the rehabilitation of Chicamba and Mavuzi Power Plants worth 

of USD 120 million. Initiated in 2013, this project was scheduled to be completed by the 

end of 2016. But the construction has not been completed as of now in 2017. Mavuzi 

Power Plant (built in the 1950s) and Chicamba Power Plant (built in 1968) are so aged 

that they can no longer function properly, and thus are planned to have an additional 

total of 17MW capacity through their rehabilitation. Temane Power Plant (built in 

February 2016) is the first gas-fired power plant as ever built in Mozambique, and 

electricity generated by the power plant is sold through EDM. The cost of electricity 

generated from Cahora Bassa Dam is 40% lower than that of re-importing electricity 

from South Africa. This suggests that electricity can be supplied to 24% of Southern 

Mozambique (with the aluminium smelter in Mozal excluded). 

Recently, Mozambique added two power plants to the power grid (i.e., 100MW from 

Gigawatt MZB and 175MW from Central Termoeletrica de Ressano Garcia (CTRG)) 

with the involvement of the IPPs.  

 

<Figure 4.6-3> Status view of a hydroelectric power plant  
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<Table 4.6-1> Power plants 

Power plant Type 
Installed 

capacity (MW) 
Capacity available to 

EDM (MW) 
Owner 

HCB Cahora Bassa Firm Hydro 

2,075 

200 HCB 

HCB Cahora Bassa Non-firm Hydro 300 HCB 

Corumana Hydro 16.6 16.0 EDM 

Chicamba Hydro 38.4 38.0 EDM 

Mavuzi Hydro 52.0 36.0 EDM 

Cuamba Hydro 1.1 0.9 EDM 

Lichinga Hydro 0.7 0.5 EDM 

GTG1 Maputo Jet A1 17.0 0 EDM 

GTG2 Maputo Diesel 36.0 0 EDM 

GTG3 Maputo Diesel 24.0 0 EDM 

GTG Beira Diesel 14.0 14 EDM 

Thermal Temane Gas 11.2 11.2 EDM 

Gigawatt MZB Gas 100 100 IPP 

Central Termoeletrica de 
Ressano Garcia (CTRG) 

Gas 175 175 
IPP  

(Sasol and EDM) 

Sub-total  2,561 892  

Aggreko 1 Gas 15 15 Temporary IPP 

Aggreko 2 Gas 32 32 Temporary IPP 

Aggreko (Nacala) Diesel 18 18 Temporary IPP 

Sub-total  65 65  

Grand total  2,626 957  

※ Source: http://www.edm.co.mz, http://www.africa-eu-renewables.org/ 
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2) Transmission lines (T/Ls) 

Mozambique operates a total of 5,249km of the transmission grid, which functions to 

supply electricity to 146 districts. According to the report released by EDM, around 26% 

of the total population is connected to the national power grid, and about 120,000 new 

customers are added annually to it. EDM is responsible for its expansion and operation.  

The transmission grid of the country covers three different regions: northern, central 

and southern regions. In the northern region, electricity is transmitted over 1,000km 

from Songo Substation through 220kV transmission lines to Nampula, and then from 

Nampula through 110kV transmission lines to Nacala. A separate 220kV system 

(operated at 110kV) extends from Tete to be linked to Chibata in the central region. In 

the central region, a 110kV system connects the hydropower stations at Chicamba and 

Mavuzi with the Beira-Manica corridor. In the southern region, a 110kV system extends 

from Maputo to XaiXai, Chokwe and Inhambane, and a 275kV line is linked from 

Maputo to Komatipoort, South Africa, which is connected to ESKOM, a South African 

power utility:  

 

<Figure 4.6-4> T/Ls (transmission lines) by power utility 

<Table 4.6-2> T/Ls (transmission lines) by region 

Region 400/330kV 275kV 220kV 110kV 66kV Total 

Sul 0 117 0 593 306 1,016 

Centro 0 0 320 603 194 1,117 

Centro-Norte 125 0 1,436 256 0 1,817 

Norte 0 0 0 1,299 0 1,299 

Total 125km 117km 1,756km 2,751km 500km 5,249km 

※ Source: http://www.edm.co.mz  
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<Figure 4.6-5> National power grid 

※ Source: EDM 
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3) Electricity production 

In Mozambique, domestic electricity supply is managed by EDM. Its national 

electricity production totals up 6,085GWh in 2015, out of which only 158GWh was 

generated by EDM in the same year, and 4,599GWh and 1,229GWh by HCB and IPPs, 

respectively, and the remaining 98GWh was imported as seen in the following table:  

<Table 4.6-3> Yearly electricity production & supply                       (Unit : GWh) 

Item 2011 2012 2013 2014 2015 

Generated by EDM 389 263 251 318 158 

Purchased from HCB 3,549 3,874 4,084 4,351 4,599 

Imported 87 84 109 190 99 

Generated by IPPs - 30 95 102 1,229 

Total 4,025 4,251 4,539 4,962 6,085 

Exported 669 329 260 160 862 
Electricity available for 

domestic supply 
3,356 3,922 4,278 4,802 5,222 

Transmission loss 190 184 240 310 371 

Sold to special customers 122 253 310 371 351 
Electricity available for 
domestic distribution 

3,044 3,450 3,728 4,120 4,500 

※ Source: EDM Annual Report 

<Figure 4.6-6> shows the proportion of IPPs in electricity supply from 1955 to 2015. 

In the past, EDM (thermal) covered the majority of electricity supply. However, ever 

since Cahora Bassa Dam was built, HCB (hydro) has become the biggest electricity 

supplier. It is also notable that the proportion of IPPs (except for HCB) in electricity 

supply has been on the gradual increase since 2010: 

 

<Figure 4.6-6> Proportion of IPPs in electricity supply 

※ Source: EDM Annual Report 2015 
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4) Electricity tariffs 

As of June 2017, electricity tariffs set by EDM are divided differently among different 

types of consumers, and among different types of voltages (i.e., low, medium and high 

voltages). All consumers should bear the unit cost of electricity sold plus the base 

charge of electricity sold, which is considered as fixed cost.  

As indicated in <Table 4.6-4>, low-voltage tariffs are divided into social tariff for low-

income households, residential tariff, agro-tariff, and commercial tariff. The tariffs vary 

depending on the recorded consumption volume of each consumer group. Those who 

benefit from the social tariff need to install an electric meter called “CREDELEC 

(Prepaid Electric Energy System),” and are not allowed to use electricity over 100kWh 

monthly. Electricity available to them is limited to 5 amp current: 

<Table 4.6-4> Tariffs set for low-voltage electricity 

Consumption 
(kWh) 

Tariffs set for low-voltage electricity (MZN/kWh) Base charge 
(MZN) Social Residential Agro Commercial 

0 ~ 100 1.07     

0 ~ 300  4.04 3.40 5.80 152.37 

301 ~ 500  5.72 4.84 8.29 152.37 

≥500  6.00 5.30 9.07 152.97 

Advance 
payment 

1.07 5.14 4.71 8.30  

※ Source: http://www.edm.co.mz (large-scale consumers of low-voltage electricity excluded) 

Not subject to the tariff system as described above, large-scale consumers of 

electricity and consumers of medium- and high-voltage electricity are subject to the 

tariff system as specified in <Table 4.6-5>. However, the tariffs applicable to the large-

scale consumers are negotiable. They all are mandated to bear the additional power 

distribution fee, respectively (i.e., 191.54MZN for consumers of low-voltage electricity, 

and 889.05MZN for consumers of high-voltage electricity): 
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<Table 4.6-5> Tariffs applicable to large-scale consumers of electricity & consumers of 

MV* & HV* electricity 

Consumer 

Tariffs applicable to large-scale consumers 
(MZN/kWh) Base charge 

(MZN) 
Energy Power 

Large-scale consumers of LV* 
electricity 

3.13 240.79 446.13 

Consumers of MV* electricity 2.78 289.47 2,094.07 

Agro-consumers of MV* electricity 1.93 221.99 2,094.07 

Consumers of HV* electricity 2.66 340.18 2,094.07 

* LV: Low-voltage; MV: Medium-voltage; HV: High-voltage 

※ Source: http://www.edm.co.mz 

 

4.6.2 Present & Future Electricity Supply 

A) Present Electricity Supply 

As of 2015, electricity is supplied to 146 districts in Mozambique, 2.5 times more than 

the corresponding figure (i.e., 55 districts) in 2005. However, only 26% of the population 

is connected to the power grid for necessitate the enhancement of electrification. The 

number of serviced customers is approximately 1.45 million as of 2015, and about 

120,000 new connections have been added annually over the recent five years. Based 

on these trends, it is expected that electricity can be supplied to over 50% of the total 

population by 2023. 

The Mozambican government is planning the implementation of an electrification 

project to supply electricity to about 9,000 households in 28 villages of Cabo Delgado 

Province by 2017. The monetary scale of the project amounts to some USD 9 million. 

With this project, the government expects that 61km of medium-voltage cables and 

73km of low-voltage cables will be installed:  
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<Figure 4.6-7> The number of customers & new connection´s growth 

※ Source: EDM Annual Report 2015 

The electrification rate of Mozambique has gradually increased annually, from 5% in 

2001 to 26% in 2015. EDM accounts for only 3% of total electricity supply in 

Mozambique. 

 

<Figure 4.6-8> Electrification rate trends 

※ Source: EDM Annual Report 2015 
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B) Present Electricity Demand 

The demand for electricity in Mozambique has been increasing by over 11% annually 

over the past decade, which is attributable to its high growth rate driven by the 

development of minerals and resources, and the demand is expected to continue to 

grow steadily:  

 

<Figure 4.6-9> Present electricity demand 

※ Source: EDM 

As of 2015, the northern region (especially, the capital area) accounts for 50% of the 

demand for electricity generated by EDM:  

 

<Figure 4.6-10> Proportion of electricity demand by sector 
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C) Future Electricity Demand 

As of 2017, EDM is developing a master plan for electricity supply, and the report is 

expected to be completed by the end of 2017. The interim report of the master plan 

contains the electricity demand forecasts. In the report, forecasts were calculated under 

three scenarios (low, base and high cases) and by consumer type (general customers, 

medium-large customers, and special customers). The scenarios used to calculate the 

forecasts are as shown in <Table 4.6-6>:  

 

<Table 4.6-6> Future electricity demand scenarios 

Scenario General customers 
Medium-Large 

customers 
Special customers 

High Case 
GDP +1% of the Base Case 

Population: INE 

GDP +1% of the Base 
Case 

Population: INE 

· Add-up for 5 years 
(2016-2020) 

· Constant increase 
using 5 years average 
increase (2016-2020) 

Base Case 
GDP Growth rate: 7.38% 

Population: INE 
GDP Growth rate: 7.38% 

Population: INE 

Low Case 
GDP -1% of the Base Case 

Population: INE 

GDP -1% of the Base 
Case 

Population: INE 

※ Source: Project for National Power System Development Master Plan Study in The Republic of 

Mozambique, 2nd Seminar Demand Forecast, JERA Co., Inc. 

 

Under the scenarios above, EDM forecast future electricity demand. As a result, total 

electricity demand is expected to reach 35,444GWh by 2042 under the base case with 

an annual average growth rate (AAGR) of 8.58% applied:  
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Category 2010 2015 2020 2030 

General Customers 1,168 2,121 3,534 7,478 

M-L Customers 938 1,436 2,212 4,376 

Special Customers 96 351 2,215 5,945 

Total 2,202 3,908 7,962 17,800 

<Figure 4.6-11> Future electricity demand 

※ Source: Project for National Power System Development Master Plan Study in The Republic of 

Mozambique, 2nd Seminar Demand Forecast, JERA Co., Inc. 

In addition, EDM also released data on peak power demand, which is expected to 

increase from 875MW in 2015 to 6,772MW in 2042. In the interim report for the “Project 

for National Power System Development Master Plan Study in The Republic of 

Mozambique,” plans to add new power plants were laid out to meet increasing demand, 

including the following hydropower projects: Mphanda Nkuwa (1,500MW) in 2024, 

Cahora Bassa North (1,245MW) in 2029, and Lupata (650MW) and Boroma (200MW) 

in 2033.  

D) Electricity Supply Plan 

EDM developed the Country's National Power Grid and Distribution Master Plan with 

the aim of supplying electricity to 15% of the total population by 2020, and the goal was 

already achieved in 2010.  

There are some obstacles to expanding electrification in Mozambique. First, costs for 

supplying electricity to the entire population are very high due to its broad territory and 

dispersed residential areas. Second, HCB should export electricity to ESKOM in South 
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Africa first, and re-import the electricity from Eskom at a higher price to supply electricity 

to the southern region of Mozambique. In addition, dispatch centers are far apart, which 

causes a significant amount of power loss.  

1) Additional construction of power plants 

The expansion of the national power grid in Mozambique can directly affect the 

economic development of SADC member countries. The ever-increasing demand for 

electricity both in Mozambique and South Africa, one of the major importing countries 

of electricity generated in Mozambique, requires adding more capacity to generate 

electricity, and the current shortage of electricity supply in SADC member countries is 

5,000MW. Therefore, expanding the power grid and building new power plants have 

tremendous implications from perspectives of technology, finance, and national and 

regional security. Against this background, the Mozambican government is planning to 

build new power plants, and actively attracting foreign investments.  

According to the “Republic of Mozambique Energy Sector Policy Note” released by 

the World Bank in November 2015, the Mozambican government is expected to expand 

its installed capacity to 3,138MW by 2022, and 4,163MW by 2030. Under this scenario, 

it’s expected that IPPs will constitute the largest power utility group.  

<Table 4.6-7> Priority power plant projects 

Power plant 
Installed capacity 

(MW) 
Generation type 

Gigawatt Thermal Power Plant (Kuvaninga) 40 Gas 

Kuvaninga Chockwe Thermal Power Plant 40 Gas 

Mocuba Solar Plant 40 Solar PV 

Metoro Solar Plant 30 Solar PV 

Maputo Thermal Power Plant 100 Gas 

Temane Thermal Power Plant 400 Gas 

Nacala Thermal Power Plant (Emergency) 40 Duel Fuel 

Nacala Thermal Power Plant 200 Coal 

Tete (Moatize) Thermal Power Plant 1,200 Coal 

Tete (Jindal) Thermal Power Plant 150 Coal 

Tete (Ncondezi) Thermal Power Plant 300 Coal 

Mphanda Nkuwa 1,500 Hydro 

Cahora Bassa North 1,245 Hydro 

※ Source: EDM, Presentation to ESWG, March 2016 
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In the mid to long term, Mozambique is expected to construct additional power plants 

with an installed capacity of 3,000MW. The projects that have been discussed most 

concretely to do so include the Mphanda Nkuwa 1,500MW project and the Cahora 

Bassa 1,245MW project. In addition to this, Mozambique is also developing measures 

to utilize fossil fuels such as natural gas and coal for its economic development. No 

coal-fired power plant has been built yet, but the construction of a 2GW power plant is 

planned as of now. It is also planning to additionally secure up to 1,400MW of capacity 

using natural gas in the mid to long term.  

2) Expansion of T/Ls 

The Mozambican government intends to further expand the national transmission 

and distribution grid, and plans to add 3,100MW of transmission capacity by 2020 with 

the implementation of the “Backbone” project. The Backbone Project aims at 

overhauling its current largest grid connected to South Africa by building a new 

transmission grid that will cross the center of the country. Once the project’s been 

completed, electricity production potential is expected to reach over 9,200MW.  

 

<Figure 4.6-12> Planned expansion of T/Ls 

※ Source: EDM 

EDM is developing the Backbone Project in cooperation with key partners, and signed 

a joint development agreement (JDA) with them in April 2013. An environmental and 

social impact assessment (ESIA) was completed along with the relocation planning 

framework (RPF), and the results of the ESIA were approved by the Ministry for the 
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Ministry for Land, Environment and Rural Development (MITADER). Currently 

incorporated as a legal entity, the Backbone Project is fully owned by EDM, which is 

preparing to establish an STE SPV with supports from the World Bank. STE partners 

include ESKOM, EDF, Eletrobras and REN.  

<Table 4.6-8> Development plan (Backbone Project) 

□ Backbone Project Phase 1  
HVAC (High Voltage Alternating Current) & HVDC (High Voltage 
Direct Current) solutions 
· HVAC solution: 1,340 km 400kV AC line, 900MW in capacity 
· HVDC solution: 1,275 km ±500kV DC biopolar T/L, 2,650MW 

in converter capacity 
 Stage 1: ±500kV DC line, 1,325MW in converter capacity 
 Stage 2: 1,325MW in converter capacity 

 

Item Project costs (USD) 

HVAC  950,782 

HVDC Stage 1 848,663 

HVAC + HVDC Stage 1 1,799,445 

HVDC Stage 2 319,200 

Total 2,118,645 
 

 

 

 

<Figure 4.6-13> Planned expansion of T/Ls 

※ Source: EDM 
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4.6.3 National Electricity Policies 

A) Electricity Policies & Regulations 

Currently, there is no separate, independent organization in charge of the energy 

industry in Mozambique, and the Ministry of Mineral Resources and Energy (MIREME) 

is responsible for policies and regulations related to electricity. The National Electricity 

Council (CNELEC), as a governmental consultative body, plays roles such as 

monitoring whether the electricity industry promotes public interest, handling disputes, 

protecting customers, and reviewing electricity tariffs. Major policies on electricity are 

as follows.  

1) Electricity Act 1997 

The electricity industry in Mozambique is regulated under the Electricity Act, which 

was enacted in 1997 with the aim of regulating the production, transmission, distribution 

and sales of electricity. Under the act, all the associated activities are subject to 

concessions, and Conselho Nacional de Electricidade (CNELEC) and Fundo de 

Engergia (FUNAE) were established as an advisory body.  

In theory, the Electricity Act opened up all areas associated with the production, 

transmission, distribution and sales of electricity to private operators through 

concession contracts issued by MIREME and power purchase agreements (PPAs) set 

by Electricidade de Mocambique (EDM). However, the involvement of operators in the 

private sector has been limited so far, apart from two recently commissioned 

independent power projects (IPPs) for gas and one utility scale solar PV project.  

IPPs that intend to generate power, as mentioned above, need to obtain a concession, 

which is also subject to public procurement procedures. Concessions are limited to 50 

years for hydropower projects and 25 years for other power generation projects.  

Concessionaires are required to pay annual concession fees based on their gross 

revenues. In addition to entering into a concession contract, they need to enter into a 

power purchase agreement (PPA) for the sale of electricity with EDM. However, there 

is no standardized PPA available. Currently, the Electricity Act and the Public-Private 

Partnership (PPP) Act have conflicting clauses, which raises the question whether 

power generation projects should be selected through a bidding process, or through a 

direct PPA negotiation.  
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2) Energy Policy 1998 

The Energy Policy, as one of the major initiatives that govern this sector today, 

represents a clear statement on the importance of supply energy to industries and 

households. The goals of this policy are to expand the capacity of power generation, to 

improve management practices in the energy industry, and thus to increase exports 

and energy efficiency. The vision of the Energy Policy is as follows:  

 Guarantee a reliable supply of energy at the lowest cost to meet the current 

demand and future demand based on economic development trajectories.  

 Increase energy options available for households.  

 Improve the efficiency of energy use.  

 Promote the development of eco-friendly technologies such as hydro, solar, wind 

and biomass.  

 Promote competitive, dynamic and efficient projects.  

3) Energy Sector Strategy, revised 2000 

The Energy Sector Strategy focuses on the role of the private sector, the 

development of competitive markets, and the need for regulation.  

The strategy paves the way for plans, investments and programs for different energy 

sub-sectors, and provides essential guidelines for operators in the sectors, financial 

institutions and investors. The strategy gives priority to the accelerated electrification of 

rural areas by expanding the national transmission and distribution grid, to the use of 

renewable energy through optimized low-cost solutions, and to the introduction of 

measures to ensure a more productive and efficient use of electricity.  

4) 2009 Policy and 2011 Strategy for New and Renewable Energy 

In 2009, the Policy on the Development of New and Renewable Energy was launched 

to promote a greater access to fair, efficient and sustainable clean energy services.  

In 2011, the Strategy for New and Renewable Energy Development was adopted with 

the aims of utilizing different energy sources, and utilizing renewable resources to meet 

demand and preserve the environment.  
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5) National Energy Strategy (2014 – 2023) 

The National Energy Strategy was designed for the next ten years (2014-2023), and 

present the vision and path to respond to challenges in the power sector. The main 

goals of this strategy are to reinforce the position of Mozambique as a key energy 

producer, to support social development and poverty alleviation, and to accelerate 

economic development.  

The strategy presents the need for an energy authority as a regulator in the entire 

energy sector, including renewable energy, natural gas, and liquid fuel.  

It also promotes reasonable and responsible energy consumption behaviors, and 

lays out a legal framework that guarantees such behaviors both in the efficient 

production and consumption of energy.  

The strategy also states that the tariff for renewable energy, to obtain approval from 

the government, needs to be equivalent to the contract cost of natural gas-fired power 

plants that receive extra incentives in the bidding process and an environmental tax. It 

is also urged to implement measures necessary to prevent any increase in costs for the 

operation and maintenance of EDM.  

Since Mozambique’s energy projects require large-scale investments, clear tariff 

regulations need to be provided to attract investors, and their important roles are 

highlighted in the strategy. It is also suggested to include costs for the operation and 

maintenance of power plants in the new tariff system. 

The strategy presents several challenges for the electrification of rural and peri-urban 

areas including extending access to the energy grid, improving the quality of energy, 

and improving the capacity of administrative positions for an improved profitability. It 

suggests investing USD 200 million every year over the next 7 years to increase rural 

and peri-urban areas’ access to the energy grid to 44% by 2021, and to 50% by 2023. 

The government is planning to launch a rehabilitation program for the transmission and 

distribution grid in order to improve the quality and efficiency of energy in urban areas. 

It is also planning to strengthen the role and position of the Fundo de Energia (FUNAE) 

in the process of rural electrification.  
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B) Tariff 

The government approved Decree 58/2014 for the feed-in tariff (FIT) for renewable 

energy on October 7, 2014. The decree proposed tariffs for renewable energy projects 

that generate 10kW~10MW of electricity, and also states that all the generated 

electricity through the projects should be sold to EDM.  

However, after the decree was approved, the metical (Mozambican currency) has 

depreciated by over 50%, and according to sources in EDM, tariffs for projects that 

generate over 10MW are determined in consultation with EDM. Therefore, new energy 

projects need to have a negotiation on new tariffs.  

 

 

Decreto n.°58/2014 
Unit price of electricity sold  

(from small hydroelectric power plants) 

<Figure 4.6-14> Tariff regulations 
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