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Average of monthly means of Precipitation (P), Temperature (T), Relative 
Humidity (RH) and Potential Evapotranspiration (PET) (1971– 2006)

INTRODUCTION cont…



4

#Y

#Y#Y

#Y

#Y

#Y

#Y#Y

#Y

#Y

#Y

#Y

#Y

#Y
#Y

#Y

#Y
#Y

#Y

#Y

#Y

#Y #Y

#Y

#Y

#Y

#Y#Y
#Y

#Y#Y

#Y

#Y#Y

#Y

#Y
#Y

#Y

#Y #Y
#Y
#Y

#Y

#Y
#Y

#Y#Y#Y#Y

#Y #Y#Y

#Y#Y

#Y#Y

#Y
#Y

#Y

#Y

#Y#Y
#Y
#Y

#Y

#Y

#Y

#Y

#Y

#Y

#Y

#Y
#Y

#Y#Y
#Y

#Y
#Y#Y

#Y
#Y

#Y

#Y

#Y

#Y

#Y#Y

#Y#Y #Y

#Y

#Y #Y
#Y

#Y

#Y #Y#Y#Y

#Y #Y#Y
#Y

#Y
#Y

#Y

#Y

#Y

#Y

#Y

#Y #Y #Y

#Y

#Y
#Y#Y#Y#Y#Y

#Y

#Y

#Y

#Y#Y
#Y
#Y#Y

#Y

#Y#Y
#Y

#Y
#Y

#Y
#Y
#Y

#Y#Y

#Y

#Y

#Y

#Y#Y #Y

#Y

#Y#Y

#Y#Y

#Y

#Y

#Y

#Y #Y

#Y
#Y

#Y

#Y

#Y
#Y

#Y#Y

#Y

#Y

#Y

#Y

#Y

#Y

#Y

#Y

#Y

#Y
#Y

#Y

#Y

#Y#Y
#Y

#Y

#Y

#Y

#Y

#Y

#Y

#Y

#Y#Y

#Y #Y#Y

#Y
#Y #Y#Y

#Y

#Y

#Y

#Y

#Y

#Y

#Y#Y#Y

#Y
#Y

#Y

#Y

#Y

#Y

#Y

#Y
#Y#Y

#Y

#Y

#Y

#Y
#Y

#Y

#Y

#Y

#Y#Y#Y
#Y#Y #Y

#Y

#Y
#Y

#Y

#Y
#Y

#Y
#Y#Y

#Y

#Y

#Y #Y
#Y#Y
#Y

#Y

#Y

#Y#Y #Y#Y

#Y#Y

#Y

#Y

#Y#Y#Y

#Y

#Y #Y

#Y #Y

#Y

#Y

#Y

#Y#Y

#Y#Y
#Y #Y#Y

Msimbazi R iver

Mbezi R iver

K izinga R iver

Mzinga R iver

Bagamoyo Road
Morogoro Road

Nyerere Road

Cen tral  Ra ilway

Ki
lw

a 
R

oa
d

KISARAW E

PU
GU H

IL
LS

IN
D

IA
N

 O
C

E
A

N

K
az

im
zu

m
bw

i

K inyerezi

Ubungo

Ma ko ngo

Taba ta

Chanika

Ukonga

Mb aga laY om
b o

Mba nde

Tem eke

Ilala

Ma gom e ni

Mikocheni
Kiji tnyama

Cham a zi

Kipawa

Upan gaKigogo

Kiwalani

V i
tu

ka

Charam b e

Mbezi
Kim ara

Gongolamboto

Msasani

Mton i

Ma bibo

Kawe

Indian ocean
Faults, Norm al 
Water  divide
Coastline
Main Rivers
Railway

#Y Borehole locations
Main Roads

0 10 Kilometers

N

504000

504000

513000

513000

522000

522000

531000

531000

540000

540000

9234000 9234000

9243000 9243000

9252000 9252000

Legend

Domestic = 1.76
Water supply = 5.51
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Groundwater abstraction (hm³/year)

→ total is 8.59

Groundwater exploitation

METHODS

The exploitation accounts for 9.2 % of the inflowing water (Recharge)
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Surface water discharge measurements 
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METHODS   cont…

Total baseflow to rivers = 75.7 hm3/year
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Annual soil-water budget calculations

WET SEASON 
SUR = (P-Ro) – PET > 0

DRY SEASON
SUR =  (P-Ro)-PET < 0

SB = CAP SB < CAP

(P-Ro)-PET ≤ CAP-SB (P-Ro)-PET > CAP-SB

SB CAP SB + (P-Ro)-PET CAP CAP*e-APWL/CAP

RN (P-Ro) - PET 0 (P-Ro)-PET – (CAP-SB) 0

AET PET PET PET (P-Ro) + ∆SB

DEF 0 0 0 PET - AET

METHODS   cont…

P-Ro = Precipitation - Runoff (mm) ∆SB = Change in SB
PET = Potential Evapotranspiration (mm) DEF = Deficit (mm)
APWL= accumulated deficiencies (mm) SUR = Surplus (mm)
AET = Actual Evapotranspiration (mm) CAP = Soil Capacity (mm)
SB = water stored in CAP (mm)
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RESULTS AND DISCUSION
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Annual groundwater recharge rate variation for 36 years (1971-2006)

•Average groundwater recharge rate of 240.7 mm/year

•The general trend shows that there is a decrease in 
groundwater recharge rate
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RESULTS AND DISCUSION   Cont...
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Linear fit: Y = 1.241092274 * X - 1335.370306

Total yearly precipitation (in mm) in the period 1971-2006

•The precipitation shows a slightly increasing trend with 1.2 mm/year

•The precipitation records from 1971 on, shows an alternation of dryer (1970-
1975, 1985-1990, 2000-2005) and wetter (mid 1990s, 1975-1980) periods

•Changes in the strength of these cyclic fluctuations can cause systematic 
trends in the recharge component of the aquifer water balance
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RESULTS AND DISCUSION   Cont...
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RESULTS AND DISCUSION   Cont...

Water balance 

component

Amount (hm3/year)

(+ = inflow/- = outflow)

Fraction of total 

recharge (%)
Recharge +93.4

Pumping -8.59 9.2

River baseflow -75.7 81.0

Discharge to sea -9.11 9.8

Integrated water balance of the Dar-es-Salaam aquifer
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CONCLUSIONS
The estimated groundwater abstraction of 8.59 hm3/year accounts for 9.2 % of the 

inflowing water (i.e. recharge)

Three main rivers (and some tributaries) drain the aquifer basin and the total baseflow 

was calculated at 75.7 hm3/year (81%)

Rainfall is the main source of aquifer recharge and the Dar-es-Salaam region has two 

distinct rainy seasons; March to May, April being the wettest month with an average 

rainfall of 254 mm and the second shorter rainy season is in November and December.

For the period 1971 till 2006 the average aquifer recharge is sized at 240.7 mm/year. 

As precipitation shows a rather slightly increasing trend with 1.2 mm/year, it may be 

assumed that the impact of increasing temperatures on decreasing groundwater 

recharge rates is more important.



12

THANK YOU


