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ABSTRACf: Grounqwater recharge estimated from a soil water balance model- and from river 
discharge records were compared in the Meki River basin located in a clo~ central Main Ethiopian 
rift. The first method is based on soil-water balance model (WATBAL) whIch uses long~term average 
monthly hydrometeol'Ological data to quantify lumped soil water balance in three regions (rift, 
escarpment and highland). The second method involves estimation of recharge using discharge records 
with a computer code called BFI which uses a digital recursive filter to separate base flow from total 
daily discharge. The base flow was considered to be lumped catchment groundwater recharge with 
some adjustments for upstream channel losses (14.4 mm annually) estimated from field systematic river 
discharge measurements. The results from BFI and WATBAL show general agreement on annual basis. 
However, the base flow seems to indicate realistic temporal variations, especially in dry seasons. The 
annual weighed basin reclw'ge excluding channel loss from BFI model and WATBAL is SO.1 mm and 79.2 
mm respectively. The BFI model seems to provide realistic estimates of recharge for input into regional 
transient hydrological models and it also appears to be a viable method of defining the base flow from 
the river discharges against the classical manual base flow separation using regression curves. Both 
long-term and field discharge records clearly revealed that the total. flow and recharge shows 
substantial temporal and spatial variations. The model results and discharge records demonstrate that 
the Meki River basin has relatively lower storilge capacity and fast response to rainfall. 
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INTRODUCTION 

The central Main Ethiopian Rift (MER), character· 
ized by many lakes and perennial rivers, is one of 
the most important places for water resources 
development. A few decades ago much of the 
basin was covered with natural vegetation and the 
rivers and Jakes were protected from large-scale 
human interferences (Halcorw, 1989). However, 
the fast growing population has induced Jand 
degradation and increased abstraction of water 
(Dagnachew Legesse et al., 2003). This trend is still 
continuing. In the Jast few decades emphasis has 
been given to develop the water resources of the 
basin for various purposes, particularly the rift 
lakes were used for irrigation and soda ash 
abstraction. There are future diversion plans of the 
main rivers feeding the lakes for irrigation 
including Meki. 

Utilization of water has proceeded without a 
basic understanding of the hydrogeolOgical system 
of the basin. This has become a critical problem in 
water resources m~gement (Wenner, 1973; 
Makin et al., 1976; Dereje Hailu et al., 1996, Tenalem 

Ayenew, 2002). Development plans were imple
mented with short-term interests, though it was 
understood that the recent increased abstraction of 
water from lakes and rivers caused some changes 
in the lacustrine environment. Any future, 
judicious utilization of water resources 
presupposes a good scientific data and assessment 
of the surface and subsurface components of the 
hydrological cycle. Previous studies focus mainly 
on the rift lakes. However, the hydrologieal 
behavior of th(i! lakes is very plUch dependent on 
what happens in their catchments. Studying the 
temporal and spatial variation of the hydrological· 
behavior and groundwater recharge processes is 
key element of lake watershed management 
schemes. 

Accordingly the assessment of the hydrological 
behavior of feeder rivers and the temporal and 
spatial variation of river flows is vital as the rivers 
are interconnected with the complex delicate rift 
lacustrine environment. Aside from the continuous 
supply of input to the rift Jakes, the rivers are 
partly the source of recharge to the aquifers. In the 
Ethiopian rift many villages and small towns rely 
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on ~these aquifers for community water supply. 
Recharge from the rivers in low~lying'ilreas occurs 
in the fractur~d volcanjc rocks and loose qlluvilll 
riverbed and lacustrine deposits. ReCharge estima
tion does not only enable us to have a grip OJl 

water quantity, but also helps in water quality 
management strategies. Furthermore,. ba~e flow of 
rivers constitute a critical design variable for 
reservoirs that must maintain sufficient through 
flow to satisfy various water uses (Mcb4ahon and 
Mein,1986). 

Scope of the study 

Some studies wele carried out 00 the geology 
(OJ Paola, 1972; Giday Woldegebriel et al., 1990; 
Benvenuti et al.,1995) and hydrogeology (Tesfaye 
Cherenet,' 1982; Tenalem Ayenew, 1998; 
Da:gnachew Legesse, 2002) of the region. These 
studies provided an overview of the interconnec
tion of the aquifer and the rivers and the relation of 
the rift lakes with the various water bodies. 
However, the spatial and temporal variation of 
groundwater recharge, which has important 
implic.,.tions for conjunctive use of water, is poorly 
addreSsed. This is partly due .to the fact that 
groundwater recharge estimation is not straight 
forward in the complex fractured rift environment 
and requires . detailed hydrometeorolgical and 
hydrogeological data. . . 

Groundwater recharge can be quantified by 
water balance studies or from river discharge 
records. In the former case recharge is quantified 
as a residual of other known water balance or 
hydrologic cycle components of the area under 
consideration. River discharge record has been 
used extensively by hydrologists to estimate 
groundwater recharge and for groundwater char
acterization in various parts of the world (Nathan 
and McMahon, 1990; Bevans, 1986; Hoos, 1990). 

In this study both approa<;hes are used to 
estimate basin groundwater recharge. The first is 
the soil water balance approach of Thronthwaite 
and Mather (1957), which simulates recharge from 
mean monthly hydrometeorological data for the 
three physiographic regions. The second method is 
based on a computer code called BFI, which em-
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ploys digital recursive filter to separate base flow 
from total river discharge record on daily basis 
(Whal and Whal, 1988). Unlike the conventiohal 
manual base flow separation using a modifi~d 
hydregraph recession curve displacement method 
(Arnold and Allen, 1999), BF! provides the ratio of 
'base flow and surface runoff on daily basis. For the 
BFI model the daily discharge record of the Meki 
River (1985-2004) was used. The lumped basin
wide results of the BF! model was compared with 
the result of the WATBAL model after weighing the 
recharge of the three physiographic regions on 
monthly bc:sis. Aside from quantifying the re
charge attempt was made to asses the hydrological 
behavior from the hydrograph and field systematic 
river discharge measurements. 

This study has two main objectives: (1) estimate 
the groundwater recharge using two independent 
methods taking all important influencing factors, 
and (2) assess the hydrogeological behavior of the 
basin from the stand point of the discharge char
acteristics in relation to the ge~logy and geomor
phology. 

The contributions of this study are two-fold: (1) it 
should allow. more accurate evaluation of the 
groundwater recharge rate, which is critical for 
sustainable conjunctive use of water; and (2) The 
result can be extrapolated to similar catchments in 
the region with little or no hydrological records. 

Site description 

Figure 1 shows the Maki River basin. Meki River 
is one of the main perennial rivers which drains 
from the western highlands to the center of the 
central MER. The total basin area is 3051 km2 "vith 
long-term annual discharges of 265x106 .m3. The 
central part of the MER is occupied by four major 
lakes; one of which is Lake Ziway. Lake Ziway is 
fed by Meki River from the west al~d Katar River 
from the East (Fig. 2). The hydrology of the lake 
depends strongly on the flow Tegimen of these 
major rivers which get sustained input from the 
highland rainfall and groundwater systems 
(Tenalem Ayeriew, 1998). The rainfall is highly 
variable as the topography (Table 1). 

Table 1. Long-term average monthly rairifall of selected stations in the Meki basin (mm). 

No Station Altitude (m) Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 

1 Bui 2027 26 46 79 82 73 111 213 199 112 35 8 6 992 
2 Butajira 2088 38 67 136 127 115 125 173 172 116 45 11 14 1138 
3 KO$he 1873 22 48 78 91 90 100 171 170 109 51 5 5 941 
4 Meki 1663 13 35 56 65 64 77 170 149 87 34 8 4 762 
5 Tora 201;2 25 43 83 116 95 87 133 124 117 49 8 6 885 


























