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Summary 
This report is a summary of the third visit of the Hydrology TA to the capacity building and operational 
research project areas; Debra Kidan and  Begasheka supervised by the Mekelle Consortium; and Beresa and 
Umbulo Wacho supervised by the Debub Consortium, in June and July 2004. The main objective was to install  
raingauge networks and specify the procedures for recording and collating the rainfall data in Debra Kidan, 
Begasheka and Beresa. A secondary objective was to check the rainfall recording in Umbulo Wacho. This was 
done with the assistance of Desta Gebremicheal of REST in Mekelle and Tazebe Kiros of Debub University in 
Awassa. 
 
In each of the three new project areas, three collecting raingauges were installed, for each raingauge a farmer 
was trained to record the rainfall. Different materials and methods for installing the raingauges were tried. 
One recording raingauge was also installed at the Tabia/Kebele DAs office in each of the new project areas.  
 
The rainfall recording sheets have been translated into Tigrinya and Amharic. The instructions for the recording 
of rainfall, collating rainfall records and downloading the datalogger have been modified so that they are 
applicable to all catchment areas. These should be translated into local languages and distributed to the 
farmers and DAs. Booklets for the DAs and the researchers to compile the rainfall records  have been 
produced. 
 
The raingauges in Umbulo Wacho were inspected, all were in good order. The record sheets available for 
inspection were legible and up to date. There were some problems with the collection and collation of the 
rainfall data by DAs and the Debub Consortium researchers. Some farmers were not recording actual time of 
measurement, and some of the rainfall amounts recorded were unclear. Researchers reported problems 
downloading the rainfall from the recording raingauge, their transcriptions of farmer recorded rainfall 
contained errors and were incomplete. The DA in Boricha  had  been replaced and needed training. The BoA in 
Awassa Woreda had not yet started collating the farmer rainfall records. 
 
The Mekelle consortium requested assistance with the monitoring of the other parameters besides rainfall to 
calculate a water balance. There was not time to develop this in detail during this mission. An outline of the 
methods required is contained in this report. 
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Recommendations 
• Raingauge monitoring and installation 

o Instructions for rainfall recording and rainfall record sheets are made available to the farmers 
and DAs in their local languages. 

o Regular visits once a week for the first month, followed by monthly checks thereafter to the 
project areas are made by operational researchers to inspect the raingauges and check the 
recording of rainfall measurements by farmers. The visits should include checks to see if other 
members of the homestead have been trained to read the raingauge, and what arrangements 
could be made if the farmer or the family are absent for some time. 

o Regular monthly checks are made on the DAs by the research leaders to check their rainfall 
recording and that DAs have also copied the farmer’s rainfall records at least every 2 weeks.  

o Monthly returns are given to the farmers clearly stating the rainfall for each raingauge in their 
project area 

o Visits to the study are should be logged and form part of the Consortium report.  
o Digital watches should be bought for farmers; until they are provided, farmers should record the 

approximate time of day the rainfall was read if they do not have watches.. 
o Farmer Yosef Yunca in Umbulo Wacho is retrained in rainfall recording. 
o The DAs in the Awassa Woreda take responsibility for the collation of rainfall records in their 

Woreda. 
o The calendar and time systems used in rainfall records and reports are clearly stated (i.e. 

Ethiopian or International). 
o Researchers should check their transcriptions of farmer and DA recorded data thoroughly. 
o Ladders are provided for the recording raingauges so they can be easily inspected. 
o Future fences around raingauges should have crossbars across the top.  
o Clear statements are given to the farmers about the purpose of the project and why hydrological 

measurements are of importance when the issue of payment is raised by farmers and DAs. 
 

• Measurement and recording of other hydrological parameters 
o Evaporation, streamflow and groundwater flow measurements are developed by the Consortium 

researchers with reference to the discussion in section 3.2 on the second term of reference.  
o The runoff collecting in the water harvesting ponds in Begasheka is measured. 
o GIS Data held by the different institutions within each Consortium is made available in a 

common format to all members. 
o GIS modelling of the watersheds are undertaken, based on digital elevation models, land use, 

soil properties and rainfall data. GIS models are then used to estimate the catchment area and 
expected runoff and these estimates are verified against runoff measured by farmers. 

o Researchers submit their catchment balance projects to the International Association 
Hydrological Sciences ‘Predictions in Ungaged Basins‘ working group 
http://cee.uiuc.edu/research/pub/default.asp 
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• Background information 
o Existing reports in English and translations of Amharic and Tigrinya reports relevant to the 

background of the project areas are made available to all Consortium members and copies lodged at 
the DA offices in the watersheds. Reports should include descriptions of population, climate, 
topography, geology, soils, hydrology, agriculture, as well as the details of past and present research 
and agricultural extension projects. Future reports generated by the TAs including hydrology and land 
transects should also be lodged there. 

o Maps of the Tabias/ Kebeles in the project areas are produced and made available.  
o Other Tabias and Kebeles within the operational research project catchment areas are included in the 

research project. 
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1 Introduction 

1.1 Background to project 
Development Corporation Ireland (DCI) area-based activities in Ethiopia were reviewed (Robinson, 2002) from 
which the need to support, and collaborate with, local institutions working in the area of food security was 
identified. As a result of this and other reviews, a support program for operational research and capacity-
building was developed for Universities, Research Institutions, the Bureau of Agriculture, Food Security units 
and NGOs in both Tigray Regional State and Southern Nations Nationalities and People’s Region (SNNPR). 
Other partners are; the Department of Food Business and Development, University College Cork, Ireland, and 
the Centre for Arid Zone Studies, University of Wales Bangor, UK (CAZS). The operational research and 
capacity building program began in mid 2003. 
 
In the SNNPR, the institutions involved are the Awassa College of Agriculture, Faculty of Technology Debub 
University (DU); the Southern Agricultural Research Institute (SARI), Awassa; the Bureau of Agriculture (BoA) 
at Zonal and Woreda levels; and the Food Security Unit (all hereafter referred to as the Debub Consortium, 
coordinated and chaired by the University). 
 
The institutions involved in the Tigray Regional State are the Mekelle University; Bureau of Agriculture at 
Zonal and Woreda levels; Agricultural research Bureau (TARI) and REST. All hereafter referred to as the 
Mekelle Consortium, also coordinated and chaired by the University. 
 

1.2 Background to mission 
Both the Mekelle and the Debub Consortia have chosen 2 project areas each in which to conduct the 
operational research projects. These are, for the Mekelle Consortium, Debra Kidan and Begasheka; and for the 
Debub Consortium, Umbulo Wacho and Beresa (Figure 1). Development in these four project areas is based 
on the catchment approach in order to facilitate and underpin progress of the water component of the 
operational reseach program. A stated objective of the research is to calculate the catchment water balance for 
each of the project catchments. To this end, a request was received from both consortiums for technical 
assistance to install raingauges and design appropriate rainfall recording procedures, first in Umbulo Wacho in 
March 2004 (Hollingham, 2004) and then the remaining project catchments in June 2004 which is the main 
focus of this report.  Whilst visiting Awassa the raingauges, rainfall records and the procedures for collecting 
records in Umbulo Wacho were inspected. 

1.3 Background of study areas 
There is some background information for the Umbulo catchment (Hollingham, 2003), but very little 
background information was available for all the new catchment areas. A brief document produced by REST 
(unpubl. (a)) was available for both the Debra Kidan and Begasheka catchments which outlined details of the 
population, landuse and climate. An additional document produced by REST (unpubl. (b)) concerning the 
design of water harvesting structures in Begasheka built by REST was also available. Both of these REST 
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documents are in Appendix 8. Mekelle University had a GIS model of the Debra Kidan catchment in ARCVIEW 
and REST had developed a GIS model of the Begasheka catchment in TNT (http://www.microimages.com/). 
 
The Umbulo Wacho catchment is the largest of the project areas (3000 ha), the other catchments are smaller 
(1000 ha. approx). Background details for the project areas are included in the section 3.1.2. 
 
Figure 1 Map of the locations of the Operational research project sites 
 

Debra KidanBegasheka

Beresa

Umbulo Wacho

 

1.4 Project Management 
 
The Mekelle Consortium have selected two catchments Debra Kidan and Begasheka, and a third, Wurib on the 
way to Hawzen is in the process of development. However little background documentation for the project 
areas was readily available. Desta Gebremicheal of REST was the TAs counterpart in Mekelle and accompanied 
the TA on all visits to the project areas. 
 
REST have several SWC projects underway, of interest to soil and water engineers is the Zala Daget project  
(0526374 1512229) which is halfway between Mekelle and Abi Adi and is operated in conjunction with Dr 
Jan Nyssen from KU Leuven University, Belgium, working with Mekelle University. Here there is a roof 
mounted collecting raingauge and trails of 7 SWC treatments; Vetiver grass, fanya juu terraces, pits, 
stonefaced bund, stonefaced trench, grassed strip and control. 
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In Awassa, raingauges are already installed in the Umbulo Wacho project area, but another 4 raingauges 
were to be installed in the Beresa project catchment in Gurage. Tazebe Kiros of Debub University assisted the 
TA with the installation of the raingauges there. 
 
In all catchments a preliminary visit was made to the Woreda BoA office and the head informed of the 
intention to install raingauges and permission sought to employ the Tabia/Kebele DAs to record the rainfall of 
the recording raingauge and collate the rainfall data collected by the farmers. Details of the activities of the TA 
are given below. 
 
The TA arrived in Ethiopia on Sun 13/6/04 with 9 collecting raingauges. The 3 recording raingauges did not 
arrive at the Bole airport and so the TA decided to wait until the next flight on Tues to see it these would 
arrive, they did not.  On Mon 14/6/04 The TA visited the DCI office and obtained maps for the project areas 
from the Ethiopian Mapping Agency. On Tues 15/6/04 The TA travelled to Mekelle with Salem Assefa a rural 
resource management MSc student from the University of Bangor. Ermias Aynekula made arrangements for 
the TA’s visit, as Dr. Mebrahtom Mesefin, the Mekelle Consortium’s coordinator was in Belgium  when the TA 
arrived. A project vehicle with driver was made available for the TA.  
 
On Weds (16/7/04) a meeting was held with the Consortium’s hydrological researchers Desta Gebremicheal 
(REST), and Woldegebreal G/hawaria (BoA). A third researcher Bereket (TARI) was not in Mekelle at the time 
of the TAs visit. Arrangements were made to visit the BoA office in Hawzen (where the TA was introduced to 
Muez Teare the BoA Head.), and the Debra Kidan catchment on Thurs 17/6/04 with Desta and Woldegebreal.  
On Fri 18/6/04 materials for the installation of the raingauges and recording of rainfall were purchased with 
the help of Desta Gebremicheal. On Sat 19/6/04  the TA, Ermias, Desta, Salem and Carmen Costa (GIS TA 
from Cork) visited Debra Kidan and installed the first collecting raingauge using wooden posts and the 
recording raingauge. It was decided on that visit to use iron fence posts for the collecting raingauges rather 
than wooden ones.  
 
On Sun 20/6/04 the TA, Desta, Salem and Carmen visited Begasheka. A visit was paid to the Tabia DAs. On  
Mon 21/6/04 iron posts were purchased in Mekelle for the raingauges. On Tues 22/6/04 the TA and Desta 
travelled to Debra Kidan and installed the second collecting raingauge and reinstalled the first raingauge 
using ironposts, staying over night in Hawzen. On Weds the 23/6/04 the third collecting raingauge was 
installed and the post of the recording raingauge was cemented in.  
 
On Thurs 24/6/04 the TA assembled some background information on the project areas available from REST 
and the University. On Fri 25/6/04 Desta and the TA travelled to Adi Abi and met Alebachew Mago the Head 
of the BoA office and Legesse Ambaye the Head of the soil and water section. Legesse joined the TA and Desta 
and travelled to Begasheka to met with the DAs. The DAs joined the team and inspected the first site and gave 
the farmer instructions to dig holes for the posts. The next day (26/6/04) the same team installed all the 
raingauges and were joined by Ermias and Dr. Mebrahtom.   On Sun (27/6/04) Desta and the TA travelled 
back to Mekelle. On Mon 28/6/04 the TA visited the University and gave a verbal report to Dr Mebrahtom and 
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also visited the REST office to obtain more background material. The TA also inspected the meteorological 
stations at the university and advised Habteab Hagos on their maintenance. Later that day the TA flew to 
Addis.  
 
On Tues 29/6/04 the TA met with Dr. Daljit Virk a crop breeding TA from CAZS, and travelled to Awassa. 
Meeting with Dr Girma head of REO Debub University, Tewodros, the Debub Consortium coordinator and 
Awdenegest Moges- who had assisted with the installation of the raingauges in Umbulo Wacho. A project 
vehicle was made available for the TA.  On Weds 30/6/04 the TA visited the Umbulo Wacho project area with 
Tazebe Kiros and inspected the raingauges and the rainfall records. On Thurs 1/7/04 materials for the 
installation of the raingauges in the Beresa catchment project area were obtained. On Fri 2/7/04 the TA and 
Tazebe travelled to Butijura and met with Gemil the Head of the Gurage BoA office who accompanied them to 
the Beresa project area and observed the installation of the first raingauge. In the afternoon the TA and 
Tazebe explored the rest of the catchment looking for suitable sites. On Sat 3/7/04 the TA and Tazebe 
installed the remaining 3 raingauges. The Kebele DAs observed the installation of these raingauges. On Sun  
4/7/04 the TA tried to define the Beresa catchment area using Arcview GIS with the aid of Tazebe. On  Mon 
5/7/04 the TA was driven to Addis and caught the plane back to the UK on the morning of Tues 6/7/04. 
 

2 Terms of Reference 
 
For each project area: 
 

1. Establish at least 4 raingauges and daily monitoring procedures for farm families and DAs /HAs. 
 

2. Using appropriate participatory recording procedures based on time achievement of preset level; 
flows between markers, sample flow rates and estimates of daily groundwater use, measure inflow to 
and out flow from the watershed. Area/volume change of residual water bodies and determine a 
method to continually monitor the water balance of the watershed. 

 
3. Input to include the design of system, frequency of record taking, format of returns, training of 

HAs/DAs in implementing, analysis and interpretation of results plus the physical establishment of 
the study. 

3 Response to the terms of reference 
 
The first and third terms reference have been achieved with regard to the setting up of a raingauge network in 
each of the project areas. The second term has only been partly addressed.  

3.1 Response to first term of reference 
Twelve more raingauges have now been installed in 3 more catchment areas, Debra Kidan and Begasheka in 
Tigray and Beresa, near Butajira in Gurage. These catchments are about 1000 ha each, a third of the size of 
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the Umbulo Wacho watershed. In each catchment, 3 collecting raingauges were installed on homesteads and 
one recording raingauge was installed on a 4m pole above the roof of the DAs office. A description of the 
collecting and recording raingauges; and instructions for reading the raingauges and recording the rainfall are 
given in the appendices 3-7. Details of the locations of the raingauges in each of the project catchments are 
detailed in the sections for the relevant project area.  
 

3.1.1 Installation of the Raingauges 
 

3.1.1.1 Installation of the collecting raingauges 
The collecting raingauges were fenced. The basic method of installation described in Appendix 3 was used, 
however, at each project area there were modification to this method.  In Beresa, the fence posts were spaced 
at 1m and the cross posts were fixed across the top of the fence posts instead of diagonally across, this kept 
the barbed wire tighter than in the other methods. 
 
In Debra Kidan and Begasheka timber was not readily available and the Consortium members thought that 
cemented iron posts would be more permanent and would save time. The raingauge post was pre-drilled to 
match the holes in the raingauge bracket and the bracket bolted in place. Holes were pre-drilled at regular 
heights in the iron fence posts and the smaller gauge wire was used to attach the barbed wire.  A mason was 
also employed to cement the cement poles in place. All raingauges in Debra Kidan and R1 in Begasheka are 
of this design. The fencing around these raingauges was not tight, the posts bent when the wire was 
tensioned. This could be remedied by placing crossbars along the top of the fence posts. 
 
In Begasheka R2 and R3 raingauges are mounted on iron posts set in concrete on the roof of the homestead. 
This was possible because the design of the houses there, common across most of Tigray, where the roofs are 
designed to be walked upon and there is a set of stairs to the roof. The decision to mount the raingauge on 
the roof was also forced because there was no suitable site next to the homestead to place the raingauge.  
These gauges are higher from the ground and perhaps subject to more wind turbulence, however few sites are 
perfect and other variations on sites such as the position of farms and trees may also effect results as greatly. 
 
Figure 2 shows the different methods used to install the collecting raingauges. 
 

3.1.1.2 Recording Raingauges 
These were installed using the same method used in Umbulo Wacho. The raingauge was attached to the top 
of a 4m pole which was sunk 50 cm into the ground, and the upper part tied to the roof joists. Once the pole 
was fixed, the raingauge was levelled. The cable connecting the rainfall counter was fed through a window or 
other suitable opening and the counter placed in the DA office. The datalogger was secured under the roof. 
Access to the raingauge will be required on a regular basis to ensure that the gauges are not blocked. Wooden 
ladders should be provided for this purpose. 
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Figure 2: Examples of the different methods of installing the raingauges 

Raingauge installed in Umbulo Wacho with 
diagonal crossbars (R5) 

  

Raingauge installation in Beresa (R1), using cross 
bars on top of posts 

 

Raingauge installed using iron fence posts in Debra 
Khidan (R2) 

 

Roof mounted raingauge at Begasheka (R3) 
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3.1.2 Raingauge Networks in the new project areas 
 

3.1.2.1 Mekelle Consortium: Debre Kidan 
 
Figure 3: View of watershed from Eastern plataeu 

 
This catchment is 10km south of Hawzen which is 100 km north of Mekelle. Some background material 
was available for the area from a REST (unpubl. (a)) document. DCI has been working with the BoA to 
construct wells and groundwater recharge structures in the area. The site was visited on the 18, 20, 23 
and 24/6/04  
 
Population 
There are 1740 people in the catchment area. The average household size falls between 4-6. There are 
520 households in the watershed out of which 236 of them are headed by men and 284 of them by 
women. Out of the total population 837 are males and 903 are females. REST (unpubl. (a)). 
 
Land use 
The watershed is 901 ha., out of which 248 ha are arable, 72 ha. grazing, 67 ha., covered by trees and 
bushes,  89 ha., treated with plantation,  425 ha. is degraded land which was once forest. The average 
size of holding is 0.69 ha..  The following are among the commonly grown crops in the watershed: Teff, 
Finger millet, Sorghum, Wheat, Barley, beans, maize. Among the domestic animals that are useful in 
their livelihood the following are dominant in the Tabia including the catchment area: cattle (2680), 
sheep and goats (3000), donkey (1050), and mules (11). REST (unpubl. (a)). 
 
Topography and Geology 
This catchment is easily defined. It is bound to the north east and east by a high plateau (2310 m) and 
to the south by large mesas made of sandstone interbedded with limestone know as Gulsh and Tseadago. 
To the north there is a low and indistinct rolling ridge. Elevation ranges from 2451 m on the Gulsh ridge, 
to 2060 m at the outlet. The geology is complex the surrounding hills are made up of reddish interbedded 
limestone and sandstone, but underlying this is a yellow grey limestone. Within the project area there are 
igneous intrusions: pyroclastic bombs, granites and rhyolites were also found on the soil surface. The soils 
are sandy, either resulting from erosion of sandstone or volcanic ash deposits, and are thick in the 
lowland parts of the catchment.  
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Climate  
There is a meteorological station at Hawzen that has been in operation for 5 years. Rainfall is unimodal 
and erratic, averaging 479 mm/yr from the last 5 years rainfall data. The DAs assess drought occurrence 
happening once every 2 years although the rainfall record for the past 5 years for Hawzen does not 
support this. The average temperature is 21°c. REST (unpubl. (a)). 
 
Year (international) Year (Ethiopian) Annual Rainfall (mm) 
1999 1991 508 
2000 1992 502.6 
2001 1993 528.6 
2002 1994 358.8 
2003 1995 502 
 
Hydrological features 
There is evidence of river channels and gulleying which in places has been checked. It is not until just 
before the exit of the catchment that permanent surface water is found. The surface water features here 
form the May Gundi a tributary of the Ruba Kalaydibhara (Figure 4).  
 
Figure 4: The outlet of the catchment on the May Gundi. (This section is ideal for flow measurements) 
 

 
 
here are low stone terraces on the steeper slT

dug wells, some open, some covered and fitted with Indian Mark 2 hand pumps. There are about 47 
opes and infiltration pits on the flatter areas and many hand 

water wells in all of wh the whole year and 35 for five months of the year. 
Some are under construction or improvement, which generally consists of 
was at 0.5- 3 m across the basin part of the catchment. As this was the beginning of the rains this is 

ich 12 of them have water for 
lining with stone. The waterlevel 
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probably its annual minima. The aquifer seems to consist of a highly fractured shaley limestone, it is 
probable that this rock is not as fractured at depth and that the watertable is perched. 
 
There are several groundwater recharge structures approx 30m wide and 1m deep which have been 
constructed by the BoA in the last year. Some water harvesting ponds are being constructed by the BoA. 
Two were seen at the top of the Eastern plateau. These are excavated in the highly friable rock and lined 
with plastic, which do not need to be blinded as the rock is so friable.  The plastic is then covered with a 
layer of stone. Sediment traps were being constructed for the WH ponds, however the catchment areas 
appear not matched to the size of the pond. 
 
Figure 5: Water structures in Debra Kidan 

Lined open well in Debra Kid
 

an 

 
 

 
 recharge dam Groundwater

 

 
Incomplete BoA Water harvesting pond 
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Raingauge installation 
The three collecting raingauges were placed in the catchment, the recording raingauge is located just to 
the north outside the catchment at the Debra Kidan Tabia DAs office. The locations and distribution of the 
raingauges are not ideal. R1 would be better placed in the center of the catchment, however the 
distribution of elevations is good. 
 
Contact was made with Muez Teare, the Head of the BoA woerda office at Hawzen, who introduced us to 

e Debra Kidan DAs. A preliminary visit to the catchment area was made and the ideal locations for the 
r  for R2 which was the top of the eastern ridge, was 

 

e 

 

th
aingauges discussed. Unfortunately the ideal location

in another Tabia (Digum), and another site to the SW extreme of the catchment had been chosen by the 
DAs. This Tabia is already a member of the existing watershed committee and should be included the 
operational research program. 

The first raingauge was installed using materials and methods used in Umbulo Wacho (Appendix 3), 
however it was decided to purchase wood locally, and this was not of the same quality found in Awassa 
and found to be twice the cost. It was decided by the Desta and Ermias that angle iron posts, drilled at 
the correct spacing for the fence and cemented in would serve better. It was also decided to mount th
raingauge on a similar iron post. A mason was employed from Mekelle to mix cement and set the poles. 
Pictures of the raingauges installed in Debra Kidan are presented in Figure 7, the locations of the 
raingauges are shown in Figure 6 and the details are given in Table 1. 

Figure 6: Map of Debra Kidan catchment project area. 

R4R4

Nge

uge

Collecting raing

Recording raing

au

a

Catchment boundary
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Table 1: Details idan raing
 1 2 3 4 

of Debra K auges 

Person Haftu Abera  
(PA Chariman) 

Gebre-medhine Hailu Abraha Weldat Tsehaye Gebremeskel 
(DA) Makonnen 
Gtselawe (DA) 
Zelealem Tsegay (DA) 
Kidist (HA) (recording 
raingauge) 

Location Adiwono   May Gundi   

Date installed 20/6/04 23/6/04 24/6/04 20/6/04 

Elevation 2190m 2242m 2085m 2176m 

Grid Ref 0551188 1538564 0552264 1536925 0546956 1537195 0550302 1539691 
Situation Exposed, 20 m from 

farmstead 
Exposed, 20 m from 
farmstead 

Exposed, 20 m from 
farmstead 

within the DA 
compound surrounded 
by trees. 
 

Position Bottom of eastern 
ridge slope 

a top a high col on the 
lower southern end of the 
eastern ridge, and the 
western end of the 
Tseadago ridge 

on a low hill between 
the final confluence of 
the May Gundi before 
leaving the catchm

Just before the start of 
the eastern ridge slope,  

ent 

 
Figure 7: Raingauges in Debra Kidan 

R1 R2 

 
 

 

R3 

 

R4 

 

 16



Training 
Training was given to the farmers which followed the procedure outlined in Appendix 4. Additional 
training included the use of a calculator to add up totals in the case when the measuring cylinder 
overflows. Desta was present at the installation of all the raingauges and trained all the farmers whilst 
the TA observed and made sure that he had covered all the points. The DAs observed the installation and 
training for all of the raingauges. 
 
Farmers also enquired about payment for the recording work as did the Mekelle researchers. The TA  
explained that the purpose of the project was to help the farmers through their own efforts and that 
recording the rainfall was of use to design soil and water conservation structures and select appropriate 
crops. The TA was then informed that there was a nearby Belgian project that was paying farmers 1 
birr/day for rainfall recording and that farmers were used to food for work programs run by Christian 
organizations in the area. 
 
The Debra Kidan DAs were trained how to read the recording raingauge (Appendix 5) and given the task 
of collating the rainfall data following the instructions given in Appendix 6. The DAs were also given a 
notebook containing tables to calculate Monthly and Dekade totals. This should be replaced with booklets 
made from the record sheets in the Appendix 2. 
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3.1.2.2 Mekelle Consortium: Begasheka 
 
Figure 8: View of the SW end of the catchment from the middler (Note water harvesting pond in left 

centre) 

 
The project area was visited on 21, 26 and 27/6/04. The Begasheka catchment is some 90 km west of 
Mekelle, 10km west of Adi Abi, a 3-4 hours drive. It is an area where REST have conducted many 
activities, including building large water harvesting dams for irrigation. There are no Ethiopian Mapping 
Agency contour maps for the area, however an orthophoto map is available, but to purchase it, a letter 
from a government body is required. This map is not very useful as high and low ground are difficult to 
determine. The area has been digitized by Kunom Assefa the head of GIS at REST. The major structures 
and landuse of the catchment have been marked, an example of the maps prepared is shown in Figure 9. 
The catchment is confusing and awkward to define from the ground, since it is made up a close series of 
hills a result of river erosion of a peniplain. There is no view point from which to get an overall view of the 
catchment. Some background information was available (REST, unpubl. (a)) and part of a REST report 
detailing the design of water harvesting structures (REST, unpubl. (b)) was obtained.  
 
Population 
The total population of the Begasheka Tabia is 2571 with household size of 565. Out of this household 
418 are male headed and the rest 147 women headed. (REST, unpubl. (a)). 
  
Land use 
The total area of the watershed is 1035 ha. that consists of four sub watersheds namely Shemdrone, 
Weteleko, Endatsion and Rubashewit. The size of each sub watersheds is 313 ha., 288 ha., 191 ha. and 
240 ha. respectively. Of the total watershed area, 52% s farmland the rest of the land is 29% area 

 18



enclosure, 13% open grazing land and 13% homestead. (REST, unpubl. (a)). There is extensive terracing 
throughout the area and some places are enclosed to prevent grazing. 
 
Figure 9: GIS map of the Begasheka catchment produced by Kunom Assefa (REST), detailing landuse and 

major structures in the catchment. 
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Topography and Geology 
The catchment is a high plateau surrounded by lower ground and within the catchment there are a close 
series of hills of similar height. The elevation of the watershed varies from 1750 m at the outlet to 1891 
m at the upper most of the watershed. (REST, (unpubl. (a)). The underlying geology is a grey shaly 
metamorphosed limestone, perhaps turbidite, interbedded with sandstone; sands and gravels fill the 
valleys. 
 
Climate 
This watershed is classified as Dry Weina Dega agro climatic zone. According to the 5 years rainfall data 
measured at the nursery site in the watershed (Figure 10), the mean annual rainfall of the watershed is 
741 mm. Similarly, the mean annual temperature and the mean annual potential evapo-transpiration 
are 22.90C and 1837mm respectively (REST, (unpubl. (a)). 
 
Figure 10: Rainfall at Begasheka nursery. 
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Hydrological features 
There are many surface water features, dry gulleys cut through the river valleys and at the exit of the 
catchment there is permanent surface water which is used by the local population for drinking and 
washing. Numerous check dams have been constructed as well as water harvesting ponds in the largest 
tributaries (Figure 11). Groundwater is present in the valleys, 3-4 m below ground level, which is 
collected from hand dug wells, and sealed wells with India mark 2 handpumps donated by UNICEF.  
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Figure 11: Hydrological features in the Begasheka Catchment 
 

Place at which the two main tributaries draining 
the Begasheka catchment meet 

 
 

 
Check dam built to stop gulley erosion 

 

Vetiver grass with check dam behind Large water harvesting structure built by REST 

  
 

 
Installation of Raingauges 
A preliminary visit to the catchment, the Woreda BoA in Adi Abi and the Begasheka Tabia DAs was made.  
The BoA Head at Adi Abi is Alebachew Mago and Legesse Ambaye is the  soil and water Head who will be 
supervising the Begasheka Tabia DAs. The Begasheka DAs were shown a map (Figure 9) prepared by 
EST of the catchment and the ideal locations for the raingauges discussed, the DAs were then asked to 

A’s office. The recording raingauge was installed on a 4m pole attached to the DAs office 
hich projected 1 m above the roof. The location of the raingauges are shown in Figure 13, the details 

are in Table 2. 

R
locate suitable farmers. Again the question of payment was raised by both the DAs and the farmers.   
 
Three collecting raingauges were installed, R1 was placed in a farmers field and fenced using iron posts, 
R2 and R3 were installed on the roofs of the farmers houses (Figure 12). This overcame the difficulty of 
finding a suitable site next to the house which was not protected by trees and had the added benefit that 
the raingauges did not need to be fenced. The roof mounted raingauges may be subjected to more wind 
turbulence than if they were mounted on the ground, however the other raingauge on the ground is on 
top of a hill and so also subject to the same conditions. The recording raingauge is also mounted above 
the roof of the D
w
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The siting of the raingauges is not ideal, although evenly distributed around the catchment there is very 
little difference in elevation and while they are all within the catchment, none are on the higher ridges 

rrounding the catchment. 
 
Figure 12: Raingauges installed in Begasheka 
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Figure 13 : Map of Begasheka catchment project area (grid lines approximate). 
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Table 2: Details of Rain gauges installed in Begasheka 

 R1 R2 R3 R4 
Person 
recording 

Gebreziner Tewldu (priest) Gebremedhin Hailu Yeibyo Meresa Legesse Ambaye 
(recording 
raingauge) 

Location SW  NE SE  Central 
Date installed 27/6/04 27/6/04 27/6/04 27/6/04 
Elevation 1780 m 1749m 1761m 1756m 
Grid Ref 0490920 1505806 0493437 

1506770 
0493274 1506164 0492745 

1506772 
Situation Fenced and at 

groundlevel. Reasonably 
exposed, buildings and 
trees nearby (5m) 

Mounted 1 m 
above roof,  
exposed 

Mounted 1 m above 
roof,  exposed 

Exposed, mounted 
1m above roof 
height 
 

Position On low spur, surrounded 
by hills of the SW 
catchment boundary 

On a low ridge just 
before the NE 
boundary of the 
catchment 

On top of a low ridge 
towards the  W edge 
of the catchment 
boundary 

On the N slope of 
a small hill in the 
center of the 
catchment 
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Training 
Training was given to the farmers which followed the procedure outlined in Appendix 4. Additional 
training included the use of a calculator to add up totals in the case when the measuring cylinder 
overflows. Desta was present at the installation of all the raingauges and trained all the farmers whilst 
the TA observed and made sure that he had covered all the points. The DAs observed the installation and 
training for all of the raingauges. 
 
The Begasheka DAs were trained how to record rainfall for the recording raingauge (Appendix 5) and 
given the task of collating the rainfall data following the instructions given in Appendix 6. The DAs were 
also given a notebook containing tables to calculate Monthly and Dekade totals. This should be replaced 
with booklets made from the record sheets in the Appendix 2. 
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3.1.2.3 Debub Consortium:  Beresa Catchment 
 
Figure 14 : View of the Beresa catchment from R1, the Dobo ridge is in the far distance. 

 
The catchment was visited on the 1 and 2/7/04. There were no background documents provided, the 
following information has been gained by observation or by interviews with farmers and DAs during the 
two days it took to install the raingauges. The Beresa catchment is 2 km from Butajira, which is 200 km 
to the north of Awassa. Road access is reasonable to most parts of the catchment, however raingauges R1 
and R3 are accessible only by foot.  
 
This project area had the lushest vegetation of all the project sites. The main crops observed at the time of 
the visit included chilli/pepper and maize. 
 
Topology and Geology 
The project area is bordered to the north by the Dobena river, by the Dobo and Dobena (2000 m) ridges 
to the South and East and the hills of Beresa and Getema (3000m) to the west. The lowest point of the 
study area is 1945m. This project area is likely to be problematic as the Dobena river is one of the 
catchment boundaries. It is likely that there are several subcatchments within the defined area draining to 
the Dobena river at several different points. Two subcatchments are readily identified separated by a low 
ridge which is not shown on the topo map.  There are several depressions in the catchment which appear 
to have no exit. 
 
The underlying geology is volcanic lava flows, which outcrop in some areas. The lava has weathered to 
leave a sandy black soil which freely drains.   
 
Hydrological features 
There are no surface water features in the catchment, neither gulleys or drainage ditches, apart from the 
Dobena river itself, which makes it difficult to locate where the water exits the study area. There are no 
wells either; however, wells do exist on the other side of the Dobena river. Groundwater is likely to exist, 
however wells dug in these loose soils might easily collapse and reportedly there is a hard rock layer at 
depth which is impenetrable.   
 
There are 21 water harvesting ponds to be constructed in the Kebele, 9 lined with plastic, the rest lined 
with cement. A WH pond was being constructed on the same farm as R3 which would be finished by now. 
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Raingauge installation 
recording raingauge were installed in the Beresa catchment. The raingauges are 

he design of the fences around the raingauges was modified, fence posts were spaced at 1m instead of 

Figure 15: Rainguages installed in Beresa  

R1 

Three collecting and 1 
well distributed and spaced within the study area and represent a range of different elevations. 
 
T
the 1.2m used in Umbulo Wacho, and wooden poles placed on the top of the raingauge. This kept the 
wire taught which has been a problem with the other fencing methods used (Figure 15). The recording 
raingauge was installed the same way as all of the others. The locations of the raingauges are detailed in 
Figure 16 and Table 3. 
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Figure 16: Location of raingauges in the Beresa catchment 
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Table 3: Location of raingauges in Beresa catchment 
  1 2 3 4 
Person Abela Naszr Bratu Teme Musefa Mohamed Nuria 

Musefa 
Habtamua Ambawu 
(DA) Shemsu Hussen 
(DA) (recording 
raingauge) 

Location Beresa Dobena Ridge Dobo Ridge Nesta Sefer 
Date 
Installed 

1/7/04 2/7/04 2/7/04 2/7/04 

Elevation 2063m 1955m 2012m 1997m 
Grid Ref 433165 895518 436317 896040 434224 894031 436317 89604 
Situation Exposed on hill top Moderately Exposed Some shelter from 

eucalyptus fence to the N 
Sheltered by  large 
tree to the SW 

Position Village compound 
on top of hill 

Lowland village 
compound 

Low col next to Dobo 
ridge 

Low ridge near to 
Dobena river 
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Training 
Training was given to the farmers which followed the procedure outlined in Appendix 4. Additional 
training included the use of a calculator to add up totals in the case when the measuring cylinder 
overflows. Tasebe was present at the installation of all the raingauges and trained all the farmers whilst 
the TA observed and made sure that he had covered all the points. The DAs observed the installation and 
training of R2, R3 and R4, and Ato Gemil the Head of the BoA for Butajira observed the installation and 
training for R1.   
 
Habtamua the Tabia DA was shown how to take readings from the recording raingauge (Appendix 5) and 
was also given the task of collating the rainfall data from all the raingauges (Appendix 6) and given a 
booklet of sheets (Appendix 2) sufficient for one year.  
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3.2 Response to second term of reference 
Objective 2 requires that methods to measure all the parameters necessary to calculate a full catchment 
water balance are established. Little progress has been made in establishing the procedures for measuring 
the other hydrological parameters necessary to calculate a catchment water balance, however the lessons 
learnt from the problems encountered with the measurement and recording of rainfall will apply to the 
measurement of these other parameters.  
 

3.2.1 Measuring water balance parameters in the project areas 
Rainfall is the most important measurement for calculating a hydrological balance. The other 
measurements required apart from rainfall are Evaporation, Streamflow and Groundwater flow. 
Groundwater flow is the most problematic of these measurements and most difficult to verify. As a result 
often errors associated with the measurement of the other parameters are lumped in with the groundwater 
flow estimate.  
 
The Mekelle Consortium project areas, Debra Kidan and Begasheka both have groundwater that is 
abstracted and also have semi permanent streams in the gullies, while the Debub consortiums Beresa and 
Umbulo Wacho catchments are free draining; and groundwater can not be reached as in Beresa, or 
exceptionally deep (100m) as in Umbulo Wacho. For this reason the Debub Consortium should ignore 
groundwater.  Beresa has the additional problem that streamflow can not be measured as there are no 
surface water features such as ditches and gullies in the catchment, and  estimates of streamflow can not 
be made using the Debana river because there are contributions from the other side of the river channel. 
In this case a water balance will have to be estimated from rainfall and evaporation measurements alone. 
 
Without a detailed geophysical survey the properties of the aquifer and the rate of groundwater flow can 
not be accurately measured and a catchment balance be calculated with a good degree of accuracy in 
Begasheka and Debra Kidan. Given the problems and expense of obtaining a reasonable catchment water 
balance perhaps the reasons for wanting this information should be examined. 
 

3.2.1.1 Reasons for the calculating a catchment water balance 

A stated objective of the operational research project is to calculate a catchment water balance, with this 
information soil and water harvesting structures can be designed, appropriate crops for the farmers chosen 
and the total available water resources available estimated, however, there are other ways of obtaining 
information required. The choice of appropriate crops for the farmers and the total available water 
resources available can be determined from the rainfall records; obtaining information for soil and water 
conservation structures can be obtained from runoff plots and GIS modelling. 
 
Runoff plots require measurements of rainfall and runoff, and GIS modelling requires that the soils, 
geology, and landuses of the catchment are surveyed. The results from runoff plots and GIS modelling will 
be more applicable to the particular sites of soil and water conservation projects than from the catchment 
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as a whole, and could be used as ways of verifying the estimates obtained from a full catchment balance 
study. Indeed GIS modelling is the easiest way of characterizing the groundwater aquifer. 

3.2.1.2 Suggested hydrological research 

The Mekelle Consortium were anxious to start recording of evaporation, streamflow and groundwater 
levels as soon as possible, however there was not enough time for the TA to train or devise methods in the 
mission.  
 
In the following section there is a discussion of the approaches and methods necessary to calculate a 
catchment water balance followed by a discussion of runoff plots and GIS modelling. The Awassa and 
Mekelle researchers should use this information to generate their own research proposals for hydrological 
research in each of the project areas, but bear in mind that this has to be directed towards farmers needs. 
The Mekelle Consortium will need to consider all the parameters, while the Debub Consortium can ignore 
references to groundwater. 
 

3.2.2 Outline of research 
 

o Hydrological research in the project areas should try to obtain estimates of the measurements of 
rainfall, evaporation and where appropriate streamflow and groundwater levels, using the 
methods described below. Attempts should be made to calculate the catchment water balance 
estimating groundwater flows using stream hydrograph analysis at first.  

 
o Where possible in Debra Kidan and Begasheka water harvesting structures should be used to 

measure runoff and calculate runoff coefficients, time of concentration, runoff curves and the 
probable maximum flow  (Appendix 15; Hudson, 1993). 

 
o GIS thematic layers of elevation, slope, aspect, land use, soil properties, and aquifer properties 

should be developed and hydrologically modelled.  
 

o Later research should estimate the aquifer properties by analyzing groundwater levels, rainfall 
measurements and aquifer tests (Fetter, 1994). Groundwater levels should be monitored for use 
in later research and for comparison. 

 
o Researchers submit their projects to the ‘Predictions in Ungaged Basins’ working group 

http://cee.uiuc.edu/research/pub/default.asp 
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3.2.2.1 Water balance approach 

The hydrological water balance formulae (Fetter, 1994) is: 
  
Q=P-Et ±∆S 
 
Where      Q = Streamflow ;  P = Rainfall;   Et =Evapotranspiration;   S = Groundwater 
 
Each of the above parameters to be measured in a water balance are discussed below. A fuller description 
of the methods of measuring and calculating the water balance and each individual measurement apart 
from groundwater are in the Hydrology TA’s first report (Hollingham, 2003).  
 
Table 4: Methods of data collection for calculating a water balance ranked in order of increasing 
complexity and capital cost. 
 1 * 2 * 3* 4 5 
Rainfall Collecting 

raingauges, 
recorded daily 

Observations of 
collecting 
raingauges 
taken during a 
rainfall event.  

 Recording 
raingauges 
(1mm) (£140) 

Professional 
recording 
raingauges 
(0.25mm) 
(£250) 

Evaporation Temperature 
based methods 
recorded daily 

Evaporation 
Pans with 
readings 
recorded daily 
by farmers 

  Meteorological 
station (£1500) 

Streamflow Measurements 
of flood peak 
height 
recorded by 
farmers 

Measurement 
of flood peak 
height with 
times of start,  
maximum and 
finish of  flood 
event 

Continuous 
measurement 
of flow and 
water level 
over duration 
of flood 
event by 
farmers. 

Data logging 
water level 
recorders. 
(£600) 

Artificial channel 
structures with an 
electronic  water 
level recorders 

Groundwater  Groundwater 
levels recorded 
daily by 
farmers . 

Groundwater 
levels and  
records of 
water 
abstracted 
recorded daily. 

Groundwater 
levels 
monitored  
daily and 
after rain 
hourly 

Data logging 
water level 
recorders. 

Groundwater 
levels recorded by 
an electronic 
water level 
recorder and 
records of water 
abstracted kept 

* Operational research network followed 
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Rainfall and evaporation measurements are relatively straight forward, but the measurement of 
streamflow and groundwater flow is more problematic.  Table 4 gives methods of increasing capital cost 
and complexity for the measurement of each of the main parameters of the water balance equation. The 
general approach of the project is for inexpensive and simple participatory recording methods, listed in 
columns 1-3. This will be labour intensive, both in terms of recorder time but also supervision time. 
Rainfall events that generate runoff may only occur 3 or 4 times a year. Researchers will have to spend 
time in the field during the rainy season, to develop the methods themselves and train farmers. This 
conforms to the overall ethos of the programme, involving all the stakeholders in a close operational 
network. but might be difficult to achieve because researchers have other duties. The methods listed in 
columns 4 and 5 will allow automatic recording but are more complex, and depend upon the researchers 
having the knowledge to operate and repair the equipment, and how secure the equipment is in the field. 
 
Rainfall  
Daily rainfall is now being recorded by farmers in all the project areas. Using recording raingauges allows 
the calculation of rainfall intensity and there is no opportunity for human recorder error. There is however 
the potential for total loss of data if the datalogger should go missing or there is an operational error 
whilst downloading the data. Professional raingauges record smaller amounts of rainfall (0.25mm) which 
may be evaporated and lost from the simpler recording raingauges with larger tipping buckets (1 mm). 
 
Evaporation 
Simple estimates of evaporation could be made by researchers using the Blaney Criddle method  
(Appendix 11 (Doorenbos and Pruitt, 1992)) and the average daily temperature recorded by farmers 
using a max-min thermometer. In some catchments where there is an adequate supply of clean water 
(Debra Kidan and Begasheka) evaporation could be measured using evaporation pans. A standard Pan 
factor of 0.7 could be used, but this is likely to vary with local conditions and a better pan factor could be 
estimated by calibration with a local meteorological station.  A meterological station recording 
temperatures, relative humidity, windspeed and solar radiation could be used to calculate evaporation 
using the Penman Method; (Allen et al 1998). This would be the most accurate way of calculating 
evaporation.   
 
Farmer estimates of evaporation could be compared against evaporation estimates produced from data 
from the meteorological station. Temperature and Pan evaporation records could be recorded by farmers 
using a modified version of the rainfall recording form.  
 
Date Time  Water level (m) Comment 
    
 
Stream flow  
There are two parts to streamflow measurement, recording the flow rate (and relating this to the height of 
water in the channel), and constructing hydrographs to estimate the volume of water by recording the 
time of the flow measurement.  
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Flow rate 
To measure the flow rate a regular, straight and smooth section of the stream channel is required. There 
are sections of the gullies in Umbulo Wacho, Debra Kidan (Figure 4) and Begasheka which could be used, 
however flow is more regular and easier to measure over an artificial structure such as a spillway or a 
check dam such as those constructed in Begasheka (Figure 11).  
 
The simplest method of flow measurement requires farmer observations of water level. This will just record 
the height of the water in the channel and estimates of the flow could be made using Manning’s 
equation, or in increasing order of accuracy, floats or a current meter. Details of these methods are in 
Appendix 13 (Hudson ,1993).  
 
Current meter measurements although more accurate, would have to be conducted by researchers or 
trained DAs. Streamflow measurements should be taken at several different flow levels, thus requiring 
researchers to be present during the rainy season which maybe difficult to arrange. The procedure would 
need to be repeated at regular intervals in case the channel shape changes (Appendix 13, Hudson 
(1993).  
 
Constructing Hydrographs 
For constructing hydrographs for a single flood event the simplest method would involve farmer recording 
of the maximum heights of floods in gullies and the times that they occurred. If the time of the flood peak 
is known then the start of the flood flow can be assumed to be the start of the rain, and the end of the 
flood flow would be the same as the time to peak flow. From this information a simple triangular 
hydrograph can be drawn.   
 
More accurate measurements involve 4 or more measurements of flow, and the time of these flow 
measurements after the onset of rain. One of these observations would have to be close to the peak flow. 
The time and rate of peak flow could be estimated from these observations, sparing the recorders the 
necessity of waiting in the field for the flood peak. The greater the number of observations of streamflow 
the better the hydrograph (Appendix 12).  Further refinement in constructing hydrographs would require 
recording water level recorders (approx £600 each) based on pressure measurement. (Appendix 13), 
(Hudson, 1993)) Farmer measurements could be compared to the water level recorder records. 
 
The best practical option for measuring streamflow is farmer observation. Farmers should record for each 
flow event 4-6 measurements of the height of water and the flow using floats (taking an average of 3 
measurements at each water level). In this case record sheets should include columns for date, time, 
height of water, the dimensions of the channel, flow rate, and comments to note if the channel has 
undergone any change like erosion. 
 
Date Time  Waterlevel (m) Flow rate (m/s) Comments 
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The flows from major tributaries should also be recorded as this will allow the runoff characteristics of the 
subcatchments to be estimated. In Umbulo Wacho with many surface water features draining into the 
lake, there is no choice but to measure the runoff in each major gulley draining each subcatchment.  The 
large water harvesting structures in Begasheka would make ideal places from which to make flow 
observations. The runoff from small flood events which do not fill the water harvesting pond, can be 
measured by recording the level of water in the water harvesting pond. When the pond is full the flow 
over the spillway can be measured.  
 
Groundwater 
Groundwater flow can not easily be measured directly, especially where water is abstracted. Any errors in 
the measurement of the water balance components are usually included in the estimate of groundwater. A 
description of the methods of investigating groundwater flow and aquifer properties outlined in this 
section can be found in Fetter (1994). In addition, Appendix 15 contains an example of groundwater 
research which illustrates the problems of estimating groundwater budgets (Jennings et al., 2001). This is 
not meant as an example as to how the research should proceed, rather it is there to illustrate the amount 
of work is involved in estimating groundwater flow.  
 
The simplest method is to use the water budget method and to assume that the residual rainfall after 
accounting for stream flow and evaporation is groundwater.  Another method is streamflow hydrograph 
analysis.  This method uses two or more streamflow hydrographs (Appendix 10; p 61, Fetter, 1994; 
Ashworth 2003) to work out the groundwater flow (Vt in m3) from semi-logarithmic plots of the flood 
recession curve of a stream hydrograph, taking the maximum stream flow rate (Qo  in m/s) and the time 
take for the stream flow rate to reach 10% (t1) of the maximum,  Vt = Qo t1/2.3. This approach has 
great scope for inaccuracies as it assumes that all the groundwater leaves as surface water at the 
catchment outlet and that there are no abstractions. In Debra Kidan and Begasheka there are some 
abstractions and also some flow within the sediments of the gulley bed. 
 
Estimates of groundwater flow based on water level measurements 
Other, but more complex methods involve the measurement of groundwater levels. To record the 
groundwater levels, marked measuring sticks should be placed within as many wells as practical. Initially 
only a couple of wells should be monitored so that problems with recording and measurement can be 
addressed. The exact height of the ground level around each well and a reference point on the well level 
measuring staff will have to be measured using land surveying techniques. For both methods daily 
waterlevel measurements are required. Farmers could take measurements first thing every morning in a 
similar way to rainfall recording. Record sheets should contain columns for Date, Time, Waterlevel (m) 
and comments.  
 
Date Time Waterlevel (m) Comments 
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Storativity 
The volume of water drained or added from an aquifer as the head lowers or rises may be found from the 
formula: Vw = S A ∆h , where Vw is the volume of water drained or added,  S is storativity, the volume 
of water that an aquifer unit will absorb or expel from storage per unit surface area per unit change in 
head; A is the surface area overlying the aquifer unit; ∆h is the average decline or increase in head.   
 
If water level change ∆ h can be determined spatially over the aquifer, and if S can be determined 
satisfactorily, a calculation of the volume of water drained or added is possible. Without knowing 
storativity, groundwater levels will only give an indication of the size of the groundwater reservoir and 
whether the groundwater is being recharged or drained. 
 
The surface area (A) of the aquifer is relatively easy to estimate as it is often assumed to be the same as 
the catchment area (however this may be a gross simplification). S is more problematic to measure and 
can only be determined properly through pump tests (p.197, Fetter, 1994). Pump tests require that one 
well is pumped while at least one other well is observed for a long period. It may be difficult to find wells 
close enough together to do this within the project areas. Also the lstakeholders may object to their 
groundwater being pumped and the water not being used. An alternative method, but not exact is to use 
the rise in groundwater levels after a small rainfall event that does not produce runoff. This assumes that 
the rainfall is immediately recharging the aquifer below and that there is no significant recharge from 
othre parts of the aquifer. 
 
Hydraulic gradient 
Another approach is to take the water level measurements to calculate the hydraulic gradient (i)  and use 
these with estimates of hydraulic conductivity (K), and the crossesectional area (A) of the aquifer to 
calculate groundwaterflow using   V= AKi    (p. 81;Todd, 1980). 
 
The hydraulic conductivity can be measured from a slug test (Appendix 9, (p 243, Fetter, 1994)) 
conducted in a single well, but means adding or removing a large volume of water.  The crossectional 
area is more problematic and can be determined from drilling or geophysical methods. The easiest option 
here is a electormagnetic survey (p.555, Fetter;1994) using an EM31 or if the aquifer is deeper than 6m 
an EM 34, however this will take days to complete in each of the project areas. 
 
With both of the above approaches, storativity and hydraulic conductivity, better estimates of groundwater 
flow can be obtained by modelling the aquifer properties (p 593, Fetter, 1994) using computer programs 
like the Groundwater Modelling System (GMS) (http:www.emrl.byu.edu) or Groundwater Vistas 
(http://www.groundwatermodels.com/software/SoftwareDesc.asp?software_desc_id=19&software_id=6) 
both of which use Modflow, the USGS groundwater modelling algorithm 

 
Additional groundwater studies 
The effectiveness of GW recharge structures could be judged by comparing water levels in wells near to 
recharge structures to those far away from such structures. Quantitative assessment can only be made if 
the aquifer properties hydraulic conductivity, storativity and size of the aquifer are measured. 
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3.2.2.2 Runoff Plots  

These are small areas of land from which the water running off is collected. They are used to calculate the 
runoff coefficient, the proportion of rainfall that drains from the surface as runoff.  
 

AP
re =  

here e = runoff coefficient, r = runoff (mm), A= area of runoff plot(m2) P =precipitation (mm) 

ficients can be calculated at a range of 
ales from a whole catchment down to a few meters of hillslope. 

, 
nd flow over these is easy to relate to depth using Manning’s equation (Appendix 13 (Hudson, 1993).  

 

s

m like the Watershed Modelling software (WMS) 
) would be of benefit. 

 

l 
vestigation of the underlying aquifers would greatly improve the accuracy of water balance estimates.  

 

 
w
 
Runoff plots can also be used to measure soil erosion. Runoff coef
sc
 
Ready made runoff plots are available in Debra Kidan and Begasheka where water harvesting structures 
have been built. By measuring the volume of water collecting in these structures, a runoff coefficient can 
be calculated. In Begasheka the large stone lined water harvesting ponds are a trapezoid shape and the 
volume of water within them can easily be related to height, also the ponds have constructed spillways
a

3.2.2.3  GIS modelling 

Most catchments have been or are in the process of being surveyed and the information entered into a GIS 
ystem. The Debub Consortium already have a research proposal underway (Assessment of soil erosion 

and sedimentation in Umbulo Wacho watershed using a GIS based survey. Shimelis Gebriye, Alemayehu 
Muleneh, Tazebe Kiros and Awdenegest Moges) which plans to build a GIS model of the catchment, 
classifying soil erosion risks and model the hydrology: and a GIS model has been developed by REST, for 
the Begasheka catchment using the TNT GIS software (http://www.microimages.com/product/). Whilst 
both institutions have GIS software with hydrological tools, these are not specifically designed for 
hydrological modelling.  A computer progra
(http://www.emrl.byu.edu

3.2.3 Summary  
The Water balance, the runoff plot and the watershed modelling approaches should be tested against 
each other to verify results.  In both the catchment balance and runoff experiment approaches require 
common measurements. Farmer observations could also be tested against recording equipment. Fuller 
details of methods for the collection and analysis of hydrological data are given in the Hydrology TA’s first 
report (Hollingham, 2003). Some meteorological and hydrological instrumentation, and a geophysica
in
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3.3 Response to the third term of reference  
Farmers and DAs in all study areas have been trained to record rainfall. The DAs have also been instructed 
to collate rainfall readings from farmers. DAs in Umbulo Wacho and Beresa and have been provided with 
note books to record the daily, dekade and monthly rainfall totals. DAs in Debra Kidan and Begasheka 
were provided with note books for the same purpose, but which should be replaced with record books 
made from the forms in Appendix 2. 
 
Researchers from each Consortium have been instructed on the operation of the datalogger attached to 
the recording raingauge. Each Consortium’s hydrology researcher has access to a project laptop on to 
which the datalogger can be downloaded. In light of comments from the consortia’s researchers the 
instructions for the operation of the datalogger have been extended and modified (Appendix 7). 
 
The raingauge network installed in March 2004 in Umbulo Wacho and the farmer rainfall records were 
inspected. Researchers had completed the installation of the 5th recording raingauge at Umbulo Wacho, 
monitored by Yosef Yunca on the 25/4/04 (I.T.). Students under supervision of the DAs in Awassa Woreda 
had not commenced collation of the farmer rainfall records. Researchers reported problems downloading 
the datalogger and suspected that farmer recording was not accurate. Analysis of the rainfall records from 
Umbulo Wacho shows some discrepancies both in farmer and researchers. Details of the visit to Umbulo 
and the state of rainfall recording in Umbulo Wacho are given below.  
 

3.3.1 Site visit to Umbulo Wacho  
The Umbulo Wacho catchment was visited on the 30/6/04 (23/10/96 E.C.) the raingauges and the 
rainfall record sheets were examined, and the DAs visited to check how the data collection was going. The 
procedure for copying data carried out by the Debub researchers was also observed. The location and the 
details of the Umbulo Wacho raingauges are given in the Table 5 and Figure 17 below. 
 
Table 5. Raingauge locations and recorders 
 Person Location PA Date installed 

(E.C) 
Grid Ref 

    1   Eyasu Hameso - Umbulo Wacho 
PA chairman 

Kurnela Umbulo Wacho 11/7/96 0422046 
0774235 

    2  Endrias Denbaro - Farmer Wolema Umbulo Wacho 11/7/96 0423921 
0773767 

    3 Yoseph Yunca - Farmer Umbulo Wacho Umbulo Wacho 5/8/96 0422661 
0772093 

    4 Gudeta Guracha - Tenkaka 
Umbulo deputy chairman 

Gogo Tenkaka 
Umbulo 

17/7/96 0424690 
0776377  

    5 Embakom Firdamo - Farmer Gechemo Kejema Umbulo 19/7/96 0423975 
0779499 

    6 Nadew Tumicha - DA Korangoge Umbulo Wacho 12/7/96 0424208 
0769464 
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Figure 17:. Map of Raingauge locations in Umbulo Wacho 
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BDA , Borecha DA office;   ADA, Awassa DA office;      TDA, Tenkaka DA office. 

 

3.3.1.1 Farmer Raingauges 
All the raingauges were in good condition and correctly fitted. Only one farmer recorder was available at 
the time of the visit; Embarkom Firdamo at Gechemo, Kejema Umbulo (R5). All the records were available 
for inspection except for Eyasu Hamesco’s, the Umbulo PA chairman (R1).  All the record sheets were up 
to date and legible, except Endrias Denbaro’s(R2) and Embarkom’s who had not read their gauges that 
day. In addition Embartom and Gudeta Guracha (R4) were not recording actual times that the rainfall was 
recorded, but recording a time of 1.00 E.T. (07.00 I.T.) throughout.  In Kejeme, Embarkom (R5) had 
initially not used the record sheets provided and had recorded the rainfall in a separate note book. The 
rainfall records for the past week were also missing as he had been absent and had asked a friend to 

4
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record the rainfall, and he had not yet found time to add these records to the raingauge sheets. The above 
implies that in these cases the time of recording might not be correct. The time of the rainfall record is not 
of prime importance, however, an indication of the time of day the rainfall was recorded is useful to work 
out the length of period to which the rainfall record relates. If farmers do not have watches then they 
should estimate the time until watches can be provided for them. 
 
At Umbulo Wacho the rainfall records kept by the farmer Yoseph Yunca (R4) were a little confusing. Some 
of the entries for rainfall were confusing, amounts of 0.17 mm and 10.11 mm had been recorded. Yosef 
needs to be interviewed to find out if he really means 0.17 or 1.7 or 17 mm in the first instance or 10 
mm, 11 mm or 10.5 mm.   
 
 

3.3.1.2 DA Recording 
In the DA office at Korangoge, Nadew Tumicha had left and had been replaced by another DA. Although 
the DA was keeping records of the recording raingauge he had not yet compiled the records for the 
raingauges in Umbulo Wacho. The new DA was suffering from malaria at the time of the visit and so 
training was not given. Tazebe agreed to give the new DA the training he needed. The recording 
raingauge was still in place and the counter was still functioning.  
 
A similar story was told at the DA office in Awassa Woreda. The record sheets had not been given to the 
DAs there when the raingauges were installed (which was a mistake of the TA), and had not been 
delivered to the DAs since, despite several visits from the Debub researchers. They requested a folder, 
record sheets, pens, pencils, markers, ruler, pencil case, a calculator, and drawing pins. (A calculator, 
some pencils, pens and a record book were later purchased and given to Tazebe to give to the Awassa 
DAs). 
 
Tsege the supervisor of the Tenkaka, Kejema and Lebu Kebeles present as well as Lengisho Legano and 
Tamerat the students from the Aridaityta Agricultural College who had agreed at the time of installation to 
supervise the rainfall recording by the farmers, (Lengisho had supervised Gudeta Guracha, and Tamerat, 
Embakom Firdamo). Lengisho and Tamerat had not collated the rainfall data because they did not have 
record sheets nor were they being paid for this activity. We then informed that Lengisho and Tamerat 
should be paid, as at the moment the local NGO Meserete Kiristos Church is currently paying 250 birr/ 
month to the students and DAs involved in their aid projects. A payment of 25 birr/ month was suggested 
as adequate payment for the work we want them to carry out.  
 
Rainfall data collation should be the responsibility of the Awassa DAs, however they have a large work 
load and at the time of installation Tsege and the Awassa DAs suggested that Lengisho and Tamerat, 
could supervise, however no mention of payment had been made. The DAs in the Awassa Woreda need to 
take over responsibility for the collation of the raingauge records and actively participate in the project. 
Students are only placed for 6 months and this produces no continuity in farmer supervision. 
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It was also mentioned that the farmers were also requesting payment for the recording, as the Meserete 
Kiristos Church Foundation were also paying to do work. This is currently under discussion by the Debub 
Consortium who are considering this option as well as contributions from other farmers, and payment by 
Meserete Kiristos Church Foundation to the farmers because they will also make use of this data. 
 
Lengisho Legano and Tamerat were due to finish their placements shortly and be replaced by new 
students from the Aridaityta Agricultural College. Tazebe agreed to train these new students when they 
arrived. 
 

3.3.1.3 Debub Researchers 
The Debub researchers had some of the rainfall records from the 18/3/04 (11/7/96 E.C.) – 30/4/04 
(23/8/04) transcribed into excel spreadsheets. During the TA’s visit, photographs of all the recording 
sheets except for Eyasu Hamesco (R1) and the recording raingauge at the DAs office were taken. These 
were later transcribed into an Excel spreadsheet (Table 6) and both the TA and the Debub researcher’s 
records were compared. Comparison with the researcher’s spreadsheets shows that there have been some 
mistakes by researchers entering the data, not just in amounts of daily rainfall, but that the records for 
the Gudeta at Tenkaka have been mixed with those of Endrias at Wolema. Entering the farmer records 
into the computer is a time consuming process, careful checking is required to ensure that the records 
have been transcribed correctly. 
 
The researchers from Debub had downloaded records from the recording raingauge; however they had 
inadvertently destroyed some of the records by launching the logger before downloading the data. This 
was because they were following the instructions for operating the recording raingauge in the Appendix 5 
of the hydrologists TA second report (Hollingham, 2004) which assumes that the logger has not been 
launched and starts with instructions for launching the logger. Modified instructions are included the 
Appendix 7 for the recording raingauge which includes screenshots of the computer programs used. The 
data that had been retrieved from the logger was incomplete and the records from the DAs office were not 
available for comparison.  
 
The differences in the Ethiopian Calendar and time systems with the international system are a source of 
confusion when collating data. Farmers are recording in the Ethiopian system and the datalogger is 
recording in the international calendar and time system. Researchers should use the Ethiopian system for 
reports which are used by the farmers and the DA’s. However reports used by researchers will need to be 
in the international calendar so that standard methods that estimate crop water requirements can be used 
(Allen et al., 1998). Reports should clearly state which time and date system is being used to avoid 
confusion.  

3.3.2 Analysis of Umbulo Wacho rainfall records 
Rainfall records for the Umbulo Wacho project area were inspected. Photographs were taken of the all the 
farmer rainfall record sheets except for Eysau’s (R1) who was away at the time. These records were then 
transcribed by the TA and plotted. A copy of the rainfall data is in Table 6 below. Dates are in Ethiopian 
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Calendar and the time is in the Ethiopian system which is 6 hours behind the international system. This 
data has been graphed and is shown in Figure 18. Note that Yosef did not start recording until 5/8/96 
E.C. (13/4/04); Embartiom on the 19/7/96 E.C. (26/3/04) and Gudeta on the 17/7/96 E.C. (24/3/04). 
 
Figure 18: Daily Rainfall for the raingauges in the Umbulo Wacho catchment March to June 2004 (dates 

on graph in Ethiopian Calendar)  
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reasonable agreement. Some of the larger rainfall events like the one around 27/7/96 (E.C.) do not 
appear on all raingauges on the same day, which maybe due to farmer misrecording or the natural 
spatial variability of rainfall; however when the rainfall data is aggregated into dekades there is closer 
agreement. Table 7 and Figure 19 show the dekade rainfall for Endrias (R2), Yosef (R3), Gudeta (R4) 
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Table 6: Rainfall data from Umbulo Wacho (TA transcription) Times and dates in Ethiopian system 
               (R3) Yosef (R5) Embartom (R4) Gudeta (R2) Endrias 
     Date (E.C.) Time Rain (mm) Time Rain (mm) Time Rain (mm)      Time     Rain (mm) 

11/07/1996       01:00 0.5 
12/07/1996       01:30 0 
13/07/1996       07:20 0 
14/07/1996       01:30 0 
15/07/1996       07:30 0 
16/07/1996       01:30 0 
17/07/1996     01:00 0 01:20 0 
18/07/1996     01:15 0 01:30 0 
19/07/1996   01:00 1 02:00 0.5 01:25 1 
20/07/1996   01:00 0.5 02:30 0 01:05 1.5 
21/07/1996   01:00 2 02:00 0 01:00 0 
22/07/1996   01:00 0 01:30 0 01:30 0 
23/07/1996   01:00 0 02:15 3.5 01:10 0.5 
24/07/1996   01:00 1 02:00 0 01:10 0 
25/07/1996   01:00 0 01:30 0 01:20 2 
26/07/1996   01:00 3.5 01:15 1.5 01:20 51.5 
27/07/1996   01:00 19 01:10 2.5 02:00 2.5 
28/07/1996   01:00 2.5 02:00 34.5 12:50 2.5 
29/07/1996   01:00 11 01:00 0 12:40 1.5 
30/07/1996   01:00 0.5 01:15 0 01:40 3.5 
01/08/1996   01:00 5 01:30 7.5 01:40 5.5 
02/08/1996   01:00 6 01:50 0 01:30 25.5 
03/08/1996   01:00 4.5 01:20 4 01:25 0 
04/08/1996   01:00 0 01:30 0.5 01:10 1.5 
05/08/1996 03:15 0 01:00 2.5 01:00 13 01:10 2.5 
06/08/1996 12:20 2.5 01:00 1 01:00 0.5 01:25 2 
07/08/1996 12:30 2.15 01:00 1 01:00 0.5 02:00 1.5 
08/08/1996 12:10 3.2 01:00 2 01:00 3 12:30 3 
09/08/1996 12:50 0 01:00 17 01:00 11 01:40 0 
10/08/1996 01:25 0 01:00 1 01:00 0 01:20 0 
11/08/1996 02:05 19.5 01:00 0 01:00 3 12:35 26.5 
12/08/1996 12:30 10.11 01:00 17 01:00 2.5 01:20 11 
13/08/1996 12:25 0.1 01:00 1.5 01:00 0 12:40 2 
14/08/1996 12:30 0.7 01:00 0 01:00 3 01:35 7 
15/08/1996 02:05 1.2 01:00 0.5 01:00 0 01:40 5 
16/08/1996 05:35 2.3 01:00 2 01:00 0 01:40 4.5 
17/08/1996 12:35 0.1 01:00 0 01:00 1.5 01:05 1 
18/08/1996 12:30 0.1 01:00 2 01:00 2 01:45 0.5 
19/08/1996 04:01 0.1 01:00 0 01:00 2 01:40 1 
20/08/1996 12:05 1.2 01:00 0 01:00 0 01:30 1 
21/08/1996 04:30 0 01:00 0 01:00 12 01:00 0 
22/08/1996 12:05 1.2 01:00 0 01:00 4 01:15 0.5 
23/08/1996 01:30 30.6 01:00 25.5 01:00 12.5 01:40 43 
24/08/1996 01:25 0.17 01:00 11 01:00 22 12:30 24 
25/08/1996 12:15 8.5 01:00 26 01:00 9 01:10 6.5 
26/08/1996 12:20 20 01:00 7 01:00 23 01:10 17.5 
27/08/1996 00:12 0.1 01:00 21 01:00 0.5 01:40 0 
28/08/1996 11:30 0 01:00 0 01:00 0 01:30 0 
29/08/1996 11:45 0 01:00 0 01:00 0 01:30 0 
30/08/1996 01:45 0 01:00 0 01:00 0 01:30 0 
01/09/1996 12:50 2.5 01:00 0 01:00 1 12:45 7.5 
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             (R3) Yosef                (R5) Embartom        (R4) Gudeta (R2) Endrias 
     Date (E.C.) Ti  (mm) Ti ) Tim (mm)      Time    (mm) me Rain me Rain (mm e Rain   Rain

02/09/1996 11:15  00 01:00 0 1:00 0 12:15 0 
03/09/1996 11:30 0 01:00 0 01:00 0 

12:45 0 01:00 0 01:00 0 
00:10 0 01:00 0 01:00 0 
12:45 0 01:00 0 01:00 0 
01:15 11.5 01:00 0 01:00 0 19 
01:05 0 01:00 9 01:00 0 
12:30 0.5 01:00 0 01:00 
12:00 0 01:00 0 01:00 
12:50 0 
12:00 0 
12:10 0.1 1.5 
12:45 0.1 
12:30 0.1 
12:30 0 
04:15 0 
00:10 0.6 
12:00 0 
12:30 0 
12:15 0 
01:40 0 
03:50 0 
00:25 0 
01:15 0.5 2.5 
01:25 0 

12 01:00 2.5 

0.5 0.5 

0.5 
13 

21 01:00 
10.5 12.5 

14.5 
10 01:00 

0.5 

12:25 0 
04/09/1996 01:00 0 
05/09/1996 01:20 0 
06/09/1996 01:20 0 
07/09/1996 12:45 
08/09/1996 12:30 0 
09/09/1996 0 01:00 0 
10/09/1996 0 12:35 0 
11/09/1996 01:00 0 01:00 0 12:40 0 
12/09/1996 01:00 0 01:00 0 02:00 0 
13/09/1996 01:00 0 01:00 0 01:40 
14/09/1996 01:00 3 01:00 0 01:00 1 
15/09/1996 01:00 0 01:00 0 01:00 1.5 
16/09/1996 01:00 0 01:00 0 01:00 0 
17/09/1996 01:00 0 01:00 0 01:00 0 
18/09/1996 01:00 0 01:00 0 12:00 2.5 
19/09/1996 01:00 0 01:00 3 12:40 0 
20/09/1996 01:00 1 01:00 0.5 01:10 1 
21/09/1996 01:00 0 01:00 2 01:30 2 
22/09/1996 01:00 0 01:00 0 01:30 0 
23/09/1996 01:00 0 01:00 0.5 01:20 0.5 
24/09/1996 01:00 0 01:00 0 12:30 0 
25/09/1996 01:00 0 01:00 4 12:30 
26/09/1996 01:00 0 01:00 0 12:30 0 
27/09/1996 01:05 0 01:00 0 01:00 0 12:30 0 
28/09/1996 01:30 2 01:00 0 02:00 
29/09/1996 01:15 0 01:00 0 01:00 0 01:00 0 
30/09/1996 12:50 0.1 01:00 0 01:00 0 01:00 1 
01/10/1996 12:45 0 01:00 0 01:00 0 01:20 0 
02/10/1996 01:30 01:00 0 01:00 0 12:30 
03/10/1996 04:15 0 01:00 0 01:00 0 01:15 0 
04/10/1996 01:30 1.5 01:00 0 01:00 0.5 01:15 1.5 
05/10/1996 06:50 0 01:00 0 01:00 0 01:30 0 
06/10/1996 01:10 0 01:00 0 01:00 0 01:15 0 
07/10/1996 01:40 0.1 01:00 0 

9.5 01:00 
01:00 12:40 2 

08/10/1996 01:35 16 01:00 12:40 22 
09/10/1996 12:40 0 01:00 0 01:00 0 12:40 0 
10/10/1996 00:10 0.5 01:00 0 01:30 1.5 
11/10/1996 01:10 01:00 0 01:00 7 01:30 
12/10/1996 03:45 12 01:00 5 01:00 9 02:00 
13/10/1996 00:10 0 01:00 0 01:30 0 
14/10/1996 12:00 0 01:00 0 01:00 0 01:25 0 
15/10/1996 01:50 0 01:00 0 01:00 0 01:00 0 
16/10/1996 12:00 0 01:00 0 01:00 0 01:20 0 
17/10/1996 01:15 0 01:00 0 01:00 0 01:20 0.5 
18/10/1996 02:30 0 01:00 0 01:00 0 01:00 0 
19/10/1996 01:50 0 01:00 0 01:00 0 01:00 0 
20/10/1996 01:25 0 01:00 0 01:00 0 01:15 0 
21/10/1996 05:20 0 01:00 0 01:00 0 01:15 
22/10/1996 12:20 0 01:00 0 01:00 0 12:20 0 
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Figure 19: Dekad Umbu ea (D ate on graph n e rainfall for lo Wacho Project ar ekade start D in Ethiopia
calendar)  
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Analysis of the rainfall data in Table 7 shows that Endrias’ farm (R2) is wetter than the other raingauges, 
and Gudeta’s farm (R4) appears to be the driest receiving 55% of the rainfall at Endrias’ farm. May has
been a drier than expected month, Endrias recorded 42.5 mm of rainfall which is lower than the lowest 
rai y for riod 199 002 of 5 m rec ed a wassa M orolog tation.  
 
Table 7: Dekade totals for Umbulo Wacho  
Dekade start date 
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28/3/04 21/7/96 64  42 39.5 
8/4/04 1/8/96 42.5  40 40 
18/4/04 11/8/96 59.5 .5 14 23 
28/4/04 /8/96 91.5 60.5 83 90.5 
8/5/04 1/9/96 26.5 .5 1 9 
18/5/04 11/9/96 7.5 .9 3.5 4 
28/5/04 21/9/96 9.5 .6 7 13 
8/6/04 10/96 41 29.2 21 30.5 
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4 Itinerary 
 

ate Activity D
12/6 Sat Leave Bangor via Manchester, Flight out 
13/6 Sun Arrive in Addis 
14/6 Mon Meeting with Dr Dejenne Makonnen, Collection of Maps 
15/6 Tue Flight to Mekelle 
16/6 Wed Meetings with Mekelle Consortium 
1 Kidan 7/6 Thu Field visit to Debra 
1 ls in8/6 Fri Purchase of materia  Mekelle 
19/6 S Field v Debra Kidan lation of at isit to , instal R4 
20/6 Sun Field visit to Begasheka 
21/6 Mon , Purchase of iron poWrite up sts 
22/6 Tue Field visit to Debra Kidan, ins n of rain , R1 and Rtallatio gauges 2 
23/6 Wed  to Debra Kidan, ins n of rain , R3 Field visit tallatio gauges
24/6 Thu , visits to REST and U y Mekelle niversit
25/6 Fri Field visit to Begasheka, meeti ith BoA in bi and Tab s ngs w  Adi A ia DA
26/6 Sat Field visit to Begasheka, instal  of R1, R2 nd R4 lation , R3 a
27/6 Sun k to Mekelle, write uDrive bac p 
28/6 Mon ting with Mekelle C um. Flight dis Final mee onsorti to Ad
29/6 Tue Drive to Awassa 
30/6 Wed bulo WachoField visit to Um  
1/7 Thu erials for raing installatioPurchase of mat auge n 
2/7 Fri stallation of R1 Field visit to Beresa, in
3/7 Sat Field visit to Beresa, installation 2, R3 anof R d R4 
4/7 Sun Awassa, write up 
5/7 Mon Drive to Addis 
6/7 Tue Flight back to Manchester, arrive Bangor via Manchester 
 

 45



5 References 

 R., Pereira, .Rae  Smith, M.(1998), Crop evapotranspiration - Guidelines for computing 
ter requir  drainage paper 56, Rome 
.fao.org/doc 90e00.htm

J.M. ( nt Recharge Calculations in Northern Oman. 
3000.com/R

s J, and Pruit ements. FAO irrigation and drainage paper 24. 

, (1994) Ap ice–Hall. New Jersey 

, M. (2003) nal research and 
ilding for foo

, M. (2004) search and 
ilding for foo

 W. (1993) soe Associates, Ampthill, 
nited Kingd re Organization of the United Nations; Rome, 
.fao.org/doc

, M., Thomas, C , L. (2001) Estimation of recharge to the 
inity aquifer of Water Resources Institute, 

 University twri.tamu.edu/reports/2001/tr185/tr185.pdf  

ubl. (a)) Back

REST  (unpubl. (b)) Design of Water harvesting structures in Begasheka 
 
Robinson, W.I. (2002) Ireland Aid Ethiopia. Review of Agriculture/ Natural resource management 
projects. CAZS, University of Wales, Bangor. 
 
Todd. D.K., (1980) Groundwater Hydrology. John Wiley and Sons. New York. 
 

 
Allen, s, D. and
crop wa ements - FAO Irrigation and
http://www rep/X0490E/x04
 
Ashworth. 2003) Transie
http://aqua echarge/Recharge.htm
 
Doorenbo , W.O. (1993) Crop Water Requir
Rome  
 
Fetter, C.W. plied Hydrogeology, 3  ed.. Prentrd

 
Hollingham  Water Balance Studies (MHH/1). Report for Ireland Aid o

roject. July 2003 
peratio

capacity bu d security and sustainable livelihoods p
 
Hollingham  Water Balance Studies (MHH/2) Report for Ireland Aid ope

oods project, March 2004 
rational re

capacity bu
 

d security and sustainable livelih

Hudson, N. ,  Field measurement of soil erosion and runoff, Sil
Bedford, U om , Food and Agricultu

rep/T0848E/t0848e00.htmhttp://www
 

Jennings ., Burch, J., Creutzburg, B. and Lambert
middle Tr  Central Texas using water-level fluctuations.  Texas 
Texas A&M
 
REST  (up ground to Debra Kidan and Begasheka project areas 
 

 46



6 Appendices  
 
Appe  
Appe 50 
Appendix 3: Collecting raingauge installation procedure 58 
Appe
Appendix 5: Rainfall recording procedure for the recording raingauge 63 
Appendix 6: Collecting the rainfall data (Instructions for Tabia/ Kebele DAs) 65 
Appe 67 
Appendix 8: REST Background documents 75 
Appendix 9: Slug Tests and Baildown Tests 88 
Appe 92 
Appendix 11: Evaporation estimation using the Blaney Criddle method 93 
App 95 
App 103 
Appendix 14: Estimating Runoff 115 
App 125 
 
 

ndix 1: Rainfall recording sheet 48
ndix 2: Record book for rainfall recording 

ndix 4: Raingauge recording for the collecting Raingauge 60 

ndix 7: Instructions for Downloading the Datalogger 

ndix 10: Determining Ground Water Recharge from Baseflow 

endix 12: Construction of hydrographs 
endix 13: Streamflow Measurement 

endix 15: Estimation of recharge to the middle Trinity aquifer of Central Texas using water-levels 

 47



Appendix 1: Rainfall recording sheet  
Tigrinya version 
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English version 
Operational Research  
Hydrological Studies 

Daily Rainfall Recording Sheet 
 

Place______________________                Woreda______________________ 
 
Month_____________________                  Recorder_____________________ 
 

Date Time Amount Weather Remark 
1     
2     
3     
4     
5     
6     
7     
8     
9     
10     
11     
12     
13     
14     
15     
16     
17     
18     
19     
20     
21     
22     
23     
24     
25     
26     
27     
28     
29     
30     
Total     

 
Weather Conditions 
Windy = ({)    Cloudy        = (©) 
Cold    = (ö)    Warm/sunny = (N) 
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Appendix 2: Record book for rainfall recording 
 
The following pages can be printed off  Consortium researchers.  There are 4 
header pages and 3 recording sheets; a Daily recording sheet, a Dekade recording sheet and a Monthly recording 
sheet. Ideally 13 daily sheets, 1 dekade sheet and 1 Monthly sheet should be bound and presented to the DAs once 

 Debra Kidan 
nd Beresa. There are 6 raingauges in Umbulo Wacho, 4 in Boricha and 2 in Awassa Woredas. For the DAs the forms 

presented here can be used, but the Consortium researchers will need to make modify  the record sheets for 6 
raingauges.  
 
Only Amharic versions of the sheets are presented here. Mekelle researchers should translate the sheets into Tigrinya. 
 
To use the: 

 Daily sheets the rainfall for each day should be entered into the appropriate column, and the weather 
recorded. 

 
Dekade sheets add up the previous 10 days rainfall for each raingauge and enter it into the appropriate 
column. Then for each dekade calculate the average rainfall. 

 
Monthly sheets calculate the monthly total for complete months only. There is a row at the bottom of the 
daily sheet for calcu ting the monthly otal. Transcribe these totals into the monthly sheet and then work 
out the monthly total for all of the raingauges. When the year is complete calculate the yearly totals for all 
the raingauges and the average annual rainfall. 

 

 to m s andake record books for the DA

a year.  
 
The record sheets presented here are designed for 4 raingauges, as have been installed in Begsheka,
a

•

• 

• 
la  t
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DCI Operational Research 
 

Borecha/ Awassa Woreda Agricultural Bureau 

DA Rainfall Record Book 
 

 

 
 

           Place                                                                 Woreda 

Hydrological Studies of Umbulo Watershed 
 
 

 

 

  
(ï¬)            (wrÄ)      
 
 

                                       Recorder 
(ymZUbþ SM)     
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DCI Operational Research 
 

Gurage Woreda Agricultural Bureau 
Hydrological Studies of Beresa Watershed 

 
 

DA Rainfall Record Book 
 
 
 

 
 
 
             Place                                                                 Woreda 

 (ï¬)            (wrÄ)      
 
 
 
 
 
 
                                       Recorder 

                                              (ymZUbþ SM)      
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DCI Operational Research 
 

Hawzen Woreda Agricultural Bureau 
Hy d drological Studies of Debra Kidan Watershe

 
 

DA Rainfall Record Book 
 
 
 

 
 
 
             Place                                                                 Woreda 

 (ï¬)            (wrÄ)      
 
 
 
 
 
 
                                       Recorder 

                                              (ymZUbþ SM)      
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DCI Operational Research 

Hydrological Studies of Begasheka Watershed 

DA Rainfall R d Book 

 

                       
ï¬)     

 
Tambien Woreda Agricultural Bureau 

 
 
 
ecor

 
 

 
 
 

Place                                                       Woreda 
 (        (wrÄ)      

                               (ymZUbþ SM)     

 
 
 
 
 
 
                                       Recorder 
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Daily rainfall records 

(yyqnù yZÂB m«N) 
 
Date Weather /remark (yxyR hùn¤¬) Amount (m«N) 
  R3 R4 R1 R2 
1      
2      
3      
4      
5      
6      
7      
8      
9      
10      
11      
12      
13      
14      
15      
16      
17      
18      
19      
20      
21      
22      
23      
24      
25      
26      
27      
28      
29      
30      
Total      
 

 55



Decal (10 day period) Records 

 
eriod Dates Weather /remarks Amount 

(yyxSR qnù yZÂB m«N) 

P
  R1 R2 R3 R4 Sum Average  
1         
2         
3         
4         
5         
6         
7         
8         
9         
10         
11         
12         
13         
14         
15         
16         
17         
18         
19         
20         
21         
22         
23         
24         
25         
26         
27         
28         
29         
30         
31         
32         
33         
34         
35         
36         
Total         
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Monthly Records 
„ yZÂB m«N) 

 

nth Remarks Amount 

(yyw

 
Mo
  R1 R2 R3 R4 Sum Average 
        
        
        
        
        
        
        
        
        
        
        
        
        
Total        
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Appendix 3: Collecting raingauge installation procedure 
 
The following design of the raingauge  designed with the help of Eyasu the 
Umbulo Wacho PA and the farmer Endrias Denbaro. They decided that the gauge should be mounted at 1.30m high 

 preven  damage from cattle and that there should be a fence around the raingauge to 1.2m 

4 fence posts, 2m long, termite proof, 7 birr each 
4 crossbars, provided by farmer 
4 nails, 3 inch long 
40 m of single strand barbed wire, 50 birr 
1 post for raingauge, termite proof, planed flat at top on 1 side for 35cm, 7 birr each 
3 screws, 1 inch, come with raingauge 
50 staples, 1 inch 
5 buckets of rock and gravel (obtained locally) 

ools 
Measuring tape 
Screw driver – Flat head 
2 hammers 
Saw 
Wire cutters 

igging implements, obtained locally 
Level 
Gloves 
First aid kit 

 
Method. 

1. Mark out the position of the posts on a 1.2 x 1.2m square with the tape measure.  
2. Dig 4 holes for the posts using the digging implement 50 -80cm deep. 
3. Dig a hole, 50 -70cm deep, for the raingauge mounting post in the centre of the square. 
4. Place the fence posts in the post holes and mark the tops of the posts so that they are level at 1.2m. 
5. Cut the fence posts to height. 
6. Place the raingauge post in its hole and measure 10 cm above the fence, mark it and cut it to size. 
7. Attach the mounting bracket for the raingauge to the post using the 3, 1 inch screws, so that in projects 

above the post. Use a nail to make pilot holes first. 
8. Place all poles in the ground and back fill the holes with rocks, gravel and soil, making sure they are 

straight. For the raingauge post, attach the raingauge and use the level to check that the raingauge while 
backfilling. 

installations in Umbulo Wacho was

to t
 

aterials M

 
T

D
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9. Nail the cross bars to the top of the posts using the 3 inch nails, wedge the other end of the cross bar to the 
bottom of the adjacent post.  

10. Mark on the fence posts, 10, 20, 30, 40, 65, 90, 105 and 120cm from ground level 

h the wire and a 
hammer to tension the wire.  
t the starting post and using the second hammer, tack the wire at the 20 cm mark and continue tacking 

14. ire on the starting post to the mark above. When completed cut the wire 
ples. 

15. . Farmers are now presented with a folder with recording sheets 
instructions for taking 

 
  

11. Using gloves unwind the barbed wire. Starting at the 10cm mark, nail one end of the wire to the post using 
2 staples. 

12. Wind the wire around the other 3 posts and back to the first post using staples to attac

13. A
the wire at this level to the other posts. 
Continue the above, raising the w
and finish with 2 sta
The raingauge installation is now complete
in Amharic, a pencil case containing 12 pencils, a rubber and a pencil sharpener, and 
rainfall measurements. 
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Appendix 4: Raingauge recording for the collecting 

 
Description and maintenance of the raingauge 
The 

1. 

3.  in inches, cm, and mm,  

 
The 
the funn

Raingauge  

raingauge is made up of 4 parts.  
The clear plastic main body,  

2. a green plastic funnel,  
a clear plastic measuring tube graduated

4. and a green plastic mount, to be attached to the post.  

main body of the raingauge slots on to the green plastic mount. The measuring tube slots on to the bottom of 
el, and the funnel sits on top of the main plastic body. There is a circular slot at the bottom of the main body 

into which the measuring cylinder should sit, other wise the top of the raingauge will not be level. 

e raingauge needs to be kept clean, please ensure that the hole in the funnel is not blocked other wise water 
maybe lost especially during heavy rainfall. 
 
Apart from the responsible person it is important to train other members of the household how to record rainfall for 
you in case you are absent or otherwise unable to record rainfall in the morning. 
 
Measurement procedure. 
Readings should be taken at the start of the day. Time of reading should also be recorded. It is important that 
rainfall is recorded at this time as this is when other raingauges in the area will also be read, it will be difficult to 
compare the reading with the other raingauges if readings are taken at a different time.   
 

1. Remove the whole raingauge from the mount. Remove funnel with the attached measurement tube. Hold 
the measurement tube immediately.  

2. Read the mm scale on the tube by holding level (not tilted) and raising the tube so that the top of the water 
in the tube is the same height as the eye. 

3. If water has overflowed into the main body of the raingauge and the measuring tube is full,  
a. remove the funnel and pour the water from the tube back into the raingauge main body. If the 

funnel is kept on top of the tube when pouring the water back, water will be spilt. 
b. Place the funnel back on top of the measuring tube and pour the water in the main body in to the 

measuring cylinder to the 25mm mark.  
c. Make a note that 25mm has been collected. 
d. Discard the water from the tube making sure no water remains in the measuring tube.  
e. Repeat the procedure from (b), adding 25mm to the total each time, until the last of the water is 

poured into the measuring cylinder, make a note of this final reading and add it to the total. 
f. For example the measuring cylinder is filled to 25mm twice, and the last reading is 15mm the 

total rainfall would be 65mm (25 +25 + 15 mm). 

 
Th
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4. Make sure that the measuring cylinder is empty, reattach the funnel to the cylinder and place the funnel 
and measuring cylinder on the main body of the raingauge. Make sure that the cylinder slots in to the 
circular slot in the bottom of the raingauge body. 

 

d the time and date the measurement was taken and the weather for the 
et provided. For example if there was a rainfall reading of 10mm at 1.03 on 

ing and description of the weather would be entered on the record sheet for the row 

 
ay Time Reading (mm) Weather Remarks 

Recording Procedure 
1. Record your daily reading, an

previous day on the record she
the 20th March, the read
for the 19th March as illustrated below. 

D
18 0.45  2 ä + Ä  
19 1.03  10 Ä  
20     
 

2. The weather should be described using the following 4 terms. Sunny/warm, Cloudy, Windy and Cold. Use 
the symbols representing these weather conditions to record the weather on the record sheet  

 Reading (mm) Weather Remarks 

 
3. If water is spilt and lost then use the greater than symbol (>) to indicate that the rainfall was greater than 

the recorded reading because some water has been lost. 
 
Day Time
2 0.55 23 ä + Ä  
3 1.13  >100 Ä  
4     
 

Use the greater than symbol (>) as well in the unlikely event that the main body of the raingauge is full and 
r has overflowed from the raingauge. wate

 
4. water in the bottom of the raingauge, record this as 0.5mm. 

 
5. If th i

was not 
 
Day Weather Remarks 

Some days there may be only a droplet of 

e ra ngauge was not read on any day, mark the record sheet with a dash (-) to indicate that a reading 
recorded on that day. The reading taken the next day includes the missing day(s).  

Time Reading (mm) 
9    - ä + Ä
10 2.00 55 Ä  
11     
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Wha l
The Tabi
sign and date the record sheet in the remarks column. These copies of the farmers rainfall records will be kept and 
plotted in the Tabia/ Kebele DAs office. Daily rainfall will also be collected by another two farmers in the project area. 

Data l
erosion, 
out of th
they prod As and will be available for inspection by the farmers. Results may 
lso be communicated to all stakeholders (farmers and BoA) in a field day that may be organized in the Tabia/ 

e. 

t to do if the ra gauge mount is br en 
ake a mounting piece out of wood or of thin tin metal (from a tin can for instance) or tie the raingauge to the pole.  

 
What to 

• Please inform the Tabia/ Kebele DAs  

• ave to be imported from the UK.  

t wi l happen to the rainfall data? 
a/Kebele DA will collect the data every week. He should make his own copy of the rainfall record sheet, and 

 
 col ected by the DA will be used by researchers to produce rainfall maps. Later they will estimate rates of soil 

the amount of water available to crops. Later measurements will be taken of the amount of water flowing 
e project area and waterlevels in the wells and groundwater recharge dams. Copies of the rainfall maps that 
uce will be passed to the Tabia/Kebele D

a
Kebel
 
 
Wha in ok
M

do if the raingauge is stolen  

• Please also inform the other raingauge recorders in the study (list below) so they are aware of the problem. 
There are no replacement raingauges available as these h
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Appendix 5: Rainfall recording procedure for the recording 
raingauge  

 
Raingauge description and maintenance 

auge needs to be kept clean, please ensure that the hole in the funnel is not blocked other wise water 
aybe lost especially during heavy rainfall. 

 is blank then the battery will need replacing or the connections in the 

 important to train other members of the household how to record rainfall for 
you a to record rainfall in the morning. 
 
Rain  
The digital counter records the amount of rainfall in mm directly and this can be copied directly to the record sheet. 
 
Rainfall recording procedure 
Readings should be taken at the start of the day. Time of reading should also be recorded. It is important that 
rainfall is recorded at this time as this is when other raingauges in the area will also be read, it will be difficult to 
compare the reading with the other raingauges if readings are taken at a different time.  After recording a reading 
press the reset button on the digital counter so that it says zero, ready for the next day’s readings.  
 
Record your daily reading, the time and the weather for the previous day on the record sheet provided. For example if 
a rainfall reading of 10 mm is  observed at 1.03 on the 20th March, you would enter the reading and description of 
the weather on the record sheet for the row for the 19th March as illustrated below. 

 
Day Time Reading (mm) Weather Remarks 

The raingauge consists of 3 main parts 
1. a white plastic square raingauge containing a tipping bucket shaped like a spoon. 
2. a white digital counter with a reset button which uses a AAA battery 
3. a black datalogger 

 
The raing
m
 
The counter uses a AAA battery. If the counter
counter will need cleaning. 
 
Apart from the responsible person it is

in c se you are absent or otherwise unable 

fall measurement. 

18 0.45 2 N + Ä  
19 1.03 10 Ä  
20     

 
The weather should be described using the following 4 terms. Sunny/warm (N), Cloudy (©), Windy ({) and Cold 
(c). Use the symbols representing these weather conditions to record the weather on the record sheet. 
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Some days it may have rained but there may be no rainfall recorded, in this case record the rainfall as less than 1 
mm (< ) and mark this as 0.5 mm when plotting the graph. 
 

 a measurement is missed, use a dash (-) to indicate that a reading was not recorded on that day.  

Reading (mm) Weather Remarks 

If
 

Day Time 
9  - N + Ä  
10  1.15 55 Ä 
11     
 
The Datalogger 
Occasionally a researcher will come and download data from the datalogger. The datalogger records when the 

infall occurred and from this the rainfall intensity can be calculated. This information can be used to estimate the 

hat to do if the raingauge or counter is broken or stolen.  

ing it to the base. Do not tape over 
the top of the raingauge as this will reduce the amount of rainfall recorded.  

 recorded by the counter after significant rainfall, check the wire leading from the raingauge 

• If the raingauge is stolen or broken please inform the Tabia/ Kebele DA. Replacement gauges are not 
 have to be imported. 

ra
amount of runoff and rainfall erositivity in the project area. 
 
W

• If the raingauge counter is blank please check the battery, the contacts may need cleaning.  
• If the raingauge body becomes detached from the base, secure it by tap

• If no rainfall is
to the counter for damage or the funnel of the raingauge for blockages. 

available locally and
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Appendix 6: Collecting the rainfall data (Instructions for Tabia/ 
ebele DAs) 

Collecting Rainfall Data from farmers 
 a week rainfall dat ld be co farmers, the DA should make his own copy of the farmers' 

nfall record sheet, and gn and date t r record sheet in the lumn. 

g the rainfall data co ected, rainfall totals for 10 day periods should be calculated for each for each raingauge, 
 the note book provided. This is so the rainfall measurements can be used for crop water requirement calculations. 

ual totals should also be calculated. This information will be collected by researchers from Mekelle 

 possible to make a mount out of wood or a piece of 
endable metal. If a farmer’s raingauge is stolen, then please inform Woldegebreal G/hawaria, head of Soil and 

. Replacement gauges are not available and will have to 
be im r
 
Plottin  
Plot  
rainf a
than
insp t

issing readings 
Where farmers have not recorded one or more consecutive daily readings, use the weighted average method. The 
reading taken after the missing days will contain the cumulative rainfall for those missing days. 

1. Take the records from raingauges which have no data missing for those days,  
2. Calculate the total rainfall for those gauges for each day, and for the day that the raingauge with the 

missing records was read. 
3. Record these daily combined totals and add these rainfall totals for all days together.  
4. Divide the combined rainfall for each day by the combined total for both days. This will give you a ratio of 

that day’s rainfall to the total. 
5. Using the ratio for the appropriate day multiply the reading following the missing readings from the 

raingauge with the missing data.  
 
For instance suppose raingauge 3 had a missing reading on the 19/3 but recorded 19 mm on the 20/3, but 
raingauge 1 recorded 12 mm on the 19/3 and 5 mm on the 20/3, while raingauge 2 recorded 14 mm on the 19/3 
and 7 mm on 20/3. 
 
The total rainfall for gauges 1 and 2 on 19/3 is 26mm, and on the 20/3 it is 12 mm.  

K
 

Once a shou llected from the 
rai  si hei  remarks co
 
Usin ll
in
Monthly and Ann
periodically. 
 
If a farmer’s raingauge is broken at the mount it maybe
b
water conservation, BOANR, Mekelle, and the other farmers

po ted. 

g the rainfall data 
 the rainfall at each raingauge on the large graph paper sheets provided using a 1mm square for each mm of 
all nd 2 mm per day. Draw a line linking each consecutive day’s rainfall.  Where farmers have used the greater 
 symbol (>) draw an up arrow (↑) above that data point on the graph. Expect the farmers and researchers to 
ect he rainfall graphs. 

 
M
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The total rainfall for gauges 1 and 2 for both days is 38 mm. 
 
The ratio of rain on the 19/3 to the total for both days is  26÷38 =0.68,  

     12÷38 =0.32. 

nd for the 20/3,     19 x 0.32 =   6 mm   

late the ratio of each raingauge against that of the recording raingauge. 
• Use this ratio too calculate the missing rain fall. 

atio of rainfall recorded by R1 to that recorded by the recording raingauge is  
                          349÷329 = 1.06 

he data collected will be used by researchers to produce rainfall maps. Later they will estimate rates of soil erosion, 
ter available to crops. Later measurements will be taken of the amount of water flowing down the 

g
ade available to the 

Tab (farmers and BoA) in a field 
day
 
Thre re listed in the table 
belo
 

And the ratio for the 20/3 is   
   

So for the 19/3 the rainfall would be 19 x 0.68 = 13 mm 
a
 
Where the farmer has emptied the raingauge but not recorded a reading, use the relative ratio method. 

• For the period prior to the missing data calculate the total rainfall for he raingauge with the missing data. 
• Calcu

 
For instance suppose the recording raingauge recorded 13 mm, but the reading for R1 was missing. Prior to this R1 
had recorded a total of 349 mm, prior to the missing reading and the recording raingauge 329 mm. 

The r

 
The missing reading for  R1 is then  13 x 1.06 = 13.8 mm 

 
What will happen to the rainfall data? 
 
T
the amount of wa
ullies draining out of the project area and water levels within the wells and groundwater recharge dams. Copies of 

the rainfall maps that they produce will be passed to the BoA Woreda office and should be m
ia/ Kebele DAs and farmers. Results may also be communicated to all stakeholders 
 that may be organized in the Tabia/ Kebele. 

e daily raingauges in total will be set up in the project area. Details of all the raingauges a
w and the locations are also given in the map below.  
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Appendix 7: Instructions for Downloading the Datalogger 

The datalogger needs to be prepared (launching) by the Boxcar software so it can start to log rainfall events. The 
llected from the datalogger. If the datalogger is already 

hing it ll destro ed. If the logger is already launched then start with the 
ction labelled Downloading data from the logger. 

 
The a e 
logg a the chances of missing data 
should the datalogger malfunction because of a poor batte

oxc so  the other raingauges can be done if the data is imported 

Requ

ith logger) 

g it will destroy the data already collected. If the logger is already 
unched then start with the section labelled Downloading data from the logger. 

 There is a socket on the logger for this purpose and the 
cable fits to the computers RS 232 port (some modern laptops do not have this port, old style serial mice 
use this port) which is male and has 2 rows and 9 pins in all. 

 

Overview 

datalogger also needs to be launched after data has been co
logging, then launc wi y the data already collect
se

dat logger which is attached to the raingauge, records the time at which a total of 1mm of rainfall fell. Th
er c n record 8000 mm of rainfall, however frequent downloading will minimise 

ry or bad connection. The data can be viewed in the 
B ar ftware but better analysis and comparison with
into Excel.  
 

irements 
Datalogger 
Datalogger cable (provided with logger) 
Laptop with serial RS 232 port 
Software:  Boxcar  (provided w

  Microsoft Excel 
 
 

Method 
 
Launching the logger 
If the datalogger is already logging, then launchin
la
 

1. Connect the logger to the computer via the cable.
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Datalogger cable with 
female RS232 connector 

 

Computer male 
RS232 port 

 
 

2. Start the Boxcar software, select Com 1 if necessary.  
 

 
 

3. Select LAUNCH from the Logger menu. This brings up the launch dialog. (If it doesn’t, check the cable 
connectors) Chose an appropriate name for the data and press the START button.  

 
 

 
4. Watch the launch progress bar until the launch is complete. The logger is now recording data.  

 

 
 

5. Disconnect the logger from the computer. 

ow

2. Start the Boxcar software.  

 
D nloading data from the logger 

1. Connect the logger to the computer via the cable.  
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ogger menu and watch the progress bar until it is done. 

ox, name the off-loaded data file and choose where to store it. 
 

3. Select READOUT from the L
 
4. Using the SAVE AS dialog b

 
 

5. If successful you should be presented with a graph showing the rainfall 
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Exporting the data into Excel 
xcel can read comma delimited files, but the time and date need to be in the same column so you can create graphs 

in Ex  
1. Select the file you have just downloaded from the logger (look in the bottom window of the Boxcar program 

window) 
2. Select FILE / EXPORT/ CUSTOM. This takes you to the export window (do not use the Excel  export option in 

Boxcar as this will create files with the wrong date and time format). 
 

Downloaded file name (this is the file to 
Pprepare for export into excel) 

 

E
cel. To do this: 
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3. Click the PREFERENCES button, which takes you to the export preferences window. 
 

 
 

4. Change the DATE STYLE to month and day (incl. year).  
5. Change the TIME/DATE SEPERATOR to space.  
6. Change the TIME STYLE to Hr Min Sec. 
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7. Change the DATA SEPARATOR to comma.  
8. Click OK and return to the file export window.  
9. Click on the EXPORT button, and save the file as a text file in a convenient location.  

 

 
 
Now import the file into Excel 

1. Start Excel. 
t ise this and start its import wizard. 

 
2. Open the text file you have jus  created. Excel will recogn

 
 

3. Select the correct row to import from, this will be the row the data starts, ignore the column labels. 
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4. Select DELIMITED FILE OPTION and click NEXT this takes you to the delimiter window. 
 

 
 

5. Select COMMA as a delimiter. The data should be separated by a line, which Excel uses to mark the position 
of the columns. Click NEXT, this takes you to the data format window.  

 
6. Select DATE for the first column and GENERAL for the second column and click FINISH. 
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7. You should now have two columns, one with the time date and the other with the rainfall. Widen the first 
column if necessary to make the date and time visible. 

 

 
 

8. Save the file.  
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Appendix 8: REST Background documents 
 
Background document for Begasheka and Debra Kidan project 
areas. 
 
The following was provided by Desta Gebremichael of REST. 
 
Hawzien 
 
Hawzein is found the eastern part of Tigray. The population of the wereda has been growing since the last five ̀  
years. As to the information we got from the wereda administration, the population was about 5183 in 1992 E.C., 
5231in 1995 and 5535 in 1996 E.C. The average household size of the wereda is 5.27. The average age of men in 
the Hawzien is 53.47 and of women 43.24 years. (Check if tis info is for the wereda or watershed) 
 
Hawzien is one of the drought prone and disadvantaged weredas of the region.  Being located in a strategic location; 
central to ……….weredas and villages, it used to be a central market place of  people coming from these areas.  
The total population the wereda is about …. Rain fall is characterized by being erratic and early stopping. Despite 
the fact that the population depends on agriculture non-farm activities like pity-trade, and … significantly support 
the economy of the wereda.  Since … year … people have been receiving food aid in the form of  (FFW or …). 
The  magnitude of food aid has … (increased/decreased ) in the last  five/ten years.  The  wereda has been one of 
the main victims of the two wars mentioned above. In the Derge time  it has been bombarded by air attack on a 
market day, sustaining … people killed and … injured.  And recently it has been one of the many contributors of 
human and logistic supply for the war. … people have participated as  militia, regular army, and logistic providers 
out of which … have been deceased and … handicapped,  losing their potential to be deployed in agriculture.  
 
Debrekidan watershed: 
 
Location:  
 The watershed Debrekidan is found in the eastern zone, in Hawzen wereda, about 12 km away from the Woreda 
town at a longitude of ….N and ….N and latitude of …..E  and… E.  The elevation of the watershed is 
…..above see level.  
 
Climate 
Based on the classification of agro climatic zone in Ethiopia, this watershed is a …. that is classified as Dry ….. 
agro climatic zone. According to the 5 years rainfall data measured at …….. site in the watershed, the mean 
annual rainfall of the watershed is ……mm. Similarly, the mean annual temperature and the mean annual 
potential evapo-transpiration are ……. and …….mm respectively.  
 
Land use 
The total area of the watershed is 901.125 hectars hectares that consists of …..sub watersheds namely 
……….t. The size of each sub watersheds is …ha, ….ha, ….ha and …..ha respectively. The watershed has 
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a total of  901.125 hectars of land, out of which 248.125 hectares are arable,  72 ha. grazing, 67 ha. Covered by 
trees and bushes,  89 ha. Treated with plantation,  425 ha. wasteland. “The average size of holding is 0.69 
hectares” (Igbokwe,.N. & Adebe, 2001, P.11).  The following are among the commonly grown crops in the 
watershed: Karkaeta, Teff, Millet, sorghum, wheat, Barley, Sebere/Ingaya, beans, maize, Intatie, Alkayi, Nihugue. 
Among the domestic animals that are useful in their livelihood the following are dominant in the watershed: cattle 
(2680), shoats (3000), donkey (1050), and mules (11).  
 

Debrekidan shares almost all the conditions described for Hawzien. BoA officials say drought happens almost every 
two years in this watershed. This is a big indicator as to the drought severity in the area.   
 
In the Debrebrhan tabiya 6036 people live in 1156 households, of which 801 of them are headed by men and 355 
of them by women. Out of the total population 3000 are males and 3036 are females. The Tabiya has a total of  
2447.5 hectars of land, out of which 1144 hectares are arable,  270 hec. grazing, 110 ha. Covered by trees and 
bushes 119.5 ha. treated with plantation and 804 ha. wasteland.  
 
In the watershed 1740 people live and the average household size falls between 4-6. There are 520 households in 
the watershed out of which 236 of them are headed by men and 284 of them by women. Out of the total population 
837 are males and 903 are females.  
  
150 hec. of land is believed to be covered by trees and bushes. This accounts 6% of the total land coverage of the 
watershed. N this forestland the following wild animals are found: Hayna, Fox, Monkey, chimpansi?(waeg), Sesha 
and Chikoy.  
 
The average landholding size of the watershed is estimated to be two Tsimidi. In the watershed there are about 47 
water wells a of which 12 of them stay for the whole year and 35 for five months in a year. There are  3 rivers of 
which one flows for the whole year while the other two stay for about six months.  Rain fall data which was collected 
from the wereda BoA shows the following distribution in the last five years: 

 1991 E.C. = 508mm 
 1992E.C. = 502.6mm 
 1993E.C. =528.6mm 
 1994E.C. =358.8mm 
 1995E.C. =502mm   (check how this figures were collected). 

In the watershed three main soil types dominate. These are clay 13%; loam 40% and sand 47%. The average 
temperature of the watershed is about 21 °c.  

 
Kolla Tembien 
 
Kolla Tembien is a district located in Central Zone of Tigray Region at 90km to the town of 
the district’s capital called Abiadi from Mekelle, the capital city of the Region. The agro 
climatic zone of the District is mainly lowland. The drought and the famine prevailing in 
Tigray as mentioned above are also happening commonly in this District. Social and 
economical background of the District is presented below based on the  
Nutrition and Food security study in the district by Fiona Meehan (2003). 
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Household composition 
Average household size of the district is 5.39 persons per household that is the highest size in 
Tigray. Average ages for men and women of the household are 45.63 and 37.76 respectively. 
The households are headed 62.8% by husband, 1.7% by wife and 18.3 both. The rest 15.6% 
and 1.7 % are sole woman headed and sole male headed respectively. In addition, the 
educational status of the district shows that 41.7% male and 93.8% female are under minimum 
illiteracy levels. (Meehan, 2003) 
 
 
Household productive assets 
Land holding of the households is an average of 0.72hectar. 2.8% of the households in the 
district are landless. More than 70% of the households own oxen. Out of this 41% of the 
households have one ox and only 28% of them own two oxen. (Meehan, 2003) 
 
Agricultural production 
Household crop diversification is not much in this district. Almost half of the informant 
households practice 3 types of crops in the study year. The crop diversification of 39% of the 
households is limited to two and less. Furthermore, Vegetable production for consumption, sale 
or both in the district is extremely low that 85% of the households did not practice production 
of vegetables. (Meehan, 2003) 
 
Begasheka Watershed 
 
Location 
 
Begasheka Watershed is located in Central zone of Tigray, district Kola Tembien about 10 km 
away from Abiadi, town of the district at a longitude of 13 45N and 13 40 N and a longitude of 
38 55E and 39 00 E. The elevation of the watershed varies from 1750m a s l at the outlet to 
1891m a s l at the upper most of the watershed. (REST, 2003) 
 
Climate 
Based on the classification of agro climatic zone in Ethiopia, this watershed is a midland that is 
classified as Dry Weina Dega agro climatic zone. According to the 5 years rainfall data 
measured at the nursery site in the watershed, the mean annual rainfall of the watershed is 
741mm. Similarly, the mean annual temperature and the mean annual potential evapo-
transpiration are 22.90C and 1837mm respectively. (REST, 2003) 
Land use 
The total area of the watershed is 1035.67 hectares that consists of four sub watersheds namely 
Shemdrone, Weteleko, Endatsion and Rubashewit. The size of each sub watersheds is 313.8ha, 
288.91ha, 191.56ha and 240.4ha respectively. 52% of the total watershed area is farmland. The 
rest of the land size is 29% area enclosure, 13% open grazing land and 13% homestead. 
(REST, 2003) 
Population 
The total population of the Begasheka Tabia is 2571 with household size of 565. Out of this 
household 418 are male headed and the rest 147 women headed. (REST, 2003) 
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Report on water harvesting structure design for Begasheka 
 
The following text is part of a photocopied report made available by Desta Gebremichael at the Mekelle REST office.   
 
Description and back ground information of the watershed 
For designing rainwater-harvesting structures, estimating the runoff generated from particular watershed is primary 
activity, Hence the run off volume is function of rain fail amount, runoff coefficient and area coverage of the 
watershed. According to Tauer(1992) the effective rain fail occurring in a certain partial area of the catchment 
requires a specific travel time or concentration time before it arrives at outlet as direct run off. The run off process is 
just as critically dependent of system characteristics of the catchment area. 
 
The main factors governing the runoff process over a catchment area are climatic factors, relief and geology of the 
catchment, geographic location, soil, land use, infiltration rate of the catchment area and conservation practices. 
 
2.1 Geographic location of the catchment area 
The importance of geographic location of the watershed area has been demonstrated in varies studies. The related 
parameters are latitude, longitude, and distance from the ocean and elevation of the catchment. 
 
The catchment area is located north west of Abiadi town at a latitudinal and longitudinal location of 13°45’, 13°40 
N and 38°55’ and 39°OO’ E respectively. The altitude of the catchinent varies from 1750 m a s l up to 1891m a s l. 
 
2.2 Climatic feature of the watershed 
Climatic data is the base for designing rainwater—harvesting structures. The main components of climatic data are 
Rainfall, temperature and evapo-transpiration. The watershed has a unimodal Rainfall pattern (from June up to early 
September). The mean annual rainfall amount of 764mm. Generally the area is classified in dry Weina Doga 
Agroclimatic zone. 
 
Rainfall at Begasheka nursery. 
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2.3 Geologic feature o shed 
 c dom amorphic . The predom  Gold bear ck and la area has good 

ground water potential according to an information gathered from RWS department of REST during the exploration of 
ground water in Begasheka watershed. The drilling completion report for the constructed bore is summarized below. 

f the water
The atchment is inated by met  rock inant ing ro  S te The 

 
S/ 
 
n 

Tabia            Site name         Water strike at 
(m) 

Static water 
level (rn) 

Yield 
it/sec 

 Year of 
completion 
 

1 Begasheka 
 
 

Enda micheal 21 2.3 0.68  1997 

2 Begasheka Wetelako 20 11 1.8  1998 
3 Begasileka Shenldorona 21 11 2.6  1998 

 
 
2.4 Relief of the watershed area 

ated to slopes in the watershed mainly determined by geology of the surrounding these are 

 is more in the remotest part of the watershed 
hereas the difference is very low in the middle and outlet of the watershed; therefore, during high rainfall the runoff 

he hillside of the catchment area has shallow soil depth with silt loam textured; on the other hand the middle and 
 str eep profiled clay textured soil with significantly firm hardness and the 

.6 Land use 

 is highly degraded. It has been used as pastureland for several years with out any 
gulation. Moreover, the surrounding people with out any conservation practices have been cultivating the steep sloped 

osion and decrease infiltration rate. 

he importance of vegetation on surface runoff is unquestioned. Interception losses increase with increasing vegetation 

ral vegetation cover of the watershed area is heavily affected; 
moreover, the exposed hillsides are not favorable for safe growth of trees and shrubs; How ever, limited sites has been 

Relief parameter are rel
significant to the rain fall runoff process.(Tauer et al 1992). Maximum elevation difference between the Peak Mountain 
and the outlet of the watershed is about 141m. The elevation difference
w
water flows with aggressive velocity in the upstream side of the watershed and then it slows down reaches near the out 
let. As result of this serious gully erosion is observed at the base of the hills. 
2.5 Soil of the catchment area 
T
down eam part of the watershed has d
dominant soil color is dull brown. The soil characteristics are the base for determining the infiltration rate of the land. 
 
2
Important system characteristics of catchment area affected generally how the land is used (Tauer et al. 1992). Land 
use within the watershed is governed mainly by Anthropogenic activity. 
 
The hilly part of the catchment
re
hills. So this is believed to increase er
 
2.7 Vegetation cover of the watershed 
T
density. Similarly retention and infiltration rate also increase; whereas run off volume reduces (Tauer et al 1992). 
 
Due to deforestation and over grazing problems the natu
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terraced and planted by reforestation program, besides there scattered naturally grown trees and shrubs.( dominated by 
Ephorbia candilebrein species). 
 
2.8 Conservation practices 
C educe the velocity runoff and minimize erosion. Due to 
this fact con t h. 
 
Some part of the watershed has been intensively treated with ructures e  Enatsion s atershed. Those 
constructed SWC structures are hillside terrace, stone faced trench and checkdams; moreover, the remaining three sub 
wa heds e old terraces on lim
Furthermore, newly introduced household based pond construction has being under taken in the watershed, As result up to 
now about 25 pond have been finalized and the other 30 ponds are under construction. 
 

n the watershed 

onservation practice is important to increase infiltration rate, r
servation practice initiates soil formation and vege ation growt

SWC st specially ub w

ters also hav ited hilly areas. 

 
Table 1. Previously under taken SWC activities i

S/N Implemented SWC Unit 
techniques 

Unit Shemdorone Wetelako Endatsion Rubashewite 

1 Stone buiid km 9.12 9.91 12.81 8.2 
2 Stone faced trench km 8.1 8.71 9.836 7.57 
3 Trench km 2.02 2.9 29.077 2.01 
4 hillside terrace km 2.6 3.3 3.2 2.6 
5 Check dam km 0.9 1.2 9,141 0.65 
 Total  22.74 26.02 64.064 21.03 

 
2.9 Hydrologic Condition of the watershed 

ate ear the out let. The stream has 67 lt/sec discharge in the in the dry season 
of the watershed 

nder study, So further hydrologic study is mandatory to utilize the stream. 

e watershed has significant problem in the distribution of rainfall through out the rainy season. According to 
e rainfall data record only 3% of the rain takes place in September; however, this month is the ripening period for 

ominant crops (This is considered to be the main case for recurrent crop failure facing the area). Besides the rain 
distribution throughout the month is not even. There is an average 5 -10 day difference has been observed between each 

The w rshed has one steam, which begins n
(the discharge is measured by float method during the survey). The steam has large command area out 
u
 
2.10 Socio economic condition 
The watershed includes three kushet and about four villages of Begasheka Tabia with a total population of 2571 and the 
house hold number is 565 (418 meal headed and 147 female headed). There is one rural road which crosses the 
watershed (Abide to Guya Gurroro). In addition, in the watershed there are four bore holes (constructed by REST) which is 
supplying potable water for each village. 
 
2.11 Core problems of the watershed area 
Recurrent drought cased by land degradation, erratic rainfall nature, in proper land and water utilization. 
 
Generally th
th
d
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rainstorm in sonic critical time.(this uneven distribution of rain also have negative impact on the normal growth of crops) 
n the other hand, based on rainfall records, the annual amount of rainfall is enough to utilize further in the dry season if 

 as to mitigate the food insecurity problem of the area and to 

 
 
3. Material and methodology used for the s
 
3.1 Determining the watershed boundary and
The waters d boundary is determined by GPS su n thc data collected during the 
survey such as geographical direction, length traveled. Based on the map and physical observation the watershed is sub 
deviled in to small catchments so as to create manageable sites for rainwater harvesting interventions. During GPS survey 
geographical position and altitude of the watershed and sub watershed divide lines (boundaries) has been recorded. 

 

.O
only if proper rain water harvesting structures are designed so
intervene income-generating activities. Therefore by considering the points stated above, large communal rainwater storage 
ponds are recommended for the watershed. When compared to small household pond they have a potential to harvest 
large amount water so as to satisfy the water demand of field crops during critical rain shortage period (supplementary 
irrigation). 

tudy 

 mapping 
rvey and mapped at office level based ohe

S/N Physical data Material and methodology 1 
1 Soil texture at differentBy digging sample profile pit and testing the soil texture  

depth with finger assessment metilod. 
 

2 
 
 
 
 
 

Soil depth By digging sample profile pits on selected sites and physical 
observation of road cut and gullies.(the profile pit concentrated on 
the selected sites for pond construction. 

 

3 filtration rate iltro-meter, the infiltration measurement hasIn Using double ring inf  
been carried over for selected sites for pond construction. 

 

4 Slope By using clinometer  
5 Soil color Described by using standard soil color chart (Japanese) for each soil 

samples collected from the profile pit. 
 

6 Land cover Described by physical observation during transact walk. 
7 Surface stoniness Described by physical observation during transact walk f 
8 Past erosion Described by physical observation during transact walk f 
9 Meteorological data Collected from the records at tree nursery site and FAO i

 
rrigation and

 

 
drainage manual 24, 

 
3.3 Developing present land use map of the watershed 

ased on the physical data collected during the f eld survey, the watershed has been classified in to 
different mapping land units, finally mapped on 1: 10000 scale map. 
 

B i
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3.4 Measuring the area coverage of each land unit. 
otal een measured at sub watershed level (by using a planimeter) 

estimated based on slope, land 
se, land cover and soil texture information. ( Estimated values for the run of coefficient were taken front 

Ministry of agriculture Field document No. 5 , 1984.) The important steeps were determining the 
alue for each land unit, then calculating the weighted average value 

nd unit. 

3.6 
For n hment area, the estimated value of 
run nnual rain fall amount. There for in our case the run off volume for 
each sub watershed has been calculated based on the above parameters. 
 

 

  

• Must have deep soil depth 
• Must have enough command area. 

e enough run off to be harvested in the rainy season. 

ining pond dimension  
he pond dimension also determined based on the following points 

• P
• Soil profile depth (it is estimated during excavation of test pits). 
• 

 
 
3.9  Pon
The pond
amount. 
 

 Peak run off estimation(Qp) 

The peak run off estimation is the primary criteria for designing pond spillway as Well as pond 
i

The t  area of each land unit has b
 
3.5 Estimation of the run off coefficient 
The run off coefficient has been determined for each sub watershed. It is 
u

corresponding coefficient of run off v
of the sub watersheds according to the percentage area of each la
 

Run off volume Estimation 
give  watershed the run off volume is a function of size of the catc
off coefficient and the average a

 
3.7 Selecting appropriate pond site
The pond sites has been selected based on the following criteria: 

• Must be uncultivable land 
• The gradient of the pond site must not be greater than 0.06 

• Must hav
 
3.8 Determ
T

ond site size 

Run off amount(but for our case this point has not considered because there is excess run off  

d design 
 is designed based on the run off velocity and escorting effect and the estimated peak run off 

>
 

nlet. 
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The peak run of is a function of runoff coefficient (K), Rainfall intensity (I) and Size of the 
tchrnent area. 

of ra
record; So for our case the intensity is estimated from the five Year rain fall data record of 

gasheka nursery. 
 
There fore Qp = KIA/36O 
 
> Steps for designing proper spillway and inlet 
 

1. Determine (a)- spiliway cross sectional area. 
 

s permissible velocity, determined from table based on the 
construction material of the spillway. 

. epth (d of the spillway, recommended value is 0.3 -0.7m 

3. Side slope (Z)- determined according to the stability of the construction material 
(1:1,1:1.5 and 1:2) 

 

4. Basewidth(b) b= d 

5. Total depth (D) d + freeboard 
   

e spillway 

.1 Watershed and major sub watershed area 

6ha and 240.4ha respectively.. 

ca
The intensity infall is estimated from maximum one-hour rainstorm amount of several year 

Be

A = Qp/V Where V i

 
2 D ) 
 

a=2b2 

 

 

6. Final design of th
 
 
 
3.11 Estimating the total amount rainwater harvested by the pond and the total a mount of rainwater 
retained by SWC structures. 
 
3.12 Preparation of operational plan 
 
 
4. Discussion and Result 
 
4
The total area of the watershed is 1035.67ha. It has four major sub watersheds, which are Shemdorone, 
Weteleko, Endatsion and Rubashewite having 313.8ha, 288.9l ha, 191.5
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4.2The collected physical data and analysis 
+ 
About 16-sample profile pits were excavated so as test the soil texture, depth, hardness and dominant soil 
color. Based ure is clay in down slope areas  the up m side
of the watershed is dominated by silt loam textured soil. The so  stru d the so depth is 
>1.5m excluding the hillsides which have relatively shallow soil depth <0.25m. Besides the dominant 
soil color is 
 
Most of the profile pits cavated  th os  for p nstruction. Acc test, l 
sites have deep profile.  in Table I ) 

 

Table I: Soil sample pit description 
of the s
ed Pit No depth in 

m 

il So
hardness 

in kg/cm2 
color 

re 
condition in 

the deep 

Soil condition 

 on the result obtained the soil text where as
ctu  an

 stea  
il has hard re il 

dull brown. 

ex on e prop ed sites ond co ording to the al
(The result of profile test is described

S/N Specific name 
 watersh

ub Soil So texture il Dominant Soil Moistu

     Depth
0 0.5 

Depth >0.5   

1 Wetelako 18 Moist 1 >2.4 Heavy clay Heavy clay Brown 
  y 72 >1 Silt cla Heavy clay .5 Yellowish 

brown 
 

  3 >2.8 Clay 
loam 

Clay 8.4 Brown  

  4 >3.25 Heavy 
clay 

Clay 1 .3 Orange Moist 

  >3.5 1 .3 5 Heavy 
clay 

Heavy clay Dull brown Moist 

2 Shemodorna 
  

>3.5  0.45 Moist 6 Silt clay Clay loam Dull brown 

   wn  7 >2 Loam Clay loam 0.43 Dull bro  

  y  
brown 

8 >1 Silt cla Clay 0.5 Greyish  

3     Rubashewite 9 >1.5 Clay Heavy clay 8 Dull brown  

  10 >1.2 Clay Heavy clay 1.2 Dull brown Moist 
loam 

   ist  11 >2.8 Clay Heavy clay 5.4 Dull brown Mo
  12 >3.4 Clay 

loam 
Clay 4.1 Brown  

4 Endatsion 13 >2 Heavy 
clay 

Heavy clay 2 Brown  

  14 >2 Heavy Heavy clay 0.5 Dark  
clay brown 

  1 5 >2.7 Clay Heavy clay 1 .2 Brown Moist 
  16 >3.6 Loam Silt clay 0.5 brown Moist 

 

oil i
The process of infiltration is characterized by infiltration rate: the amount of water percolating in 
to the ground with time. The infiltration rate measurement has been under taken on four 

 
• S nfiltration rate 
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representative sites of the watershed (one for each sub watershed). According to the result 
obtained generally the watershed has moderate infiltration rate. (The summary of measurement 
result is presented in Table 2). 

 
Table 2 Result for Infiltration rate measurment 

S Cummulative intake Infiltration rate cm/hr 

 

/N Specific name Duration of 
of sub measurment in hr in cm 

I Wetelako 2.25 10.4 4.46 
2 2.86 Shemdorone 1.4 4 
3 Rubashewite 1.4 11.6 8.3 
4 Endatsion 1.4 3.2 2.29 
    4.4775 

 
 
 

•  Slope , surface stoniness and Past erosion 
majority of the land has a rolling up to hilly slope, having 30-50% surface stoniness with 

n. As a result of this during the rain 

 
4.3 t l
 

Based on the assessed physical data, Each sub watershed is ied fe  units
units are indicated on the prepared 1:10000 scale map of the watershed. assifica a 

 

 
i ness in %

 
n 

 

moderate to severe past erosio
 

Presen and use map 

classif in to dif rent land . The land 
(the cl tion criteri

a/k/the corresponding land units are presented in table 3). 

Table 3 Present land use classification 
S
/
N 

Land 
unit 

land use land cover Slope 
nterval

Soil 
texture 

Soil 
depth 

in 
cm 

Stoni- Past
erosio

Infiltration
rate 

I CU1 ble  0-3 Caly >150 <15 Slight Moderate Cultiva
2 CU2 Cultivable  3 8 Caly / silt 

loam 
>150 15 -30 Moderate Moderate 

3 CU3 Cultivable  8-30 Silt loam 100 -
150 

30-50 Severe Moderatly 
rapid 

4 FLI Pantation Medium 30 50 Silt loam 25 - 50 30 -50 Slight Moderate 
forest cover 

5 FL2 Shrub Scattered 30 - 50 Silt lo
land 

am <25 30 - 50 Severe Slow 

8 GL1 re M
cov

 C ere  pastu
land 

edium 
er 

0-8 lay >150 <15 Sev Moderate 

7 GL2  
d 

e 5 m 0 0 re opasture 
lan

poor cov r 8- 1  Silt loa  25-5  15-3  Seve  M derate 

8 HS Home 
stead 

poor cove 0 oa - 5 ate Slor 10 - 3 Silt l m 25 -50 30 0 Moder  w 
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T  area of each la it en m ed b nima h reme take place at su
(Described in tahle5). 

le 5 Estimated R  t for e
. 

Land unit 
rena s
 shed

ko su
rshed 

on su
watershed 

R ewit su
rshed 

he nd un has be easur y pla ter. T e measu nt is b 
watershed level. 
 
Tab unoff coefficen ach land unit 
SI
N 

Shemdo ub 
water  

Wetela b 
wate

Endati b ubash b 
wate

  A Run
coefic

(K) 

A Run
coefic

(K) 

Area in 
h

Run
coefic

(K) 

Ar
h

Run 
coefice

(K) 

rea in 
ha 

 off 
ent 

rea in 
ha 

 off 
ent a 

 off 
ent 

ea in 
a 

off 
nt 

I CUI 72.3 0.6 20 0.6 18.15 0.6 61.3 0. 
2 CU2 64.55 0.6 32.05 0.6 85.96 0.6 41.55 0. 
3 CU3  48.75 0.72 96.45 0.72 • 0.72 3.9 0.7. 
4 FL1 40.45 0.5 11.01 0.5 55 0.5 56.2 0.5 
5 FL2 29.05 0.3  60.25 0.3 29.25 0.3 22.4 0. 
6 GLI 9.85 0.3 7.15 0.3  0.3 4.6 0. 
7 GL2 25.65 0.16 35.35 0.16  0.16 41.7 0.1 
8 HS 13.2 0.7 27.55 0.7 4.2 0.7 8.7 0. 

 Total area in ha 313.8  288.91  192.56  240.4  
Weighted K  0.512  0.595  0.529  0.47 

 

 
4.4 Run off coefficient estimation 

 unit. (Described in table 6). According to the estimation, Wetelako sub watershed 
as the largest run of coefficient (0.595) whereas Rubashewite watershed has the list runoff coefficient 
.473). Generally speaking the watershed requires huge amount of SWC as well as reforestation 
easures so as to minimize run off in other wards to increase infiltration rate. 

4
The run off volume is a function of rainfall amount atchment area. Therefore, 
the annual run off volume has estim  t aramet tershed. 
(Described in table 6). 
 
 
 

The run off coefficient has been estimated for each for each sub watershed; based on the catchment 
characteristics such as slope, soil texture, and land use and land cover. Then it weighted for area 
percentage of each land
h
(0
m
 

.5 Run off volume estimation 
, run off coefficient size of c

 been ated based on he above p er to each subwa
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Table 6 Estimated runoff volume for each sub watershed 
SIN Name of the Total runoff volume(V) =KPA 

sub watershed 
  Runoff 

coefficient (k) 
Precipitation(P) 

in m 
Area in m2 Estimated volume 

of runoff in M3 
I Sherndorone 0.512 0.761 3138000 1,222815.84 
2 Wetelako 0.595 0.761 2889100 1,308328.93 
3 Endatsion 0.529 0.761 1925600 775,186.872 
4 Rubashewite 0.473 0.761 2404000 865,44O.OO1 

 Total   10356700 4171771 643 
 

rates the largest volume of run off 
(1,308,328m3) where as Endatsion watershed generates the list (775,285m3). 
 
4.6 Selection of appropriate pond site 
Most of pond sites have been selected and recommended in communal open grazing lands (land unit 
GLI). Those sites located near the out late of the watersheds having a slope of 0 -5% and they are natural 
waterways during the rain season where as in the dry season the farmers used as road as well as pasture 
land. As a result the area is forming gully heads. So the ponds to be constructed could stop gully 
formation in addition to their primary objective (harvesting run off). 

 

According to the result obtained, Wetelako sub water shed gene
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Appendix 9: Slug Tests and Baildown Tests 
Adapted from Fetter (1994), C apter 7, pg. 243 - 261 h
 
Slug tests 
The aquifer tests that we have discussed so far involve pumping and have some practical problems. 
 

- they are expensive, requiring monitoring wells and many person-hours of labor to conduct. 
- because water has to be removed and disposed of during the test, they pose disposal problems 
if the aquifer being tested is contaminated. 
- tests in low permeability strata, such as might be considered for waste containment or that 
might already be contaminated, are not practical because of the difficulty of pumping water from 
low permeability material. 

 
An alternative to a pump test is a slug test (also called a baildown test). In this test the water level in a 
small diameter well is quickly raised or lowered. The rate at which the water in the well falls (as it drains 
back into the aquifer) or rises (as it drains from the aquifer into the well) is measured and these data are 
analyzed. 
 
Water can be poured into the well or bailed out of the well to raise or lower the water level. However, 
perhaps the easiest way to raise the water level in the well is to displace some of the water in the well by 
lowering into it a solid piece of pipe called a slug  
 
Slug tests can be used to estimate transmissivity of the aquifer in the immediate vicinity of the well. 
Storativity can also be estimated, although storativity estimates are often difficult to make with any 
degree of accuracy. 
 
Slug test for a fully screened, confined aquifer - the Cooper-Bredehoeft-Papadopulos Method 
In this slug test, water level is raised in a well, and the level of the water in the well is measured over 
time as the water drains back into the aquifer and the level falls. 
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rs = radius of screen 
rc = radius of casing 
 

A plot is made on semi-log graph paper, with the ratio of the measured head to the head after injection 
(H / H0) plotted on the Y (linear ) axis and time plotted on the X (logarithmic) axis. 
The ratio of H/H0 is equal to a defined function: 
 

 
Where... 

 
and 

 
 

Values of F have been tabulated for different µ (mu) and η (eta). To analyze the slug test data we need 
to match the data curve to one of a series of type curves. 
 
Each type curve consists of H/H0 values plotted against a range of η values for a particular value of µ. 
In this case, we need to keep the Y axis of the two graphs the same, while sliding the overlay along until 
the data points are matched by one of the curves.  
 
The matched curve gives us an approximate value for mu, while reading the time value from the data 
graph that is equivalent to eta = 1, gives us a t1 value. We can solve the following equations for T and 
S: 

  and    
 
In our example on the overhead, the data were obtained on a pump test of a fully confined aquifer. The 
radius of the casing was 7.6 cm, the radius of the screen was 5.1 cm. The slug dropped (injected) into the 

ell raised the water level .42 meter. 

rom the graph overlay, t1 = 12.5 seconds and mu = log -3 = 10-3. 
 

 = 10-3 x (7.6)2 / (5.1)2 = 2.2X10-3 

 S value obtained is not very accurate due to the difficulty in exactly 
atching a particular type curve. 

w
 
F

T = (7.6)2 / 12.5 = 4.6 cm2/sec 
S
 

It must be noted that the T value obtained is that of the aquifer in the immediate vicinity of the well. 
Also, it is often the case that the
m
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Hvorslev Slug Test Method 
This is a method for analyzing slug test data from wells or auger holes that are not fully penetrating or 

lly screened. 

el in 
n aquifer. This kind of monitoring well is easier and cheaper to install than a fully penetrating well. 

 

fu
 
For example, a piezometer well may be sunk to monitor the head and water quality of a specific lev
a
 

 
 

his diagram shows the configuration for a piezometer sunk into a low permeability clay layer. The gravel 

 

T
pack is needed to keep the clay from entering the well. 
 
If the length (L) of the piezometer intake is more than 8 times the radius (R) of the well screen (or gravel
pack) then the following formula will apply for estimating hydraulic conductivity: 
 

 
 
r is the radius of the well casing (the well radius above the screen). 

 against time on a linear X axis. The data 
oints form a straight line, and the t value that corresponds to H/H0 = .37 can be read from the graph. 

rativity. However, in many cases the rate of 
ovement of water through an aquifer or aquiclude is of primary interest, particularly where the 

 
 
T0 is the time it takes for the water level to rise or fall to 37 percent of the initial change. This can be 
found easily by plotting the head ratio H/H0 on a log Y axis
p
There are other methods for analyzing slug test data. Usually these methods yield an estimated value for 
hydraulic conductivity or transmissivity, but not a value for sto
m
movement of contaminants is being tracked. 
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Long term monitoring of drawdown 
A final word about pumping tests. Long term monitoring of the drawdown of an aquifer during pumping 
can yield valuable information as to the nature of the aquifer. 
 
If drawdown is plotted against time on a logarithmic scale, it should form a straight line showing with no 
leveling off (the cone of depression will expand indefinitely). 
 
If the curve bends upward it means that some source of recharge has been encountered by the cone of 
depression, either vertical leakage across a confining layer of the aquifer or horizontal recharge from a 
recharge boundary. 
 
If the curve bends downward, it means that the cone of depression has encountered some kind of barrier 
to groundwater flow, such as the margin of the aquifer layer. 
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Appendix 10: Determining Ground Water Recharge 
from Baseflow  
 
Adapted from Fetter (1994) p64 
 
A plot of stream hydrograph with time on a arithmetic scale and discharge on a logarithmic scale yields a 
straight line. The total potential ground water discharge (Vt  in m3) is the volume of water discharge 
during a complete ground water recession  
 
Vtp = Qot1/2.3  
 
Where (Qo) = maximum stream flow rate (m/s) and t1 is the time at which Q = 0.1Qo  
 
 
Amount of potential baseflow after some elapsed time (t), is  
Vt = Vtp/10(t/t1)  
 
Recharge is the difference between the total potential ground water discharge and the potential baseflow 
remaining at the end of the last recession. 
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Appendix 11: Evaporation estimation using the Blaney 
Criddle method  
 
Etp = P(0.46 T+8)   (mm/day) 
 
P = mean daily % max possible annual daylight hours. (see table 12) 
T = mean monthly temp 
 
Table 12.  Mean daily % of annual daylight hours for different 

latitudes(N*12/(Sum of Np for all months *12*365) 
 

 Latitude 

S 
N 0 5 10 15 20 25 30 35 40 42 44 46 48 50 52 54 56 58 60 

Jul Jan 0.27 0.27 0.26 0.26 0.25 0.24 0.24 0.23 0.22 0.21 0.21 0.2 0.2 0.19 0.19 0.18 0.17 0.16 0.15 
Aug Feb 0.27 0.27 0.27 0.26 0.26 0.26 0.25 0.25 0.24 0.24 0.24 0.23 0.23 0.23 0.22 0.22 0.21 0.21 0.2 
Sep Mar 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.26 0.26 0.26 0.26 
Oct Apr 0.27 0.28 0.28 0.28 0.28 0.29 0.29 0.29 0.3 0.3 0.3 0.3 0.31 0.31 0.31 0.31 0.32 0.32 0.32 
Nov May 0.27 0.28 0.28 0.29 0.29 0.31 0.31 0.31 0.32 0.33 0.33 0.34 0.34 0.34 0.35 0.36 0.36 0.37 0.38 
Dec Jun 0.27 0.28 0.29 0.29 0.3 0.32 0.32 0.32 0.34 0.34 0.35 0.35 0.36 0.36 0.37 0.38 0.39 0.4 0.41 
Jan Jul 0.27 0.28 0.29 0.29 0.3 0.31 0.31 0.32 0.33 0.33 0.34 0.34 0.35 0.35 0.36 0.37 0.38 0.39 0.4 
Feb Aug 0.27 0.28 0.28 0.28 0.29 0.3 0.3 0.3 0.31 0.31 0.31 0.32 0.32 0.32 0.33 0.33 0.33 0.34 0.34 
Mar Sep 0.27 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 
Apr Oct 0.27 0.27 0.27 0.27 0.26 0.26 0.26 0.25 0.25 0.25 0.25 0.24 0.24 0.24 0.24 0.23 0.23 0.23 0.22 
May Nov 0.27 0.27 0.26 0.26 0.22 0.25 0.24 0.23 0.22 0.22 0.22 0.21 0.21 0.2 0.2 0.19 0.18 0.18 0.17 
Jun Dec 0.27 0.27 0.26 0.25 0.25 0.24 0.23 0.22 0.21 0.21 0.2 0.2 0.19 0.18 0.17 0.17 0.16 0.15 0.13 
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Modified Blaney Criddle method 
 
Etp (mm/day)= a P (0.46 T + 8) -b 
 
where a and b are empirical factors to account for wind speed, sunshine and 
humidity. (see table 13) 
 
Table 13 Correction factors for the modified Blaney Criddle formula 

Relative Humdity correction 
factor 

Low  
(<20%) 

Medium  
(20-50%) 

High 
(>50%) 

 a B a b a b 
Sunshine Ratio Low (<0.6)       
Wind Low (<2m/s) 1.15 2.00 1.05 2.00 0.80 1.45 
Wind Medium (2-8m/s) 1.28 1.80 1.15 0.85 0.88 1.55 
Wind High (>8m/s) 1.40 1.60 1.25 1.70 1.65 0.98 
Sunshine Ratio Medium (0.6-
0.8) 

      

Wind Low (<2m/s) 1.35 2.30 1.20 2.20 0.97 1.80 
Wind Medium (2-8m/s) 1.55 2.60 1.37 2.40 1.147 2.15 
Wind High (>8m/s) 1.73 1.80 1.52 2.10 1.16 1.70 
Sunshine Ratio High (>0.8)       
Wind Low (<2m/s) 1.55 2.60 1.37 2.40 1.14 2.15 
Wind Medium (2-8m/s) 1.82 2.30 1.61 2.50 1.22 1.95 
Wind High (>8m/s) 2.06 2.00 1.82 2.55 1.31 1.70 
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