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Introduction

The Lake Tana basin comprises hilly catchments and an extensive floodplain (lacustrine plain)
adjacent to the lake at its lowland tributaries (Fig.1). Studies by Dessie et al. (2014) indicate that
hydrological processes in the floodplains are different from those in the hillslope catchments. This
study makes temporal and spatial assessment of runoff discharges of the rivers from the hilly
catchments (upstream reaches) of Lake Tana and sediment delivery from such catchments.
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Figure 1. Stream gauges, the floodplain (lacustrine plain) and the rest catchments in Lake Tana
basin; topographic data from SRTM DEM

Methodology
(1) Water level measurements

Field measurements of river flow stages at gauging stations along main river courses (Fig. 1),
upstream just at the edge of the floodplain and downstream within the floodplain, to enable the
computation of flow discharges in the hilly catchments and in the floodplain were made in the basin.
Water level measurements have been made using automatic water level recorders (every 10 or 20
minutes) and manual readings from a staff gauge (three times a day, at about 7 am, 1 pm and 6 pm).

3



The automatic water level recorder (or Mini-Diver®) has a pressure sensor to determine water level
and a temperature sensor (Fig. 2). It can be set to any desired time interval and the data are retrieved
by inserting the Mini-Diver in a USB reading unit connected to a laptop or PC with Diver-Office.
For each measurement, the date, time, water level and temperature are stored.

Water level measurement n

Figure 2. Details of a typical monitoring station installation at Wanzaye (Gumara River) site

Sedimentsample e

A Diver® (with accuracy of 5 cm) measures the water level based on a highly accurate pressure
sensor that measures an absolute pressure. This pressure is then related to the height of the water
column above the measuring instrument and the prevailing air pressure. A Baro-Diver® was used to
record atmospheric pressure.

(2) Discharge rating curves

The discharge of rivers at each gauging station was computed from the relationship between stages
and discharge (rating curve). The rating curves (Fig. 3) were produced after the survey of the cross-
sections of the river channels and the measurement of flow velocity at different flow stages.
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Figure 3. Stage-Discharge relationship (rating curves) for Gilgel Abay at Picolo and Gumara at
Wanzaye Stations (after Dessie et al., 2014)



Results and discussion

The 2012 discharge data from the monitoring stations in the hilly catchments shows that there is
considerable spatial and temporal variation of runoff in the basin. Generally, the southern catchment
of the basin (Gilgel Abay River) produces high amount of runoff (Fig. 4). Nearly 60% of the inflow
to the lake is from the Gilgel Abay River (Dessie et al, 2015). Catchment variations in terms of
drainage density, topography, lithology, land use, and rainfall were found to affect the summer
season runoff depth and runoff coefficients in the Lake Tana basin (Dessie et al, 2014).

On average, 88% of the total runoff observed from the monitoring stations in 2012 occurred in the
period of June-September (the rainy season in Ethiopia). The runoff response is smaller at the
beginning of the rainy season (June) than towards the end, reaching its climax in August. As shown
in Fig, the largest part of the runoff in the majority of the monitored catchments took place in the
form of flash floods (average flood duration lasting not more than 3-5 hours).
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Figure 4. Annual rainfall, runoff and runoff coefficient for the hilly catchments in the Lake Tana
basin. Refer to Fig. 1 for location of stations. (After Dessie et al., 2014)
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Figure 5. Typical flood hydrographs for (a) Gumara R. at Wanzaye station, (b) Gelda R. and (c)
Gilgel Abay R. at Picolo station (After Dessie et al., 2014).

Conclusions

The runoff in the hilly catchments of the Lake Tana basin is characterized by significant spatial
variations (the southern catchment of the basin (Gilgel Abay River) produces high amount of runoff).
On average, 88% of the total runoff observed from the monitoring stations in 2012 occurred in the
period of June-September (the rainy season in Ethiopia).
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1. Introduction

The shallow Lake Tana is at high risk of siltation due to the wide-ranging land degradation in the
basin. Research efforts made so far in the basin on its sediment budget are scanty and all attempts are
constrained by limited data availability and reliability. Moreover, part of the lacustrine plains is
subjected to periodic flooding and sediment deposition (Poppe et al., 2013; SMEC, 2008). Overbank
sedimentation on these river floodplains can result in a significant reduction of suspended sediment
load transported by a river and thus represents an important component of the sediment budget
(Walling et al.,, 1998). Despite its crucial importance in the sediment budget, floodplain
sedimentation is not studied so far in the basin or at country level (Abate et al., 2015; Nyssen et al.,
2004). This study attempts to quantify the amount of sediment transported into the lake, stored on the
floodplains, delivered out of the lake and stored in the lake annually in order to establish a sediment
budget for Lake Tana.
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Figure 1. Location of study area

2. Methodology

A total of 4635 data on discrete SSC with the corresponding river flow stage have been collected
since June 2012, for 13 monitoring stations (Fig. 1; Table 1) by the project called ‘Water and
sediment budgets of Lake Tana for optimization of land management and water allocation’ (WASE-
TANA). The flow stage was collected every 10 to 20 minutes for the months of June to October and
on daily basis for months of November to May, except the monitoring station at the Tana-Beles
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tunnel inlet. The river stage (m) was translated to discharge (m®s™) using the rating curves developed
by Dessie et al. (2014).

Table 1. Monitoring stations and number of suspended sediment concentration (SSC) samples
collected

No. | Station name Area | No. of
(km?) | SSC
samples
1 Gelda 190 | 425
2 Upper Gumara (Wanzaye) | 1227 | 386
3 Lower Gumara 1608 | 342
4 Upper Megech (Bridge) 514 | 409
5 Lower Megech (Robit) 652 | 338
6 Dirma 163 | 339
7 Lower Rib (Rib Bridge) 1394 | 485
8 Upper Rib (Abo-Bahir) 1166 | 394
9 Gibara 23 251
10 | Lower Gilgel-Abay | 3653 | 472
(Chimba)
11 | Upper Gilgel-Abay | 1656 | 490
(Bikolo)
12 | Abay (Blue Nile) outlet 259
13 | Tana-Beles tunnel inlet* 45

Note: * indicates gauge station where only SSC samples are taken, but discharge from EEPCo

To calculate sediment yield (SY) of the 11 gauged rivers, 5 rating curves within a year were
developed in order to account for the seasonal effect (Zenebe et al., 2013). SY of ungauged
catchments was also determined using an established regression model using catchment area and
average annual catchment rainfall. Floodplain deposition rate was calculated from measurements
taken at the upstream and downstream monitoring stations of Gilgel-Abay, Gumara, Rib and Megech
Rivers (Fig. 2). The selected rivers are crossing large floodplains in their low-lying catchment areas.
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Figure 2. Concept for determining floodplain deposition using upstream and downstream river
gauge stations and river length

Load-1 and Load-2 were summed and gave total sediment load deposited on floodplains that are
bordering that specific river.
Sediment leaving the lake through Abay (Blue Nile) River and Tana-Beles tunnel could be
determined as the sum over the year of the product of daily discharge and daily SSC (constant for
each month). In this case, we did not try to correlate SSC to Q given that (1) Q is not determined by a
natural process but rather by decision of Ethiopian Electric and Power Corporation, and (2) SSC
depends on the concentration in the lake, there is no high variability that can be related to discharges
such as in river water.
The bed load fraction was estimated using an average measured range of 7% of the total load for for
rivers that cross the floodplains (Adeogun et al., 2011) and 11.2% for the hilly catchments without
floodplains (NBCBN, 2005). So far, the magnitude of the sediment delivered directly from the
shores into the lake is unknown. However, the average erosion rate in LTB is 70 t ha™ yr* (Kindye,
2013; NBCBN, 2005; Tilahun et al., 2014). Applying the Ethiopian Highlands Reclamation Study
10% estimated sediment delivery ratio to the water body, gives an average specific sediment yield
(SSY) of 7 t ha™ yr from lake shores and other areas draining directly into the lake (FAO, 1986).
The sediment budget of Lake Tana Basin was then established as:

AS;r = SYy +SY, + SY, + SYs — Df — SV — SYrp
where ASir is the net annual sediment deposition in Lake Tana, SYq and SY, are the annual
suspended sediment load that are transported to the lake from the gauged and ungauged catchments,
SY,, is the annual bed load transported to the lake, SYs is the annual sediment load transported
directly from the shores into the lake, Ds is the sediment deposited annually on floodplains bordering
the main rivers, SYar and SYrg are the sediment load exported from the lake through Abay river and
Tana-Beles tunnel.

3. Sediment rating curve and SY from gauged rivers
From the developed sediment rating curves (Figure 3), it is clear that the curves developed for the
five periods of the season perform generally much better than a rating curve based on all
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observations made during the entire measuring campaign: for a given river discharge, SSC values are
lower towards the end of the rainy season than at the beginning of the rainy season (Fig. 3). The
main reason is that the soil in cultivated lands is bare and loose due to frequent ploughing at the
beginning of the rainy season and that there is increased ground cover by crops/vegetation, and
decrease in sediment supply towards the end of the rainy season (Asselman, 2000) .
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Figure 3. Sediment rating curves of Dirma monitoring station

After evaluating their performance, the rating curve equations were used to calculate the SY and
SSY (Table 2). Besides having large catchment areas and higher rainfall, catchments in the south and
east are more mountainous with steep slopes. Hence, most suspended sediment is originating from
catchments in the South and East of Lake Tana. Regarding the relative order of importance of rivers
in transporting suspended sediment load into Lake Tana, Gilgel-Abay (29%) delivers the highest,
followed in decreasing order by rivers Gumara (21%), Megech (5%) and Rib (3.5%).

10



Table 2. Overview of average annual SY (2012-2013) and SSY for different gauged rivers draining

into Lake Tana

. . Area | Average SY | SSY
Main River | Gauge station km?) | (tyrY) (tkm2yr)
Dirma Dirma station 163 28,509 175
Gelda Gelda station 190 | 70,227 370
Gibara Gibara station 23 4,733 206
Gilgel-Abay Upper stati_on (Bik_olo) 1656 | 762,622 461

Lower station (Chimba) 3653 | 753,739 206
Gumara Upper station (Wanzaye) 1227 | 545,268 444
Lower station 1608 | 274,591 171
Megech Upper station (Megech Bridge) | 514 | 119,325 232
Lower station (Robit) 652 | 64,225 99
Rib Upper station (Abo Bahir) 1166 | 92,876 80
Lower station (Rib Bridge) 1394 | 71,075 51

4. SY from the ungauged rivers

Overall, catchment areas range from 12 to 3808 km? whereas the mean annual rainfall ranges from
872 to 1739 mm. After trial of various combinations of explanatory factors, it appeared that the
product of catchment area and annual rainfall explained best the annual sediment yield (Fig. 4; Fig.
5).

The use of this equation to calculate SY based on catchment area (A) and annual rainfall (P) gives a
total annual sediment yield of 996,968 tons yr™* from all ungauged catchments.
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Figure 4. Average annual rainfall in LTB
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Figure 5. Relationship of mean annual SY of hilly catchments with the product of annual rainfall (P)
and area (A). Rib data (open circles) were not taken into account

5. Sediment deposited in lacustrine plains

On average 482,364 tons yr* or 32% (ranging from 2% for Gilgel-Abay to 63% for Gumara) of
sediment load from hilly catchments is deposited in the floodplains (Table 3). In terms of deposited
mass, the lion share is taken by Gumara River followed by Megech and Rib rivers, while Gilgel-
Abay contribution is the least. This seems logical as Gumara River has to cross an extensive
floodplain bordering its meandering river in the downstream low-lying areas. In spite of mobilizing
huge sediment by Gilgel-Abay River, floodplain deposition is minimum as its catchment has
relatively smallest floodplain areas. As a result, Gilgel-Abay deposited its significant amount
sediment at the lake shore that leads to visible delta development (Poppe et al., 2013).

Table 3. Sediment deposited on lacustrine plans and the net SY delivered to the lake in 2012-2013

Monitoring station SY (tyrh) Elood_pl_aln
eposition
_ % of Net SY
River upper into lake
-1 -1
Upper Lower Upper Lower | (tyr™) station (tyr)
SY
Gilgel- . .
Abay Bikolo Chimba 762,622 753,739 | 12,831 |2 749,791
Lower
Gumara | Wanzaye 545,268 274,591 | 342,106 | 63 203,163
Gumara
Megech g"ﬁg;gh Robit 119,325 | 64,225 |73322 |61 46,003
Rib Abo-Bahir | Rib Bridge | 92,876 71,075 | 54,105 |58 38,771
Total 1,520,091 482,364 | 32 1,141,197

6. Sediment exported out of Lake Tana

The mean annual sediment exported out of the lake was estimated to be 1,094,276 tons, of which
Abay (Blue Nile) River and Tana-Beles tunnel shared 65% and 35% (Fig. 6). As the two outlets are
positioned at different water depths, they get lake water with different SSC.
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Figure 6. Monthly exported sediment load (tons) through Abay (Blue Nile) River and Tana-Beles
tunnel

7. Annual sediment deposited in Lake Tana, its volume and trap efficiency of the lake

A net annual suspended sediment lake deposition of 1,043,888 tons yr™* could be calculated with a
trap efficiency of 49%. Dividing this mass by bulk density of 1.2 tons m™ (SMEC, 2008) resulted in
a total sediment deposition rate of 869,907 m*® yr' in the lake, corresponding to an average
deposition rate of 0.28 mm yr™. Incorporating the estimated bed load and SY from lake shores
increased the total sediment entering the lake by 24% and the lake deposition by 50%. Moreover, the
trap efficiency increased to 59% with a uniform sediment deposition rate of 0.42 mm yr™.

8. Sediment budget of LTB

TL from gauged rivers
with floodplains
1,711,814 tons

TL from gauged rivers
without floodplains
Sediment deposited 111,257 tons
on floodplains

482,363 tons TL from ungaunged rivers

without floodplains
1,072,008 tons

Sediment from lake
shores 243,320 tons
(estimated)

TL deposited in
Lake Tana
1,561,760 tons

SL exported through
Tana-Beles tunnel
378,328 tons

SL exported through
Abay River 715,948 tons

Figure 7. Average annual sediment budget in 2012-2013 for Lake Tana. All values are taken as
average annual sediment load. Suspended load based on measurements; total load (TL) as
suspended plus calculated bed load; SY of ungauged rivers, SY from shores and lake deposition were
calculated

9. Major sediment deposition areas
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Figure 8. Major sediment depositional areas in Lake Tana

The highest sediment load from Gilgel-Abay River not only leads to visible delta development, it
may also send sediment laden water to the Tana-Beles hydropower station of which the intake is
located nearby.

10.  Conclusion

The results obtained in this study are based on a large number of observations (about 4,327 sampled
SSC and even much more river discharge, the largest set of observations in the area) with optimal
spatial coverage and representativeness. Consequently, the estimated result in this study is assumed
to be the most reliable so far. The trapping efficiency (T.) of Lake Tana is estimated as 49%. In case
bed load is also taken into account, T is even more, the lake is expected to fill up earlier, and the
sediment budget is quite different.
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1. Introduction

Worldwide, forests have been fragmented into small patches, and forest structure and species
composition have been influenced due to this fragmentation and habitat loss (Echeverria, 2006). An
extreme case of fragmentation and isolation is presented by remnant dry Afromontane forests in the
northern Ethiopian highlands. Deforestation in Ethiopian highlands often involves the conversion of
landscapes with continuous forest to many small remnant forest patches around churches and
inaccessible areas set in a matrix of non forest vegetation (Demel Teketay, 1996; Bingelli et al.,
2003; Alemayehu et al., 2005; Aerts et al., 2006a). Ethiopian churches and monasteries have a long
standing tradition of preserving and conserving their forests, including many native plants and
animals (Alemayehu et al., 2005a,). This study assesses the species and structural composition of 28
church forests and investigates whether and how this composition varies with altitude, forest area
and human influence. Specifically we address four questions: (1) what is the forest community
structure and species composition of the church forests?; (2) How do altitude, forest area and human
influence affect structure and species richness of these forests? (3) How do altitude difference and
distance affect similarity in species composition among church forests?; and (4) Do altitude, forest
area and human influence affect similarity in species composition between understorey and
overstorey of church forests?

2. Methodology

The study was conducted in South Gondar Administrative Zone (SGAZ), Amhara National Regional
State, Ethiopia (Fig. 1). Out of the 1404 church forests found in SGAZ, 28 forests with a total of
500.8 ha forest were selected for the present study (Table 1). They were located at altitudes ranging
from 1816 to 3111 m a.s.l,, and had areas varying between 1.6 and 100 ha. The churches in these
forests were reportedly established between 368 and 1984 A.D.

Within each forest the vegetation was censused in 10 x 10 m plots located at 50 m distance to each
other along parallel transects. The mean canopy openness, leaf litter depth, the number of clearly
visible cattle trails and dead stumps (= 5 cm diameter) were recorded for each plot.

All woody plants within the sample plots were identified and recorded. Diameter at breast height (1.3
m, dbh) of all living woody plants in the sample plots having = 5 cm dbh were measured.
Individuals with dbh < 5 cm diameter and > 1 cm diameter at 10 cm above ground were not
measured but counted. Seedlings (here defined as woody plants with a diameter at 10 cm above
ground of < 1 cm) were censused (identified and diameter measured at 10 cm) in a sub plot of 5 x 5
m that was marked on the right front quarter of the main 10 x 10 m plot. The heights of all woody
plants were also measured
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Figure 1. Location of church forests studied in the South Gondar Administrative Zone.
3. Results

A total of 168 woody species (100 tree species, 51 shrub and 17 climber) representing 69 families
were recorded. Forests differed strongly in species number (15 to 78), basal area (4.8 to 111.5
m?/ha), number of individuals > 5 cm dbh (267 to 1553/ha), number of individuals >1 cm diameter
(619 to 2421/ha) and number of seedlings (0 to 5263/ha).

Basal area decreased with wood harvest but was independent from altitude, forest area and cattle
interference. Species dominance increased with altitude and cattle interference (Fig 2). The ratio
understory to upperstory density decreased with cattle interference but was independent of altitude
and forest area (Fig 3). The tree size class distributions of the 28 forests were grouped into four
patterns of distribution (Fig. 4). The four groups were significantly different from each other in the
number of dead stumps (Fs, 24=4.9, p=0.008) and cattle interference (Fs 24=5.0, p=0.007) but not in
their altitude (F3, 24=1.1, p=0.36) or forest area (F3 24=1.2, p=0.31). Human interference thus is the
most important factor determining the size class distribution of the forests.

All species richness measures and diversity indices decreased with altitude, but were independent of
forest area, cattle interference and wood harvest (Fig 5). However, understorey species richness
(seedlings) was not affected by altitude alone, but rather the interaction effect of altitude and cattle
interference showed a significant effect. Both the observed and rarefied number of species in the
understorey decreased with both altitude and cattle interference (Fig. 5C1-2). On the other hand, the
ratio of understorey to overstorey species richness was not significantly related to any of the factors
considered (altitude, forest area, cattle interference or wood harvest, Fig. 3 B1-4 ; r’<0.02, p>0.05).

Similarity between forests decreased with altitude difference between forests, but geographical
distance hardly explained variation (Fig 6).
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4. Conclusion

We conclude that altitude is the main factor determining species composition while human influence
determines structural composition of these forests. Particularly, cattle’s grazing strongly determines
forest structure and species composition in the understory and is expected to have a strong longer-
terms effect on whole forest structure and composition. Forest area has no significant effect on
structural and species composition. This implies that although large size forests are a necessary
element of successful conservation, small patches and appropriate matrix management could be
useful complements.

Interconnecting these remnant forests by vegetation corridors following natural terrain or stream
lines, creating buffer areas around them, excluding cattle interference, reducing intensity of wood
harvest and developing more patches in the landscapes are possible landscape management activities.
This will facilitate propagule and germplasm flow which may ultimately sustain these forests and
help to restore the whole landscape.
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Cropping Systems of the Uplands Surrounding Lake Tana
Getachew Alemayehu Damot

College of Agriculture and Environmental Sciences, Bahir Dar University, Ethiopia
Agroecology

Crop kinds and diversity are dictated by climate types. Due to high altitudinal variations in the
country, climate variability in Ethiopia is very high. Thereby, the country possesses all kinds of
climate and hence the country is suitable to all kinds of crops.

The uplands surrounding Lake Tana are found in the altitudinal ranges of 1750 m to 2000 m above
sea level, but extend up to Semen, Guna and Choke mountains in the northeast, east and southeast of
the lake with the altitude of >4600 m, >4100 m and >4000 m, respectively. Agro-climatically, hence,
the uplands surrounding Lake Tana are grouped as intermediate highlands. Agro-ecologically, these
areas fall in tepid moist highlands receiving rainfall annually about 1250mm largely in mono-modal
pattern from May to October, while the peak occurs in July and August. This agro-climate and agro-
ecology is suitable to many kinds of crops relatively with high growth and yield performances.

Here we consider the cropping system of Gedam Geregera farm village in which Wanzaye is located
and which has approx. 3000 ha of rainfed cropland and around 600 ha of irrigated land.

Farming and cropping systems

As similar as that of most Ethiopian highlands, the farming system around Lake Tana is smallholder
mixed farming both crops and livestock under the same management unit in less than one hectare of
land holding size per household. In each community, indeed, there are pieces of communal grazing
land, which are becoming very unproductive and subjected to serious land degradation due to over
carrying capacity.

Fig. 1. Various types of livestock of a community kept in a communal grazing land

The land holdings are dominantly fragmented around the villages to minimize production risks such
as hail and pests damages. Rainfed dry farming is so predominant, and crops production is largely
carried out during the main rainy season starting in May. Recently, indeed, crops production with
irrigation during dry season mainly for market sales has been expanded along rivers and streams.
Land preparation is done traditionally with draught animals mainly oxen and other cultural practices
are carried out manually.
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Fig. 2. The common traditional land preparation method used around Lake Tana

Crops grown during the main cropping season with rainfall are so diverse and they are mainly
produced for household consumption. Total areas of major crops, for instance, grown as sole in
2014/15 main cropping season in Gedam Geregera farm village, wherein Wanzaye is found, are
presented in Fig. 3. Apart from these crops, there were some crops grown in the mixture of other
crops, namely rape seed (gomenzer), safflower and sunflower.
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Fig. 3. Areas of main crops cultivated (ha) as sole cropping in the 2014/15 main rainfed cropping
season in Gedam Geregera farm village

At the lower side of Gedam Geregera, there is a huge plain known as “Fogera Plain” which is largely
flooded during the main rainy season. Earlier, except growing some water logging tolerant crops like
teff and noug in very limited areas with very low productivity, the plain was left idle during the main
rainy season. But, since 1985 a cold-tolerant rice variety known as locally “X-Gegina” has been
introduced into the plain, expanded very widely and now become the major crop. Its productivity is
more than five folds that of teff (Fig. 4). Unlike rice fields in other countries, farmers are able to
maintain the soil structure of rice fields so as to use the fields for other crops in rotation without any
difficulty as well as they are able to keep the fertility of rice fields through under sowing or rotation
of chick pea or grass pea.
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In this Fogera Plain, especially along rivers, crops production with irrigation during the dry season
has recently been expanded widely. For instance, total areas of main crops cultivated with irrigation
in 2014/15 cropping season in Gedam Geregera farm village are presented in Fig. 5.
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Fig. 5. Areas of crops grown for sale with irrigation

Fig. 4. Productivity of the indigenous crop teff and in 2014/15 in Gedam Geregera farm village

the newly introduced rice in Fogera Plain

Very recently, using the lake and its rivers/streams as sources of irrigation water, the drug plant khat
(Catha edulis L.), whose young leaves with buds are chewed, has widely been expanding around
Lake Tana. Besides, tropical fruit trees like mango, guava and avocado have recently been planted
around Lake Tana and homesteads.

Major constraints of the cropping systems

Although there is a progressive increment in using soil fertilizers and improved seeds for selected
crops, the use of improved farm inputs is still limited. Generally, the farming system is very
exploitative and almost all crop residues are removed by free grazing and by man for animal feeds,
house construction and/or firewood. Deforestation and vegetation removal is so high and crop fields
remain barren and subjected to serious soil erosion. Even the solid wastes of domestic animals are
collected, dried and used for personal fuel consumption and/or for market sale in the nearby
cities/towns.

The traditional single-tine plowing implement “maresha” disturbs the soil always till the same depth
of about 15 cm and creates a hardpan which limits further crops root penetration down as well as
impedes water infiltration down and thereby increases surface runoff that aggravates soil erosion.
Following the expansion of cities and towns around Lake Tana, plantation of eucalyptus trees used
for constructions has been expanded aggressively even in crop fields. This eucalyptus plantation
expansion has two impacts: first, it reduces crop production areas and secondly, it overexploits water
resources severely as it is large water consumer.

Insect pests, mainly aphids, threaten chick pea and grass pea that are normally grown on residual
moisture after the offset of the main rain. Similarly, these insect pests become a treat for most
vegetables grown with irrigation. Damping-off disease has led to near-disappearance of pepper from
the farmlands of the study area. Ball worm is also a serious insect pest for tomato and pepper.
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Especially during the main cropping season, weeds infestation is another major bottleneck for most
crop fields. Application of pesticides and herbicides to control these pests, on the one hand, is not
affordable to farmers, and on the other hand, they are not healthy and environmentally friendly
which kill beneficial organisms like bees as well as pollute water and the atmosphere.

Fig. 6. Removal of most of the straw and of the manure of freely roaming livestock leads to low soil
nutrient contents. Tef straw (at left) is commonly incorporated in the earthen plaster used in
traditional housebuilding, and cattle dung (right) is mixed with straw, dried and used as fuel.

Although production of vegetable crops during the dry season with irrigation is expanded well
around Lake Tana, farmers do not benefit as they expected while the prices of vegetables during the
peak harvest time are very low, 5-10% of that of the rainy season. On the other hand, farmers don’t
have facilities and means to store their fresh vegetable products.

High doses of nitrogen fertilizers are used for commercial crops grown with irrigation. These
nitrogen fertilizers would be leached down and pollute the lake, rivers/streams and ground water.
Since the income obtained from khat is attractive, growers apply pesticides and growth promoting
hormones frequently to khat plants. On top of polluting the lake, rivers/streams and ground water,
these pesticides and hormones applied to khat plants have resulted in human health breakdowns and
exacerbate cancer disease occurrence which was not a serious problem earlier before expansion of
khat production and consumption around Lake Tana.

Conclusions

The contrasts of the constraints of the cropping systems would be their respective solutions.
Judicious utilization of improved farm inputs is necessary with due consideration of biodiversity,
environment, soil, water and human health. Application of commercial inorganic fertilizers doesn’t
substitute the importance of organic fertilizers including crops residues, composts and farmyard
manures. By any means, the use of green manures must be started and expanded, while composts and
farmyard manures can’t be used for wider areas. Most crop fields necessitate chisel plow to break the
hardpan that is created by traditional plowing implement “maresha”. There is a need to substitute
eucalyptus with fast growing and environmentally friendly trees. Means of preserving vegetable
products is badly needed to prolong the shelf life of vegetables so as to protect farmers from very
low market prices of vegetables. Khat (Catha edulis) plantation and consumption must be banned
legally as other heavy drugs, while it kills the productivity of the working forces especially youths.
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Introduction

The rainfall pattern in Ethiopia is dominantly controlled by the migrating inter-tropical
convergence zone (ITCZ), making it highly seasonal (Hulme, 1996). Moreover, the spatial and
temporal patterns of rainfall in Ethiopian highlands are affected by orographic and convective
factors (Korecha and Barnston, 2006). This paper gives an assessment of rainfall distribution
over Lake Tana basin.

Methodology
(1) Rainfall data of available stations within and around the basin

The National Meteorological Agency of Ethiopia (NMA) is the major source of meteorological
data in the country. There are more than thirty meteorological observation stations in the Lake
Tana basin (Fig.1). The stations at Bahir Dar, Adet, Dangila, Debretabor, Gondar and Aykel are
the principal meteorological stations, meaning several climatological variables such as rainfall,
maximum and minimum temperatures, sunshine hour, relative humidity, wind speed at 2 m and
10 m heights and pitch evaporation are measured. The other stations measure only a few
variables, e.g. only minimum and maximum air temperatures of the day and total rainfall amount
in 24 hours or only total daily rainfall. Few of the stations like Bahir Dar and Gondar are
equipped with floating-type recording gauges for rainfall measurements at shorter time scales,
while most of the stations use manual rain gauges for rainfall recording.
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Figure 1. Meteorological and hydrometric stations within and nearby the Lake Tana basin
(Hydrometric stations shown here were established by the Wase-Tana Project)

(2) Wase-Tana Project rainfall measuring stations

The Wase-Tana Project has installed two e+ RAIN loggers and manually recorded rain gauges
(Fig. 2) at two nearby watersheds in the Gumara catchment since end of August, 2013. The
automatic rainfall loggers operate on the tipping bucket principle and they are connected to a
digital data logger.

(3) Delaunay triangulation method of interpolation

The rainfall distribution map (Fig. 4) was obtained by building triangular irregular networks
(TIN) and the method of Delaunay triangulation method of interpolation. The triangulate
procedure constructs a Delaunay triangulation of a planar set of points. Delaunay triangulations
are very useful for the interpolation, analysis, and visual display of irregularly-gridded data.
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Figure 2. Typical manually recording rain gauge and e+ RAIN logger installation in Wanzaye
area

Results and discussion
1. Rainfall distribution in the basin

The recent two years (2012 and 2013) rainfall data of available stations within and around the
basin show that the rainfall distribution is highly variable in the basin (Fig. 4). The mean annual
rainfall of the Lake Tana basin was estimated as 1345 mm. Generally, the upper southern part of
the Lake Tana basin (upper part of Gilgel Abay catchment) receives high amount of rainfall (can
reach 2400 mm in a year). On the contrary, the northern portion in the vicinity of the lake gets
the minimum amount of rainfall (as low as 910 mm/year). Like other parts of Ethiopia, rainfall is
highly seasonal in the basin and more than 70% of the annual rainfall occurs in the rainy season
(Kiremt).

In Ethiopia, higher elevations receive more rainfall than low arid areas. The 2012 annual rainfall
amounts and corresponding elevation of the 32 stations in the Lake Tana basin were investigated
for any relationship between them. However, the correlation of annual rainfall with topography
for the basin was poor, as shown by the scatter plot (Fig. 3).
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Figure 3. Plot of the 2012 annual rainfall and elevation of the 32 rainfall stations in and around
the Lake Tana basin
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Figure 4. Mean annual rainfall over Lake Tana basin (based on 2012 and 2013 years data),
derived from the point input rainfall data of 33 stations in the basin

2. Rainfall intensities

Based on the e+ RAIN logger data from August 30, 2013 to June 23, 2015 at Gedam site in
Wanzaye area, the mean rainfall intensity was 4 mm/hr. As it can be seen from Fig. 5, rainfall
intensities as high as 32 mm/hr have also been recorded.
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Figure 5. Histogram of rainfall intensity at Gedam Site in Wanzaye area
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Conclusion

Like most parts of Ethiopia, the rainfall distribution in the Lake Tana basin is characterized by its
spatial and temporal variability. The correlation of annual rainfall with topography for the basin
was poor.
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1. Hydrogeomorphic impacts of land drainage

The establishment of drainage ditches aims at draining the excess of water from the farmland,
particularly in areas where soils are saturated in the rainy season. The use of drainage ditches has an
impact on the farmland itself and on the downstream area. Although drainage has a wide range of
benefits for the farmer’s land, the establishment of drainage ditches is increasingly recognized as a
major factor of off-site environmental impact, as it increases sediment load, peak runoff rate and thus
increasing flooding problems downstream as well as a possible sources of conflict between
neighboring farmers. On-site problems such as the development of the drainage ditches into
(ephemeral) gullies are less documented, although they may be important. The environmental
impacts of land surface drainage cannot be simply and clearly stated (Figure 1) and researchers are
still divided about the balance of their positive and negative effects.
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Figure 1. Environmental changes induced by drainage ditch construction: in brown color changes

linked to agriculture, in green to vegetation and biodiversity, in purple to groundwater, and in blue
to surface water. Changes addressed in this study are in dark blue (modified from Spaling & Smit,

1995).
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2. Land surface drainage (feses): measuring their on-site and off-site effects

A case study area was chosen around Wanzaye (Figure 2), North Ethiopia, for its particular condition
where three types of land management practices are used side by side on cropland: (i) the catchment-
wide use of stone bunds on the contour, (ii) the use of slightly sloping drainage ditches (feses)
prepared by ox-plough, and (iii) the combined use of stone bunds and feses (Figure 3). Feses in the
study area are found to be constructed with an average top width of 27 cm (£9 cm; n = 41), and a
drainage density ranging from 53 to 510 m ha™ (n=19). Based on intensive measurements in 10
catchments around Wanzaye during the rainy season of 2013, a correlation table for stone bund
density; feses density; fraction of cultivated barley, millet and tef; surface stoniness; soil depth; bulk
density; catchment slope gradient; angle between established feses and the contour; feses gradient;
and total rill volume per area has been established (Table 1).
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Figure 2. Location of the ten subcatchments and rain gauges. Two outlier catchments (in brackets)
are marked by a grey dot.
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Sva R B
Figure 3. A, C: Use of drainage ditches in catchment 1. B: The exclusive use of stone bunds in
catchment 2 (numbers of catchments referring to Figure 2).

3. Runoff response and on-site erosion

Stone bunds are a good soil and water conservation tool, making the area more resistant against on-
site erosion, and allow that feses can be established at a greater angle with the contour line. The use
of feses cause higher rill volumes, although feses are perceived as the best way to avoid soil erosion
when no stone bunds are present. The mean volume of rill erosion per ha for the ten study
catchments during the rainy season of 2013 was 3.73+4.20 m3 ha™* and the mean corresponding soil
loss was 5.72+6.30 ton ha™. Catchments 1-8 (Figure 2) have been used for runoff analyses (Figure
4). To calculate runoff discharge at the catchment outlet, two main measurements are performed:
routine flow depth measurements and rating curve establishment. A data collector for each catchment
has been trained to conduct routine flow depth measurements, i.e., recording for every daytime
rainfall event runoff depth at the outlet channel with an interval of five minutes. Routine flow depths
were converted to continuous runoff discharge series by a rating curve and the use of the Manning
formula.
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Table 1. Correlation (R) matrix between: stone bund density (SBD); feses density (FD); fraction of
cultivated barley, millet and tef; surface stoniness (stone); soil depth (s_depth); bulk density (BD);
catchment slope gradient (c_gradient); angle between established feses and the contour (f_contour);
feses gradient (f_gradient); and total rill volume per area (TRA). Significant correlations for a =
0.05 are marked by an asterisk. All correlations are based on ten observations.

SBD FD barley millet tef

stone s_depth BD c_gradient f_contour f _gradient

TRA 50 59 66 -59 .06 .26 -.46 -25 54 -.53 -.27
SBD _72* -46 -05 37 21 -05 A5 -17 A5* .28
FD 53 -25 -26 15 -40 -13 .37 -.67* -.04
barley -35 -46 31 -29 -27 .65* -17 -.13
millet -64* -26 .32 -39 -.66* -.05 -42
tef -17 .08 .64* 01 A7 35
stone -79* -50 .68* .03 34
s_depth 52 -.64* 10 -.30
BD -.19 51 .30
c_gradient -12 .55
f_contour .30
“Significant at o= 0.05
CA7
CA2
0.06
0.06
0.04
0.04 0.00
0.02 l//\_i'm“ ’ . k=0.70
0 + = T T hd 1 2:00 2:30

12:15 12:30 12:45 13:00

13:15

Figure 4. Hydrographs for runoff events measured at the outlets of CA 2 and CA 7 on August 7
around Wanzaye (Ethiopia). Values for the kurtosis (k) of the hydrograph is shown.
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The use of feses induces higher event-based runoff coefficients (RC). Event-based runoff coefficients
over all study areas ranged from 5% to 39%. Also, a combination of low stone bund density and high
feses density results in a higher RC, whereas catchments with a high stone bund density and low
feses density have a lower RC. To understand the impact of feses and stone bunds on the erosion
processes, a relation for hydrograph peakedness has been sought (Table 2). There is lower
hydrograph peakedness for a higher stone bund density and a higher hydrograph peakedness for a
higher feses density.

Table 2. Correlation (R) matrix for: stone bund (SBD) density, feses density (FD), kurtosis, velocity
of rise time (VRT), Qp over base time, and the normalized peak discharge (QpA'l). Significant
correlations for a = 0.05 are marked by an asterisk. All correlations are based on seven
observations.

SBD FD kurtosis

Q, At -047 026 76
SBD -0,61 -0,67
FD 0,52

4. Threshold coefficients for different land managements (off-site effect)

The impact of different land management practices on gully head development in cropland is studied
in 75 catchments around Wanzaye, based on a standardized procedure for topographical threshold
analysis: s > kA (Eq. 1), where s represents the slope gradient of the soil surface, A the drainage
area at the gully head, b an exponent and k a coefficient reflecting the resistance of the land to gully
head development. The lowest k-values (0.078-0.090) are found for catchments treated with feses,
the highest k-values (0.198-0.205) are observed for stone bund catchments, and medium k-values
(0.092-0.099) are found for mixed catchments (Figure 5). This finding implies that catchments with
the exclusive use of drainage ditches are the most vulnerable to gully head development compared
with mixed catchments and stone bund catchments. However, on-site sheet and rill erosion rates are
reduced by feses as they lower the gradient of the overland flow lines (Figure 6). Three trends in
cropland management around Wanzaye and the wider region are observed: (i) feses are exclusively
made on rather steep slopes where small drainage areas lead to the rapid development of gully heads;
(ii) stone bunds are constructed on both steeper and gentle sloping cropland; and (iii) larger and
gently sloping catchments seem to be most suitable for the combined use of drainage ditches and
stone bunds.
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Fig. 5. Topographic threshold lines based on slope gradient s and drainage area A for gully head
development under three cropland management practices: i.e.; stone bunds (squares), drainage
ditches or feses (diamonds) and their mixture (triangles). Exponent b of Eq. (1) is set constant at
0.38.
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Fig. 6. Relation between plot gradient (PG) and feses' gradient (FG) for 91 feses in the study area
(August 2013). 1:1 line is also shown.

5. Conclusions

We found that the establishment of feses is the result of a difficult balance that the farmers make
between the feses’ erosive characteristics and its soil protecting characteristics. Stone bunds are a
good soil and water conservation tool, which makes the area tolerable for feses established at a
greater angle with the contour.

36



We have illustrated the practical use of topographic thresholds for gully head development to study
the effect of various cropland management practices on vulnerability to gullying. Values for the
coefficient k in the topographical threshold equation can help soil conservationists to identify which
management practices reduce vulnerability to gully erosion. Feses catchments are found to be most
vulnerable to gully head development compared to the stone bund and mixed catchments. Yet, on-
site sheet and rill erosion are reduced by the use of feses as they reduce the runoff gradient. The use
of feses, however, induces a range of other effects on the productivity of cropland, which needs
further research.

Feses cause greater rill volumes than stone bunds, although feses are perceived as the best way to
avoid soil erosion when no stone bunds are present.Peak discharge decreases when stone bund
density increases, whereas the contrary is found for feses density.
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Fig 1. Location map of the study area (Source: modified from MoWR) and experimental field
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Irrigation affects the hydrological processes by influencing mainly infiltration and
evapotranspiration, which in turn affect the surface water - groundwater interactions. Infiltrated
irrigation water percolates to the deeper soil layers and replenishes groundwater. If the source of
irrigation water is not from groundwater pumping, deep percolation rises the groundwater level
of a given area. On the other hand, the crop roots tap water from the capillary fringe when the
plant available water from the top soil declines. At high temperature conditions, surface
evaporation is high and thus the evapotranspiration rises. Direct evapotranspiration of
groundwater also occurs in areas with shallow water tables (Healy, 2010) .This taping of the
water table causes the water table to fall and hence these hydrological processes (deep
percolation and evapotranspiration) cause the groundwater to fluctuate. Field experimentation
and measurements were used to study the shallow groundwater response to irrigation. Three
experimental fields (each approx. 40 m x 40 m) were selected to consider soil and groundwater
gradient variations and the crop grown was onion.

Methodology
The following major activities were conducted during field extermination:-

1. Piezometer installation (Sundaram et al., 2009) and groundwater level measurement for
recharge determination and to analyze the behaviour of the groundwater following irrigation.
Recharge was determined using water table fluctuation method (WTFM) (Healy, 2010;
Healy & Cook, 2002).

Re =S, xAh (1)

Where, Reis recharge (mm), Syis the soil specific yield (-), Ah is the change in water table
height (mm). The Sy was determined based on Johnson (1967) textural triangle and alternatively
based on porosity specific retention relationships. Recharge highly depends on the value of Sy.

2. Field water - application was measured by designing and constructing a triangular thin plate
wooden V-notch weir according to Shen (1981) and Greve (1932) to estimate the effect of
irrigation amount and to quantify the ratio of recharge to irrigation amount. Irrigation application
efficiency was also determined.

Dr
Ea=——x100 2
D . (2)
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Where, Ea is field-application efficiency (%), D, is depth of water added to the root

zone and Dy is depth of water applied to the field (mm).

%
|

Fig.2. Piezometer measurement
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Fig.3. V-notch, thin-plate weir for farm water measurement (a) design, (b) installed and (c)

measuring water flow through the V-notch

3. To examine the contribution of groundwater lateral flow to the recharge estimation,
groundwater flow direction was determined by developing water table contour map by

Inverse Distance Weighting (IDW) interpolation method using Arc GIS 10.1. The ground
water flow velocity was determined using Darcy’s law.

v=-k A—h (3)

* Al
Where, v is velocity of flow (m day™), Ah is the-head gradient in the direction of groundwater

flow (-) and Al is the saturated hydraulic conductivity (m day™).

4. Analysis of meteorology data in relation to recharge and calculation of ET, according to

Allen et al.(1998) was also done.
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Results and discussion

Water Level Response and Groundwater Recharge

The highest water level rise (0.56 m) was observed in field 3 on 9 Dec, 2014 and 15
March,2015. The second highest water level rise (0.46 m) was observed on 10 Apr, 2015 in field
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The seasonal groundwater recharge for field 1, field 2 and field 3, using the specific values
based on Johnson (1967) was 54 mm, 55 mm and 65 mm for irrigation applications of 432
mm, 490 mm and 467 mm respectively. Since recharge is highly dependent on the value of
the specific yield used for determination, this recharge estimation could increase by 20 to 70
% if we were applying the value of the specific yield according to porosity and specific
retention. Generally, higher groundwater recharge was observed in fields 3 than field 1 and 2.
This is because the soil is shallow (2 m) in this filed than field 1 (4 m) and field 2 (3 m) so
that most of the infiltrated water might reach the water table faster than deeper soils.

Table 1. The specific yield, saturated hydraulic conductivities and groundwater velocities of

the experimental fields

Field 1 Field 2 Field 3
based on Johnson 1967 0.027 0.015 0.017
0.031 0.039 0.062
0.875 0.626 0.71

Av. groundwater gradient (-) 0.014

From Field 3 to Field 2 From field 2 to field 1
Groundwater velocity (m day™) 0.009 0.01
Real velocity of flow (m day™) 0.018 0.022

Field irrigation application efficiency

The field application efficiency varies from 20 % to 80% and the average values (%) for fields 1,2
and 3 are 51 (x£0.17), 46 (£0.12) and 48 (£0.17) respectively. Losses from field occur as deep
percolation below the root zone and runoff (Walker, 2003). The applied irrigation water is either
deep percolated to the groundwater or stored in the root zone for plants use because there was no
any run off observed throughout the season. Since the ratio of water stored in the root zone to
applied water (referred to as field application efficiency) is low, this implies that the amount of
deep percolation is higher.

Groundwater lateral flow velocity and direction

The groundwater flows from field 3 to field 1 through field 2 (Fig. 5). The velocity of

groundwater flow is very low (0.02 m day™) due to the low groundwater gradient and hydraulic
conductivity (Table 1). According to this velocity, a water molecule needs more than 1.5 years to
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travel as groundwater from one field to the next. This shows the contribution of lateral
groundwater flow to our estimation of irrigation event based recharge is negligible.
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Fig 5. Average water tablecontdur mapof the experimental site showing groundwater flow
direction
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CONCLUSIONS

From this experimental study it has been seen that irrigation can be a significant source of
groundwater. Generally, we have observed that the groundwater response from deep percolation of
irrigated water was influenced by irrigation amount, soil depth, and seasonal climate
variations and crop growth stages. We have also observed that, the amount of recharge
estimation using WTFM highly depends on the specific yield value. This research result reveals
that the contribution of groundwater lateral flow from the adjacent irrigated fields is negligible
for recharge estimation regarding water table response for individual irrigation event. The field
water application efficiency suggests that there is much room for improvement of efficiency. The
study evidences that in the study area the hydrological regime is strongly affected by irrigation.
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1. Introduction

The processes of erosion, transport and deposition of sediments has modified the landscape of the
upper Blue Nile basin, Ethiopia (Conway, 1997) indicates that alluvial and lacustrine plains may
get huge sediment depositions. As a result of sediment deposition in the alluvial plain, the flood
carrying capacity of the stream channel is reducing in recent times. This might be due to changes
of river morphology (geometry) or as a result of land use and land cover changes (Poppe et al.,
2013). Alluvial rivers change their shapes in reaction to humans influence on the natural system.
Since long time, the human-induced factors have disturbed the alluvial river channels of the
upper Blue Nile. This paper highlights the results of the recent study by Abate et al. (2015) on
planform change along a 38-km stretch and the vertical adjustment of the Gumara River which
drains towards Lake Tana and then to the Blue Nile. Over a 50 years period, agriculture
developed rapidly in the catchment and flooding of the alluvial plain has become more frequent
in recent times.
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Fig. 1: The Gumara catchment and its sub Fig. 2: The study reach (Kizin to Lake Tana)
catchments (modified after Abate et al., of Gumara River and the excursion location
2015). (modified after Abate et al., 2015).
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2. Materials and Methods
2.1 Description of the study area

The study area is the Gumara River with a total catchment area of about 1496 km?. The studied reach
starts at the confluence of Kizin and Gumara Rivers, at the edge of the hills bordering the lacustrine
plain, and ends at Lake Tana (Fig. 2). The whole reach is of the meandering type.

2.2 Preparation of data

Aerial photographs (1957, 1980 and 1984), SPOT image of 2006, Google Earth and field
observations were the data which have been used for the understanding and analysis of the planform
changes of the study reach of Gumara river.

3. Results

3.1 Planform change

The results indicated that the lower reach of Gumara has undergone major planform changes (Fig. 3
and 4).
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e S | P

b) 1984 Aerial photo

Lake shore Ilne1957 N

; 1984
20068 &
A 0 05

A Figure 4. Example of in stream sediment
A %

deposition. A 1.74 ha island was observed on the
Ba 1957 _aerlal photograph (a), and after 27 years its
R area increased by 0.43 ha (b). The extent of the
island expanded further and in recent years it

Figure 3. The Gumara River outlet at became part of the left floodplain (c) (after Abate et
Lake Tana for the three periods (a, b and al. (2015))

c). At the mouth of the river (d), a 1.12
km? delta has been created over 27 years
(1957-1984) and an additional 1 km? area
has been added in the 22 years spanning
1984-2006 (after Abate et al. (2015)).

At Gumara bridge, the deepest riverbed aggraded in the order of 2.91m for the period 1963-
2009 (Fig. 5) and the banks undergone erosion and deposition (Table 1). As it is shown on Table 1,
the channel cross sectional area at the bridge is reduced in its size for the reported period indicates
that the flood carrying capacity of the channel is decreasing over time.

a) 1957 Aerial photo b) 1984 Aerial photo c) 2006 SPOT image

c) 2006 SPOT Image
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Figure 5. Changes to Gumara River cross-section at the Gumara bridge (source: MoWIE) (after
Abate et al. (2015)).

3.3  Aggradation of natural levee induced by river bank overtopping

Although it is very difficult to quantify the depth of deposition in the floodplain, some structures, for
instance automatic water level recorder (Fig. 6) which is installed in the river bank showed that the
natural levee of the river is aggraded by about 1.4m.

‘-
—
==

Figure 6. Automatic water level recorders installed by USBR in 1959, and photographed in June
2012 along the alluvial Gumara River (a; at 11.838408°N, 37.637086°E) and the bedrock Abay
River 4 km downstream from Chara-Chara weir at the outlet from Lake Tana (b; at 11.567543°N,
37.403952°E). Az indicates the depth of sediment that was accumulated in Gumara’s natural levee
over the intermittent 53 years, i.e. 140 cm (after Abate et al. (2015)).

4. Discussion

The position or geometry of streams may suddenly change due to human pressure on the catchment.
(Heede, 1980; Surian, 1999; Urban and Rhoads, 2003; Surian and Cisotto, 2007). The notable
development that occurred in the planform of Gumara River is the delta (Fig.3) creation at the mouth
of the river within 50 years and the eliminated mid channel bar or island (Fig.4) in the channel
located at a distance of about 8 km from Lake Tana indicating that the effects of the upper catchment
erosion and the sediment input into the stream is increased and this is most probably related to
human induced land-use changes in the catchment. Direct anthropogenic impacts; irrigation activities
(Fig. 7), building of dykes along the river banks and artificial rising of Lake Tana level have
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contributed to the huge deposition (Fig. 8) in the river bed. Since there is no buffer area between the
irrigation areas and the river banks, there is high hydraulic gradient and seepage is observed along
the river banks which makes them to collapse into the river channel. Upstream of the Gumara
Bridge, water pumping is intensively done, more than 6.52 km? area is irrigated in the study reach
since 2006 (Fig.7); to the extent that the whole base flow is exhausted before it arrives at Gumara
Bridge (Fig.9). This study showed that changes to the riverbed level are substantial and its
implication that the flood carrying capacity of the Gumara river channel has diminished.
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Figure 7. An Example of pump irrigation
activities along the Gumara River banks (after
Abate et al. (2015)).

Figure 9 Gumara River at the
Gumara Bridge location showing
that there is no base flow.(Photo by
Mengiste A. March 2015)

5. Conclusions

The changes in Gumara River channel are attributed to human induced factors (Fig.10). The overall
analysis shows that the changes in the channel characteristics in the alluvial plain are linked to
human-induced modifications in the upper catchment, in the river corridor, and on lake levels. The
planform changes are very slow but the vertical morphological changing process is very active: in-
channel deposition (2.91 m), development of natural levees and streambank erosion. The
anthropogenic activities along the banks of the river have facilitated bed deposition. The raise of the
river bed level results in more frequent high floods and sediment deposition. This will further
increase the river bed level and this further reduces the flood carrying capacity of the channel.
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Figure 10. Conceptual model of hydrogeomorphic dynamics of Gumara River in the Lake Tana
lacustrine plain. Major human impacts that influence the system are written in block letters at the
lower, left and right sides of the diagram. Sequence of processes is both from top and bottom of the
diagram towards the middle (after Abate et al. (2015)).

References

Abate M, Nyssen J, Steenhuis T, Mehari M, Admassu S, Enku T, Adgo E. 2015. Morphological
changes of Gumara River channel over 50 years, Upper Blue Nile basin, Ethiopia. Journal of
Hydrology.

Conway D. 1997. A water balance model of the Upper Blue Nile in Ethiopia. Hydrological Sciences
Journal 42: 265-286.

Heede BH. 1980. Stream dynamics: an overview for land managers. US Forest Service, Rocky
Mountain Forest and Range Experiment Station, General Technical Report.p 26.

Poppe L, Frankl A, Poesen J, Admasu T, Dessie M, Adgo E, Deckers J, Nyssen J. 2013.
Geomorphology of the Lake Tana basin, Ethiopia. Journal of Maps 9:431-437.

Surian N. 1999. Channel changes due to river regulation: the case of the Piave River, Italy. Earth
Surface Processes and Landforms 24:1135-1151.

Surian N, Cisotto A. 2007. Channel adjustments, bedload transport and sediment sources in a
gravel-bed river, Brenta River, Italy. Earth Surface Processes and Landforms 32:1641-1656.

Urban MA, Rhoads BL. 2003. Catastrophic human-induced change in stream-channel planform and
geometry in an agricultural watershed, Illinois, USA. Annals of the Association of American
Geographers 93:783-796.

50



Fogera Plain: Rice cultivation and North-Korean hybrids
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Setting the scene

The Fogera plain is a vast area along the southern fringe of Lake Tana. As it is located at some
meters above the present average lake level it can be considered as the first alluvial terrace of the
lake. The soils are Vertisols, composed heavy swell-shrink clays of alluvial origin. As these soils are
water-logged during the rainy season, they remained idle during the rainy season. During the dry
season specialized crops such as chick peas, sorghum and safflower were grown, however their
yields remained rather low.

Past efforts to make the Fogera plains more productive

In a move towards self-reliance, the Government of Ethiopia has been making efforts to make the
Vertisols of the Fogera Plain more productive. After the Great Famine of the mid-1980s, Korean and
Ethiopian experts explored how they could turn the problem of surface flooding of the Vertisols into
an opportunity of growing a waterlogging-resistant high-yielding crop. They came up with rice and
in 1986 the first experiments with Korean rice varieties were established on farmers’ field near
Woreta. Right from the onset of the experiment, the vegetative growth of the rice was superb; hence
expectations were high for harvesting a bumper crop. Unfortunately, things started changing when
the plantlets started flowering. Pollination was rather poor and henceforth yield levels were
disappointingly low. What was the problem: were the varieties not adapted to the cool temperatures
of the Ethiopian highlands or was surface flooding excessive?

Two big steps were undertaken to tackle the problem:

(1) The Woreta Institute of Agricultural Research was established and new rice varieties from the
International Rice Research Institute (IRRI - The Philippines) were flown in for field testing.
(2) The Agriculture Development Department (ADD) of the Ministry of Agriculture undertook in
collaboration with the International Livestock Centre for Africa a concerted effort to improve the
surface drainage of Vertisols. Trials were set up to shape the soil surface into beds and furrows by
the so-called ‘Broadbed and Furrow Maker (BBM)’, which was especially designed for the purpose.
ADD established a 2.5 ha applied research site near Woreta where the new management techniques
(BBM, new varieties, alternative crops, crop rotation, time of planting) could be tested
systematically. The result of this land surface shaping on Vertisols was spectacular. Not only rice
was performing better, the drained land could also be planted with more exigent crops such as maize
and faba beans

Present situation: interview of Ato Bayuh Belay, Director of the Fogera Rice Research Institute
- How many ha are cultivated with rice in Fogera plain?
40,000 ha in three districts (Fogera, Libokemkem and Dera districts) in South Gondar.

- What is the average harvest of rice?
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On average 3t/ ha.

- Which are the varieties that are currently grown on farmers' field?

As lowland rice there are X-Jigna and Ediget; as upland rice there is Nerica 4
- With which varieties are you currently experimenting?

The following are five recently released varieties

Variety Ecology Year of release Yield (Q/ha)
Adet/WAB-450/ Upland 2014 24 - 42
Nerica-12 Upland 2013 30-48
Hibbire Lowland 2013 40 - 44
Hiddassie Upland 2012 30-42
Ediget Lowland 2011 32-50

- Which is the origin of these varieties?
X-Jigna is from Korea; the remaining are from AfricaRice and IRRI

- What is the management technique that you recommend to farmers for
rice growing?

We recommend weeding, fertilizer application, bunding and leveling, row planting and transplanting
- Can you give a short overview of the other activities of your institute?

The Fogera National Rice Research and Training Institute was established in August 2013 under the
Ethiopian Institute of Agricultural Research. It was established to serve nationally as center of
excellence for rice research and training. The Japanese government supported more than 10 million
dollar for the establishment of this center. Different buildings for administrative office, research and
laboratory, training centers are under construction.

Regarding the research activities, there are several activities in the following components: breeding,
agronomy, plant pathology, extension, socioeconomics, and seed multiplication.

Conclusion

Rice production in the Fogera plains has very rapidly evolved from early testing with mixed success
in the beginning to a massive and rewarding enterprise for the farmers in the area and beyond. This is
a nice example illustrating that a good research idea along with some relatively small financial
means can make all the difference for sustainable livelihood of farmer communities in Ethiopia.
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Introduction

Lakes are very important components of the earth’s hydrological cycle, providing a variety of
services for humans and ecosystem functioning. For a sustainable use of lakes, a substantial body of
knowledge on their water balance is vital. We present here a daily water balance analysis for Lake
Tana, the largest lake in Ethiopia and the source of the Blue Nile.

A review of the previous water balance studies of the lake reveals that most of these studies ignored
the extensive floodplain of the Lake Tana basin and its impacts on the water balance of the lake.
Significant contribution in this perspective is attributed to Kebede et al. (2011). Floodplains are
specific ecosystems, oscillating between terrestrial and aquatic phases (Junk, 1996), having different
topography, soils and vegetation patterns. The water balance studies of the lake should address the
floodplain hydrology properly and its impacts on the water budgets of the lake. This study analyses
the water balance of the lake and the impacts of the extensive floodplain on its water balance.

Methodology

Water balance components of the lake (Fig.1) are quantified simulating two scenarios. Scenario 1
attempts to analyze the water balance of the lake omitting the floodplain. This scenario
hypothetically removes the floodplain and its buffering effect from the lake system and estimates the
water balance of the lake. Scenario 2 deals with the real field situation (the lake basin and the lake-
floodplain system) and the effects of the floodplain are included. in the analysis. Based on a
comparison of the results of both scenarios, the impacts of the floodplain on the water balance of the
lake will be evaluated.
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Figure 1. Main components of the water balance terms of Lake Tana

The lake level fluctuations are governed by an Input-Storage-Output process, which can be described
by the following water balance model (all terms in Mm?® day %)

AS
E = Pae = Eae + anuged + Qungauged —Qou +¢
AS
where At denotes the change in storage over time, Rae is lake areal rainfall, Eiake is the rate of lake

evaporation, Quauges is gauged river inflow, Qungauged is ungauged river inflow, Quut is the outflow at
the Blue Nile River and at the tunnel to the hydropower station, and € represents the uncertainties in
the water balance arising from errors in the data and other terms, such as net groundwater flux or
minor abstractions, which usually cannot be accounted for directly.

(1) Estimation of rainfall and evaporation on the lake

Daily measurements from six precipitation stations, located at the lake shore (Bahir Dar, Gorgora,
Dengel Ber, and Zegie), at the island of the lake (Dek Estifanos) and close to the lake (Maksegnit),
were used to calculate areal rainfall on the lake by the Thiessen Polygon method.

For estimating the lake water evaporation depth, daily maximum and minimum air temperature data
from the above 6 stations is used, whilst wind speed, relative air humidity and sunshine hours are
collected from Bahir Dar meteorological station. The daily evaporation depth was estimated by the
Penman-combination method (Maidment, 1993), which is widely applied as a standard method in
water resources engineering.

(2) Runoff from gauged and ungauged catchments

The daily runoff flowing into the lake from the gauged catchments (Fig. 2) has been derived for the
period 2012 and 2013 using measured water levels of the rivers. The runoff from the ungauged parts
of the catchments (Fig. 2) was estimated using a conceptual hydrological model and a runoff
coefficient approach.

The conceptual hydrological model of Dessie et al. (2014) was used for ungauged catchment rivers
that drain to the lake with no or minimal influence of the floodplain on their way to the lake. The
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runoff estimation of the ungauged floodplain and the hillslope catchments (Fig. 2) that are affected
by the floodplain as the rivers flow across the floodplain are made using the runoff coefficient
approach. The runoff coefficients (Table 1) were determined based on discharge measurements from

three discharge monitoring stations in the floodplain.

Table 1. Characteristics of the ungauged catchments (including the floodplain), the runoff which are
influenced by the floodplain on the way to the lake, and the runoff coefficients used to estimate their

corresponding runoff depths.

Runoff coefficients for stations

Average

Location catchment In the floodplain runoff
area (km? .
coefficient
year 2012 year 2013
Gumara catchment 81.7 0.65 0.53 0.59
Rib Catchment 950.1 0.22 0.2 0.21
North of Lake Tana basin
including Megech, Dirma an : : . :
including Megech, Di d 1170.3 0.37 0.11 0.24
adjacent catchments)
S{;t'gﬁy::tasy and Adjacent 336.5 0.61 0.5 0.56
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Figure 2. Gauged and ungauged catchments in the Lake Tana basin. Runoff from the groups of
ungauged catchments was predicted based on calibrated model parameters of observed runoff data
from Gelda for Group 1, from Rib for Group 2, from Megech for Group 3, from Dirma for Group 4,
and from Gibara for Group 5.

(3) Outflow, lake levels and water level-area-volume relationships

Daily observation records of discharges are available on both outlets (at Chara Chara weir near the
city of Bahir Dar, and a tunnel hydropower outlet for Tana Beles hydropower (from Ministry of
Water, Irrigation & Energy and Tana Beles Hydroelectric Power Plant, Ethiopia) and are directly
used in the present water balance and lake level simulation studies. We obtained daily lake water
level data at Bahir Dar and Kunzila stations (Tana Beles Hydropower outlet) for the years 2012 and
2013.

Results and discussion
(1) River inflows

The analysis of river inflows for the years 2012 and 2013 revealed that Lake Tana received an
average yearly runoff of 5.61x10° m® from gauged and 1.22x10° m® from ungauged catchments,
disregarding the water abstraction by irrigation in the ungauged catchments. More importantly,
0.42x10° m® of water does not reach the lake. Most of the abstraction (about 50% of the total) takes
place by the floodplain (via runoff transmission losses) following the downstream reaches of the Rib
River. Floodplains at some reaches of the Gumara River and the southern shore of the lake are
exceptions and there is runoff contribution from these floodplains as indicated by the presence of
many springs in these areas. Further analysis of the river inflows to the lake shows that 58% of the
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inflow to the lake is generated from the southern part of the catchment (Table 2), which covers about
38% of the total catchment area of the lake.

Table 2. Runoff inflows to Lake Tana for different sub-catchments

Lake Average | Inflow Inflow ) Inflow
to the to the

Tana . . Catchment | annual to the

Major Rivers 2 : lake lake
catchment area (km?) | rainfall | lake 6
divisions (mm) (mm) (x10 from the

m°) total (%)

Southern .

Gilgel Abay | 4507 1660 880 3961.08 | 58
catchment
Eastern Gelda,

Gumaraand | 4182 1470 490 2044.76 | 30
catchment | _.

Rib

Garno, Arno,
Northern | Gabi Kura, | 0y 1140 | 260 | 689.24 |10
catchment | Megech,

Dirma
Western more than 20

smaller 660 1035 210 136.41 |2
catchment

streams

(2) The water balance terms

The results of the annual input and output water fluxes of the lake for both scenarios are indicated in

Table 3.

Table 3. Average annual water balance terms of Lake Tana (years 2012 and 2013).

Scenario 1 Scenario 2
Water balance terms

mm 10°m2 | mm 10° m3
Lake areal rainfall 1330 4129.0 1330 4129.0
Gauged river inflow 1819 5645.5 1807 | 5608.2
Ungauged river inflow 530 1645.3 | 394 1223.3
Lake evaporation -1789 | -5547.3 | -1789 | -5547.3
Outflow from the lake -1618 -5022.9 | -1618 | -5022.9
Wgter_abstractlon by 35 108 42 134
irrigation
Closure term 238 741.6 82 256.3
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(3) Lake level simulations

The results of lake level simulations (Fig. 3) indicate a good match with the observed lake levels for
both scenarios, although larger deviations are observed for scenario 1 during the end of the
simulation period. The lake level simulations resulted in R? values of 0.94 and 0.95 for Scenario 1
and Scenario 2 respectively, which is very similar irrespective of the differences in the closure terms
of the water balance terms.
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Figure 3. Observed and simulated lake levels for the two Scenarios. Scenario 1 simulates the lake
level of Lake Tana omitting the floodplain and its effects. Scenario 2 simulates the real field situation
(i.e. the lake basin and the lake-floodplain interactions).

Conclusions

The Lake Tana water balance analysis presented here describes the different water balance
components of the lake and provides a meaningful assessment of the components. It demonstrates
the importance and the influence of the extensive floodplain on the water balance of the lake. More
importantly, 0.42x10° m® of water does not reach the lake.
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Introduction

Accelerated soil erosion is causing significant challenges to the Ethiopian Highlands™ smallholder
farmers that support 85% of the total population. Such huge amount of soil loss is imposing negative
on-site effects such as losses of soil fertility and moisture and thus land productivity and also off-site
effects such as flooding, siltation and pollution of reservoirs (Tamene and Vlek, 2008). The upper
Blue Nile basin which covers a drainage area of about 199,800 km? (BCEOM, 1998) is also suffering
from such problems.

To reduce the vulnerability to soil erosion and climate variability, the Ethiopian government assisted
by multi-donors (World Bank, Finland government, FAO, EU, GIZ, WFP and others) launched a
Sustainable Land Management (SLM) program since 2008. The first phase is completed and since
this year SLM Phase 11 program has been launched (Danyo, 2014).

The program aims at reducing land degradation in agricultural landscapes, improve the agricultural
productivity of smallholder farmers and restoration of ecosystem functions and diversity in
agricultural landscapes.

£ ASTERDEMIFTNALU M. oif
Value
Hagh : 4235
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Low 488

Figure 1: Location map of Upper Blue Nile basin, SLMP sites (in red) and KAKENHI watersheds (in
white)
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Bahir Dar University in collaboration with the Arid Land Research Center of Tottori University of
Japan, initiated a five-year (2013-2018) research project titled, “Land Management to Mitigate Soil
Erosion in the upper Blue Nile River basin”. The project is funded by Grants-in-Aid for Scientific
Research (KAKENHI) from Japan Society for the Promotion of Science (JSPS), Ministry of
Education, Culture, Sports, Science and Technology (MEXT). The main aim of this research project
is to analyze impacts of SLM on sediment and runoff budget, soil fertility improvements, crop yield
and biomass production in the upper Blue Nile basin. To monitor impacts of SLM interventions,
three sites; Gider, Aba Gerima and Dibatie were identified representing highlands (Dega), midlands
(Woyna Dega) and lowlands (Kolla) (Figure 1).

Aba Gerima Watershed

Aba Gerima watershed is located 15 km away from Bahir Dar town in northeastern direction. The
watershed has an area of 900 ha. Like in other areas of Lake Tana basin, farmers’ livelihood in the
watershed is based on mixed farming system of livestock rearing and crop production. Finger millet,
maize and teff are among the dominant cereal crops in the area. Since some 15 years, farmers in the
area produce khat as cash crop and sell in towns like Zenzelma (small town near Bahir Dar). During
the dry season, it is common to see farmers pumping water from their hand dug wells and streams to
their khat fields. Cattle, sheep, goat and equines are also kept by most farmers.

SLM project activities have been implemented started from 2012 and now (2015) a total of 760 ha
land is covered with different SWC structures including soil and stone bunds, fanja juu, cut-off drain,
waterways and exclosures (Figure 2).
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Figure 2: Number of households in SWC activities (left) and area coverage of the four major SWC
structures (right)

Sesbania, pigeon pea and Napier grass are used to stabilize most of the constructed physical
structures. This land rehabilitation activity is done through mass mobilization of farm households. As
indicated in Figure 2, more than 300,000 individuals have been participated over the last three years
in land rehabilitation activities (WLRC, unpublished). The Water and Land Resource Center
(WLRC), a Swiss-funded center, is providing financial and technical support to the watershed
management activities while the district Office of Agriculture is the major coordinator of the work.
Beehives with bee colonies have been also been introduced in the exclosed areas and given to
landless youths. Two shallow hand-dug wells that are constructed by the support of WLRC improve
the availability of potable water for the local commmunities. Free grazing is completely banned in
the watershed and farmers use a cut-and-carry system.
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To evaluate the effects of SLM on sediment and runoff, KAKENHI project identified twin micro
watersheds; Kecha (treated) and Laguna (control or untreated) (Figure 3). Kecha micro watershed
with an area of 384 ha is part of the larger Aba Gerima watershed.
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Figure 3: Twin experimental sites, Kecha (left) and Laguna (right)

The Laguna (control) micro watershed has an area of 335 ha and is located east of the treated Kecha
watershed. Both micro watersheds have comparab