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Analysis of Land Use/Land Cover Change namics and Underlying
Driving Forces in the Lake Hawassa Watershed, Ethiopia, Based on

Satellite Remote ®nsing and GIS Techniques

Nigatu Wonlrade Teddo

Department of Water Supply and Environmental Engineering, Utestf Technology, Hawassa University.

ABSTRACT

The rising human population and the increasing demand for more resources such as food, fuel, fres|
water, constructional materials etc., resul t et
atmosphee composition. Agricultural activities and settlements have expanded into vegetated areas
changing the native ecosystems into barren land and impervious layers. Such changes in land use/lar
cover are taking place rapidly in developing countries sevaftdgting the environment and welfare of
people.The Lake Hawassa Watershed is one of the most environmentally vulnerable areas in Ethiopia.
This paper is intended to classify mikimporal image data to produce thematic maps and thereby
guantify changeshat have occurred in the study area, estimate above ground biomass, quantify land
cover conversions, and identify the most prominent underlying driving forces of changes extended over
38 years (1972011). Then, inform all stakeholders about thegoimg land use/land cover changes in

the Lake Hawassa Watershed and its adverse effects on the livelihood of people so that concerted ar
timely measures can be takehhe results revealed that landscape transformation by humans was
extensive. A set of anthrogenic biomes replaced large parts of the more recognized natural biomes
offering a new view of the terrestrial biosphere. The dominant land cover was cropland accounting for
56.4% in 2011. The most affected land cover classes over the study period mesteafm woody
vegetation, which declined by 45.3 and 35.3%, respectively. Caletellekawith an area of 11.3kfrin

1973 transformed into mudflat and grass dominated swamp. The total mean above ground biomas:
density estimated for this site was consitgrdower than the range of forest above ground biomass
reported for the same life zone in other countries. The study indicated that forest cover in Siraro District
was found completely depleted in 2011. As the result of conversionupudltea expandeat a rate of

12.7% annually between 1973 and 2011. On the other hand, cropland lost abotibf8knarea to
built-up between the same temporal instants indicating that the land cover conversions were multi
directional and significant in magnitude. Ifettbiophysical resources are to regenerate and improve,

mitigation strategies should be developed that are geared towards the underlying driving forces.
Key words: Land cover change, Lake Hawassa Watershed, Remote seakSndJnderlying driving force

'This paper comprises what h a shesisare whathasbeen lparnefom the o m
field investpation
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1. Introduction 6 Wei rGled spp. , 6 Z iPgdocarpus (
1.1. Land use and land cover changes in the gracilior) 0 K(Admniagera Gadolfi fredrici),
Lake Hawassa Watershed 0 Wa n Lardia africang and CGdiawoot

The Lake Hawassa Watershed had undergoradricang in the Wondo Genet escarpments are
profound LULC change. This area and itsthreatened. Deforestation and subsequent land
hinterland are home for a large human populatiodegradation have eerdited soil erosion causing
engaged in various activities, which are digor  siltation, deepening of water level, and desiccation
indirectly related to the webeing of the of LakeChelelleka

ecosystem. The Lake Hawassa Watershed hd@ke overstocking of saw mill and joinery
come under unprecedented pressure, ever since trgerprises and excessive extraction of timber by
beginning of 1950s (Lemma 2005). The changedlegal loggers coupled with weak law
coupled with population growth, have occurrecenforcement have aggrded the rate of
mainly due to subsistee agriculture, largecale deforestation and natural resource degradation in
state farms, clearing of forests and woodlands fdhe area. A survey result indicated that about 410
different purposes. formal and 226 informal small and medium forest
Before the foundation of Hawassa town, the areanterprises exist in Hawassa area (Gebremariam et
was covered by forest housing a variety of wildal. 2009).

animals (MWUD 2006; Reynolds et al. 2010). TheThe excessive extraction of diwood (charcoal
first settles of the area were the pastoral Sidamand firewood), are the primary drivers of
people. The settlers gradually became sedentadgforestation and subsequent land degradation,
farmers for which the importance of farmingwhich in turn lead to soil erosion and loss of
increased and that exerted pressure on theer t i | i tvy. Ethiopia is o
immediate native ecosystem. Howeverwood reliant nations. This is because fuel wood is
accelerated LULC change began after Hawasshe dominant household energy source and it
Town was founded in 1960 by the order ofaccounts for about 927% of the total energy
Emperor Hailesilassie (Zeleke and serkalenconsumption (FAO 2003; Sima 2011; Asfaw and
2006). Commissioned soldiers and their familie®emissie 2012; Brink et al. 2014; She 2014). The
from various parts of the country were brought t@onsumption of fuel wood for household energy in
Hawassa and were provided the first plots of lanthe study area is estiteal at 54, 61, 72, and 96%
in a newly seup villageto settle on (ibid), which in Arsi, East Shewa, Bale, and Sidama Zones,
is believed to have given an impetus to the growtrespectively, where the eight districts are situated
and development of the town. The rationale for th€SNNPRS 2001; ORS 2002). The first three have
settlement of exsoldiers and their families was to the lowest proportion of energy deriving from fuel
tighten security of the region and supply labowood, as these are large animalnduand crop
force for the new state fim which replaced the residue consuming zones of the Oromiya Region.
60 Ad & qungke, the native ecosystem. StudiesThe current status of LULC and its change
conducted in Lake Hawassa Watershed for 196&atterns are, in general, the outcome of many
and 1998 indicated that cultivated fields and urbahighly-interlinked drivers including natural, soeio
areas have shown a spatial increases of 50.7 aadonomic, policy, unsustainable farming practices,
185.7%, respectively, while dense and mpeamongothers (Tefera et al. 2002; Meshesha et al.
woodlands decreased by 55and 73.8%®010). In many instances, one becomes a cause for
respectively (Ayenew and Gebreegziabher 2006).the other and vice versa, creating a kind of vicious
Under the increasing pressure by humaauircle.

population  through intensified cultivation,

overgrazing, and deforestation, vegetation cover

had declined andndigenous species ducas
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2. What is the problem and why bother? 1 To describe the main underlying driving forces
The increase in human and livestock population of change in the Lake Hawassa Watershed for
and their mteraction with natural ecosystem have the time perid under investigation,

caused landscape changes in the lake HawagpaTo avail the results to all stakeholders and

Watershed. Most changes to the ecosystem have decision makers to take appropriate and timely
been made to meet a dramatic growth in the action.

demand for food, water, timber, fiber, and fuel

(MEA 2005). 4. Materials and methods

Several studies undekin in the Lake Hawassa 4.1. Description of the study area

Watershed area have indicated that the landscapfe Lake Hawassa Watershed is located at the
has undergone significant transformations. Foporder between two regionastates, namely
instance, natural resource degradation and decli®2o ut her n Nations, Nati ol
in agricultural productivity (Gashaw et al. 2014;Regional State and Oromiya Regional Stéttés
Ango and Bewket 2007), deforestati@and high situated in the Ethiopian Rift Valley floor on the
conversion of vegetation cover to agricultural landnain highway running from Addis Ababa to
(Girma and Mosandl 2012; Rembold et al. 2000)Nairobi via Moyale. Its extreme coordinates are
water pollution and wet land destructione®49'and P146 N | atN 606 d3&hddm d
(Meshesha et al. 2010; Wondafrash and Tessergalongitude(Figure 4), covering about 1435 Km
2011), and overgrazing and reduction in grasslarhe topographical characteristics includeter
cover (DELTA 2005). Though the growth of built alia, flat plains, gentle slopes to dissected
up areas could play an important role in alleviatingscarpments, mountainous regions, and hilly
housing problems for a rapidly growing surfaces with the altitess ranging from 1678 to
population, urbanization has steppga informal 2970 m above sea level. The mean annual rainfall
settlements, the extraction of biomass, ang estimated at 1060 mm (Wondrade et al. 2014),
destruction of ecological structu but varies both spatially and temporally, ranging
If all these problems continue unabated, the life odfom 821 mm in the low land area to 1307 mm in
millions of people will be at risk. Therefore, the highlands (ibid). The climate ofi¢ research
addressing these mufaceted problems of land area is characterized by a high variation in mean

cover changes is essential to sustainably managgnimum and maximum temperature (12.5 to
natural resources and achieve the Growth amgy 2C).

Transformation Plan (GTP) of the country. Lake Hawassa is a vital source of livelihood for
over five million people (Ayenew and
3. Objectives Gebreegziabher 2006) and it is one of the biggest

The main aim of this study is to analyze and mapird sarmtuaries in EthiopiaLake Hawassa and
LULC change dynamics and underlying drivingSenk el | e Swa y Saaciuary létatedt e b
forces in the Lake Hawassa Watershed for thgt the northwestern part of the Watershed are
period between 1973 and 2011using RS and Gk@ajor sources of income through tourism both at
techniques. The specifabjectives are: the local and national level. Agriculture at
1 To explain the spatial and temporal pattern angdubsistence level is the mastay of the farming
magnitude of land cover changes that haveommunity which dictates the major land use. The
occurred over the study perioti732017), westernparts of the areas near Lake Hawassa are
highly degraded due to repeated cultivation and
exposure to gully erosion.

CERVaS PUBLICATIONS| Volume 1, Is .
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Figure 1. Map of the study area and location of the edjsiricts.Source (Wondrade, 2015)

The eastern and northeastg@arts of the area are of the Hawassa and Shashemene cities were
more stable and covered with forests an@stimated at 1 994.5 and 11 064.7 persons,/km

woodlands. The study area is one of the mosespectively for the same year (ibid). Because of
densely populated regions in the country, ranginthe ingeasing population and unsustainable

from 2%.0 in the Kokosa districto 1330 resource management practices, the area is
persons/kmin the Shebedino district for the baseexperiencing rapid land cover conversion and

year 2011 (CSA 2011). The populatidensities associated problems.

4.2. Sources of data 4.2.1. Field data

Several types of input resources have been used Fieldwork was undertaken during the dry
for this research work. The data usesmh be months of January and February 2012 to collect
subdividedinto field data, remotely sensed data, field data. The collected data can be grouped
and ancillary data. into three sections:

CERVaS PUBLICATIONS| Volume 1, Is .
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i. Data for the classification and accuracy iii. Key informant interviews were conducted to
assessment of LULC maps (training areas and collect thepossible underlying driving forces
reference points), of land cover changes.

ii. Data for the estimation of AGB (tree
variables such as diameter at breast height
and height), and

Figure2. Measurement of tree variables and key informant mterviiﬁg zﬁ’ot h, 2013)

4.2.2. Remote sensing data Visualization Viewer website
Remotely sensed data from Landsat and SPQ(http://glovis.usgs.goy/ where image data sets are
operations were use textract LULC maps for made available. SPOT1 and SPOT 4 images
the study area. The Landsat images includeicquired in 1987 and 2011, respectively were
Multispectral Scanner (MSS) and Landsat Hrocured frome-geos an ltalian Space Agency,
Thematic Mapper (TM) images acquired in 1973and theTelespazio Company. LULC conversion
1985, 1995, 1999, and 2011, respectively. Thdata were derived from a spatial overlay of
Landsat images are downloaded from the Globauccessive thematic maps in ERDAS Imagine.

Figure3. Subset of sample satellite image of Lake Hawassa Watershed

4. 2.3. Ancillary data elevation models (DEM). Topographical maps and
Ancillary data both on rastemd vector format aerial photographs covering the study areaewe
were used for various purposes. The ancillary dag@ocured from the Ethiopian Mapping Agency
include: topographical maps, aerial photographgEMA). These map sheets were scanned,- geo
Google Earth imagery (Quick Bird), and digitalreferenced, mosaicked, and then used to register

CERVaS PUBLICATIONS| Volume 1, Is .
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all remotely sensed data. Both the topographicalpecific nature of the landscape features and partly
maps and aerial photographs were used to validadbased on the Level | LULC classification scheme
the classified LULCmaps. The vector files from developed by Anderson et al. (1976).The
the Map Library (2007) were useful to delineateclassification scheme used ftre study area is
and clip study area and administrative boundariegiven below in Table 1.
of regions, zones, districts, city, and other areas @£3.2. Image classification and accuracy
interest. assessment

g P ¥ Image classification was performed using a hybrid
method, where spectral signatures for specific land
cover classes were created using unsupervised
method folloved by supervised method to further

¥ L e (L discern the land cover typeadybrid classification

Figure4. Ancillary data, aerial photograph (a) andtechniques offemore reliable and accurate results

LAKE AWASA

£ o)

—

topographianap (b) to assess land cover changes (Bakr et al. 2010).
Accuracy assessment was performed using

4. 3. Methods independent reference dataeated from aerial
4.3.1. Classification scheme photographs, topographical maps, field data, and

Several institutions have developed classificatiopisual interpretation. One of the most common
systems for use with remote sensing datavays of representing accuracy assessment
However, there is no one ideal classificationnformation is in the form of an error matrix or
scheme that fits the land cover types and thedontingency table (Congalton 1991; Binaghi et al.
nomenclature earywhere. Thus, the land cover1999:; Foody 2002).
classes in the study area were defined based on the

Table 1.Land cover classes considered and their descriince (Wondrade et al., 2014).

No. LC Class Description

1 Water All areas of open water, including lakes, rivers, and ponds

2 Built-up Included are residential, commeigiand industrial buildings, transportatic
infrastructures, and play grounds.

3 Cropland Mechani zed and small hol der 6s f ar
limited areas temporarily left as fallow.

4  Woody Land covered by buskeand shrubs, in some cases mixed with gras

Vegetation Ground cover often composed of patches of woodland, scattered tree

perennial crops, such as Kh&tatha eduliy and Coffee Coffea arabica)

5 Forest Natural and plantation forest with trees formingopo closed canopies, 3(C
70% and more than 70% respectively.

6 Grassland Areas dominated by herbaceous vegetation with low occurrence of shrub

7  Swamp Area with topographic low where water table is near, or above the
surfaceThe occurrence ofdrbaceous vegetation is also obvious.

8 Bareland Land surface devoid of vegetation, sand along lake side, exposed rock
guarries.

9 Scrub Specific area characterized by scattered bushes to closed canopy vec

dominated by shrubs, grassesdamall trees usually less than 5m tall, ¢
occasionally with few scattered trees.

The tables produce many statistical measures afjreement between the remotely sensed
thematic accuracy including an overall accuracyglassification and reference data, was also
producer 6s accuracy, aomguteduas & medssire oftbhematic map yccuracy.h e
kappa statistic, a metrithat compares chance ERDAS Imagine software was used to accomplish

CERVaS PUBLICATIONS| Volume 1, Is .
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both classification and accuracy assessment. Thamalysis of LULC conversions relied on classified
study aplied a postlassification comparison Landsat images extending over 38 years. To detect
method to perform pixel based land cover changand quantify LULC conversions, thematic maps of
detection analysis. Image pairs of consecutiveuccessive dates wee overlaid in a matrix
dates were compared by overlaying thematiunction using ERDAS Imagine, which generates
maps, for instance images from 197285, 1985 crosstabulation matrices with systematic arrays of
1995, 19982011 etc. The overlaprocedure in numbers. Each cell in the matrix contains the
ERDAS Imagine produced crossbulation surface area converted from one land cover class
matrices, which permitted to quantify changed antb another and the surface area renthine
not changed land cover types between temporahchanged. Key informants interviews were

instants over the study period. conducted to identify the underlying driving forces
of the LULC conversions that had been quantified
4.3.3. Estimating above ground biomass using remote sensing methods. The key

This study characterizes the LGl above ground informants included both men (92.6%) and
biomass (AGB), and carbon status of the forest iwvomen (7.4%). The respondents reveselected
the Lake Hawassa Watershed, using remoteased on purposive sampling because of their
sensing data and allometric equations for the baspecific knowledge on the topic of interest. The
year 2011. Remote sensing is an effective andterviewees responded to the sestmuctured list
efficient tool in forestry studies (Roy and Ravarof questions, drawing on their own individual
1996; Kale et al. 2009), so analysis of theexperience about the development and status of
vegetation status and delineation of forest lanthe naural resources in the Lake Hawassa
cover was performed using a Landsat 5 TM imag#/atershed ecosystem.
in ERDAS/ArcGIS. The equations constructed bys. Main findings/results
Chave et al. (2005) and Brown (1997) for mixedb.1. Classification results and associated field
species were found to bmore appropriate for observation
describing the relationship between biomass anthe analysis of mukiemporal remotely sensed
tree variables for natural and plantation forestdmage data extracted nine distinct land cover
respectively. themes in the Lake d&vassa Watershed. These
were water, buitup area, cropland, woody
4.3.4. Analysis of LULC conversions and vegetation, forest, grassland, swamp, bare land,
underlying driving forces and scrub Kigure 5). The overall classification
This analysis focuses on the determination odccuracy of the produced thematic maps for 1973,
magnituek and rates of land cover conversions anii985, 1995, and 2011 ranged from 82.8%d0%.
its causative agents. The temporal and spatial

CERVaS PUBLICATIONS| Volume 1, Is .
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760000m.N
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Legend
I sty [ Cropland [ | Bareland
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Figure 5. Land cover maps of the Lake Hawassa Watershed at four temporal instants. Source (Wondrade

et al., 2014)
The results revealed that cropland, woody
vegetation, and forest had the highest

magnitueks of change over the entire study
period (Table 2). Theesults in Table 2 reveal

clear picture of LULC changes in space and
time. The buikup area expanded more than

420000mE 430 440 450 460 470

430 440 450 460 470

|-790

780

760

750

1780

770

760

Swamp [ Water

0 5 0 10

B Woody veget. [ Forest g g

fivefold compared to the original surface area
coverage. The expansion of croplandl dmuilt-

up area, and the rapid decline of the native
ecosystem (woodland and forest covaghlight

the impact of anthropogenic activities
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Table 2.Spatial coverage and proportion of land cover classes resulted from classified images

1973 1985 1995 2011

Land cover (LC) Area of LC Area of LC Area of LC Area of LC

classes (km?) (%) (km?) (%) (km?) (%) (km?) (%)
Water 103.3 7.2 101.5 7.1 100.3 7.0 95.8 6.7
Built-up 4.2 0.3 5.8 0.4 8.6 0.6 24.6 1.7
Cropland 625.3 43.6 699.7 48.7 766.7 53.4 809.1 56.4
Woody veget. 301.1 21.0 275.8 19.2 218.7 15.2 194.9 13.6
Forest 148.0 10.3 102.5 7.1 93.2 6.5 81.0 5.6
Grassland 71.8 5.0 78.2 5.5 73.8 5.1 65.8 4.6
Swamp 67.8 4.7 77.3 5.4 70.7 4.9 64.2 4.5
Bare land 181 1.3 28.4 2.0 42.1 2.9 39.9 2.8
Scrub 95.2 6.6 66.5 4.6 61.7 4.3 60.5 4.2
Total 1434.9 100.0 1435.7 100.0 1435.8 100.0 1435.9 100.0

Source (Wondrade et al., 2014)

The spatial pattern and change trends of each LULC type are dddueiteeinder:
i. Water body

The analysis revealed that the surface area of Lalg
Hawassa has increased by about 3%5ketween
1973 and 2011 while LakeChelelleka has
gradually vanished.

C Area of Lake Hawassa=93.2km

1973 C Area of Lake Cheleleka=8.3Kkm

5 C Area of total water bodv=101.5¥m

Area of Lake Hawass®2.0km
2
Area of Lake Cheleleka=11.3km
2

Total area of water body=103.3km
No visible ponds in 1973

OO O O
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Valley, is one of the tourist attractions of Hawassa
City. It is one source of livelihood for millions and
shelter for diffeent species.

The area of Lake&helellekawas 12k in 1972
(Ayenew, 2004) and 11.34Km 1973 (Wondrade

et al., 2014) in 1972 and 1973, respectively. The
average depth was 5m having a total volume
60x10 m* in 1972. However, Lak€helellekais
today a md flat and grass dominated swamp (see
Figure7?).

420 430 440 4% 460 470

Area of Lake Hawassa=95.1km
Area of Lake Chelelka=5.1km

Total area of water body=100.5km

O 0 0 0

0.3knf is pond water

800

1790

780

770

760

C Area of Lake Hawassa=95.2km 420000mE 430 440 4% 460 ar0
C Area of Lake Cheleleka=0.0Kkm Legend
C Pond water area=0.65km |

ey oo [Joewe D Ser Ve
C Total area of water body=95.8km 050 10

] Gassind s [ ooty veget [ et "1 1 -

Figure 6. Trends of change in water bodgource .

(Wondrade et al., 2014) Figure 7. The conversion of Lak€helellekainto
Lake Hawassa, the smallest and located at the swamp between 1973 and 2011. Source

highest altitude in the Central Main Ethiopian Rift (Wondrade et al., 2014)
CERVaS PUBLICATIONS| Volume 1, Is .
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ii. Built -up area

Though small in absolute terms, builp area has
increased by 480% between97B & 2011.
Particularly, the expansion was significant since
1995. Urbanization is one of the most dynamic
processes in the context of global and local land
cover transformations. In 2025, Africa is expected

to be urban by 54% and Ethiopia by 30% (World Figure 8. The trends of change in builp area.
Resource, 1996). Source (Wondrade et al., 2014)

h Where no proper planning, urbanization leads to

squatting of public lands. Such squatting of public
land occurred in 2011 as shown on the clasbif
image above. 19.8 & 14.5% of N & NE part of

Hawassa city was illegally occupied public land.
Manhattan City is usually considered as a good
example of the expansion in builp areasand its
consequence on natural resources, which is
tremendous.
—
@
1985 (5.8 km)

1995 (8.6 km)

Figure 9. Manhattan City before (a) and
after (b) 400 years

CERVaS PUBLICATIONS| Volume 1, Is .
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iii. Crop land part of the watershed is found to be the most

.degraded area.

Cropland is the most predominant land cover 0 e loss of woody vegetation is caused by high

the Lake Hawassa Watershed covering abo%femand for fuelwood & construction materials
56.4% in the year 2011. This expansion is '

. ropland expansion, weak laamforcement, power
supposed to be due to population pressure, paralle . . o
o X e vacuums during regime changes, urbanization,
growth in livestock, lack of intensification etc.

Populaton of the watershed is estimated ta°bg, freely roaming livestock etc.
103, 507 for the year 2014, while the livestock

under private holdings reached 1, 136, 670 in 2014
(CSA, 1973 & BoFED, 2014).
The analysis of cropland revealed a slight

deceleration in cropland expansion bottaanual
and temporal rates. This slight deceleration in the
expansion of cropland could be attributed either to
shortage of suitable land for further conversion or 1973 (301.1km’)
that the remaining area cannot be used for
cropping due to policy restrictions or natural
barriers.

1995 (218.7km’)

2011 (194.9km )

Figure 11. Trends of change in woody
vegetation. Source (Wondrade et al.,
2014)

V. Forest

Forest experienced continuous declin80.8%
from 1973 to 1985 andl3.1% from 1995 to 2011
period with a-1.2% annual rate of change during
the whole study time. Causes of decline in forest
) cover are more attributed to human induced
Figure 10.Trends of cropland expansidBource factors, such as illegal logging & selected felling

1995 (766.7km )

(Wondrade et al., 2014) of trees, extraction of fuelwood and comstion
_ _ materials, loose law enforcement, forest fire &
Iv. Woody vegetation soaring prices of timber products, expansion of

the study period and the highest wag.7% that cities & road networks, overstocking of saw mills
occurred between 1985 & 1995. This time&Joinery enterprises, etc.

coincides with the mgme change in Ethiopia

where control over resource was loose. Western

CERVaS PUBLICATIONS| Volume 1, Is .



1995 (93.2km")  f§ 2011 (81.0km’)

Figurel2 Trends 6change in forest cover.
Source (Wondrade et al., 2014)
Vi. Wetland or swamp area

The wetland in 1985 was greater than that of in
1973, because of the continuous evacuation of
water from Lake Chelelleka As the Lake
Chelellekarecedes, the area has been ested

into mud flat & grass dominated swamp indicating
the transported sediments have gradually filled the
lakebed. Thus, the unprotected swampy area had
continuously decreased as the result of cropland
expansion.

2
1973 (67.8m") 1985 (77.3km’)

D

1995 (70.7km’) 2011 (64.2km’)

15

The ongoing and unplanned settlememt the
wetland also draws particular attention. According
information derived from satellite acquired in
2016, there exists more than 156dneshaped
mud huts, with a thatched roahd handful of CIS
roofed houses. The followingigure depicts the
illegal settlement in the wetland within the
jurisdiction of Hawassa City administration. The
total settlement in the wetland across the
watershed is much larger than this. We are not
able to count the number of houses in the entire
wetland due to lack of higresolution imagery.

Figure 13. Trends of change in wetland. Sour
(Wondrade et al., 2014)
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Figure 14. lllegal settlement in the wetland within the boundary of Hawassa City administration (Year,

2016)

vii. Scrubland

Scrub is Imited to the northwestern part of the
watershed. This LULC was conserved as
Swaynebs Hartebeest Sanc
frequently been disturbed and still clearing for
farming land, construction materials, and
firewood has continued by encroaching Isest
Consequently, its area has declined from 95 km

in 1973 to 61 krhin 2011.

From a socioeconomic perspective, altering the
natural setting of this area may result not only in
degradation of the ecosystem, but also a decline

in the number of visitorsand subsequent
reduction of income from tourism both at national Figure 15.Trends of change in scrubland.
and local level. Source (Wondrade et al., 2014)
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viii.  Grassland and bare land activities and active LULC changes on the border
between the two regional states. Besides, Siraro
district is found near two big cities (Shashemene
and Hawassa) and accessible to road network.

Significant changes have also been observed in
grassland and bare land LO types. The result
of analysis revealed an interchange between

cropland, grassland, and bare land with other landThys, establishing inteegional (SNNPR and

cover classes. Owing to management practices,Oromiya) colboration is indispensable to thwart
some areas that once covered by grassland wergyrther threats to ecosystems.

converted to cropland and then back to grasslan
through time. Bare land increased with the 5.3. LULC conversions
highest rate between 1973 and 1985, but declined
by 5.2% during 1992011 as farmers started to
cultivate more marginalized lands.

5.2. Above ground biomass estimation

Empirical evidence of LULC conversions
obtained from multtemporal image analysis can
greatly contribute to a better understanding and
management of available resoes, especially in
The available above ground tree biomas&BA developing countries where other kinds of
was estimated by applying allometric equations background data are limited. A cresbulation
to the inventoried individual tree and extrapolated matrix showing the pathways of LULC
to the entire area. The mean AGB density was conversions between successive dates is depicted
computed for each forest type and these werebelow (Table 4).
then averaged to obtain the total mean AGB
density for the ente sample plots. This total
mean expressed in t/ha was later multiplied by
the total forest cover (ha) in each district to obtain
the AGB in tons, the summation of which gives
the AGB of the forests in the entire study area
(Table 3).
Table 3. The estimat® mean AGB of forest in

the Watershed (2011$ource (Wondrade,

2015
District Geographic | Forest | Total AGB?
area (ha) cover | (ton)
(ha)
Hawassa
Zuria 84512.2 6550.6| 1390683.9

Boricha 14286.3 72.7 15438.5
Shebedino | 12116.3 236.7 | 50251.4

Arbegona | 306.1 14.8 | 31335
Siraro 11518.0 0.0 0.0
Shashemenq 17124.2 521.4 | 110686.9
Kofele 4038.2 733.7 | 155760.3
Kokosa 72.1 0.7 152.9
143973.4 8130.5| 1726107.3
1.726 Mt

The absence of forest cover in Siraro district
indicated the presence of heavy anthropage
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Table 4. Crosstabulation matrix showingathways of LC conversion (in kif). Source (Wondrade et al.,

2016)
Year 1973
WR
BP
CL
wv
ET
GL
BL
SB

91.5
0.0
1.2
2.4
0.3
0.3
0.0
0.0
0.0

0.0
4.0

17.8

2.0
0.1
0.4
0.0
0.4

Year 2011

WR BP @ WV

FT GL SP BL SB

0.1 0.0 114 00 0.0 103.3

0.0 0.0 0.0 0.0 /0»0/ 4.2

0.3 0.1
0.0 0.2
506.4 |44.0
168.6| 103.2
46.6] 42.6
44.7 2.6
12.9 3

95.8 24.6° 808.4 194.7

81.0 65.8 64.2

9.7/(13.1) 0.5 [ 221 | 5:6] ,625.3

2 507 952
&
39.9 60.5 1434.9

In some cases, conversions are two directional,economic, and biophysical factor&igure 16

particularly in cropland. Limited area conversions illustrates the conceptualization of the links
from cropland to forest and woody vegetation between LULC change and the identified driving
as ttdinee rfrses.l t of f ar mer so
to grow Eucalyptus treesn their farmstead to
partially fulfill their wood demands for fuel wood
and construction materials.

5.4. Underlying driving forces

wer e

To answer the question of what forces have
driven the LULC changes in the study area, it
was necessary to conduct purposive selection of

key

knowl edge

the assessment result indicated that the LULC
conversions in the Lake Hawassa Watershed are

observed

informant interviewees who have the
about the watershedbs resource
to pinpoint the possible causes of changes.
Though it is difficult to analyze and represent all
driving forces adequatelyué to their complexity,

mainly driven by a combination of demographic,
technology, institutional,

low

agricultural

CERVaS PUBLICATIONS| Volume 1, Is .
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Human & livestock

Low level of Institutional Biophysical

.~ -

Technology factors population pressure factors
Lack of N Weak law Demand for more land [ Steep slopes j Flat lying slopes Uncontrolled mining
technological enforcement (cultivation & grazing) of construction

materials

know-how

iy

Unaffordable/lack
ofthe necessary
inputs (fertilizer,
seed, land)

Charcoal burning
for instant income

Bl

Availability of
1| Ermatic rainfall
Lgnd len!.lre Settlement expansion & water resources
IEEEmy exorbitant lease pnce :

¢ Forest fires Fertile soil

Deforestation and
cultivation of

Frequent
restructunng
and overlapping
of responsibilities

Supress the growth Agricultural land llegal logging

marginal lands and regeneration Expansion and
Horizontal expansion Po\nfer uacl_.lum of vegetation cover overgrazing Squatting of
of rain-fed agriculture during regime ‘ | public lands
(No intensification) change < *

Top down b
approach in
planning and
implementation of
consenvation
initiatives

The use of wooden
material for farming

implements, fuel, and
construction matenals

KOverslocking of saw
mill & joinery
enterprises

Tormential

tropical rain

Introduction and
pnontization of cash
crops (Khat, coffee, &
sugarcane) leading to
agricultural ex pansion
and deforestation

Siol erosion and
sediment transport

Wide spread
clearance of
vegetation cover

Land shortage and
decline of income

Deepening of
water table and
desication of lakes

Deep encroachment

into forested
into forested areas e T e

insecure livelinood

Figure 16. Simplified representation of interaction between LULC change and the major driving forces. Sourcea(d/c
2015)
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6. General conclusion greenish color coded area on the thematic

map illustrated on left side.

Cropland, woody vegetation and forest

were the land cover types with higher

magnitudes of change than others, while
built-up area experienced the highest
annual rate of change ovdhe study
period.

1 Woody vegetation was the biggest loser
followed by forest, while cropland was the

@ biggest gainer followed by builip area.

/8 1 The proximity to big cities (Hawassa and

Shashemene), road networks, and

1973 overstocking of saw mills & joinery
enteprises have contributed to the
widespread clearance of vegetation cover
and biomass depletion.

1 This was demonstrated by the absence of
forest cover (biomass depletion) in Siraro
district at the end of the study period.

1 As a result of deforestation, theearhas
become vulnerable to erosion. The Shallo
wetlands has attenuated surface runoff and
stored sediment loads leading to the

b desiccation of Lak€helelleka

The Lake Hawassa Watershed and itz
hinterlands have undergone landscap
transformation, mainly due to anthropogenic
activitiesover the study period (1973011).

2011 ) 7. Possible interventions

. C Carry out regular evaluation of the LULC
conversions, land degradatjon and
sediment transport to the wetlands and
Lake Hawassa using high spatial
resolution imagery by giving more
attention to erosion prone areas.

[ Vegetated area (FT, WV, SB,& GL)| C Create increased awareness  and

Class_Names

[ | Bareland understanding of environmental and
B Builtup resource issues among the local
[ | Cropland community sahat they:

[ swamp U learn to value an ecosystem more
B Water than the odd commodity that it

produces for daily subsistence,

U plant trees in their farmyards to
overcome the shortage of fuel
wood and housing materials and
thereby reduce biomass depletion,

Figure 17. Thematic map showing the
decline in vegetation cover
1 The combined estimates of forest, woody
vegetation, grassland, and scrub, which
accounted for 42.9% in 1973, have been
reduced to 28% in 2011look at he
CERVaS PUBLICATIONS| Volume 1, Is -
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U follow appropriatetilage practices C If the biophysical resourse are to
that will reduce land degradation, regenerate  and improve, mitigation
strategies should be developed that are
geared towards the underlying driving

forces. These may include:

U strengthening of family planning to
control population growth,

U transforming low agricultural
technology andrganizing farmers
who are able to adopt
intensification measures to
improve agricultural productivity
and reduce widespread expansion
of croplands,

U enabling local users to influence
resource management institutions
through policies, and introducing

Figure 18. Cutting a tree without planting its secue land tenure system,
replacement is severly affecting the C Any assistance to the rural community
life of people should focus on a continuous transfer

Establish interegional (SNNPR and of adaptable technologies, ensured
Oromiya) collaboration to thwart further land tenure security, and development
threats to ecosystems, of human capacity that will enhance
Upgrade institutional capacity at the sustainable use of natural resources
district level to be able to implement and ensuredod security.

policies and enforce law, devise clear References
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| mprove its Purification and Re
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ABSTRACT

The current status of Chelelleka Wetland was surveyed by a multidisciplinary team of
researchers. The initial objective of this study wasissess the current ecological status of the
wetland and, based on the findings, develop research proposal that will outline what needs to be
studied about the wetland. The imperative purpose of the ecological study was to contribute to
the overall initative that is designed to ultimately protect Lake Hawassa from pollution. The
methods used in the study included desk work, in which a through literature search was made
and the findings were compiled before field visits were carried out. Field visite tevetland

were carried out along the shorelines to assess the present status of the wetland. Casual
discussions were made with residents near the wetland to sound out the progress of the changes
in the wetland. The survey revealed that the wetland isggtiirough critical environmental
problems that include habitat loss and fragmentations due to human settlement, agriculture,
forestry, and pollution from industrial efflueritsall of which call for immediate action# is
concluded that unless immediatetions are taken to halt these thre@tselelleka Wetlanavill

soon be converted to residential, agricultural and industrial area, and the ultimate impacts of this
will be detrimentato Lake Hawassa ecosysteAt.this initial stage of the study we proged an
immediate stake holder consultation where the findings of the study would be presented and
possible solutions be sought. Moreover, based on the findings of the surdepnformation

from the literature, it was proposed to put in place actionshmtém improve the purification

and replenishment functions of the wetland. To that effect, ecohydrological appreadhieb

include construction of a series of wastewater treatment ponds within the wetland, modified
riverine treatment and constructed dereered) wetland were recommend asomplementary
mitigation measures.

Key words: Chelelleka Wetland; ecohydrological approach; riverine treatment; stabilization pond, Constructed

wetland.

1. Introduction biological diversity. They are ideal habitats for
many different species of animalsnammals,
Wetl ands ar e amo n g bitdd) e reptites, r fisth,0 samphibians,t and
productive eniwonments and cradles of invertebrate species. Intact wetlands provide
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breeding and feeding sites as well as hidingqunctioning wetlands are beyond monetary
placesto threatened and endangered species @hlue. They are valuable heritage and home
wildlife. They are also important storehousedor diversified flora and fauna that have the
for plant genetic material. right to exist (Abebe & Geheb, 2003).

Among other important functions and valueswhile wetland functions are natural processe
of wetlands, their roles in water purification of wetlands that continue regardless of their
(water quality), storm water control, sedimentperceived value to humans, the values people
andnutrient trapping, ecosystem productivity,place on those functions in many cases is the
regulating climate change, etc. come to th@rimary factor determining whether a wetland
forefront. The hydrologic functions of remains intact or is converted for some other
wetlands relate to the quantity of water thauses. The functions, valsieand benefits of
enters, is stored in, or leaves a wetland. Theseetlands can only be maintained if their
functions include such factors dmetreduction ecological processes are allowed to continue
of flow velocity, which enable wetlands to functioning. In spite of the growing
serve as temporary reserveslowly releasing recognition given to wetlands over recent
water to rivers and streams, years, they still continue to be among the
recharge/discharge groundwater, anbvor | do6s mo st terhst evang e n e d
influence atmospheric processes ofmainly to draining activities, conversion to
evaporation and precipitation. Water qualityfarmlands and residential areas, over
functions include the trapping of sediments,exploitation of their resources, etc.

pollution control, and the biochemical o
processes that take place as water enters, Adthough wetlands of Ethiopia are roughly

stored in, or leaves a wetland. Wetlands als§Stimated to cover only 2% of the total surface
regulate climate change because they serve 8@ (18,580 Kf) of the country(Abebe &
sink of greenhouse gases, particularlypoa Ge€heb,  2003), they provide valuable
dioxide, through carbon sequestration an@cological and soctoeconomic services. The

cause microclimatic change by evaporativeécological diversity of the country enables it
cooling (Abebe & Geheb, 2003). to have all types of inland wetlands including
riverine (wetlands along rivers and streams) ,

The wide range of values and benefitdacustrine ( wetlands assiated with lakes),
obtained from wetlands to humanity havepalustrine ( marshes, swamps and bogs) and
been increasingly understood and wellflood plains. Unfortunately, these wetlands are
documented in recentears (Mengesha, 2017 concentrated in areas where industrial, urban
and references cited therein). These are maingnd agricultural development pressures are
social and economic values derived fromcomparatively high.

wetland ecosystems. The social benefits have
spiritual, cultural, recreational, educational
and aesthetic values. The economic benefi
embrace povision of food (fisheries and
agriculture), timber for construction, and fuel
wood for cooking, thatch for roofing, fibers
for textiles and medicinal plants for treating
ailments, transport and tourism opportunities
etc. The economic worth of the ecasys
services provided by intact, naturally
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helelleka is among such wetlanots close
roximity to Hawassa City where human
ctivity is a serious environmental threat to
water resources. Although there is a general
supposition that Chelelleka Wetland is
probably degraded as a result of
anthropogenic influences, there has not been a
study that would validate the assumptions.
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The main reason for this study is to fill this2. Methodology

information gap. The methods used in the study included desk
The initial objective of this study was to work, in which athrough literature search was
assess the current ecological status of theade and the findings were compiled before
Chelelleka Wetland and based on the findingshe field visits were carried out. Existing
develop reseah proposals that will outline literature on the Chelelleka Wetland was
what needs to be studied about the wetlandeviewed to examine past records (historical
The imperative purpose of this ecologicalbackground) and identify possible changes in
study was to contribute to the overall initiativethe las few decades. Three round field visits
that is designed to ultimately protect Lakewere carried out (in 2017 and 2018) along the
Hawassa from pollution. However, theedges of the wetland to assess the present
observabns during the initial survey showed status of the wetland. Nine points of
that the current environmental situations of the@bservation FKigure 1) were purposely
wetland are so acute that immediate actionselected and marked, using GPS. The
have to be taken. Therefore, a change in thebservation peoits were selected with the
objective of the study was required. As aintent of having full view (observations) of the
result, the objective of the study mad out to wetland as close and as -faaching as
be to survey the current status of Chelellekpossible. During the field visits, informal
Wetland and propose actions that will improvediscussions were made with some people, who
its purification and replenishment functions. live near the wetland to sound out the
progress ofhe threats on the wetland.

SRS )

=

-, N S B

,,,,,

B R OEx
~~__ xyzcoordinates.cervas.octber

FD:i=ghapessl X 1y I 2 | Places
0  Point ZM 44748 78333 | 1688 | Shalio wetland-Near Alamudin Farm-SNNPRS Region
> 1] Point ZM 44805 | 78360 | 1683 | Shallo wetland-Near Alamudin Farm-SNNPRS Region
2  Point ZM 44921 | 78600 1682 | Shallo wetland-Near Alamudin Farm-Oromiya Region

3| Point ZM 45258 | 78560 | 1690 | Point around Spring water close to Wondo Genet

4 PointZM | 45197 | 78587 | 1692 | Point at the embankment of Tuto River

5 PointZM | 44730 77739 | 1691 | Point in the wetland below Textile Factory

6 PointZM | 44737 | 77733 | 1694 | Point in the wetland below Textile Factory

7 | Point ZM 44576 | 77823 | 1745 | Diaspora area near the waste disposal pit

8 PointZM | 44577 | 77830 | 1745 | Diaspora area near the waste disposal pit

9 | Point ZM 44599 | 77824 | 1772 | Diaspora area near the waste disposal pit on top of hill

Figure 1. Locatiors of nine points of observation
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the settlements is treated in detail another

paper of thispublication. At this juncture, it

The field survey revealed that there are som$

. . uffices to point out that such settlements will
acute circumstances which need to be dealt P

with before any research is intted to be modify the wet.land ecosystem and lead to
carried out. The study team observed that theérmanent habitdbss. The consequences of
current environmental situations are so severguch modifications like fragmentation (due to
that immediate actions have to be takentoads for pedestrian access) and increased soil
Although the initial intent of the survey was toerosion- will ultimately lead to siltation and
gather information that will help in developing \, trient deposition in Lake Hawassa.

research promal on the wetland, after the O e 1 . : .
survey, it was decided that no time should bé/loreover, wildlife like bird populations will

spent on planning research on Chelellek§°Ninue to diminish through time.
Wetland - given the current situation of the 3.2. Agriculture and  Forestry  the
wetland ecosystem. Chelelleka Wetland is being seriously

It was agreed that lorgrm research should encroached Dby large scale agricultural
be planned after the currertrmitions of the activities designed to increase economic
wetland are rectified. It was also believed thatlevelopment (mainly by ELFORA) and other

if some of the situations are allowed toadjacent property owners that haveeh
continue, it may be too late to curb theexpanding into the wetland. Farmers in Cheffe
problems. The environmental issues that Cacﬁote Jabessa, Datto and Gara Riketta kebeles

immediate action include habitat loss an nded their subsistence holdin nd
fragmentations due tohuman settlement, ave expanded their subsistence holdings a

agriculture, forestry, and pollution from &€ advancing into the wetland causing
industrial effluents. degradation of the wetlandefer The Socie
3.1. Human settements:The study team ECONOMIC Aspects of Chelelleka Wiand

observed that there are at least two majo"i’rtide)' Eucalyptus trees are being planted on

locations Datto andHonsg where there have many new plgts in the wetlandir(der The
been growing settlements of people that hav§00|oEconF)m|c Aspec’Fs. _ of _ Chelellleka
come fom different corners of the regidaee Wetlanda_rtlcle) Such activities WI!| certainly
Figure 12 undeThe SocieEconomic Aspects compromise the ecosystem services that can
of Chelelleka Wetlandrticle). Local sources be obtalr\ed from the wetland asell as
indicated that the population of the settlers iéhreaten Its existence.

not only growing from the newborns in the . .
y.g g . 3.3.  Grazing: Almost all of the wetland is
community but also from the contious

. . . bei d ing land which th
influx of people that is not being controlled. eing used as grazing ‘and whicn removes the

" : . land-cover and exposes the soil to erosion and
These communities, unless their growth is . . .

. reduced water retention capacity. Again, the
controlled, will grow to the extent of

. . effects of such human interventions which are
occupying a large proportion of the wetland

. : detrimental to the existence of the wetland are
area. Such human impacts on the environment

which of course needs a filbdged study, uhquestionably enormous.see Figure 13

will be very significant.The social aspect of under ~The ~Sociconomic  Aspects  of
y s ' P Chelelleka Wetland article)
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3.4. Effluents from factories: At least protecting the Lake Hawassa ecosystem. It is a
three major factories (Hawassa Textileknown fact that huge amount of money is
Factory, Hawassa St. Geordg@rewery, and invested worldwide on conventional water
MOHA Soft Drink Factory) discharge their purification structues to purify water which is
effluents into the wetland and/or streams thatainted because of human activity. There are
flow through the wetland into River Tikur also many local and international laws, with
Wuha Figure 7). Although some of the strict regulations on draining of wetlands,
factories are known to treat their effluentsestablished to prevent wetland destruction.
before the discharges are realed into the Multiple projects are also developed all over
wetland, there is no evidence that theheworld to restore and protect wetlandts.a
discharges are clean enough to comply witlnutshell, wetland management activities,
the requirements to release them directly intwhich include any activity that preserves,
the wetland. The study team strongly believerestores, or protects the wetlands in any way,
that these effluents should not be allowed tare being practiced with a lot of success
continue polluting the wetland - and stories from many parts of the worlost of
eventually the Lake Hawassa. At this juncturethese activities are positive mitigation actions
it iIs important to mention that negpoint such as protecting the wetlands from any
pollution from agricultural runoff cannot be human interference. However, as it was
discounted given the intensive land use anmentioned in the previous section, Chelelleka
modification in the watershed. Wetland is facing a big threat from
As mentioned earlier in this pap the encroachments dominated by human
environmental issues we identified includesettements, farming activities, industrial
habitat loss and fragmentations due to humapollution, etc. in all directionsgHgures 2), and
settlement, agriculture, forestry, and pollutionyet with little intervention efforts. Therefore,
from industrial effluents. The actions that neecthe present effort is an urgent call for
to be taken in order to alleviate the problemimmediate mitigation actions.

related to huma settlement, agriculture and

forestry are discussed elsewhere in this

publication (see Dagne & Alemante). In this

part of the study we dwell only on the

problems related to pollution from industrial

effluents.  Accordingly, the following

ecohydrological ntigation actions are

proposed:

4. Proposed Mitigation Actions
Preservation of Chelelleka Wetland is vital for
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inside the
wetland downstream of Burkito

Figure 2. Farmirg practice
Hot spring, north east of the
wetland

When mitigation actions are thought of, the

technologies to be used become the primary

concern.  Different technologies are
implemented worldwide to mitigate such
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detimental environmental problems and
protect the environment from excessive
overloading from different kinds of
pollutants. These technologies are verified
with their capacity to treat wastewater to
meet the appropriate effluent standards.
Numerous technologcal options exist for
treatment of sanitary and storm wastewater.
Those options can be implemented based on
various properties of treatment systems.
Treatment options may be classified into
primary, secondary and tertiary treatment
methods according to ¢h process of
wastewater treatment. They can also be
classified into decentralized and centralized
treatment systems based on their location of
application. Table 1 below summarizes
attributes of different treatment systems that
are of relevance to this sty

Table1.Overview of natural wastewater treatment systems

Treatment system  Description Advantage Disadvantage

- A series of large surfac - High reduction in - Requires large flat areas
Waste area ponds connecting  pathogens - Dependent on climate
stabilization each other. - Can be built and repaired  conditions

Ponds have different
depths for different
purposes. -

ponds (WSP) -

required

- No real problems with
flies or odors if designed
correctly

with locally available
materials

Low operating cost
- No electrical energy

- Possibility of odors with
anaerobic and facultative
ponds

- Fair pollutant removal
efficiency in a single
facultative pond.

- Inflexible in

accommodating populatior

- Providing teated water of growth
sufficient quality for

irrigation

- Satisfactory resistance to
load variations

- Artificial treatment -

Ecohydrological system designed and requirement
Approach constructed to replicate - Low-cost treatment
(constructed the biological processe: systems

wetlands) found in natural -

wetland ecosystems.
- It simulates the
ecosystemb:

No oxygenation

- Dependence on climate
conditions, i.e. cold
climate negatively impact:
system efficiency

Requiring minimum levels
of Operation and
Maintenance Robust on
shock loadings
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biochemical functions - Equally pathogen remova

such as filtration and efficiency as WSHRvith
cleansing. more flexible design
criteria

- Using harvested reeds as
good source for

composing
- High capacity soil matrix - Low removal efficiency
- Sewage is supplied in required for some pollutants, such
Land treatment controlled onditions to - High efficiency in BOD as phosphorus
(soil aquifer a soil media. and coliform removal - Requires large area
treatment) - Simple construction and - Possibility of odors,
o&M insects, and worms
- Low construction and - Application interrupted in
O&M costs rainy periods
- Resistance to variations it - Dependence on soil
effluent quality characteristics
- No sludge production - Risk of contamination to
- Providing soil fertilizes the sdl and plants
- Groundwater recharge - Possibility of nitrate

groundwater
contamination

- An overland flow system:
greater dependence on
ground slope

Ecohydrology is concerned with the effects ofAiming to achieve sustainability in both
hydrological processes on the distributiongecosystems and human populations, as well as
structure, and function of an aquaticto improve Integrated Water Resoes
ewmsystem, and with the effects of biotic Management (IWRM), ecohydrology leads the
processes on elements of the water cycleray for the accomplishment of the
(Moore & Gafford,, 2015) Ecohydrology is Sustainable Development Goal on Water.
an integrative science that focuses on th@hrough managing dual regulation of
interaction between hydrology and biota. Thehydrology and biota, ecohydrology seeks to
concept emerged as a transdisciplinaryake into consideration four mulimensional
appro&h to finding solutiororiented methods parameters within river basins: water,
for reducing anthropogenic impacts onbiodiversity, ecosystem services for society
ecosystems. Indeed, the transformation o&nd resilience to climatic changes.
landscapes in recent decades, from pristin&/ater quality in freshwater ecosystems is
ecosystems to novel or highipmpacted dependent, to a great extent, on biological
systems has entailed negative effects on theprocesses Higure 3). This is because
natura processes. It is with the aim of freshwater ecosystemsare situated in
reversing these that ecohydrology seeks tandscape depressions and, thus, are
reinforce ecosystem services in these modifiedermanently supplied by organic matter from
landscapes. terrestrial ecosystems which is decomposed by
aguatic biotad invertebrate grazing and
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microbial enzymatic processes. The patterr

and intensity of hydrologida variability
significantly moderate biotic structure and
activity. On the other hand, biotic structures
regulate abiotic ones: wetland and flgaldin
plantcover significantly determine the extent
of river selfpurification capability(Zalewski,
2002)

DUAL REGULATION
of hycrology by shaping bicta and.
wice Iafion of

wersa, regul
bicta by citering ydiclogy

Biota
Regulation
Hydrol

of ecohydiclogical measures
with nee

HARMONIZATION INTEGRATION

logy
e
e

=m
—_— improwe the quality of water

cotsina

essary
hydiotechnical sohisions

Figure 3. Integration of biological process and
hydrology

Thus, management of hydrological processes

which include precipitation, evaporation,

average air temperature, mean water level an(

flow control biological processes thate vital
for a living organisms. On the other hand,
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Upper/Mliddle' Effluent
Interafted | /t Diversion
I
Rivérs
‘Work Pack. 1
Work Pack. 2

Figure 4. Schematic representation diree
work-packages (Work Pack.) suggested

being n place for an Ecohydrological

intervention in Chelelleka Wetland

[\ Shallo/Cheje,

N

/

Work-Package 2

”

Google Earth

Fir 5. Satellite images epictg the
suggested cites of théree work

shaping of biological structures of an )
ecosystem in a catchment regulates _package_s for an ecohydrological
hydrological processes. _Intervention

In light of the theoretical background Detailed descriptions of the three work

elaborated above, three weplackages are
proposed as mitigation actions using
ecohydrological approachVe have arbitrarily
named them as wotpackages 1, 2, & 3 with
locations indicated ifrigures 4 & 5.

peckages proposed for mitigation actions are
presented hereunder.
4.1Work Packagel: Waste stabilization
ponds
Treatment ponds that are proposed in this
work-package include anaerobic, facultative
and aerobic types which can be used
individually or in combinatin. They need to
be organized in series with a flow from
anaerobic to facultative and then to aerobic
ponds to obtain satisfactory treatment results.
These three pond types are elaborated in detail
hereunder.
i. Anaerobic Treatment Ponds
The main objective othis treatment stage is
to break and dissolve organic solids by letting
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the nondegradable solids form the depositedused in the anaerobic zone. The ponds can use
mud. It can also reduce the BOD in the rangalgae but only in the aerobic zone with the
of 40 to 85%. The method used for removingexistence of oxygen at the surface. In addition
the BOD is almost the same for all anaerobi¢co BOD removal, facultative ponds have also
pondsthat do not depend on the presence ofther purposes-  decreasing odor and
algae and uses sedimentation of solids aneémoving pathogenic microorganisms, by
anaerobic digestion of the remaining mud. Theolid sedimentation and deposition of the
main resultant from the anaerobic treatment isemaining sludge at the bottom resulting in the
biogas that is collected after coating the pondeduction of phosphorous and nitrogen (80%
with plastic membrane during diggon. This remova) as well as ammonia released to the
gas is very beneficial and can be used imir (about 95%)(Sitwala, 2017)

different domains and for different purposes iii. Aerobic Treatment Pond
such as heating or lightening. BOD is reduced to the possible minimum as a
il. Facultative Treatment Ponds result of decomposition of organic matter in

The facultative treatment ponds (FTPs) havéhe anaerobic and facultative ponds. Thus the
the same purpose as the anaerobic ponds psrpose of aerobic ponds nsainly removing
they both verk on reducing the BOD. For pathogens and filtering/blocking solids. This
FTPs, the removal range of BOD is betweerpurpose can also be extended to the removal
80 to 95%. They are the easiest one to desigrf nitrogen and phosphorus (major nutrients
compared to other treatment ponds andesponsible for eutrophication) when
contain two main zones, one anaerobic andombined with harvesting of fish and/or algae.
another aerobic. This difference is due to thdhe amount of aerobiponds required and
usage of alge, that perform the their size rely on the desired final quality that
photosynthesis using the atmospheric oxygedepends on pH, temperature and light.

and sun light, in aerobic zone, unlike what is

% 1 anaero bic - 2 facultative _ S 3 aerobic maturation S

inlet I 1 anaerobic outlet

J 2m-5m

2 facultative

. inlet e I T T i_. (f oxygen supply through surface contact | i S)i‘tl_et
:E 3 aerobic maturation
S inlet o o. o o. oxygen supply through surface contact " outlet
- l N 1 i 1 1 : >
Figure 6. Details and arrangements of Anaerebacultative- Aerobic ponds in series
4.2. Work Package: Modified Riwerine and the effluents from the industries
Treatment upstream. It is loaded with inorganic and
Tikur WuhaRiver, the only perennial river organic impurities consisting of

that flows into Lake Hawassa, is the final  bicarbonates, total suspended and dissolved
recipient of the discharge from the wetland solids, and other contaminants, hiah
CERVaS PUBLICATIONS| Volume 1, Is [l



influence the BOD and turbidity of the
water, among other variables, etc. These
need to be removed before the River joins
Lake Hawassa. Thus the purpose of
package? is © remove the contaminants
from the river at different reaches using
natural treatment techniques with the
provision of ample hydrologic retention time
(HRT) for the flow with enhanced
microbiological activities and for better
phytoremediation  actions. Dug a
preliminary reconnaissance study conducted
in November, 2018; three places were
identified for possible modification along
the main stream and its tributari@sgures

7, 10 & 11) using the existing endemic
macrophytes while shaping the river/stream
bank for better HRT.

Figure 7. Location 1 (just downstream of
Cheffe Kotelebesaa Kebele) selected
for modified riverine treatment.

CERVaS PUBLICATIONS| Volume 1, Is [l
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Phytoremediati on ( A p pollutantd prasentaimsoil) \watempahdaair.tlt,
and the Latin suf fi xcofisiste ofentulyufonio difierena plann g
to clean or restre) is a relatively new field based technologies each having a different
of science and technology that uses plants mechaism of action for the remediation of

to cleanup polluted soil, water, or air polluted soil, sediment, or water

(Lamoureux, 2005Phytoremediation can (Cunningham, 1995)

be applied to both organic and inorganic

Macrophyte

Organic - :
2 compounés Figure 9. Location 2 (just downstream of
[Phytostavizaton | Burkito  Spring) selected for

modified riverine treatment.
Phytoremediation should be viewed as a
long-term remediation solution bagse
many cropping cycles may be needed over
several years to reduce contaminants to
Figure 8. Phytoremediation techniques acceptable regulatory levels. This new
(https://en.wikipedia.org/wiki/Phytoremediat remediation technology is competitive, and
ion) may be superior to existing conventional
technologies at sites where
These technologies includenizofiltration,  phytoremediation iapplicable.
which involves the use of plants to clean4.2Work Package3: Constructed /
various aquatic environments; Engineered Wetland
phytostabilization,where plants are used to The third package proposed for mitigation
stebilize rather than clean contaminated soil;action is a constructed wetland artificially
phytovolatilization, which involves the use designed to filter and treat waterborne
of plants to extract certain heavy metals ancollutants found in sewage, industrial
nutrients from soil and then release themeffluent or storm water thatitimately reach
into the atmosphere through volatilization; Tikur Wuha which in turn joins Lake
and phytoextraction where plants a@wrb Hawassa. Building constructed wetlands has
heavy metals and nutrients from soil andmainly one purpose of treating wastewater
translocate them to the harvestable shootsoming from different sources such as
where they accumulat&igure9). Although  agricultural, domestic, food processing, etc.
plants show some ability to reduce organicMoreover, constructed wetlandsfrc serve
pollutants (Torricelli, 2009) the greatest other functions such as augmentinie
progress in phytoremediation has beesde landscape existence value, fish farming and
with metals(SALT, et al., 1995; Torricelli, enhancing aesthetic values of the landscape.
2009) For some cases like the caseTdfur Wuha
River; constructed wetlands are the main
and only prevailing wastewater ttegnt

o

o0

Rhizofiltration
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options, for others they are only a step and nitrification. Zone -3 is a densely
within a bigger treatment process. The use vegetated region similar to Zone 1,
of Plants in constructed wetlands helps which is designed to reduce suspended
filtrating wastewater and absorbing solids in  solids reaching the outlet and proeitbr
addition to transferring oxyge@Mghaoui, denitrification.

2014)

Based on either volume or ardhere are a Free Surface Flow Constructed Wetland is
variety of different wetland design methods.composed of plantsF{gure 14) in series
Each method carries its own set of(Figurel?2) inside basins to reproduce water
assumptions, and different sets of equatiorilowing through natural wetlandsFigure
having their own strength and weaknessesl3).

Volumebased methods use HRT for 1
pollutant reduction (Reed et al., 1995) | L
wheras areabased methods assess|soueiei 1 *
pollutant reduction using the overall wetland| “™* ) | | I \
area (Kadlec and Knight, 1996). Basically sl
there are two designs of constructed
wetlands, viz. surface flow and sshrface
constructed wetlands. In our case, we have
opted to usethe surface flow constructed '

wetland for the very reason that the —— /(50..,sand \
technology has been tested under tropicat Phaone ot [y T

/ Emergent plants
(

O

Effluent outlet

Figure 11. Free WateSurfaceFlow
Constructed Wetland
he function of such wetland is mainly
accomplished as the water goes through it
where pathogens are eliminated, big

Surface Flow(FWSF) constructed wetland paruele; stabilize and the rest of the
contaminants are consumed by plants as

model (adopted from USEPA, 2000) is food
suggested here for the proposed constructe;Q -_— ISR 7
wetland Figurel0). - b ' '

conditions and is found to be cost effective,
operation and maintenance friendly, and Iessr
demanding to modify the landscape (Mihret
Dinanto, 2014 ad references cited therein).
To that effect, a threeone Free Water

Floating and Submerged Floating and Emergent
Inlet Settling Zone Emergent Plants Growth Plants Plants

-
f—tengny—s S

Zone 1 Zone 2 Zone 3
Fully Vegetated Open-Water Surtace Fully Vegetated
DO. (-) DO.(+) DO. ()

Hs075m H212m H<075m

Figure 10. Typicd Elements of FWSF
Wetland, A 3zone FWSF Wetland
Model (adopted and modified from
USEPA, 2000).Zone- 1 is a densely Monopol Quarry site.

vegetate_d region (_Jlesigne_d for thig process is very advanced and can be
flocculation and sedimentation of <oy after Work Package 182 are
mfluentzsgspended solids and B_OD'compIeted. The actual system design
Zone -2 Is an open water region jonends on many factors such as

designd 1o Increase the d'SSOIYed temperature, availabilityof space, and
oxygen content of the water, allowing

for aerobic degradation of soluble BOD
CERVaS PUBLICATIONS]| Volume 1, Is [l
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hydraulic and organic loading rat¢EPA, c. It is necessary to take the appropriate
2011) actions to restore the wetland. We,

5. Conclusions and Recommendations therefore, recommend that

establishmentoA fAChel el |l eka W

Restoration Initiative - CheWRI0
should be considered after the necessary
studies are madeéNotwithstanding this
recommendation, protection of existing
functions of wetlands is much easier
and preferald to restoration of
degraded functions, and hence we
suggest that all efforts must be made to
protect the wetland from the current
threats.
situations may disrupt the natural functions Finally, Chelelleka Wetland is vanishing in
the presence of institutions and individuals

of the wetland’ particularly its purification . .
and replenishment capacities. UnlesaVho can take actions andaie a difference.

immediate actions are taken to halt thesd!© W&V er, hinact lono
threats, the wetland will soon be converted® " €V @i l ed over fAacti
to residential, agricultural and industrial Y&ars- The costs of such |nd|ffer_en_ce are
area. Theultimate impacts of such human INcalculable. Needless to say, it is the

activities are immeasurableespecially on respon§ibility_c_)f all environ_mentalists and
the ecosystem of Lake Hawassa. those in political leadership to enthe

On the basis of the actualities Out”m_:,dinaction that has sustained for so long. In

above, the following recommendations havelliS connection, we would like to quote

been put forward: Fmperor Haile S_elassie _of Ethiopia who said
a. Immediate interventions by local 1hroughout history, it has been the
authorities ancbther stakeholders need INACTION of those who could have acted;
to be taken to at least halt the Ongoingthe INDIFFERENCE of those who should
human activities in and around the ha_ve kn(_)\m _better; th_eLNCE of the
oice of justice when it mattered most; that

wetland. We suggest that a discussior]qv . .
forum among stakeholders and locall@s made it possible fofHE EVIL TO

d TRIUMPH"as a closingemark.

Results of the survey have revealed that
Chelelleka Wetland is facing growing
threats fromhabitat loss and fragmentation
due to human settlement and associated
rapid  population  growth, increased
economic developmentmainly large scale
agricultural practices and related water
extraction, overgrazing, expansion of
farmlands and forestry in the wetland, and
pollution from industrial effluents These

government authorities be initiate
whereby these issues can be discusseReferences

and immeliate actions are started. Abebe Yima and Geheb K (2003).

Issues that need to be studied can D )
: ) Wetlands of Ethiopia. Proceeding of a
further be discussed in such a forum and )
Seminar on the resources andtistaof

research priorities can be set. Ethiopiabs wetlands

116 pages

Armengol, A. T. (2015). Subsurface flow
constructed wetlands for treatment of
wastewater from different sources.
Design and Operation (Unpublished
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2017, fromhttp://www.tdx.cat/bitstream/

b. At this initial phase of the study we
recommend that the
intervention/mitigation measures
proposed in section 4 of thgaper be
undertaken as immediate actions to
improve  the purification and
replenishment functions of the wetland
and to ultimately protect Lake Hawassa L . _
from pollution. municipal effluents on Canadian waters:

Y
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The SocieEconomic Aspects of Chelelleka Wetland: Current Status
and Future Prospects

Dagne Shibru andlemante Amera

Department of Anthropology, Hawassa University, Hssea Ethiopia

ABSTRACT

The purpose of this study is to explore the s@w@onomic activities which are affecting
Chelelleka Wetland resources and bring them to the attention of policy makers so that measures
relevant to combat the problem may be taken. fEsearch uses qualitative methods such as
interview, group discussion and observation with community members living in and around the
wetland. The findings showed that complex saonomic activities which have long been
undergoing in and around the Veetd have affected the size and the functions. Farm land
expansion, deforestation, agfarestry, irrigation, industrial effluents, mining and irregular
settlements were found to be the major s@monomic factors that dwindled the wetland
resources. Thdindings made clear that urgent and concerted actions are required of the
stakeholders to halt the progressive decline of Chelelleka Wetland resource. They also suggest
that upper catchment watershed management, introducing appropriate irrigation geknolo
delineating boundaries and treating effluents require short term interventions; whereas
controlling open grazing, planning resettlement, providing alternative livelihood sources,
introducing environmentally friendly energy sources and engaging stdkes in meeting their
corporate social responsibilities need to be carried out in the long term. Since identified socio
economic activities that are affecting the wetland have broad nature, each of them demands very
detail study to find sustainable sobrts.

Keywords: socieeconomic, activities; Chelelleka wetland; interventions.

1. Background of the study complexes, all forms of wetlands at present,
. . together with the associated wetlands, are
Wetlands occupy about 6% (890 million ha)fyngamental parts of life interwoven into the

of the land surface of the world, but angycture and welfare of societies and natural
estimate of 50% of world's wetlands may havgcosystems.

been already altedeor lost in the last 50 years
(Finlayson and Moser, 1991 iGemechu , Wetlands have considerable socioeconomic
2010 ). Ethiopia has diverse wetlands ofand ecological values. Wetlands support crop
various origins that distributed in many partsproduction and fishing and are soesc of
of the country, and a large number ofmedical plants among others. Ecologically,
Ethiopians depend on its resources for theiwetlands are instrumental in water storage,
survival (Woodand Dixon, 2002). As to the filtration and supply; they control flood;
estimates of EPA (2004), wetlands account foperform sediment, nutrient and toxin retention
2% of the land mass of Ethiopia. With thefunctions and are habitats for biodiversity of
exception of coastal and marine relatedboth flora and fauna (Abeb and Geheb,
wetlands and extensive swamp foresR003). Ethiopian wetlands are increasingly
CERVaS PUBLICATIONS| Volume 1, Is -
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being lost or altered by unregulated overas well as the lake from the hazards they are
utilization, including water diversion for facing. "Although the effects of pollution on
agricultural intensification, urbanization, damwetlands may not be noticeable at the

construction, pollution and other moment, the long term effects are inevitable
anthropogenic intervention (Abebeand unless mitigation measures are taken as early
Geheb, 2003). as possible” (Girma et,a@2014:36).

o .. If the present trend of human impacts,
Lake Hawassa, which is one of the Ethiopiansspecially those related to the industrial
Rift Valley Lakes, is located at the westemeffiyents and domestic discharges as well as
edge of Hawassa City The lake has a surfacgyyicyltural activities and deforestation in the
area of 90 krh The community of Hawassa catchment continue, the lake  will

and its environs has been utilizing theunquestionably go through irresile
resources of the lakas a livelihood source for pollution and permanent loss of suitable
a very long time. habitats and biodiversity in the ecosystem

The water of the lake is used for bathing,(Girma et al, 2014).

recreation, domestic use, and as habitat f
different wild lives. The fishery of the lake
supplies protein and generate incomes for thgyhile wetlands are the most productive

local people and beyond. ecosystems on earth, they are also the most
The wetland vyields grasses and othefpreatened ones. Wetland destruction and
vegetation on which cattles graze. It is alsqyteration has been and is still seen as an
used for the the construction of boatsygyanced mode of development, even at the

_( 6tankuad), mattr ess gojernmeMAdvd. WatRrfds afdd thelr Gt ur a
implements and housesThe Lake also remgain little understood and their loss is

supports dif_ferent species of_birds some Ofncreasingly becoming an environmental
which are lelieved to be endemic. disaster. While rates of wetland loss are
Chelelleka Wetland, which is located at thejocumented for the developed world, the

eastern part of Hawassa City, is the majofimited study of these ecosystems in countries
source of water that drains into Lake Hawass@xe Ethiopia leaves us with little to say

through Tikur Wuha RiveiNowadays, this (yjima, 2003).

wetland and Lake Hawassa are facing serioug, Ethiopia, no or little study has been done as
ecological prolems due to deleterious o how socieeconomic factors hinder and /or
anthropogenic activities in the catchment. promote wetlands irgeneral and Chelelleka

Clearing of forest and eucalyptus tree ! l'and in particular. P

expansion, new human settlement, building O?ttgtua?r?inan?/vgtrlgﬁgice;?:cfgvi?g(::sp;(r);e(i:rtrlwn%r?gr?t
factories that dischareg toxic materials, andY 9 y P

use of fertilizers, herbicides and pesticides alfSsues that need to get due concern of

damage hese indispensable but fragileg?]r:rrgf%r:g'es' studvin socieconomic
ecosystems. ' ying

This socioeconomic study attempts to asses“sond't'OnS dthe people who are living in ?”d
ound the wetland becomes an entry point to

the past and present status of the wetland a . .
suggest sustainable wetland conservation

fts future prospects, and how human easures and bring about lastin ositive
interventions are affecting it so as to proposeg] 9 9 P

working action plan to safeguardethwetland impacts on the functions of Lake Hawassa.

0
5. Problemstatement
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3 Objectives of the study Tikur Wuha River The community of

o ) ) Hawassa andts environs has been utilizing
The overall objective ofhis study is to assess the resources of this wetland as a livelihood

the opportunities and challenges, and futurggyrce since long. The wetland provides
prospects of Chelelleka Wetland thereby tgatyral resources and services for the
protect Lake Hawassa. community around it. It serves as source of
food, controls flood and improves water
quality. It isalso important to biodiversity and
1. To identify the major economic activities Wildlife conservation. The wetland yields
in the wetland grasses and other vegetation on which cattles
graze. These resources are also used for the
2. To point out the formlaand informal construction of boats, mattresses, mats and

The specific objectives of the study are:

institutions existing in the wetland agricultural implements and houses, among
) L L others.
3. To describe the livelihood activities that
are undertaken in the wetland Different writers listed out the multifaceted

| th . . | functions of the Chelellka Wetlands. Among
4. To reveal the socioeconomic problemsyage  zerihun (2003) in his study on the

encountered in the wetland challenges and opportunities of Ethiopian
5. To describe the major functions of theetlands illustrated the following major
wetland functions of the wetlands: the waisrused by
local people for irrigation, sanitation and
6. To uncover the socieconomic domestic animals. Much of the runoff from
conditions of the people living around Lake Hawassa catchment area drains first into

and in the wetland the swamp and then gradually flows into the
lake via Tikur Wuha River The system also
4. Methods plays a vital role in conlling flooding that

This study mainly relied on qualitative particularly originates from Wondo Genet
approaches of data collection methodshighland areas. Besides, diverse species of
Accidental sampling was used to drawyater fowl, weed bed fauna, zooplankton,
informants from the general population.phytoplankton, fungi, bacteria, amphibians,

Structured observamn, interview and group reptiles and macrophytes inhabit the wetland,
discussions were used as instrument of daighd this makes itan important regional

collection. The Interviews and FGDs werepjodiversity domain. ;

conducted with Kebele officials, residents in

and around the wetland. Secondary sourcdsurthermore, it stabilizes the microclimate and
(books, journals, articles, internet sourcesperves as a buffer against harmful human
were also rerred to consolidate the activities in the catchment.

information we got through primary datsb.2 Major socioceconomic activities around

sources. the wetland
o 5.2.1. Agricultural activities
5. Findings Intersive  agricultural and  deforestation

activities in the catchments are serious
environmental problems of the wetland. Our
Chelelleka Wetland is the major source ofisit to the catchment area of the lake revealed
water that drains into Lake Hawassa throudhat agricultural production is a major activity
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of the local farmers residing in thenthern and
northhwestern part of the wetland. There are o= o
also state and private farms which include
Shallo Basic seed farand theELFORA farm
Shallo Seed Farm covers 1321 hectares of land
Maize, sunflower, soya bean and Haricot bean
are the major seetypes grown in the farm.
The farm multiplies and distributes these high
quality improved seed varieties to farmers of
the region and the nation at large at fair prices. & Foes
Inorganic rtilizers such as DAP and UREA Figure. 1 ELFORA Mechanized Farm
and different types of pesticides and fieides partial view,April 2017.

are applied in the farm. Close to the farm, there N o

are also individual small holdings, estimated to/Ve Verified that in this part of the catchment
be about 10 hectare which alsses the Where there is agricultural activityhdre is
aforementioned types qfesticides herbcides Very little plant cover becuase of the increased
and fertilizers During the rainy season, thelilling of the land and overgrazing of
flood from this farmflows to the lake whictin ~ vegetation. Therefore, the soil is exposed to
turn has impact on all living bodies in the lake. €rosion. This has been the trend since long.
Elffora mechanized Farnf{gure 1) is located Such land use and degradation of the
in the north and north east part of the wetlandcatchment led to the runoff witincreased
The total area of the farm is over 3000ha, ouflPut of sediments (soil and nutrients) that
of which 2600ha is used for growing differenthave negative impacts on the lake.

types of cropsMaize, Alphaalpha grass, and 5.3.  lIrregular  settlement/  house
vegetables such as green pepper and tomatdonstruction

are grown by the farm. Chemical fertilizers In the north and north west part of
(UREA, and DAP), herbicides and Chelelleka Wetland, there is land grabbing
insecticides are used to boost production and (Figure2). and irregular house consttion
productivity of the farm. The farm provides (Figure3). Currently we have observed that
employment for 400600 seasonal and 55 there are over 500 housing units in the area.

permanent workers. The farm allows free The settlers are mainly from Shire Borera
access to the local farmers to use the cropand Woransa Kebeles of Wendo Genet

aftermath for their livestock feed. Woreda. With estimated average family size
In sum, though the amount and types of agro Of 5, the total human population currignt
chemicals used in these farms is not easily 'esiding in the area is estimated to be about
determined, undoubtedlyeached chemicals 2500. So many new huts are still under
from the farms and other small holder farms construction in the area.

reach the lake via the drainage system.
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Figure. 2. Land grabbing and irregular
house construction, December 2017
As the researchers observed, in thethrmn
part of the sulwatershed where there is
agricultural activities and new settlements,
there is very little plant cover due to the
increased tilling of the land and overgrazing
of vegetation. This in turn leads to run off
with increased input of sedents and
agrochemicals that end up in the lake.

Intensive crop production and deforestation
is the prominent feature of the area, and is
among the major problems of the wetland.
Irregular house construction and opening
new crop land is common phenomendha
upper/north and north west parts of the-sub
watershed of Rallo Swamp, which drains
into Tikur WuhaRiver and then to the lake.

Figure 3. Irregular settlement on northern
part of wetland ilNovember 2018
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Figure 4- girl's Horticultural actiities on
formally distributed wetland,
December 2017.

Every year, particularly during dry seasons

(end of December and early February) so

many farmers (50800), and their

livestocks come to this area from Gojelle

(Aje Woreda), Koffole, Kokosa, Arsi

Negelk, Bisan Guracha, Daleti and Wondo

Genet, and settle temporarily in tents. They

return to their origin when the heavy dry

season leaves its turn to wet / rainy season.

Box 1- Bushure JiboKigure4) is a younc
girl of 26. She is sigle and lives in Shir
Borera kebele. Her origin is Shashem
town. Bushure is graduated with

degree in Accounting from Shashem
US college. She could not get job a
graduation and decided to come to

area. Bushure has built her dwelling
2008EC and now she is growing cabb
and selata on her farm plot of 1000
which she got some 5 years ago w

shire Borera kebele had been mating
land for the land less and newly mar
couples in the kebele.

Bushure says nowadays no any land tc
distributed by the kebele. But still so
individuals come from different near
Woredas of west Arsi zone, and frc

wondo genet areas. They irregule
construct huts during the nights and s
tilling crop land.
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The average number of livestock coming tathat drains into the wetland and later into Lake
this area with the new comers are estlmateHIawassa

to be over 2000. These people come to th \ ;
area primarily in search of water and pastur
to their livestock. They feed their cattle on
the stalk of maize from ELFORA farm and ™&Sg
water their cattle on the ChelelleWéetland. :
Every year, considerable number of plkeo
remain in Shire Borera and Woransa
Kebeles after having clandestine purchase ¢ = = ) :

land. Then, step by step, they till the land,Figure 6- a) Tulu spring for washlng cloth
plant crops and plant eucalyptus tree as a and domestic item%$) Hot spring for
wind break. washing purposes, December 2017.

6.1.3.Emergence of social institutions Tulu spring is also being used to irrigate
Institutions governing humarelations can be farmlands for the cultivation of vegetables.
categorized as formal and informal ones. Thé&armers usually grow potato, onion, tomato
for mal i nstructi onsand cgbbage Vepetableppsodustiore Itas been
interactions on the basis of written rules andmportant economic activés to get income
regulations, whereas the informal institutionshough supplying them for markets in Hawassa
oversee relations through implicit ways. In theand Shashemene cities. According to the local
Chelelleka Wetlad, both the formal and people, farm expansion into the wetland has

informal institutions are working become a common phenomenon. The size of
simultaneously, although the formal relationsShallo Swamp is consequently declining and
are dominating the informal ones. may eventually drydtally. The overall effect

Several formal institutions are flourishing of this in turn would be detrimental to the size
around the wetland. Water, road, educatio®f Tikur Wuha River and that of the lake .

and religious institutions areproviding
services for the people living around the
wetland. These institutions will be described
turn by turn below.

6.1.3.1. Development of spring water
Tutu spring is the major water source for the
people who settled around in the northern part
of the wetland. It comes out of the foot of a
big mountain in the upland. It has been built

and developed to supply water to theigure 7. Tulu spring is used for vegetable

community living in the area. This spring is irrigation at the northern part of the
serving as a major source of drinking water wetland, December 2017.

for human and domestic animals and for

washing clothes. Some people come to fetchs.1.3.2 Building of educational instition

water from distant place such as Toga village.Since the settlement is a newly established

These activities affect the volume of water one, we find elementary school called Shallo
Elementary School that teaches from grade
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1to 3. The school director stated that the
school has been opened in 2015. Currently,
more than 120 pupils are attending their
education at this school. There are four
diploma graduate teachers serving the school.

Figure 10- (a) fetching water using both
donkey and carts; (b) Narrowing
gender roles in fetching water,
October 2017.

: s 6.1.3.5. Kebele Administration
Figure 8. Shallo Elementary Schoo,

December 2017 The lowest government structure in the
control and management of natural resources

6.1.3.3 Construction of religious institutions  is given to Kebele administration. Kebele
Spiritual life has been an irgeal part of any oversees /administer, control and distributes
community. So, people are motivated toland in and around the wetland. It has also
establish their religious institutions. Currently,dominant roles in controlling the exercise
a mosque and a protestant church have be@ower of local institutions working in the
built to provide spiritual services in the areawetland. = There are several Kebele
This indicates that the people have permanentigdministrations bordering the wetland from
settledin the area. the Oromia and SSNPR States. However,
Cheffie Kotie Jebessa Kebatethe one which
has strong influence on soeeazonomic life of
peope in the wetland. This Kebele is playing
crucial role in mitigating irregular activities in
and around the wetland, although little
outcome is achieved.

SEC R

Figure 9- Formal institutions: (a) Mosque; |
(b) Protestant church, November 2017.

6.1.3.4. Construction of All weather Road §
Road construction is crucial social and
economic institution for people. Services
and goods are transportedthvithe help of

road infrastructure. The road joins the new _ , ,

asphalt highway. Cars, donkey carts and Adminstration Office, December

motor cycles are transporting goods and 2017.

facilitating service provisions to and from 6.2. Socieeconomicactivities in the wetland

the settlement. Road accesse has gtron

power in  transforming  temporary There are different socieconomic activities

settlements into permanent ones. being carried out in the wetland. Permanent

a b settlements, animal husbandry, grass cutting
CERVaS PUBLICATIONS| Volume 1, Is -
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and mining have been the major types dfonsie villageis the oldest settlement in the
sociceconomic activities practiced in thewetland. According to the informants, it began
wetland by pople living either in and/or outduring Emperor HaikSilassiel regime,

of the wetland. 50years ago. It is found abow3Rm South of
Biru Edo village. This village is currég
6.2.1 Permanent settlements administered under Chaffee Kote Jebessa

Chelelleka Wetland has long been aﬁebele Tula sukcity. The total human

important dry season grazing area for agr6)opulat|on in this village is estimated to be

pastoral systems of the Oromo and Sida gt)ut hli- 15008' 'I;Z%Oré)umber of dwelling
peoples. According to key informants, sever hits (huts) are abou ) .
people cara from the aforementioned area the dry season of the year, people come with

. Con .. Their anmals from Shebedino, Boricha, Melete,
with their livestock and settled temporarily melorche, Wegigra, Wond6enet, Tula, Korke,

ZES S;?;Qieg}emg?ta:xesggr:ﬁetsr;es::g’?ﬁmf\/lelga, Dato, DoreBafana, Shamana Kedida,
-n%gra damoa, Yanase, Rukesa and Guguma
eas. These Woredas are reported as drought
prone areas. Leaving elders, women, children
and some important animals, most men return
to their original places during rainy seasons to
engage in crop farming.

permanent ones. Biru Edo and Honsie villag
are cases in point.

6.2.2 Sources of livelihood
Regardless of these permanent settlements,
people usually get their livelihood from animal
husbandry. People readifferent species of
animals such as cattle, sheep, goats, donkey,
Figure 12 -(a) villegers in Birue Edo horse and mules.. These people sell the
settlement; (b)Honsie village, livestocks, milk and milk products in Hawassa
September 2017. and Shashemene markets, and buy crops and
_ ) ) other basic necessities. Besides, there are some
Biru Edo village is part of Chaffee Kote arrangemets among people living in the
Jebess&ebeleadministration, Tula subity. It \vatiland and outside. Some individuals from
is located at about 1 to 1.5 km south Qjyendo Genet and Hawassa towns purchase
ELFORA Farm. As to the local people, thejesiock and give to residents of these villages
V|.IIage. was gstabllshed during Emperor.Ha'leco keep them for fattening and reproduction in
Silassiel regime (about 50 years ago). It is alsghe wetland so as to share the benefit. In
reported by the local people that the number gfigiion, settlers supplement their livelihood by
housing units / Tukuls/ during the 'mpe”alengaging in daily labours at ELFORA Farm

regime were estimated to be aboW. &his ,nq \ndustrial Park, which are found in nearby
number has raised to 186@40 during the Derg graas. Apart from other soe&onomic

regime. Nowadays, in this settlement, thﬁressures around the wetland, animal
number of residential units would be abOLHUSbandry in the wetland aggravated
1,0001,500. It has been also estimated by ﬂlﬁ/ergrazirg. Accordingly, it is very common to

villagers that human and animal populationgyserye overgrazing throughout the wetland.
count about 5,00@,500 and 8,004.0,000

respectively.
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have affected the quantity and quality of water
flow towards the wdand because the natural
forests which have the potential for
discharging water are declining. In similar
ways, the land which has been used to
cultivate crops is exposed to water erosion and
closed springs with sediments. According to
some of the informas, rivers that come from
ﬁVendo Genet area and enter into the wetland
ave declined.

Figure 13- (a)Diffret speciés of animals in
the wetland; (b) Over grazed wetland,
December 2017.

Since, animal husbandry is the dominan
source subsistee in the area, local
institutions manage the use of resources in thg3 2 \rrigati _
wetland. One of the most important intuitions"~" rigation activities

is Teda (elders shengd)his institution serves vAvgtt)et?ser:e dlmigoritr?imatigﬁ“wltty hIz:s t{;go Sggen
the local people to settle dispute arisinq,e orted that eog le ir; Wendo Genet area
among settlers in the wetland, '°P beop

oversees/prohibs any cultivation activities in (particularly thosen Edo, Basha, Busa, and

the wetland, and involve in mutual aid .Elala and other KEbE|ES) are engaging In

intensive irrigation farm for their khat,

principles such as house construction. arcane and veaetables which serious
Moreover, protestant and Hawariat churchegﬁgcts the amount ogf inflow of water into tlrJ1ey
are there to provide religious services for Biru . . .

etland. Moreover, during field visits, we

Edo and Honse villagers. But the villagers geYV

healh and education services from institutionsObSE‘\rved severaparts of the wetland are

outside of the wetland, at Cheffie Kotie under Irrigation for vegetat_)le prqdy_ctiop.
Jebessa Kebele ’ Unlike the vegetable production activities in

the northern side of the wetland, the western
part is irrigated with polluted water coming
' from factories. This polluted water could
have damge on plants and the consumers as
well. Cultivators noticed the effect of waste on
{heir farming activities. One farmer

6.3 Socieeconomic activities in the eastern
southern and western part of the wetland
The wetland gets much of its water from
Wendo Genet catchment. dlcatchment has
been covered with natural forest. The fores

has been protected and watered the wetlan%)mmented:

for several years. However, different socio fil did not have a problem growing
economic activities are limiting the poten.tlal good quality vegetablesnsetanda
of irrigating the wetland. Farmland expansion,  coffee plant before this factory was
logging, imigation, ~ agreforestry, house here. Over théast three or four years,

construction and factory construction are some  powever, the size of my fruit and the

practiced in the upper catchments. Leaves turn white, dry and ultimately
6.3.1 Farmland expansion o fall off. It has brought economic
The expansion of farm land for the cultivation setbacks for my family and for other
of crops coupled with a rise ilemand of its people here. | think the waste from the
products in nearby urban centres such as  extile factoryis destroying our life
Hawassa and Shashemene are the causes for and future and the life of our

the continuous decline in forest cover in the childrend

upper catchments. These activities, in turn,
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recently about 400 persons were accused
for irregular  house construction and
farming activities around/ in the wetland.
b) The kebele chairperson disclosttat the
kebele with Tula sub city and police force
made a survey around the wetland and
found the aforementioned number of
individuals for the irregular acts. Besides,
the kebele detains individuals who
carry/transport eucalyptus tree into the
middle of wetland for house construction.
It was also evident during field visits that
the wetland has been under pressure from
the periphery and inside due to house
construction and farming activities.

o (2) WO,

Figure 14 -(a) Vegetable production on
encroched prart of the wetland; (b)
Industrial  effluant used for
vegetable production, December
2017.

6.3.3 Agroeforestry

Agro-forestly has been an important socio
economic activity in the area. Eucalyptus tree
has been strategic plant in the area. People in
the surrounding area use this tree to encroach
into the wetland. It is because of high potential
of eucalyptus trees to absorb wafeom the
ground, and make the land suitable for
cultivation of different crops. Eucalyptus tree §
is also used as construction material and [
source of firewood in the nearby urban areas.
Hence, it generates substantial amount of &
income for the people in\gery short period of
time. However, eucalyptus tree negatively
affects the ecology of the wetland by making
the land dry.

Figure ) 16- IFreguIar ousing in the
wetland  with vegetale
farming, December 2017.

)

Figure 15 (a) Encroachment Mechanisms 6.3.5 Factory/Industrial production

into the wetland ;(b) Eucalyptus The western part of the wetland has a direct
tree plantation after contact with discharges from factories

encroachment, November 2017. operating in the area. These industries have
been releasing effluent since the 1980s, the
6.3.4 House construction time they were gtablished.

The expansion of Hawassa city has ) _ ]
seriously impacted the wetland. Most People in the neighborhoods of factories

people have strong belief that the wetlanomplain about water quality problems ,
is a land that is open to access for housinfuman and domestic animal health issues,
administrations have sonwentrol over the the discharge of effluent from various sources
land. According to the information from tO the environment” (Girmetal, 2014:21).

Chaffee Koti jebessa kebele administrationPuring our field observation also we saw
Industrial affluents flowing into the wetland.
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Although several industries such as beverag@revalent effects observed on livestock. Under
soap, textile, plastic, meat processing anavorst scenarios, these occasionallgule in
many others are operating in the area, it wathe death of animals.

evident tkt the brewery factory, is the
prominent in discharging its waste. The natures
and amount of waste discharged are ncg
studied well. The impacts of wastes could bé&s
many. Solids that settle on wetland beds ca
cover flora and fauna resulting in an anaerobigs
layer (Taylor, 1984). Still we are lacking
scientific information on the type, magnitudeg
and degree of ecological damage caused &=
theses industrial effluents to the Chelellekdss
Wetland and Hawassa Lake ecosystems.

The industrial effluents have brought abou@® Sl
several socieconomic problems on people Figure 18- Industrial effluents are
living around the wetland. = Human and livestock, December 2017.

domestic animals drink the waste water, angyen though there is a lack of extensive study
they get sick, lose weight and abort (Destaghout the impacts of the industrial effluents on
1997). According to the informants living the people and their ecosystems, field visits
adjacent to the waste drainage system, thgng observational studies in and around the

indUStria| efﬂuent have Caused Several healtmetland have Shown po”utants Causing Social
and economic problems on humans and thefind economic problems for the local

animals. People who have a direct contactommunity.

with the waste are suffering from skin |t the present trend of human impacts,
irritation and respiratory diseases due to badspecially those related to the industrial
smell. Children who often use the wa$te  effluents and domestic sewerage ad aslthe
swimming to spare their time in the rainyagricultural activities and deforestation in the
season have been affected by the smell afypwatershed continue unhalted, the lake
alc_ohci)l.} } will unquestionably go through eutrohpication
e that will eventually lead to irreversible
pollution and permanent loss of suitable
habitats and the biodivetg ( Girma et al,
2014:36).

v, e

e = ; e 7. Conclusion
Figure- 17 -(a) Childrenafter swimming; (b)  Chelelleka Wetland has been significantly
Children fetching the waste for  yndergoing changes. The size and the
domestic use, December 2017.  npatyre of swamp have been declining
_ ) across times. Different Soceronomic
Moreover, when animals move for grazing activities, irregular settlements, irrigation,

into and from the wetland, they drink and  geforesation, agreforestation (eucalyptus

reduction in milk production and discoloration  mining and grass cutting are prominent
of milk and body emaciation have been
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undertakings, among others. The wetland i® Conduct census and restrigwn settlers in
losing its important functions. because it the wetland

has been subjected to expansion of new Introduce appropriate waste treatment
agricultura lands, increased irrigation plant.

activities (of seasonal and perennial crops)

using industrial waste, stream waters an@.2 Long term interventions

wells; overgrazing and land cracking; -Recycling industrial solid and liquid waste
industrial effluents, decline in land size; -Relocating settlers in the wetland to their
animal population increase, building houses original rural places

(in and aroud the wetland), agrchemical -Controlling open grazing, grass cutting
hazards, decline in local institutions arnd mining activities in the wetland
capacity in the management and sustained -Developing alternative sources livelihood
use of the wetland. Moreover, multiple and for the people

complex social, economic and political -Introducing renewable energy sources to
interests are taking place in and around the  the communities in and around the
wetland. The bre#th and depth of the wetland

problems of the wetland require urgent, but -Strengthening local institution so as to
sustainable policy interventions to conserve regulate / manage/ control the usé o
indispensible functions of the wetland and resources in the wetland thereby that in
ecosystem of the lake. the lake

8. Policy implications References

Chelelleka Wetland is a natural resourceAbebe,Y.and Gheb, K.(eds)(200&/etlands

useful for thetwo regional states. The Efforts

to

commitment and dedication of the leadership
of the regions. To curb the problem, the secio
economic team suggests the interventions at

. of Ethiopia.Proceedings of a seminar on
restore the wetland requires the P g

wetlands,vi+116pp.I[UCNEastern Africa
Regional office, Narobi, Kenya

two levels. These are: short term and lon%adebo E. 1988Studies on the biology and

term one.

8.1 Short term interventions

(0]

(0]

commercial catch of the catfidBlarias
mossambicus (Pisces: ClariidgBeters)

Catch t treat t/ - t soil and in Lake Awassa, EthiopiaV.Sc. thesis,
S onmen reg men han g out sofan Addis Ababa University 73pp.

water conservation activities EPA-Ethiopian  Environmental  Authority

Involve private sector to discharge social (2004. Proceedings oft h e ANat

corporate responsibilities consultative
Use of appropriate irrigation technology Workshop on the Ramsar convention

(drip irrigation), .
Delineate boundags around the wetland, Zdr(]jig AbaEat h Maucp i 1818, 2004,

and create buffezone that can help Ethiopia

![or:e:/entthsntat_lon and r(f[:_talTlng i;‘fed'tmetrr']tS’Gemechu Bekele Dabassa (2010). The
at otherwise negatively affec e Challenges and Opportunities  of

quzla_llt_y/quantlty of thetLake v;/late(;/tarl]s \IN?(” Wetlands Management in Ethiopia: The
as fiving organisms in the wetlandithe fake case of Abijiata Lake Wetlands. Addis

Ababa: AAU: MA thesis.
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and Ecohydrology into Practice
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PHawassa University, College of Agriculture, p.o.box 005, Ethiopia
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ABSTRACT

Soil erosion has been recognized as one of the most serious environmental problems in Ethiopia.

In Boricha subwatershed of Lake Hawassa, the agriculturabl$aare eroded and most are
exposed to erosion hazards due to improper land use, farming practice and over grazing. Gullies
which are a symptom of severe soil erosion are commonly observed. In the classical approach to
control gully erosion, the solution miy focuses on hydrtechnical design and construction of
permanent and temporary erosion control measures that reduce soil erosion threats. While
elements of this approach remain valid and viable, a htghtanical solution alone is clearly
insufficient for the sustainable use of the water resources in general and for controlling soil
erosion in particular. To guarantee sustainability of freshwater resource use, it is necessary not
only to reduce or eliminate sedimentation threats, but also to extendrtiieer of potential tools

to manage the degradation of ecological processes at landscape scale. This brings us the
development of integrated thinking concurrently with the recognition of the importance of the
meaning of O0sust ai n asbrisd to the ldrth of @emiheerieg (hatueet i on
sensitive engineeringicohydrology that provides the chance to benefit from the opportunities

that nature provides to us. This action research has been implemented using the above concept
with the amofspporting the move from the convention
Al andscape restorationo. |t i s hcpgp mrovaeve i z e d
technologies, it is possible to rehabilitate the extremely degraded landscape irgwethef |
sustainable land use.

Keywords: Gully erosion; landscape restoration;-engineering; ecohydrology

effects on environmental quality. Most river
: basins in the worlchave been dramatically

. Introduction modified due to unsustainable development of
Background agriculture, grazing, deforestation, and

urbanization. These disturbances have been
At the beginning of the Zicentury, increase changing local and regional climates,
in human population became a major factor ifydrological cycles as well as evolutionary
progressive environmental gladation on the established biogeoemical cycles in a
global scale. Although the traditional catchment. Therefore, it became evident that
perception of freshwater degradation has beetiegradation of river ecosystems has -two
usually linked to pollution, increasing humandimensional nature:
activities in a catchment has more profound
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first - pollution, which can be eliminated to athreats, but also to extend the number of
large extent by technologies; potential tools to manage the degradation of
ecolgical processes at landscape scale.
second and much more complex, degradationmplicitly, the existing gully control approach
of evoILtionary-eStainshed water and nutrientin the catchment is no |onger appropriate or
cycling. effective for these meeggullies, and new
_ . _ approach and reinterpretation of existing
Soil erosion has been recognized as one of t%ncepts for practical use is needed.
most  serious environmental problems  ingepajiitation of such megaullies is urgently
Ethiopia. It generates strong envwonmentaheeded_ This brings us to the development of

impacts and major economic losses froMpteqrated thinking and the recognition of the
decreased agricultural production afdm ; mportance of the meaning

off-site effects on infrastructure and water gch situation gives rise to the birth of eco

quality by sedimentation processes (Dab3gngineering (natursensitie engineering)/

2003; Amsalu et al,, 2007). In Boricha gcohydrology that provides the chance to
Shebedino sulvatershed of Lake Hawassapenefit from the opportunities that nature

(figure 1), the agricultural lands are erodedy gyides to us. It should be stressed that,

and most are exposed to erosion hazalts 4ccording to the ecoengineering/ecohydrology
to improper land use, farming practice anhoncept, the overall goal defined in the
over grazing. Gullies which are a symptom of,y yotheses of ecohydrology the sustainable

severe soil erosion are commonly observednanagement of water resources. This should
Due to the presence of active large gullieSsoes on the enhancement of ecosystem

sizeable amount of land has already been l0Stgrrying  capacity against anthropogenic
and this is a major threato tagricultural gtesges.

production and a source of high load of

sediment to Lake Hawassa ecosystem. In this situation, development of an integrated

. _ approach to environmental management that is
In recognition of the severity of the problem,y55ed on # harmonization of technical and

several efforts have been made by variougcq|ogical measures is necessary to achieve
organizations to manage runoff, conserve so{ ;siainable use of natural = resources
and water and reclaim gulliek the classical Integrating different branches of

approach to control gully erosion, the solutiongpironmental science such as ecology and
majorly focuses on hydrotechnical design andgineering can help provide an understanding
construction of permanent and temporany - environmental chnges as well the

erosion control measures that reduce S_Ollnowledge necessary for applying efficient
erosion threats. As an approach, the physic@leasyres that improve the quality of practices
soil erosion comol measures are said 10 beyng increase the ability of environment to

integrated with the biological ones for more,y;siand/absorb disturbances resulting from
efficiency. While elements of this approachenyironmental and social changes.

remain valid and viable, a hydrotechnical
solution alone is clearly insufficient for the therefore this study apps the

sustainable use of the water resources iBcqengineering /ecohydrological approach that
generaland soil erosion control in particular.  oytends the conventional soil and water
To guarantee the sustainabilty of. s hservati on activities

freshwater resource use, it is necessary neto st or ati onod conce pt . Gul
only to reduce or eliminate sedimentation
CERVaS PUBLICATIONS| Volume 1, Is -



54

stabilization of active gullies by vegetative orto this specific demo projecsahown in the
structural measures or arnabination thereof. upcoming sections.
Gullies can be prevented by such measures hida
increasing the absorptive capacity of the soig+.
(increasing surface roughness thereb
reducing runoff volume and velocity and
improve infiltration), protecting the land
surface and natural dremge ways from
erosion, and by conveying excess surface®
runoff from fields at a nowrosive velocity
through properly prepared and maintained
waterways. Besides ruining fertile land,
gullies interfere with farm operations,
undermine farm improvements, @oach on
public highways, endanger livestock, and

reduce the capacity of reservoirs, naturafe
streams, and drainage channels, and covd
bottom lands with deposits ofisdPreventing  ©
gully formation or taking action at the early &3
stages of newly formed gullies is easier and _ _

more economical than letting the problem gd-'9uré 1. Partial view of gully head at
unchecked for too long. Large gullies are Yirbadubancho Kebele (Borcha

difficult and costly to repair. After a certain wereda)
period of gullydevelopment, it is apparently Obiectives
not possible to stabilize some gullies once )

they become longer, larger and deeper. The objective of the action research is to

establish landscape restoration demonstration
site that combines beft eco-hydrology and
water infiltration methods, natudgased gully
treatment measures, sediment and, nutrient
etrapping methods, and constructed wetlands.

Preliminary findings on the current
status of soil erosion in the Boricha sub
catchment

The gully network under consideration can b
categorizd as large gully systems in deep“
sandy soil (Figure 1) lateral or side headcuts *
or overfalls that frequently develop where

small side drainages flow over the rim of theThe study area

main gully. Unfortunately, the Boricha gully 1o jntervention area (Borct@hebedino
has passed the I_abellng of ‘eestpge project) is found within lake Hawassa
treatment. However, it must be treated as SO%atershed and eographically located within

as possible to avoid further expansidis . o dinates of B2 3 6 %206 6ES @ H a6
demo site is dedicated to search bmstfit to 5 96 N . _ The study ar e:

9“”Y treatment OP“P”S b_y _respecting thesouthern direction of Lake Hawassa, and has
design and construction principléamulated

an area of 2776 ha. The bigger gully which
CERVaS PUBLICATIONS| Volume 1, Is [l
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runs from Bonoya Miride kebele to ka design and construction aspe¢®ource????
Hawassa has a length of about 7Kms. ?).

INTERVENTION AREA WITHIN LAKE HAWASSA WATERSHED

38°230°E 38°240E 35°250°E 38°260°E 38°270°E

1) Low-cost options

2) Minimum earth work

3) Avoidance of mechanistic
approach as much as possible

4) Avoidance of oveengineering of
the environment

5) Maximizing the use of local

materials

2 - Gty (easonat ater Way) 6) Respecting and considering local

CQ intervention Area . .

Kb by knowledge (consulting life
ERERRE . e experience of the community)
P : 7) Rely on local technical capacity or
Figure 2. Location map of the intervention building the knowhow locally
area 8) Multiple goal
The generic approach to control gully 9) Based on community consensus

10)Maximizing community ownership
11)Maximizing women participation
12)Empowering the community

erosion

Generally, the following three methods will be
applied as depicted in figure B/hen the first
and/or second methodseaapplied in some

regions or countries with temperate climatesyha technical approach segmented the gully

small or incipient gullies may be stabilized honvork into three parts: (1) Gully head: (2)
without having to use the third method. On thebully bed: (3) Gully side. Each of them

other hand, in tropical and subtropical

Technical options to be considered

requires different approaches as shown

countries which have heavy rains (monsoonsﬁgure 4

typhoons, trO[Iial CyCIOneS, etC.), the three Gully head stabilization [at the beginning of each qully]

methods must be carried out for successful , -

g u | |y con trOl . ( SO urce ,) ,) ,) ,) ,) ,) ,)) (1) Dropping (energy-dissipating) structures
Catchment scale interventions ¢

(1) Improvement of gully catchments to reduce and regulate Gully bed stabilization [upto 2 m gully height]

Technical approach
.

the rumoffrates (peak flows); (2) Sequence of checkdams with proper spacing using logs

(3) Sediment-storage dams (silt trap) using gabion

¢
Basics of gully control . Flow diversion away from the gully head
strategy ¥ (2) Diversion of surface water above the gully area; Gully bank stabilization [above 2 m gully height]
-

(4) Bench terrace supported by interwoven logs
(5) Planting grasses on the hench terrace
Gully stabilization

(3) Stabilization of gullies by structural measures and
accompanying revegetation.

Figure 3. Basics of gully control strategy Figure 4. Segmentation of gully treatment
activities
Design and construction principles

This demonstration technology transfer
project is based on the follawg key
underlying design principles that govern its
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Conceptual diagram for eceengineering [ [Box 1] Gully head treatment
system

] } ’*' . r"‘-
5 R LR e
Divert excess runoff into another draina
line (stable) or treat the catchment area
Control the gully head and the side ba
by cutting & filling (see figureabove in
Box 1)

Gully heads can be stabilized by
means of stepped stone carp
brushwood layering or aombination o
both.
Using stepped stone carpet is m
appropriate for dry areas because
‘ intensity of rainfall.
Figure 5. Anticipated ecohydrologicalll The stepped stone carpet occurs following
processes and physidaiblogicat [ semicircular shape of the gully head, mov
social benefits backwards and filling empty space with soil &
small stones until it reaches the gully edge.

.
N
-

Conceived eceengineering gully
control measures

The likely intervention gully control measures
comprise the combinations of structural a
vegetative measures which will be designedft
reclaim gullies. Vegetation provide

Box 2] Small wooden checkdams

erosion risk by reducing flow vetdgy. In
addition to protective role, the biomass
produced in the gully area can be used
different purposes such as cattle fodder.
following pictures reflect the likely structure
in the demonstration site.
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| N
Ovactsooning o1 9rass seeds Reshaped wian
0 00 ully walls of gulty ffsit
“«
Fymor ;Ul‘lf ‘h)l$‘rd°"s'u ‘l.lIOllll!lll ARt I~
Réshaped
Rimﬂﬂ Gbﬂ'l wall§ sachonof
Jullywalt
2‘3 u QU",‘
depth
\J \J
Gully bed aftet reshaping v
 Rowplankny 1 s Placted a3 (sha%ed gre)
Eleghactprassculings. 4 Gulbadbelcraeshaping ¥ Gullywalls and gullybed
A MUBUIpOSE Spacied #

(S4sbaniy) saedling

[Box 5] Gully reshaping and filling

The Landscape Function Analysis
(LFA) methodology

The LFA is used to develop an understanding
of the functionality of thdandscape to help
the management of the resources available in
the landscape used for different purposes. The
LFA helps to analyze the factors which
maintain the functionality of a landscape.

At the prerehabilitation stage, LFA allows the
specific proceses that need improvement to
be identified (Randall2004). The LFA can be
applied to sites of all sizes, from an individual
patch to a hillside and all ecosystems types
(Tongway and Hindley, 2004). LFA also
offers insights into how the landscape fuonti

at the rehabilitation site changes overtime, and
facilitates numerical comparison of restored
sites against reference sitdda@gner 2008;
Randall, 2004).
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The LFA methodology is composed of threeand approaches as well as the purpose of the

components which include the conceptuaprOJect

frame work, indcators of landscape function e

and field procedures for monitoring of the

indicators (field data acquisition) and an

interpretational framework.

The conceptual framework of an LFAT , ~ R
A Theoretical Basis TR ™ YR e I

The conceptual framework is used to collect
data to dedrmine the landscape organisation
(LO) in the study area as well as to show how

scarce resources are moving through a X
landscape in space and time. Figure 6. Discussion with woreda experts and

development agents
With the conceptual framework, the Awareness creation, training and capacity
functioning of the landscape will be examinedbuilding to framers (masons and carpenters)
The landscape can be categed into two and development agts were among the key
classes: functional or dysfunctional. When acomponents that were implemented before the
landscape is categorised as functional it mearai:tual restoratlon act|V|ty started.
the applied ecohydrological technologieSsuaiiag u t B TR
cause the overflow of water to take a longe 3
path to flow out of a landscape.
The vegetation and the sttures obstruct
water flow and sieves out material like litter
and seed. A landscape which is dysfunctiong
does not have a great effect on the water flo
In a dysfunctional landscape, scarce resource
are not trapped but rather allowed to flow ou

of thelandscape. Figure 7. Handson training for carpenters

o o and mason
Preliminary findings Regular discussions were carried out with
The preparation stage community representatives of the area

n th act d it hasi hroughout thamplementation stage in order
tﬂ ¢ ?h projec ocrmend : t\r/]vas (?[mkp haskljze 0 monitor the progress and get feedback to
at the community and other stakeno er%tdjust activities to maintain the needs of the

sh?II.t_lnvoIve ”t1' la;l s(;aggs Qf t:‘e pl"’;n?edcommunity as well as the spirit of the project
activiies essentiai for design, impiemen a'onobjectives. The project site was selected in

and sustainability ofnterventions. Since t_he consultation with Woreda experts and
_ecohydrology approach for g_uIIy restoration community representatives.

is different from the conventional approach,
the team members of the project carried out
continuous and intensive discussion with
Woreda experts and administrative bodies to
better undetand ecehydrology principles
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Figure 7 Discussion with community
representatives & kebele leaders
The implementation stage

In gully treatment the first step is diverting o
runoff which will stop headward erosion by
waterfalls. The basic aim of divers®ns to
reduce the surface water entering into the
gully through gully head. However, safe
disposal points of the diverted water are n
available in the study area. Therefore, at th
beginning, discussion was made with the
communities to manage the exceasoff so L -

as to reduce the speed of flow. To this effectA combination - of simple and low cost

; ho live iust ab the head of th structural  and  biological  conservation
armers who 1ive just above the head of N, q ¢ res were implemented using locally

?eutlé);lt;gﬁrgtrumc?t(jfe;o construct various Waterava}ilable materials such, wood and grass. The
' major cost was payments for wood, grass
seedlings and daily labour. The gully areas
were not in good condition for vegetative
growth shce the slopes are steep and the
fertile topsoil had been washed away. It was
hence difficult to establish vegetation and
provide quick cover. Therefore, reshaping the
steep walls was necessarjo reshape the
steep sloperetaining wall is also requirea t
stabilize and hold back the soil, and to reduce
the risk of wall collapse. To construct the
retaining wall, the first step was to mark out
the contour line across the slope from the
beginning to the end of the gully area. After
marking the contour linethe wooden posts
were anchored in to the ground at specified
distance along the contour and across the

iguréﬂ 8 "Cﬁfheé‘l'(dams above _ eghead :
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slope at various spacing depending on thealls inside and th&ooden posts? They are
slope gradient. visible from the pictures

Figure 10 Partial views of gully head at
Yirbaduwancho Kebele

Figure 14 Current statuseifter one rainy
season)

ThenPennisetum pedicellatuftocally known

as deshg and Chrysopogon zizanioides
(Vetiver)grasses were planted on tleshaped

2 o 2 R s slope and the bed with clump spacing of 15
Figure 12 After 25 days of the project start  ¢m within a row and 30 cm between rows.
To keep the wooden posts firmly at theirThe Pennisetum pedicellatumas established
position, back stays were fitted at regulaipy plantingtillered cuttings while Vetiver was
intervals. After completing the retaining wall planted by splitting the culm. Vetiver was
construction, the slope that was vertical selected due to its abilityotgrow under dry
position was reshaped to gentle slope bwnd unfavourable conditions and control
cutting and filling to the lower area to create arosion with its dense root system binding the
levelled bed. This bank slopping wasspjl together. Pennisetum pedicellatum
necessary for eStab“Shing Vegetatithat if provides massivefibrous root system to
you explain about the use of plastering of thetabilize the wall of the gully, vigorous
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vegetative growth and a highdnmnass with environmental services and general plant
great nutritive value for livestock. performance. After sufficient rehabilitation is
What if you indicate that the areas the twoachieved, a management plan should be
grasses were planted differed in slope and therepared for harvesting resources and
nature of the soil? maintaining structures.

Remaining activities References
The rehabilitation measures implemented s .
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brought some <change i gﬂr If"'?;\e?rmee%)%ogl. g“ltiattiqdnli u""Bde on
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ecosystems restoration with low cost and with changes in northern Laos.

: : Catena 63, 31828.
terial d locall lable. : : ,
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Figure 15. Micro-basn
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approach and by developing new and (2005). Gully erosion: Impacts, factors
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methods which are effective, economical an?Nasson, R.J., Caitcheon, G., Murray, AS.,

long Ias_tlng. In order to create sense o McCulloch, M., Quade, J., 2002. Sourcing
ownership over the process and to ensure ; . i .
sediment using multiple tracers in the

provision of goods and services, inclusive and catchment of Lake Argyle, northwestern

effective  community involvement is vital. . .
. ; Australia. Environmental Management 29
This should be taken as a continuous process (5), 634646

rather than a_onteme exercise. . .. Yibeltal Getachew and Biniam Teal 2015
Once the soils are regenerated and its figrtili : :
Proceedings of Annual Research Review

1S |mpr(_)ved, trees and shrubs will pe planted Workshop, College of Social Sciences and
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Humanities Modelling Soil Erosion and

benefit to the community. Tree and shrub . : )
: . . Lake Evaporation Using Remote Sensing
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range, root system characteristics (creeping
and drought resistant grassesid tree &
shrubs), socioeconomic and cultural functions,
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ABSTRACT
Gully erosion in the Hawassa Lake swhtershed, southern Ethiopia, is affecting the livelihoods
of communities since early 1970s. Understanding its sexdmomic effects on the communities
is important for any remedial @asures that need to be taken for the sustainable development of
the communities and effective management of soil and water resources in the watershed.
Qualitative data were collected from participants drawn from the communities in the sub
watershed mainhaffected by gullies using interview and focus groups . The findings showed
that the areas which had dense forest cover and no gullies in the long past developed gullies due
to human actions like deforestation, settlement and overgrazing that were primtidecades.
The socieeconomic conditions and environmental degradation in the last fifty or so years has
made the communities change their livelihood strategies. The government and communities tried
to deal with the problem of environment degradatiamgd gullies, employing biological and
physical interventions on both private and communal lands. The communities are aware of most
of the factors that drive environmental degradation including gullies, and are willing to
contribute their share if concerteffort and commitment is gained from the government.

Keywords: Communi ti e $Héwagsasacioeegnoniicalynamicgul | 'y, Lake

effects is thesilting of storage lakes and water
courses (leob, Nemes and Laura, 2011:622).
According to Valentin (2005), nowadays there

Most of the ecosystem services on whicHS @ .grqwing interest in gully ero§ion and its
human wellbeing depend are being degraded)ﬁ's'te impactsGully erosion that is obseryed
and lost.( Hiwasaki and Arico, 2007: In Lake Hawassa sulatershed, is affecting

Millennium Ecosystem Assessment, 2p05 the livelihoods of communities in défent

Gully erosion is one of the causes forvays. Understanding its effects on the secio

environment degradation. In gullies the runoffeconomic lifé of communities is important for

water accumulates and often recurs in na\rrol\‘?‘ny remedial measures that need to be taken

channels and, over short periods, removes tHg' the sustainable development of the
soil from this narrow aee to considerable CoMmunities and for effective management of

depths (Poesen et al. 2003). The runoff in 0!l and water resources in thatershed.

gully transports sediment from upland to theh recent years, there has been a shift from top
valley into permanent channels and increase@own approa_ches towar_d_s _bottom up
the effects of water erosion. One of sucHfPProaches with full participation of the
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community to development. It is recognizedunderstandthe socieeconomic factors that
that the management and conservation adfither facilitated or hindered the efforts made
natural resources can be more susttesvith and communi ti es6 interest
a proactive participation of the different actions. The attempt made in this regard was
actors. This requires an approach towardshecking how far the eoponents we saw
genuine  partnership and  contractualbove were considered in the intervention
agreements among the different stakeholdersctions that have been undertaken up to now.
Particularly, sociological approach toThe study was conducted iBoricha and
watershed management involves severgbhebedino Woredas (districts) of Sidama
important components (Bonnal, 2005). One oZone, southern Ethiopidn these areas, gully
them is raising awarenesstofh e p e o p Ifoen@atson regah during Empe Haileselassie

in the watershed approaches. The concernddregime due to natural resource degradation,
communities in the watershed areas must bend it continued to expand gradually.
fully aware and convinced of the principles,However, until the last decades of the Imperial
methods and the advantage of theiregime no biological and structural
paticipation in the development of programsconservation measures were taken to halt the
or projects. The second one ggengthening expansion of gully in theatchment.

the capabilities of local organizations

Enhancing informal community associations,1.2 Statement of the problem

groups, and cooperatives is essential so as to

make them capacitated to play impottaole OVer the last 3- 4 decades, human

in watershed management. This may involvdnterventions coupleq with natural factqrs _
training the leaders of such organizations, ang2used severe environmental degradation in
ensuring the involvement of deprived groupsSCUth west subvatershed of Lake Hawassa.

such as women and youth, in local decisionSeveral gullies were formed due to
making process. The capacity of locgldeforestation, overgeing, expansion of

organization should be strengtieel in order agriculture, and settlement. These gullies are
that they become seKufficient. The third affecting the livelihoods of the communities,

component isdecentralizing decisiomaking 2and are fireatening the existence dfake
by all players concerned, including thoseti@wassa through — sedimentation. — The
outside of watershed areas. This is becauseProblems that gullies caused made thousands

decentralized system tends to promote locdlf PeOple vulnerableotthe adverse impacts of
level initiatives and articipation. It is well Nnatural resource depletion.

recognized that local communities support ,

projects that reflect their views and priorities./n résponse to this, governmental and -non
The forth component isromoting dialogue, governmental  organizations  introduced

partnership and allianceamong players. This biological intervention works to address_ the
involves sharing of information and dialogueProblem. Hence, the degraded mountainous

and pomoting cooperation among the parties2réas of Boricha and Shebedino Weareavere

From this perspective, it is important toCOvered by eucalyptus trees. ~Although

understand how the earlier intervention effort£ucalyptus tree covered the area, through time
were conducted, and how the communitie§Un Off kept increasing from time to time and
were involved in the development of the subMmade the smaller gullies grow bigger. Later, in
watershed so as to revise the approaches f_the 1990s, structural measures were also

the future endeavord. is equally importanto installed in the watershed tminimize the
problem. Efforts that were made protect the
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natural environmenthrough soil and water aspects of gully erosion in the sulatershed.
conservation activities made some changes biit mainly tried to find out thesociceconomic

the problem was not overcome fully. dynamicsin relation to theformation and the
Moreover, compared to the biological andexpansionof gullies in the study area, to
physical intervention workslittle attention identify the roles communities camlay in
was givento understand theociceconomic reducing the formation of gullies and in
dynamics, andto empower the community rehabilitating gully affected areas, and to
regarding the management of the problem oidentify possible interventions to curb the
natural environment degradatios a result, problems for the future.

peoplebs activities, needs and priorities
not well understoadThis led to the neglect of 2. Methods

genuine participation and contribution the

local people could make in the designingUsing a qualitative approach, data were
planning and implementation of thecollected from local communities and
interventions (Achouri, 2005) despite theagiculture experts. Two Kebeles which are
growing importance of people centredamong the most seriously affected by gullies
development (Bonnal, 2009).was partly due (Yirba Dubancho from Boricha Woreda and
to the absence of genuine partnership betweddoniya Miride from Shebedino Woreda) were
experts and the people. The experts did ngiurposively sampled. FGDs and key
change their way of infoonark iinteryiewsy were kbonducted with a
managemenbased andtod o wn a p p r knawdedgeablé community members that
to understand the realities on the ground andonsisted elders, adults, and youth of both
to engage the peanl On the other hand, the sexes who were selected based on their
local communities did not appreciate theknowledge about the Kebeles and the gullies.

potential contribution of experts. Observations were also made on sites that
Consequently, communities regardedwere affected by gullies. There were also
themselves as recipients of developmensome kebele leadersgligious leaders and

outcomes. development agents (DAs). Secondary data

sources were also consulted concerning the
In the study, effort was made to look into howsociceconomic conditions of the two
communities perceivéhe problem of gully Kebeles. The issues discussed are related to
erosion and its socieconomic impact in their people and economy, the history of gullies in
livelihoods, and the role they think they canthe area, causes aimghpacts of gullies, and
play in the watershed management in twa@ommunity institutions that contribute to the
woredas (districts) of Sidama Zone frommanagement of watershed.
which the gullies originate- Boricha and
Shebedino and discige to Lake Hawassa. It 3. Major findings
was also tried to understand the measures that
have been taken so far to tackle the problenThe study attempted to shed some light on the
and what the communities suggest for thdnistory of gully formation in the sub

future to curb the problem. watershed. The place from which the major
gullies in thesouth west of Lake Hawassa
1.3 Objectives subwatershed originate is the uplands located

The study was intended to explore the historyn Boricha and Shebedino Woredas of Sidama
of gullies in the area and the so@oonomic Zone. These qullies (referred to as
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fi hsoh 0 s h anm®idama language) cross
about six kebeles before they drain to Lakes
Hawassa. Communise who participated in
the study (fig 1) indicated that, in the long
past, the areas from which the gullies originaty
were covered by forest, bushes
vegetation

Figure.2: Partial view of gullies in Yiba
Dubancho
The first intervention effort to conserve soll
and water in the area was made during Derg
period by planting eucalyptus trees in the
upstream and enclosing. itThis measure
brought about some changes on land cover,
but the problem of qgullies persisted.

: Constructing physical structures began only
_However, as the human_and anipepulation during EPRDF period. These structures
increased and farming and settlemen[:

) ntributed in terms of conserving soil and
expanded over decades, land cover contlnue{;é)

ater. It was also indicated thatriecent years
to decrease. The forests were affected becau&ge building of gabion in the gullies has also

the%/ _V\llere :\he Shoﬁécesf of it COnS’tru]f:t'onbrought some changes in raising the level of
materiass, ouseno urniture, aM the bed of gullies. The communities expressed

implements anq fuel wood. In additiom, the that if such intervention works had not been
early 1970s, high scale damage was done Qone. it could have gotten worse
m ' |

the forests as it was a transition period fro
the imperial regime to Derg. As a result, the?’_1 Perception aboutauses of gullies

;/egetz?jt_lon cover dalt;{ng W'thtmoit of thhe IocalThe responses of FGD participants indicated
rees disappeared. Rain water (it was heavy ‘W\any factors for the formation of gullies in

that time) which usetb be absorbed by soil, the area. The major ones include deforestation

began to run away causing erosion. Throug r different purposes like the need for fuel

iime the erosion became mtense_and 9ave M3food, expansion of farms, settlement, grazing,
to gully formation which. was first noticed nd the Hly topography of the area. In

towards the end of Emperor Haileselasie ddition to this, ignorance of the people as to

re_glme, %ngl continued to t()axpand e]}nd tof_grovyhe consequence of all their actions on the
wIger and deper, as can be seen Irom Ngur€, . .-onment was also found to contribute to

1below. the problem negatively. It was indicated that
different measures were taken to manage
ercsion and gully formation on individual
farmlands and communal lands. But the
measures that were implemented on individual
plots varied from those that were implemented

Y

Figure. 1: FGD at Yiba Dubancho
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on communal lands. Planting banana andhere are different crops that are produced at
elephant grass surrounding their plots wasecondary level as well, for exampl&sff,
repored to have produced better resultscoffee, haricot bean, and pepper. They also
Likewise, building terraces and planting insetproduce fruits like mango, banana and
was also found to be helpful. On theavocado. Common live stocks the pocess
communal lands, however, the conservatioinclude cow, ox, donkey, sheep and goat.
measures that were applied were stone bund$ere ae also households who engage in petty
and terraces (locally known as Kitir). This istrading and handicrafts. Some even seasonally
beause the magnitude of the problem ormigrate to adjacent kebeles and woredas in off
communal lands is high, and some of thdarm seasons. The FGD participants estimated
measures that were used on individual plotthat, about 10% of households migrate in
like planting inset and elephant grass are naearch of employment. These househalss
feasible to the communal lands. The findingghis as a coping mechanism in their
revealed that the watershed managemetitelihoods. Some farmers either engage in
works are bringing about positive changes orsharecropping or they rent in land and
the environment. Although the technical andcultivate, while others engage in labour work
professional supports that are given byin urban areas.

agriculture professionals at woreda and kebele

levels were appreciated, at the same time

communities  expressed their  worries

regading two things: 1) Since the attention for

physical structures as soil and water

conservation measures is decreasing in the

area, the structures are being destroyed and

there are no maintenance schemes. 2)

Compared to the magnitude of gullies in the

areathe efforts being made are minimal.

3.2 Socieeconomic Dynamics

The response of the FGD participants revealed
that the area which used to be more of agro
pastoral has now shifted to complete
subsistence farming system. Various secio
economic factors cdributed to this change.
Owing to the increase in population size and
decrease in land size, the communities which
used to plant mainly enset and maize have
now diversified the crops. With the minimum
land size the household owR,25 hectare
(accordingtk e bel e manatgiemmasd)d6 or one 6
on average, they try to cultivate varieties of
crops, either using interopping or rotation.
Now-a-days, most households practice
planting khat and sugarcane in addition to
enset and maize as major crops (fig 3 & 4).
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As the FGD participants reported, a lot of
indigenous tree species were lost due to land
degradation and the gullies that are formed.
Many water sources failed in different places
that the areas are currently facing severe
shortage of water. Communities the study

area also disclosed that they travel for

hours to get water. It was indicated that in
Yirba Dubancho Kebele, the residents go to

Figure 3. Enset, sugercane and khat on &irba Town, the capital of the woreda, to get

single farm lad

water, where as in Boniya Miride, they go to
the few water poits in the kebele. In these

kebeles, fetching water is the sole duty of
women and to some extent children. Shortage
of fuel wood and construction materials is also
acute problem for the majority of households.
It is only households that have eucalyptus
trees who do not experience this problem.
However, the communities also expressed
their concern about the expansion of

eucal yptus trees i n ev
farmland. Another impact of land degradation
on the communities was found to be the hot
temperature inthe area which is increasing
. £ : from time to time.
Flgure 4. Enset, banana and khat on a single
farmland 3.4 Factors for gully formation

3.3 Impacts of land degradation and gullies The area that has been affected by gullies in

in the study area the study area did not have gullies in the long

The major impacts of gullies on the past. It was due to many driving factors that

communitiesd | ife i ngullydodnationrbegadruirctheiamad grewto f ar m

lands, reduction of soil fertility, shoga of

large gullies we see in the study area today.

animal feed, reduction in grazing land and los3he primary factor was mentioned to be the
of farm plots. Besides these, the communitiesutting of trees and clearing forest for
expressed that they have been facing death dffferent purposes. The communities cut trees
livestock and humans (by falling into theand cleared forests for the production of
gullies while grazing in the banks of gullies, different household mateis, construction of
and while moving dung the night or while houses, settlement and expansion of land
crossing gullies or floods). The participants ofholding. Open grazing that was practiced for
the FGD also indicated that in the past theyears and intensive farming as well as the
were able to move freely from one place tocultivation hillsides also contributed to the
another, but now they are forced to movdormation and expansion of gullies.
around to get to a place they want because éfarticipants of the stly indicated that lack of

gullies.

awareness about the letgym consequences
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problem. Particularly in Boricha Kebele, the _".)
participants emphasized the role topograph =
has for the formation and expansion of gullies 5
This isa kebele situated in the upstream mos _Eé‘g
part of which is hilly. L

of human actions also played a role to th(F

3.5 Actions of communities and institutions
to deal with the problem .
Environment conservation effort cannot be |
successful without active involvement of &
communities and institutions. In thiegard,
the FGD participants revealed that the o
communities in the study areas have mad =
different efforts to curb the problem of soil
and water erosion both on private farms an‘fi’igure 5. Gabions constructed
communal lands. The measures included those
taken to treat gullies at their darstage as

well as the formation of new ones. Thes

in the
gully beds

h griculture is the main source of livelihood in
e.g., Desho Grass. However, on communghe areq But there are many challenges to this
land the technique applied was ymlanting

: . : _ .__livelihood strategy. One of the major
trees, mainly imported ~species includingcpaenges was found to be drought that

eucalyptus. A rather new technique which ISceurs recurrently in he area. It is

being applied to mitigate the problem of o acterized by short and low rainfall,

gullies is building gabion in the beds of b.igirregular onset and leaving, long dry season

gullies (fig 5). It was indicated that this IS 54" gometimes flooding. Another challenge is
mainly carried out by thdinancial support o5 ation growth. It was indicated by the
Riit _E)/al!ey BfasLns Authority a_?ﬁ Iabr?r participants that the growth of human and
contri utlonho the community. K e ot ﬁ_r livestock population is \king the land size
measure the ~communities ook In  thiSto, oqricylture shrink from year to year. As a
connection Is protecting the area closu_res_frorpesult’ households are forced to redistribute
human and livestock intervention. Institutionsyy, i, landholdings among the grown up male
l'k.e 0Sean d. d m'HYBd positive role in children, and this caused land fragmentation in
reinforcing the instructions by governmentyne 4re4 10 be severe. Consequent, the size of
structures. Sera is a traditional local institutioqand holding is always diminishing. Some of

in which respected local elders are the Ieader§, hem have only 1 / 4t h
Whereas ldir 15 a _sort of cooperative 5,4t 0.0625 hectare). Gullies are also
mechanism to deal with different hardships.qnuinyting to the reduction of farm lands
These Intutions |anu_ence the_ practices of hecause it is encroaching to the backyards of
communities by imposing sanction (social ancﬁ1arly households

economic) against those who violet the '

accepted norms of the society. Currently, gabions whit were constructed in
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the deep gully beds and plain areas in the of gabion

lower stream are contributing in reducing the

degradation, but at different points some ofThe localinstitutions likeseraandldir should
the gabions were broken/washed away bye empowered more to own the local
heavy gullies, or the erosion is expandingenvironmental resources and to take
sideways destroymthe gully banks (fig .6 & responsibility of protecting and managing
7). Despite this fact, the participants expressethem if the resources are to be developed and
their worries relating to the absence ofused sustainably. Strengthening the local
maintenance scheme to the gabionscapacity in tems of technical skills and
Moreover, since gabion work was begun irknowledge will have significant contribution
the lower stream, the magnitude of erosiorio achieve the goals. In Yirba Dubancho, the
from the upper s@m has not reduced much, researchers observed how a traditional pond
and this is making the effort less effective tharwas protected by the local institutions and the
it would do in the lower stream. Thus, stillcommunities (fig 8). Although it is a pond that
more and more sediment is discharged and llects water from flood, the community
entering Lake Hawassa thereby threatening ittenced it around so that animals may not
existence. In the face of this problem, theaccess it. It is serving as the only source of
communities expressed that their financial andvater for the community. They use it for
technological capacities are limited to tacklevarious purposes including washing clothes
the problem since the gullies are very huge. (fig 9)..

|§ Figure 8. A traditional pond at Yirba

6. A broken

gully bed

b e serg : . . Figure 9. One of the services of a tradional
Figure 7: Gully eroding the bank on the sides pond at Yirba Dubancho
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Geneation of Watershed Management

4. Conclusions Programmes and Projects, ed. B.
Swalow, N. Okono, M. Achouri & L.
The emergence and development of the gullies Tennyson, pp. 117122. Rome, Italy:
in the southwest of Lake Hawassa sub Food and Agriculture Organization of
watershed evolved over long period of time. theUnited Nations.
The huge deforestatiom the study area, led Hiwasaki,Lisa, and Arico Salvatore(2007)
to the environmental degradation with serious Integrating the social sciences into
consequences. The siltation from the gullies in ecohydrology: facilitating an
this watershed affected the socioeconomic life interdisciplinary apprach to solve
of the communities and the environment both issues surrounding water,
in the upper and lower streams. There are environment and  people Vol. 7,
institutions, for instanceSera limat budin No 1, 39
andldir that can facilitate the efforts made toHoogenboomP.E. (2013). Sediment yield by
ensure sustainable development of the gully erosion in a sub catclent of the
environment. The readiness of the Kebele Awassa watershed, Ethiopia. MSc
administrations and the existence of adequate thesis, Utrecht University
labor force in the study areas are resesirc lacob, Nemes and Laura, Congiaescu.
that can make the intervention works. Planting (2011). The Gully Erosion Effect on
sugarcane, enset, khat and forage were the  Environment In: M.
effective techniques communities used for Salampasis, A. Matopoulos (eds.):
treating gullies at early stage on private Proceedings of the International
landholdings. Apart from treating mature Conference on Information
gullies, it is very important to pay edua and Communication Technologies for
attention to prevent the creation of new ones. Sustainable  Agrproduction  and
Besides, the communities must be empowered Environment
on matters of the environment so that they caRoesen, J.Nachtergaele, J., Verstraeten, G.,
reduce the impact of gullies on livelihoods and Valentin, C. (2003). Gully erosion and
the ecosystem as a whole. environmental change: importance and
research needs. Catena 50,19B.
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