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Abstract

This study investigates the response of Lake Hagtemevel change over the period of 1972 to 201
purpose of this study was to show the water leliaihge of Lake Hayq and the management practicethifor
change. The water level change of Lake Hayq wassasdg by examining the water balance of the lake.
Precipitation, runoff from the watershed area, evapon and surface outflow from the lake are thgjan
components of water balance of Lake Hayq. Penmaorisbined energy balance and mass transfer approach
formula was used to calculate annual evaporatitsm o&the lake. The resultant of water balancehef lake
Hayq show that annually 0.9x%.6° of water misplaced from the lake. The width of isamus of Lake Hayq
has increased from 33 meter, to 108 meter and Ei8rrim the years 1972, 1986 and 2012 respectividysuch,
any fluctuations in the area and the level of Hielcan be imposed by both natural and anthropoderaes.
Some of the natural factors are drought, topograyhilye watershed, erodibility of the soil, andiability of the
rainfall. Some of anthropogenic factors are ovemping of the lake water for irrigation, inappropeaise of
wetland, LULC change and deforestation. In ordekeep the natural balance of the area wetland nesmeigt

in the buffering zone, studies based use of lakemfar irrigation, afforestation, and soil cons&iign program
are must be needed.
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1. Introduction

Lakes are vital resources, providing water, foodjv@rse biota and recreational facilities. Maywf the lakes
in Ethiopia are found in the Rift valley basin. Ttaal surface area of these natural and artifidéks in
Ethiopia is about 7,500 KmHowever, Ethiopian lakes have suffered changethéir hydrological balance
(evaporation rates inputs from surface and grouatemsources); reduction in the quality of watesorgce
including deterioration of geochemical balance I(idag salinity, oxygen depletion); disruption afasystem
(eutrophiction, decrease in biological diversitghd the exposures of lake beds to the atmosphsudting in
toxic dust emissions (Julie, 2008).

Lake Hayq is a highly valuable resource area. k ifocal point for tourism, it attracts who appegei their
natural beauty, or who come to swim, or exploréhds$ long been important to lake area inhabitasta food
resource and for their religious and cultural aggmms and it appreciates peoples to invest tbapital at its
surrounding area. However, using lake in theseswas altered lakeshores through artificially malaifng
lake levels. The lake edge is the interface betweater and land. It is often a region of dynamiggbal
processes, and high biodiversity and productiatyd it is also serving as a crucial habitat forestrial and
aquatic plants and many invertebrates, fish ardslduring all or part of their life cycles (Tades2@10).

Lake Hayq provides a habitat to different fish spgcwater birds and aquatic organisms. It alsysplan
economical role via tourism and fishery, and mogtartantly it provides drinking water to the logathabitants
(Tadesse et al., 2011). But the water level fluibns are known to contribute to the loss of gatigersity of
ecology and socio economic development. These @amviental challenges might likely damage the fism&
phytoplankton, zooplankton and other species a$ aslthe lake ecosystem (Workiye, 2D0Baxter and
Golobitsh (1970) observed that the water levelagel Hayq was appreciably lower at the time of théit in
January 1969 than in May 1938. The island neanétst shore, on which a monastery is located, wastad to
the shore by a low isthmus, covered with vegetatibwas also reflected in group discussion witbaloelders
that the amount of water level in the lake is dasirg gradually. Moreover, the Ankwarka River is grincipal
inflow to Lake Hayq an apparent palaeochannel nemnanently dries (Tadesse et al., 2011

By considering the above arguments, this studyfaessed on the extent and trend of change occumrédke
Hayqg. It was intended to suggest solution to oveegproblems associated with water level change and
ecological disturbance of Lake Hayq. Specificalhist study is designed to examine the water balance,
investigate the water level change, and identiéydauses for water level change of Lake Hayq.

Description of the Sudy Area

Lake Hayq is located in the north central highlanéi€thiopia. It is a typical example of highlandlie of
Ethiopia with volcanic origins. Geographicallyigs between £8' N to 1£18' N latitude and 381' E to 398"
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E longitude with an average elevation of 1911 mabmve sea level. The Lake has a closed drainagensyand
the total watershed area is about 77 kfiwhich 22.8 kriis occupied by Lake Hayq. According to Molla et al
(2007), the average depth of Lake Hayq is 37 m, taedmaximum depth is 81 m. The only stream that
entering the lake is the Ancherka River, chhiflows into its southeast corner, but nowinmnently dry
due to upper irrigation scheme and it is knownrehs no drainage out of it. According to Tadessal.e 2011,
Lake Hayq is classified as a small highland lakéhviiesh water. It has never been saline; the prémkmnt
cations and anions are magnesium and carbonatgbbitate, respectively (Figure 1).

Figure 1: Location map of Lake Hayq in respect tioidpia and Amhara regional State

2. MATERIALSAND METHODS

The study used rainfall, temperature, sunshinevénd speed data of the study area obtained fronkEth®pian
Meteorological Agency at Kombolcha Branch and fog years between 1975-2012 water level data of Lake
Hayq were collected from Ministry of Ethiopian WaiResource. The responses obtained from six FocoispG
Discussants in a series of sessions concerninglsgiladation, source of energy, expansion of alguial and
grazing land, and Lake Hayq water level change wexanain source of information for this study.

A functional daily water balance model, incorpangtmeasurements of inflow, precipitation on thesl&rface,
evaporation, and outflow was developed. The equaifovater balance of the lake in general formiieg by
(mm): R (inflow) + P (precipitation) — Ro (outflowd E (evaporation) aH (water level change). Evaporation is
one of the most important components of the watdarite. The evaporation from open water calculataed
equation of Penman. The Penman method is basedeomparameters including temperature, wind speed,
radiation balance, and humidity (Elizabeth, 20®4¥torical time series data on, rainfall, temperatisunshine,
wind speed and water level data have been usdwiartalysis water level change of Lake Hayq. Therded
Continuous water levels data (1975 to 2012) andhyatric maps of Lake Hayq were used to analyze the
change of water level and depth of the lake, andllfi the results were described through tablesdnadts. In
addition to this, by using the capabilities of AISGLO spatial analysis and Arc hydro tool, the jwes lake
Hayq surface area coverage was extracted.

The most basic form of hydrological model of Lakayl is simple water balance between input and outpu

such that:
AH=R,+$-(E,+S)
Where,

AH = is a change in lake level from the precedingrye

Pw = input is precipitation Over the lake

Si = surface in flow from the watershed area

Ew = evaporation over the lake

So = out flow from the lake for irrigation and otrdomestic usage
Therefore, after the estimation of direct raintaler the lake by using ArcGIS 10 (IDW) interpolatitechnique,
and calculation of long term mean annual waterrzsavalues of Lake Hayqg by Penman’s combined energy
balance and mass transfer approach formula the Wwalkence of Lake Hayq was estimated.
The results the responses obtained from a seriggoalp discussion were analyzed using terms sudheas
majority, most, and a few to generalize findingsalation to each other and with the remotely sémseducts.

3. RESULT AND DISCUSS ON

1 Water Balance of Lake Hayq

Our initial water balance estimate utilized thddweling equation, and calculating the input and atterms as
indicated in the following sections.

i Precipitation over the Lake and the Watershed

In general, precipitation is the major input for tarabalance models. The accuracy of measurement and
computation of precipitation from a network of gias determines to a considerable extent on thiabikdy of
water balance computations. In regarded to thegeuding ArcGIS interpolation capabilities, the dire
precipitation on the lake is interpolated by IDWfénse Distance Weighting) techniques from onefad
station in the watershed area and two rainfallgosta very near to the watershed area (Figure 2).

Figure 2: Precipitation map of Lake Hayq watershesh.

ii Surface Runoff

Before three decades there was a permanent sthedrfeed the lake water. According to Baxter andbGitsh
(1970), The only stream of any size enterihg lake is the Ancherka river, which flowsoinits southeast
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corner. The lake has no visible outlet. Howeveprasent these lakes are terminal and there imowik surface
outlet due to the irrigation scheme upstream (Teele€2010).
Surface runoff refers to the precipitation thatsfaln a land area and eventually flows down sldpgsther in
streams, lakes and other water bodies. When raimstare extreme, precipitation may completely saeuthe
surface soil layers and water will flow over thedasurface. It is important for water balance stadb know
different runoff components and their regimes beeathe amount of surface runoff can vary signifigan
depending on topographic features and the balagivesken precipitation and evaporation in the dragrizasin.
According to Molla et al. (2007), the number of affrcomponents to be analyzed depends on the deaistics
of the basin and the objective of the separatinauding the time base to be considered. The sarfeater
inflow is estimated after quantifying the runoffefficient. This is estimated based on field obstoves of land
use, topography and geology and after aerially ieggland use, soil type and slope classes usiBgagraphic
Information System (GIS). The weighted mean rumo#fficient for the watershed is 0.3. After thise ttotal
volume of surface runoff of Lake Hayq watershed estimated as below. According to Garg (1987) Rbaoff
for the watershed is given by;-
Q= K*P*A*m®
Where;- Q =is the runoff from the upper watershed
A =is the area of the watershed (54.2km
P =is the mean annual precipitation (1235 mm); and,
K =is runoff coefficient which is 0.3
Accordingly, the mean annual runoff generated ftbenwatershed is estimated to be 20.0 million cuféters.
Evaporation over the Lake
The most common methods of estimating evaporatier @ lake surface are Energy balance and Penman
combined energy-budget mass-transfer approach (Da@10). Both rely upon calculations of the radiat
balance and heat transfer terms over the lake,hwigiquires a multitude of input data including $ins and
wind speed over the lake, surface water temperaamek surface air temperature.
The researcher is estimated the evaporation rdtela Hayq by using Penman’s combined energy baland
mass transfer approach. The penman equation reads;-

AH | + Ea
P = ——————
A+ y

Where;-

P- = potential evaporation that occur from free wateapmration [mm da}]
A = slope of saturation vapor pressusgemperature curve at

the mean air temperature [mm of Hg]

H , = net radiation of evaporable water [mm day']
E, = parameter including wind velocity and saturatieficit [mm dajj

y = psychometric constant [mm of Hg]

The net radiation of evaporable water of Lake Hegn be calculated in the following formula,

_ _ ni_ 4 _ n
Ho=H_( r)x[a+bN} oTa [0.56 0092 /ea)x{o.10+o.9oN}

Where;
H a= incident solar radiation outside the atmosphere borizontal surface [mm d&y

a =A constant depending upon the latitude @ [0@9@]

b = A constant with an average value of 0.52 1

N = Actual duration of bright sunshine [hour dhy

N =Maximum possible hours of bright sunshine basethtitude [hour day]

O =Stefaned - Boltzman constani201x10~° I

r =Reflection coefficient albedo water surface 1

Ta =Mean air temperature [°K]
ea =Actual mean vapor pressure [mm of Hg]
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a

E, = o.35><[1+ U, }X(ew—ea)

160
In which; U, = Mean wind speed at m above ground [km'gay
€, —Saturation vapor pressure at mean air temperature [mm of Hg]
€, =Actual vapor pressure [mm of Hg]

Hp, = 1415x(1- 0-05)><[ 0285+ 05217—;32} ~(201x10° x2914*)x (056~ 0092\/1—1591)x[o.10+ 0.9017—;32}

=8.03 -2.37 = 5.93 mm day

E, = o.35><{1+ 11268; } x (1984 - 1191) = 5.00 mm day*

(1.2x 593)+ (500% 049)

(120 + 049)

iii Surface out Flow

Abstraction of lake water by human activities afeeced the equilibrium of the water balance and th
fluctuation of the water level. According to Moka al. (2007), there is pumping of the lake watéhout the
basic knowledge of the hydrology of the watershidte major abstraction of Lake Hayq water resouisdsr
the purpose irrigation and other domestic water Tike annual abstraction for domestic water supplyamers
and their livestock, Lodges, St’ Estiphanos Aburyedtis Moa monastery, which fetched by plastic lzagb
pumped by pedal pump from the lake, was calculd@@00 m. According to TWARDO and WWARDO
(2012), there are 46 generators (with the capaity000 litter minuté) and 2 huge (5,500 litter minttavater
pumping capacity) generators around the Lake HBwged on field survey, the abstraction of lake wéie
small scale irrigation (Figure 3) by the local fams around the lake in the lower irrigation scheamd St’
Estiphanos monastery at the rate of (8hx20day™™" x 5 month€**x nr) was estimated 2,208,000 and the
abstraction of lake water for medium scale irrigatat Tiggo and Estena pump at the rate {8hr15day™™" x
4 monthg®*x 5.5n7) was estimated 237,600°nTThe total consumption or abstraction amount ofew#o be
calculated 2,524,8003n

Figure 1: Activities of small scale irrigation bydal farmers, 2013.

2. Resultant Water Balance of Lake Hayq

The long term mean annual values of the principalewbalance parameters for Lake Hayq are depiated
(Table 1). Rainfall over the lake is 22.8 218", surface runoff is 20 x£an®, evaporation is 46.6 xion®, and
surface outflow is 2.5 xfam®. Based on these estimated values the water batdrite lake showed annual
deficit of 0.9x16 n?®, this indicated that due to over abstraction ofewahe lake storage constantly reduced.
Table 1: Long term water balance of Lake Hayq iilliam cubic meter) (1980-2011)

P. = = 5.6 mm day"

The current resultant water balance of Lake Haysyfported by FGD discussions. All participantauiess that
drought and rainfall variability were experiencedthe previous decades; as the result the Ancheiker
intensively used by the population lived in uppatavshed area. So, after two decades the rivecomapletely
dried up and now no inlet river. This activity diet population largely influenced the amount ofdwmflof the
lake. In addition to this, a great deal of watemped from the lake for irrigation purpose, and ¢hadversely
affected the lake level and ecology. Thereforeudh, rainfall variability, as well as socioeconansonditions
like over pumping of the lake water revealed far water level decrement of Lake Hayq.

3. Water Level Analysis of Lake Hayq

Continuous water levels have been recorded by thmstvly of Water and Resources (MoWR) services esinc
1975 to 2012 at station on the shore of Lake Haytch is located at the south western edge ofdke.|This
study carried out depth analysis and water levahgk of Lake

Hayq from the data gathered by MoWR and differezgenrcher findings. Lake Hayq water levels have
fluctuated over thousands of years. High waterlteweere a problem since 1970s. The examined wated |
data of (1975 to 2012) showed that the water leliahge of Lake Hayq have been seen in both lamg-&&d
seasonal patterns over time.

i. Depth Analysis

The altitude data of the watershed area was cetldoy ground survey with Garmin GPS-72 at 3 mateuiacy.
The altitude at the surface of the Lake Hayq ioréed 1911 masl. The lowest altitude at the watatdme
adjoin place of the neighboring watershed areachvié found approximately 570 meter east of thes lek
recorded 1934 masl. When the lake level reachesimmoax the lake flows east ward to the river bank.
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According to Alvarez (1540), at the rainy seasoa fgwvel of Lake Hayq had reached maximum and flow t
eastern direction (Figure 4 outlet).

Based on this evidence, the previous lake shapa,ard contour model is derived from DEM of theenstied
within ArcGIS 10 software (Figure 4). From the mbdiee profile of the lake had truncated shapertowt it has
the smooth curve. The area covered with waterGicdntury has found to be greater than water aoeared
currently by almost 5.8 kfror 580 hectares. In addition to this, the altitadehe surface of the lake lowered
from 1934 meter to 1911 meter, as the previougipasiTable 2).

Figure 2: Previous Lake Hayq shape, area and tapbgrmodel (source; Alvarez, 1540).

Figure 3: Bathymetric map of Lake Hayq (from Moramd1941).

The bathymetric maps of the lake over time prowdermation on the analysis of depth and storagengkes of
the lake. According to Morandini (1941), cited iaxBer and Golobitsh (1970), the first limnologicatudies
and bathymetry map of Lake Hayq were carried loyttalian limnologists during the 1930s. Soaof their

morphometric data found in the bathymetric mappsiesented in (Figure 5).

Based on the first bathymetric map of the lake Haymme morphometeric data are presented in (Tgbl€h2
maximum depth of the lake was 88 meters. The péeinud the lake had 21.7 km length and it coverad Xnf.
Table 2: Morphometry data of Lake Hayq in 1938tirmMorandini, 1941)

Figure 4: Bathymetric map of Lake Hayq (from MoWZ®00).

According to the new survey result of MOWR (200 maximum depth of the lake at maximum lake level
(staff gauge 2m) was 84m. Based on the bathymetais of (Morandini, 1941), and survey of (MoOWR, 200
the depth of Lake Hayq was fall down by 4.2 me{8682m-84m).

In 2007, Molla et al. measured the maximum depthadfe Hayq 81 m. This showed that there is a coptis

depth reduction and the depth of Lake Hayq has dmr 88.2m to 81m in 80 years; land use land cover
change of the watershed and high rate of sedimentate the reasons for the decrement of depthefake.

The previous depth trend of Lake Hayq by differseftolars is depicted in (Table 3).

Table 3: Historical survey of depth analysis até &layq.

ii. Gauges and Benchmark of Lake Hayq

The Lake Hayq has been experiencing a low levetm@ériod over the past decades. In 1975, Mindt@vader
Resources of Ethiopia rooted the benchmark andrietel gauge reader of the lake at the southwestisore
of Lake Hayq.

After MOWR stationed the first water level gaug€elBi’s, different gauges were planted at differeedan the
basis of high fluctuation lake water. The differermetween benchmark and current staff gauge lotats been
measured. It has been found that the current gaagton is 6 meter lower than the benchmark (Fegar.
Figure 8-A, depicted the earliest gauge of the lalat at this moment the data collector is notrigkieading
from this gauge because the level of the lake redluc a timely manner from the previous positiod aecame
dry land at this time. On figure 18-B and C shota turrent gauges of the lake. From these gaugegaiige
reader collects water level readings at differenet the first one used only in summer when theenatvel rises
and the second one used in both summer and wigdisos. Both gauges give different readings.

Figure 5: The distance between BM and the currentg®, 2013.

Figure 6: Different gauges on Lake Hayq at défe time, 2013.

iii. Lake Level Volume/ Surface Area Relationship

The bathymetric map and the calculated correspgndirelevation with lake level area volume capacityve
are accessed from MoWR. This is useful to undedstha lake level fluctuation of Lake Hayq. Howevieiis
more feasible to determine relative level fluctoas in computing changes in water storage of a fakehe
definite period of time. Surface area is the arkea take relative to a specific water level. Starag a lake is
volume of water accumulated in the basin at a $ipagater level. Lake surface area and their gfereapacity
at various water levels were determined from swswvaly(MoWR, 2000). Based on these surveys, theageor
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capacity of the Lake Hayq was 1034Frthe depicting surface area (area curve) anddheme of stored water
(storage curve) against the water level of LakedHane plotted in (Figure 9 & 10).
According to Molla et al. (2007), the estimated rage volume of Lake Hayq was 988.7 MrBased on these

data the storage capacity of the lake has droppetb!8 Mn?. These data vividly showed that within the seven
year history of Lake Hayqg much amount of water diaplaced from the lake due to sedimentation protdad

over pumping of the lake water.
Figure 7: Lake Hayq Elevation area curve (Soukt@yVR, 2000).

Figure 8: Lake Hayq elevation capacity curve (SeuMoWR, 2000).

iv. Trends of L ake Hayq Water Level Change.

The difference between the amount of water cominig & lake and the amount going out is the detengin
factor in whether the water level will rise, fall ;emain stable. Historic lake levels in the Lakayhl show
marked fluctuations between an existed of islarat tiee west shore of the lake and after the istdrahged to
peninsula (Baxter and Golobitsh, 1970).

Since 1975, MoWR has anchored several gauges ohatie of high fluctuation lake water. The waterele
readings (1975-2012) collected by MoWR found fraffedent gauges. It is obvious that readings fraffecent
gauges cannot be indicating the water level ofdke because the location of recent gauges anchiwsekk the
surface of the lake when compared to the previows (Bigure 8). The inconsistency of gauge places tha
major problem for computing time serious water lekeadings of Lake Hayq (field survey and personal
communication).

The actual situation reveled the reduction of wégel as shown in Figure 8(A, B, C). The MoWR hgden
conclusion based on the water level data from idiffegauges readings. According to gauge readernation
and field survey, it has been tried to determire fbriods of each gauges had been used for meauirem
water level. The first gauge was used from 19759483, the second gauge used from 1986-1991, tlkghuge
was used from 1997-2003 and the fourth gauges fused2007-2012. For partitioning the general trevater
level readings of lake Hayq in correspondence dferént staff gauge periods (Figure 11); this stughve
consideration data gathered from filed survey dra ytears that were not taken gauge readings (1983)1
(1991-1997) and (2004-2005). In addition to this2007, Molla et al. stated that the lake levelgiag position
has been shifted on the basis of fluctuation ofi¢kel.

The water level reading from 1975 to 2012 showstmt decrement of water level, it has been redtroed 88
meter to 81 meter and all water level recordedevaidicated that below the benchmark of the lakelle
According to the annual water level (2012/13) releor data by the author, the annually water levelvgldl a
seasonal water level decrement of Lake Hayq. Thedb water levels recorded from January (0.56n\&y
(0.33m), and highest is recorded in the rainy sea$®ugust (1.93m) (Figure 22). This result shovleat there
is 1.6 meter annual water level variation. Preaipn, surface runoff, at rainy season; evaporatowl
extraction of lake water for irrigation purposedag season are the major input and output factorsvater level
change of Lake Hayq.

Figure 9: Water level change trend of Lake Hayqu(Se; MOWR, 2012).
Figure 10 : water level change of Lake Hayq (souteghor, 2012/13).

The serious problem was seen in water level chafig@ke Hayq in the previous six and seven decafes.
some studies that carried out on the Lake Hayq (RRo®000; Molla et al., 2007), forwarded startingnfr the
late of 1990s the level is constantly raising #melfarmer living around the lake lost their farndadue to the
increment of water surface area by artificial aqutf Ancherka River. But, according to Tadess# (@, the
discharge of water through Ancherka River was disected before 20 years ago due to irrigation sehefm
upper stream. It is clear that the major inputswWater level change of lake Hayq is rainfall andaze runoff;
but from total annual rainfall data there was nareneariation between the total annual rainfall reee from
1990-2000 and the previous decades. Therefors,difficult to describe the level of Lake Hayq badsm the
recorded water level data.

Based on data gathered from different literatugsyltant of Lake Hayq water balance, findings oL.Ohange
of the watershed area, and field survey; this sasiured that especially from the recent decadetettel of
Lake Hayq is decreasing alarmingly and the ecosystiethe lake is disturbed. In addition to thidststudy was
supported by FGD and key informants. From the F&Das been learnt that before seven decades aggp Ha
monastery was surrounded by water bodies and viased as an island. During that time, the peopiereto
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the monastery through boat and swimming but nowyattdere is a big isthmus that serves as a roadter the
monastery and other land use practices. Lake Hagg eoverage evacuated from time to time; withia th
previous decades, 104 hectares water bodies wargel to dry land (LULC; Section 4.2.2; Table 8pdtlof
the FGD participants described that due to thismgbathe farmers that have farmland around the Vede
benefited from the increment of their agricultueaild area coverage. In addition to this, the kdégrmant Aba
Tesfa-Sellase Wolde-Hanna (monk at St’ Estiphanosastery) 34 meters of the lake became dry landhier
past decade when it measured from the location ewvtiner key informant marked as the level of the ldfore
15 years ago.

3. Causes for Water Level Change of Lake Hayq.

The study described the main biophysical factorkigh water level change problem of Lake Hayq esigc
since 1970 in respect to result of water balanak lddLC change analysis of Lake Hayq. The interesat
anthropogenic factors that have a great impachemwater level change of the Lake Hayq identifiedlee basis
of focus group discussions, unstructured interviamd related literature. The discussions helpeshtierstand
the human induced factors of Lake Hayq water lel@inge emanated from high population pressure eof th
watershed.

1. Population and Agricultural Land Expansion

The rapidly growing population, on the watershedktthe first hand for LULC change of the area. éflithe
FGD participants indicated that today like othertp# the region for searching of additional farndaand
grazing land, agricultural activities expanded aglte periphery area of lake shore and sloppy gieuhese
owing to increase soil erosion of the watershed arel sediment deposition to lake bottom.

The major socioeconomic factors that revealed thgeemlevel fluctuations of Lake Hayq, are the digant over
pumping surface water of Lake Hayq to irrigateddBewithout proper irrigation scheduling and a deth
scientific study and the establishment of irrigatethemes at the upper part of the watershed laigeenight be
blocked the contribution of the neighboring basiscording to TWARDO (2012), there are 60 hectargated
field in the upper watershed area with 350 houstheineficiaries along the Ancherka River and 1l4&dre
irrigated field in the lower watershed area with07ousehold beneficiaries along Lake Hayq water ppum
generator project. In addition to these, agricaltuand expansions on the periphery area of the lakthe
previous decades were the major factors for waterlIchange of Lake Hayq.

To analyze the agricultural practices around tke Ehore, the author extracted farmland activiite30, 50, and
100 meter buffer area of the lake from the res@ilt ULC changes. According to the results obtaineahf
LULC change of farmland on the buffering zone oké&dlayq, the distribution of the farmland in 1972swery
small. Areal values of farmland for the period 872, 1986 and 2010 satellite image classificatioB0ameter
buffering zone were calculated as (4 %), (38 %) @®d%) respectively (Table 4), this indicatingttkach areas
were converted to farmland with very fast and camius trend. These given data expressly statedthbat
increase of farmland around the periphery of lalk@as accelerated by high population pressure.

Table 4: Calculated Farmland practices on the buaifea of Lake Hayq (source; LULC)

It is obvious; these activities disturbed the la@system. Due to these problem, the Tehuledened&o
Environmental Protection and Land Use Administratidffice (TWEPLUAO) experts (in 2011), informed the
level change of the lake in relation with humanivéii®s and drew an action plan to protect the egiulal
disturbance of Lake Hayq. The Federal Governmenir&nmental Protection Authority accepted the péenal
gave financial assistance to establishing buffermoge around the lake by planting buffering stoBet,
according to FGD participants and ground surves, libffering stones were planted very near to tke [@n
some area approximately less than 5 meter) anfatheers are still expanding their farmland over pleeimeter
of the lake in buffering area.

This paper assured that, the previous delineatfobake Hayq buffer area by TWEPLUAO was carried out
without the basis of scientific studies result amud covered all around the lake area. This papeaeted the
buffer area of the lake in 30, 50, and 100 metaespect to the LULC analysis result of 2010 siseimage
(Figure 13). Human practices around the bufferimgezof the lake are very important for the managermotthe
wetland ecosystem by reducing the rate of sedirtientalherefore, as like the 1972 land covers iffdsing
zone within 30 meters do not has direct conta¢aihing and grazing activities.

Figure 13: Farmland Practices on the buffer ardaaké Hayq at 30, 50 &100 meter.
Moreover, the members of FGD discussed that thedes are used inorganic fertilizer to improved agtural
production. But after a long period of applicatiofi inorganic fertilizer, the quality of Lake Hayqaw

deteriorated through eutrofication process. Abdar€gllase Wolde Hanna (monks at St’ Estiphanosasigny)
said that before 15 years ago the water was vexgr @nd transparent to see things up to 9 metgth dby
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necked eyes. But now a day’s, the clarity and parency of water decreased and it is not possibée¢ things
up to 3 meters deep.

2. Population and Deforestation

According to CSA (2010), the population of the waked is increasing alarmingly (Figure 14). All e&D
participants described that there is the shortdgm®mstruction material and fire wood in the stuadga, though
all indigenous and other trees from the previousdted and shrub land areas were cut down by pedfhieut
any conservation measures, this is vividly shovied the rate of deforestation in the watershed aras very
high.

Figure 11: The population growth trend of Lake Hawatershed area.

Due to absence of vegetation cover in the waterahea, heavy rainfall during summer season, lostphi of
cultivation and land degradation; the watershedxjgosed for sever soil erosion. Based on the resufiGD
recently, the decrement of fertility of plots ar twater hold capacity of the Lake Hayq are reduitem the
presence of high erosion in the watershed area.

The soil types of the watershed in the sloping @meaprone to high erosion and 28% of the waterdbead
above 12% slope gradient and this implies thatrélggon is more exposed for erosion. Soil erosionasonly
the problem of low productivity of the watershedt lalso its shares the major problems for the wheeel
change of the lake. The eroded soil is transpdrted the surrounded steep slope of the watershatl sides of
the lake and the eroded material deposited at tfterh of the lake. Especially high sediment depasitvas
accumulated along the joining area of lake shotecaverts that constructed at the road line froayditown to
015 kebele.

In addition to these factors from FGD this papesuasd that the shortage of grazing land and thesiment of
cattle population of the watershed on the studwp avere enforced the population to graze the wettaed by
their livestock. This activity of the community Wiy disturbed the ecology of the lake because amets are
very useful for the home of aquatic animals likehfibirds and the wetland serves as a fence bggiitag direct
sediments linkage to the lake.

This paper finding is supported by the previougligtsi that carried out in Lake Alemaya. In 2005, &alet al.
reported that in the Lake Alemaya watershed soisien was caused by deforested lands, the poordawvet's,
the shallow soil depth, high rainfall intensityeep topography, poor vegetation cover coupled aitlivation
of steep lands and inadequate conservation practiding to these factors in the watershed therehigh rate
of erosion and the strong capacity of Lake Alemaga affected by the sediment yield from the watsish
From field survey, like other area the woreda agfice office, in the study area the soil managenaexl soil
conservation measures like traditional terracimggditional ditches, and stone bund were practiChtkse
measures, however, are not enough to control laggadation in the form of soil erosion. Becausefiled
survey this paper assured that every year, highuatmaf eroded material along the shore of the [dgeosited.
This basically, resulted from the poor wetland nggamaent and shortage of sounded soil and water o@igm
practices on the sloppy ground of the upper watststrea.

4, Conclusion

This paper demonstrated the overall changes ofetien by evaluating the water level change tresfdisake
Hayq in the previous decades. Water level datayaisalaccounting of the water balance of the lake data
generated from remotely sensed products were wsadsiess changes that are taking place in the Hakq.
Since the 1970s, the water level problem at LakggH®@as clearly observed and the island completeanged
to peninsula and connected with the great landraafise western edge of the lake through the nastoiyw of
land or isthmus.

The rate of water reduction was being increaseouttr time. For example, the lake decreased by é¢fates
in four hundred years, where as in the past 30sydwr lake decreased by 108 hectares. Based quahieous
lake shape, and area model; now, the lake levetresywithin 22 meter and almost 5.8 %ar 580 hectares
surface area of the lake were shattered, as théopgeposition.

The examined water level data of MOWR (1975 to 2G#f2 ake Hayq indicated that there was a serioatew
level change of the Lake Hayq both long-term arabseal patterns over time. The current staff gdogmtion
is found 6 meter lower than the benchmark and tleereore than 8 meters depth difference betwee® H96l
2007 measurements of Lake Hayq maximum depth.

The water balance studies of Lake Hayq was caoigcby considering estimates of rainfall directlyeo the
lake, open water evaporation of the lake, surfaggemextraction and surface runoff. The water badasf Lake
Hayq result implied outflow is greater than inflaw input, which is 0.9 million cubic meters watesfidit in
every year. The accounting of water balance cldadicated that much amount of water is losing fritve Lake
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Hayq and the lake is going to be dry land in spertod of time.

The satellite image analysis in this study indidatgat the distribution of the shrub land, grasgiland forest

area from the classified images dated 1972, 19862840 were decreased. From 1972 to 2010; 15.38krab

land was disappeared, grassland and forestland ame@ decreased by 10.6 %. The equivalent amduahd

was converted to agricultural practices especfalhthe region around the lake area and all thpistpground

area of southern part of the watershed. In additipproximately 108.4 hectares, which were covésedater,

became agricultural land and grass land. The widtisthmus increased from 33 meter, to 108 meter 68

meter in the year of 1972, 1986 and 2010 LULC cbkaraspectively. Therefore, through time the width o

isthmus became wider and wider.

Lake Hayq is totally surrounded by agriculturaldagrazing land and built up area, there is no tithdt human

practices take the lion share in ecological disinde of the lake. This is indicated through thelyais of

buffering zone of the Lake Hayq in 1972, 1986 aBd®LULC satellite image. In 1972, the farmlandiaties

were not experienced at 30 meter buffer zone oflake; whereas in 2010 at the same buffering ztime,

farmland activities were expanded at 52 % on thigpery of the lake.

In general, this study indicated gradual decreroémiater level in the Lake Hayq. This may causerdyyf the

lake totally at sometime in the future. The LULGanbe in the area around the lake, higher agriallfnactices

and diminishing of forest, shrub and grassland lmamne of the major reasons for water level decnéniéhe

LULC change with steepness of the slope and ediglilmf the soil aggravated erosion, sediment yiald

siltation in the watershed area. The second majipfs that reduced water level can be imbalancaiigiut and

input of the lake. This is caused by drought andfa#l variability. Population pressure can be otfector that

come water level reduction. Over pumping surfacéewaf Lake Hayq without a detailed scientific stud

irrigated fields, expansion of agricultural land the periphery area of the lake, the establishrokinrigation

schemes at the upper part of the watershed areantght be blocked the contribution of the neiglimgpbasins,

an improper use of wetlands for grazing owing torélase sediment deposition connected to the lake, |

adoption of soil and water conservation practioessuse of farm land and deforestation are the major

anthropogenic factors that revealed the water Ifwetuations of Lake Hayq.

In the light of the above conclusions drawn frora thsults of the study on evaluation of water lerelnge of

Lake Hayq and sustainable use of the lake resotivedpllowing points are outlined as recommendeio

= The expansion of agricultural land at the perimetethe lake shore should be buffer on the linehwhtis
findings and the wetland can be recovered throumgh énvironmental protection activities of seedling
indigenous plants, riparian vegetations and plamtatgriculture.

= Sounded conservation measures through afforestatioh soil conservation program are an immediate
requirement to decrease the rate of land degradatithe form of soil erosion and sediment yield.

= |t is strongly recommended to avoid constructiomeiv high potential water pumping irrigation prdjec
since the existing outflow condition is greatentlaflow conditions.

= Guidelines should be set by the pertinent bodytitzel Lake Hayq water resources for irrigation poses
in regard to restriction and scientific based stadi

= Any plan in relation to lake Hayq should consider &ver increase of population.

= The MoWR taking into account the recommendationtherpreparation of establishing the special stahda
stationary gauge reader for reading water levélade Hayq.

= Further studies should be undertaken by researctemsscertain the rate of sedimentation and ®iltat
problem.

References

Alvarez, F. (1540)Narrative of the Portuguese Embassy to Abyssinia (Ed.). London, Britain: T. Richards,
Printer, 37, Great Queen Street.

Amare Sewnet, and Kameswara, K.R. (2011). HydroklgDynamics and Human Impact on Ecosystems of
Lake Tana: Northwestern Ethiopizurnal of Environmental Sudiesand Management, 4(1), 56-63.

Baxter, R. M., and Golobitsch, D. L. (1970). A Matn the limnology of Lake Hayq, Ethiopidournal of
Limnology and Oceanography, 15(1), 144-149.

Bryan, R.G. and Rainey, M.P. (2002). Investigatidrflood inundation on playas within the Zone of diis,
using a time-series of AVHRRournal of Remote Sensing of Environment, 82 (1), 360-375.

Bullard, W. E. (1966). Effects of Land Use on WaRasourceslournal of Water Pollution Control Federation,
38(4), 645-659.

Cain, H. R. (1975)Physical Geography (2" ed.). Hong Kong, China: Longman Group Limited.

Chandra, B. (1988). Spatial analysis of potentiilerosion risks in Wollo Region, Ethiopa: A gegohological
evaluationJournal of Mountain Research and Development , 8(2/3), 139-144.

78



Journal of Environment and Earth Science www.iiste.org

ISSN 2224-3216 (Paper) ISSN 2225-0948 (Online) iy
Vol. 4, No.5, 2014 ||STE
Charles, E. H. (1982). Large Lakes of the Worldetnational Association for Great Lakes Rece .

Journal of Great Lakes Research, 8 (3), 379-412.

Claudia, P., and Jonathan, P. (20@4cus Group Practice (Ed.). London, Berlin: SAGE Publications.

CSA. (2010).Population and Housing Census of Ethiopia. Addis Abeba, Ethiopa: Population Census
Commission Central Statistical Agency.

Dagnachew, Legesse., Tamiru, Alemayehu., and Wagari. (2007). Impact of water Overexploitation on
highland Lakes of eastern Ethiopdaurnal of Environmental Earth Sciences, 52(1), 47-154.

Darbyshire, I., Lamb, H., and Mohammed, Umer. (90@®rest clearance and regrowth in Northern Efliop
during the last 3000 yeardournal of theHolocene, 13@), 537-546.

Dawin, H. (2010).Concise Hydrology: Water and Environmental Management Research Center (Ed.).
University of Bristol, UK: Ventus Publishing APS.

Dessalegn Rahmato. (199Fpamine and Survival Srategies: A Case study from Northeast Ethiopia. Sweden:
Nordiska Afrikainstitutet press.

Elizabeth, Kebede., Teferra, G., Zinabu, Gebereidhar& Taylor, W. D. (1992). Eutrophication of Lakayq
in the Ethiopian Highlandgdournal of plankton Research, 14 (10), 1473-1482.

Elizabeth, M. Shaw. (2005Hydrology in Practice (3rd ed.). British, Taylor & Francis: e-Library.

FAO. (1997). The digital soil and terrain database of East Africa. Rome, Italy: Food and Agriculture
Organization of the United Nations.

FAO. (2001).The major soils of the world. Rome, Italy: Viale delle Terme di Caracall Press.

FAO. (2003).Review of the fisheries and aquaculture sector of Ethiopia. Rome, Italy: Food and Agricultural
Organization of the United Nations.

Frank R. S. (2008)The Science of Water; Concepts and Applications (2" ed.). London, British: Taylor &
Francis Group.

Frederic, K. (1997). Water resource and climatenghaClimate issues brief (No-3). Washington, D@sé&urce
for the future.

Garg, K. (1987)lrrigation engineering and hydraulic structures (Ed.). New Delhi, India: Khanna Publishers.

Gat, R., and Gonfiantini, B. (1970). Surface watedume iii. Lakes and Reservoirs. Retrived from
http://www.naweb.iaea.org/napc/ih/documents/ globgdle/vol lll/cht _  04.pdf. Accessed August 01,
2013.

Halcrow. (1989).Masterplan For the Development of Surface Water Resources in Ten Awash Basin (vol.6).
Addis Abeba, Ethiopia: Ministry of Water Resources.

Henery, D. F. (1990)-undamentals of Soil Science (8" ed.). United States of America: John Wiley andsSon

Henry F. L., Melanie J. L., Richard J. T., Tenal&genew and Mohammed Umer. (2007). Oxygen and carbon
isotope composition of authigenic carbonate fronEéiniopian Lake: a climate record of the last 2000
years.Journal of the Holocene, 17 @), 517-526.

Humberto, B., and Rattan, L. (2008inciples of Soil Conservation and Management. Kansas State University,
USA: Western Agricultural Research Center-Hays.

Hussien Ali. (2009). Land use and land cover chadgeers and its impact: a comparative study fidahar
Michael and Lenche Dima of Blue Nile and Awash bhasf Ethiopia. Bahir Dar, Ethiopia: Offered by
Cornell University.

Julie, L. (2008)Desert and Desert Environment (Ed.). United Stets of America: John Wiley and §on

Masaki, H. (2007)Water Level Changes in Ponds and Lakes. The Hydrological Processes. Canada: National
Hydrology Research Centre.

Molla Demlie. (2000). Hydrology, hydrogeology angdhochemistry of the Lakes system Hayq-Ardibo,
Northern Ethiopia. M.Sc thesis, Addis Ababa Uniitgrs

Molla, Demlie., Tenalem, Ayenew, & Stefan, W. (2D0Comprehensive hydrological and hydrogeologitads
of topographically closed Lakes in highland EthaopiThe case of Hayg and Ardibdournal of
Hydrology, 339(), 145-158.

MoWR. (1999).Ethiopian Water Resources Management Policy. Addis Abeba, Ethiopia: Berehanena Selam
Printing Enterprise.

MoWR. (2000).Lake Hayk bathymetric survey report. Addis Abeba, Ethiopia: Ministry of Water Resource.

MoWR. (2002).Integrated water and land management research and capacity building priorities for Ethiopia.
Addis Abeba, Ethiopia: Ministry of Water Resources.

Mulat, S., Yohannes, F., and Rashid, M. (2007)] Sod erosion assessment of lake Alemaya watershed
Ethiopia.Journal of Land Degradation and Development, 17@3), 333-341.

Netherland Water Resources Management. (1948Review on Monthly Water Balance Models for Water
Resources Investigations. Netherland: Kluwer Academic Publishers.

NMSA. (2000).National meteorological data base . Addis Abeba, Ethiopia: National Meteorological Bees
Agency .

79



Journal of Environment and Earth Science www.iiste.org
ISSN 2224-3216 (Paper) ISSN 2225-0948 (Online) J LN |
Vol. 4, No.5, 2014 IISTE

Seleshi, Bekele, Aster, D., Makonnen, Loulsegedlib&ld, L., Mekonnen Ayana, Tena Alamirew. (200Water
Resources and Irrigation Development in Ethiopia: (Working Paper 123).Colombo, Sri Lanka:
International Water Management Institute.

Seleshi, Bekele, Awulachew. (2010)rigation potential in Ethiopia: constraints and opportunities for
enhancing the system. International Water Management Institute.

Seyoum Mengistou. (2006). Status and challengeacpfatic invertebrate research in Ethiopia: A review
Ethiopia.Journal of Science, 5(1), 75-115.

Shimelis Gebriye., Chowdary, V. M., Mal, B. C., &du Yohannes, Yasuyuki, K. (2011). Water Balancalst
and Irrigation Strategies for Sustainable Managenoéra Tropical Ethiopian Lake: A Case Study of
Lake AlemayaJournal of water Resource Management, 25@), 2081-2107.

Taddese, Fetahi. (2010plankton Communities and Ecology of Tropical Lakes Hayq and Awasa, Ethiopia.
(Doctoral dissertation). Vienna, Austria: Angesteztakademischer Grad.

Tadesse, Fetahi., Seyoum, Mengistou., and MiclkagR011). Zooplankton community structure and egplof
the tropical-highland Lake Hayq, Ethiopdmurnal of Limonologica, 41(1), 389-397.

Thomas, C. W., Judson, W. H., Franke, O. L., antiaffi, M. A. (1998).Ground water and surface water: A
single resource (Ed.). Denver, Colorado: U.S. Geological Survesc@ar.

TWARDO. (2012).Tehuledere woreda environmental assessment yearly report. Hayq, Ethiopia: Tehuledere
Woreda Agricaltue and Rural development Office.

TWEPLUAP. (2011)Baseline data and action plan of Logo Hayq, the case of town of Hayq. Hayq, Ethiopia:
Tehuledere woreda environmental protection and laiseé administration office, Environmental
protection team.

Workiye Worie. (2009). Some Aspects of the Biologiynile tilapia, oreochromis niloticus I. 1758 (pés:
cichlidae) in Lake Hayq, Ethiopia. M.Sc thesis, Adélbaba University.

XU, C.Y. and SINGH, V.P. (1998). A Review on MonthWater Balance Models for Water Resources
InvestigationsJournal of Water Resources Management, 12 (1), 31-50.

First author

Dagnachew Melaku Wondsg born in South Wollo —Ethiopia. He grown up thared now | am a teacher at
Hayq Higher Education Preparatory and general SkrgnSchool . | have got my first and second degree
Currently | have my Masters of Arts degree of Gepdy and Environmental Studies specialization irteWa
Resources management from Bahir Dar University

Second author

Abate Shiferaw Wadud is an Assistant professor afiBDar University in the department of geograjimg
Environmental Studies. | wrote many articles in dlaand water resources, Climate change and Resources
management. | have my first, second and third degré&environment and resources management speaigily
PhD is in environmental resource management.

80



Journal of Environment and Earth Science www.iiste.org

ISSN 2224-3216 (Paper) ISSN 2225-0948 (Online) JLEE]
Vol. 4, No.5, 2014 IISTE
Ethiopia Region Lake Hayq Catchment
N s7ao00 573000 s7s000 s00000 so2000 soa000 sos000
. A Legend
\
"\ Legend g % Hayq Town _§
/ Amhara Region = + Hayq Monastery| ©
—, [_] Regions of Ethiopia Road
N\ g_ Rivers _§
T g Lake Hayq o
/ [ ] catchment
/
v 3 £
390 780 KM
g 2
Amhara Woreda o .
N E g
Legend e D o =D = o =
[ WorebaboWoreda N Author: Dagnachew Melaku
[ Tenuiecere oreda 3 15 0 B KM et e es o0
[ Amhara Region A Y Y T Projection: Transverse Mercator
0 80 160 320 KM hiad
L 1 T | L T

Figure 1: Location map of Lake Hayq in respect tiidpia and Amhara regional State
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Figure 2: Precipitation map of Lake Hayq watershesh.
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Figure 12: Activities of small scale irrigation pycal farmers, 2013.
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Figure 13: Previous Lake Hayq shape, area and tapbg model (source; Alvarez, 1540).
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Figure 14: Bathymetric map of Lake Hayq (from Matam, 1941).
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Figure 15: Bathymetric map of Lake Hayq (from MoWAR(0).

84



Journal of Environment and Earth Science www.iiste.org
ISSN 2224-3216 (Paper) ISSN 2225-0948 (Online) J LN |
Vol. 4, No.5, 2014 IISTE

Figure‘ 16: The distance be't“wggh' BM and thé cuﬁemlge, 2013.

Figure 1: Different gauges on Lake Hayq at diffiétene, 2013.
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Figure 18: Lake Hayq Elevation area curve (Souvt@\VR, 2000).
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Figure 20: Water level change trend of Lake Hayau(Se; MOWR, 2012).
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Figure 21 : water level change of Lake Hayq (souteghor, 2012/13).

86




Journal of Environment and Earth Science

www.iiste.org

ISSN 2224-3216 (Paper) ISSN 2225-0948 (Online) Jﬁl
Vol. 4, No.5, 2014 IIS E
Buffer zone of Lake Hayq at 30 meter wBuffer zone of I;:mke Hayq at 50 m:;er Buffer zone of Lake Hayq at 1&: meter
L,—ge::ml e-QERElerg Legend 2
[ shrub L ::n
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Figure 22: The population growth trend of Lake Hayatershed area.
Table 1. Datasheet of Mock-up Test

Table 1: Long term water balance of Lake Hayq iilliam cubic meter) (1980-2011)

Watershed area (Kin lake area (kA) Pw S Ew S AH
77 22.8 28.2 20.0 46.6 25 -0.9

Table 2: Morphometry data of Lake Hayq in 1938 firmMorandini, 1941)

Max length (north - south) 6.70 km
Max width (perpendicular to above) 6.0 km
Perimeter 21.70 km
Area 23.2 knf
Max depth 88.2m
Ave depth 37.37m
Ave slope of basin "35'
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Table 3: Historical survey of depth analysis até &layq.

Date/Year/ Max depth (in meter) lake area (irfkm| Source

1540 110 28 (ArcGIS model based on; Alvarez, 1540)
1941 88.2 23.2 (Morandini, 1941)

2000 84 24 (MoWR, 2000)

2007 81 22.8 (Molla etal. 2007)

Table 4: Calculated Farmland practices on the buaifea of Lake Hayq (source; LULC)

Buffer area around the lake shore Agricultural land coverage (in percent)
1972 1986 2010
30 meter 0% 28 % 52 %
50 meter 4% 38 % 66 %
100 meter 12 % 46 % 81 %
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