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Soil loss estimation and community awareness
assessment on integrated watershed management:
the case of Lake Hashenge watershed, Tigray,
Ethiopia

ABSTRACT

Ethiopia is recognized as one of the most severely affected regions by soil erosion globally, posing
significant threats to its national economy. This study investigates soil loss estimation and community
awareness within the framework of integrated watershed management in the Lake Hashenge watershed,
Tigray, Ethiopia. The mean annual rainfall and total drainage area of Lake Hashenge watershed is 988.7
mm and 129km? respectively. Utilizing the Revised Universal Soil Loss Equation (RUSLE) model, we
guantified soil erosion rates and identified critical areas prone to severe soil loss. Our findings indicate
significant soil degradation, exacerbated by both natural and anthropogenic factors.The estimated soil
loss yield entering Lake Hashenge in the form of sheet and rill erosion was 61.94 tons/halyear.
According to the universal soil loss factsheet, the soil loss estimated in the watershed was categorized
as severe, indicating that the lake is in danger. Concurrently, we assessed community awareness and
participation in soil conservation practices through surveys and interviewswith a multidisciplinary team of
researchers. The results reveal a moderate level of awareness and engagement, highlighting the need
for enhanced educational and participatory approaches to foster sustainable watershed management.
This research underscores the importance of integrating scientific soil loss assessments with
community-based integrated watershed management strategies to mitigate soil erosion, protect the lake

from sedimentation, and promote environmental sustainability in the region.
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INTRODUCTION

Background

Ethiopia is recognized as one of the most severely affected areas by soil erosion globally[1][2]. Soll
erosion by water and other factors poses significant threats to the national economy[3]. With over 85% of
the population relying on agriculture for livelihood’s, the physical loss of soil and nutrients leads to food

insecurity[4][5].

It isestimated that soil loss due to erosion in Ethiopia amounts to 1,493 million tons per year, with a
substantial portion originating from cultivated fields, especially in steep slope areas[1]. Erosion reduces
land productivity at a rate of 2.2% per year[6]. The highlands of Ethiopia, particularly Tigray, experience
severe soil erosion due to steep terrain, poor surface cover, intensive cultivation of sloped areas, and

degradation of grazing lands from population and livestock pressures[7][8].

Environmental issues related to sediments are particularly critical<in developing countries, where high
population growth increases pressure on natural resources,-leading.to _higher sediment production
rates[9]. Sediments provide habitat and nutrients for many benthic organisms and are vital to the aquatic
ecosystem[10]. However, sediments can also act as_long-term ‘sources of pollutants, affecting water
quality and aquatic populations[11]. Nutrients, organic contaminants, and heavy metals in sediments can
contribute to lake eutrophication[12]. Eroded soil -and ‘nutrients are transported to nearby rivers or
deposited in reservoirs or lakes. Sediment yield, the amount of sediment exported by a basin over time,

also represents the sediment entering a downstream reservoir[13][14].

Sedimentation covers large areas of cultivated land, gradually rendering it infertile due to salinization and
acidity from transported nutrients, and deteriorates reservoir areas[15][16]. Over time, Lake Hashenge
could dry up like Lake Alemaya:in.the Oromia region. The Hashenge watershed includes cultivated
areas, extensive grazing lands, and the region’s only highland lake, Lake Hashenge, surrounded by a
series of mountains. The lake supports many farmers, investors, and cooperatives in fishing, provides
drinking water for.livestock, has recreational value, balances the environment, and plays a significant
role in addressing global climate change. However, the lake has been significantly damaged and
reduced in size dueto sedimentation from steep-sloped areas and overgrazing, with no sediment control

mechanisms inplace[17].

Soil erosion is a pervasive environmental issue that undermines agricultural productivity, water quality,
and ecosystem health. In the Lake Hashenge watershed of Tigray, Ethiopia, soil loss is particularly
acute, posing significant challenges to sustainable land management and local livelihoods. This study
aims to estimate the extent of soil loss and assess community awareness of integrated watershed
management practices. By employing advanced soil erosion models and conducting comprehensive

surveys and interviews with residents, the research seeks to provide a detailed understanding of the



current state of soil erosion and the effectiveness of existing management strategies. The findings will
offer valuable insights for policymakers, stakeholders, and the local community to enhance watershed
management practices and promote sustainable agricultural development in the Lake Hashenge
watershed. So, this project is proposed to estimate the soil loss entering Lake Hashenge and to assess
community awareness of soil erosion and watershed management practices.

METHODS
Study area

The Hashenge watershed is situated in the southern zone of the Tigray Region,“approximately 160 km
south of Mekelle city, en route to Addis Ababa. The mean annual rainfall and total drainage area of Lake
Hashenge watershed is 988.7 mm and 129km2 respectively[18][19]. The.catchment area spans 82 kmz?,
with altitudes ranging from 2400 to 2900 meters above sea level. The‘watershed experiences a bimodal
rainfall pattern, with an average annual rainfall of 979 mm. The ‘mean monthly air temperature varies
between 13°C and 19°C [20]. Geologically, the lake basin is located in a faulted graben within the mid-
tertiary flood basalt sequence. Microbialite crusts are found on basaltic:boulders and bedrock, along with
light brown clay, clay, and lacustrine sediment intercalations. The area exhibits various degrees of
weathering and brittle deformation in volcanic rocks, with recent Quaternary fluvial-lacustrine sediments
overlaying the basaltic formations [20]. The map and location of the selected watershed for soil loss

estimation and Lake Hashenge are shown below.

Map 1: Map of the study area locations



A Map of lake hashenge and selected watershed for soil loss estimation
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Sampling Design and Field Survey
Assessment of community;understanding of watershed management

A multi-disciplinary team of researchers specializing in natural resources, livestock, crops, socio-
economics, and extension research was assembled to conduct this study. Data were collected on
various aspects, including demographic composition, educational backgrounds, wealth and property,
household numbers, population size, landholding size, vegetation types and cover, crop production,
irrigation practices;.livestock production, soiland water conservation (SWC) practices, attitudes towards
land degradation and soil erosion, perspectives on watershed management, understanding of climate
change, and the benefits and threats to the lake.

The data collection involved preparing questionnaires and conducting interviews with community leaders
and elders, religious leaders, district experts, and other stakeholders. These interviews were facilitated
through personal contact and purposive group discussions. Approximately 30% (120) of the watershed’s
residents participated in the interviews. The collected data were analyzed using SPSS software.



Soil loss Estimation

A topographic transect walk was conducted at 25%, 50%, and 75% across the slope of the watershed,
as well as at 50% along the slope length, to assess the existing biotic and abiotic features of the
biophysical potential. Regarding the abiotic features, land characteristics such as geological formation,
soil texture, drainage, existing soil and water conservation measures, landscape formation, and the living
standards of the community were evaluated. Additionally, the distribution and intensity of vegetation
species, crop diversification, livestock population, and grazing capacity were assessed during the
transect walk. This transect walk facilitated an in-depth study of the watershed. Soil samples were
collected from various land uses within the watershed to estimate the soil's erodibility factor. Soil loss
was estimated using the Revised Universal Soil Loss Equation (RUSLE), represented by the following

formula:
E=R*K*SL*C*P------- (1)
E= loss of soil erosion from the watershed (ton/ha/year)

R= rainfall- runoff erosivity factor (MJ.mm/ha.h.yr)

K=soil erodibility factor(t. ha.h/ha.MJ.mm)
SL= Slope length steepness factor
C = crop management or vegetative cover factor,
P= erosion control practice factor
Rainfall-runoff erosivity factor (R)

R factor is the coefficient ofithe average erosion by rain (J/m2). Rain has a direct impact on the surface
of the soil; its kinetic-energy is.destroying the soil structure and bringing the soil components together
with runoff water.:According-to [21], the R coefficient is calculated based on the maximum rain volume in
30 minutes, the equation is the following:
R =EI30/1000 --------- 2
In which:*E- =the kinetic energy of the rain (J/m2)

| =the maximum rain volume in 30 minutes (mm/h)
However, in many countries, to record enough numbers of El is difficult, so the equation is hardly applied
in many areas. Researchers give other solutions for the R factor. It was suggested to calculate the
average rainfall of a year.
According to (Diadato, 2006), the R coefficient can be calculated based on the annual average rainfall,
the equation is the following:

R =38.5+0 .35P ------------- (3)



In which P is the average annual rainfall (mm/year) [22][23][24].

Soil erodablity factor (K)

The K factor represents both the susceptibility of soil to erosion and the amount and rate of rainfall. Soil
texture, organic matter, structure, and permeability determine the erodibility of a particular soil. This
value was estimated using the soil erodibilitynomograph [25]based on the laboratory result of soil texture

and organic matter content of the collected soil samples from the watershed.

Slope factor (SL)

Slope length and gradient were critical parameters for estimating the slope factor. The slope.gradient is
the units of fall per unit of horizontal distance and slope length is the horizontal distance downslope from
the point runoff starts to the outlet or point of sedimentation[25]. These datawere measured at the field

to compute the slope factor using Smith and Weischmeier formula(1978).

Ls= (length/22.1) m (0.065+0.04565+0.0065415%) ------------< (4)
S=slope in %
m= 0.2 for s< 1%
m= 0.3 for s=1-3%
m=0.4 for s=3.1-4.9%

m= 0.5 for s2 5%
Crop management or vegetative cover factor (C)

The crop management factor isthe relation between erosion occurring in bare soil and the erosion
observed in a given production or cropping, system and will be an estimate based on the bio-physical

survey on the representative watershed
Erosion control practice factor (P)

The relation between erosion occurring in a field treated with conservation measures and another

reference plot without treatment.

P = 0.5 for slopes 1-8%
P= 0.6 for slopes 8-12%
P= 0.7 for slopes 12-17%
P= 0.8 for slopes 17-20%

P=almost 1 for slopes above 25% [21]



RESULTS AND DISCUSSIONS
Assessment of community understanding of watershed management

Demographic characteristics of the households in the watershed

Table 1. Demographic characteristics of the households

N Mean Std. Deviation

Family size 76 5.00 2.00
Age of the respondent 76 4050 13.10
Years of experience in farming 76 19.66 13.16

Revenue from on-farm income in birr 76 8.21 12913.68

revenue from nonfarm income in birr 76 3.42 12801.07

The demographic characteristics of the households provide a comprehensive overview of the socio-
economic and farming conditions within the study area. Here is a detailed discussion based on the
provided data as discussed in [4][26][27]:

Family Size:

The average family size is 5 members; with a standard deviation of 2. This indicates that while most
households have around 5 members, there is some variation. Larger family sizes can be beneficial for
labor-intensive farming activities but-also imply higher consumption needs.

Age of the Respondent:

The mean age of the respondents is 40.5 years, with a standard deviation of 13.1. This suggests that the
respondents are generally middle-aged, with a significant range in ages. Middle-aged farmers often have
substantial experiencersand physical capability, but the variation indicates the presence of both younger
and older farmers, which can affect the adoption of new agricultural practices.

Years of Experience in Farming:

On average, respondents have 19.66 years of farming experience, with a standard deviation of 13.15.
This high level of experience suggests that the farmers are well-versed in traditional farming methods.
However, the wide range of experience levels could influence the willingness and ability to adopt
innovative farming techniques.

Revenue from On-Farm Income:

The mean revenue from on-farm income is 8,213.03 birr, with a substantial standard deviation of

12,913.68. This large standard deviation indicates significant disparities in income levels among the



households. Such disparities could be due to differences in farm sizes, crop types, productivity levels,
and market access.

Revenue from Non-Farm Income:

The average revenue from non-farm income is 3,417.93 birr, with a standard deviation of 12,801.07. The
high standard deviation suggests that while some households may have substantial non-farm income,
others may have little to none. Non-farm income can be crucial for diversifying income sources and
reducing vulnerability to agricultural risks.

Implications for Agricultural Development

Resource Allocation: Understanding the demographic characteristics helps in tailoring, agricultural
interventions. For instance, larger families might benefit from labor-intensive farming techniques, while
households with higher non-farm income might invest more in farm improvements.

Training and Extension Services: The variation in age and experience suggests a need for differentiated
training programs. Younger and less experienced farmers might requiresmore basic training, while
experienced farmers could benefit from advanced techniques and innovations.

Income Diversification: The significant disparities in income-highlight the importance of promoting
income diversification strategies. Encouraging non-farm activities. can provide a buffer against
agricultural uncertainties and improve overall household,resilience.

These demographic insights are crucial for designing.effective agricultural policies and programs that
address the specific needs and conditions of the farming community.

Sex composition of
households in the
watershed.

sex of the respondant

Emale
M female

l1 0.53%




Figure 1. Sex composition of household

The sex composition of the households in the selected watershed, with males comprising 89.47% and
females 10.53%, has significant implications for watershed management and community dynamics. The
results could be discussed as follows as discussed in [28][29][30].

Gender Imbalance:

The overwhelming majority of males (89.47%) compared to females (10.53%) indicates a significant
gender imbalance. This could be due to various factors such as migration patterns, cultural<snorms, or
economic opportunities that favor male presence in the area.

Impact on Labor Distribution:

With a higher proportion of males, labor-intensive activities such as land preparation, irrigation, and
construction of terraces might be predominantly carried out by men. This could lead to a gendered
division of labor where men handle more physically demanding tasks, while women might be involved in
less labor-intensive but equally important activities like planting, weeding, and,household chores.
Decision-Making and Leadership:

The male-dominated composition might influence decision-making. processes within the community. Men
are likely to hold more leadership positions and have a greater say in-community decisions, including
those related to watershed management. Ensuring that. women’s voices are heard and considered is
crucial for inclusive and equitable decision-making.

Access to Resources and Training:

The disparity in sex composition could affect access to resources and training opportunities. Men might
have better access to agricultural inputs, credit, and training programs, while women might face barriers
due to their lower representation. Addressing these disparities is essential for promoting gender equality
and enhancing the overall effectiveness of watershed management initiatives.

Social Dynamics and Community Cohesion:

The significant gender imbalance can impact social dynamics and community cohesion. It is important to
foster an inclusive environment”where both men and women feel valued and can contribute to
community activities. Encouraging gender-sensitive approaches and promoting women'’s participation in
community affairs can help strengthen social bonds and improve overall community resilience.
Implications:for Watershed Management

Inclusive-Planning and Implementation: Ensuring that both men and women are involved in the planning
and implementation of watershed management projects can lead to more effective and sustainable
outcomes: Gender-sensitive approaches can help address the specific needs and constraints faced by
different groups.

Capacity Building and Empowerment: Providing training and capacity-building opportunities for both men
and women can enhance their skills and knowledge, enabling them to contribute more effectively to
watershed management. Tailored training programs can address the unique needs of each group.



Policy and Advocacy: Advocating for policies that promote gender equality in resource access and
decision-making can help create a more equitable environment. This includes policies that support
women’s land rights, access to credit, and participation in governance structures.

By considering the sex composition and its implications, watershed management initiatives can be more
inclusive, equitable, and effective, ultimately leading to improved livelihoods and sustainable resource

management.

The educational level of households in the watershed

Educational status
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Figure 2. The educational level of the respondents

The educational level of households in the watershed reveals some important insights as discussed in
[31][32][33][34]:

(44.74%): Nearly half of the population in the watershed is illiterate. This high percentage indicates a
significant barrier to accessing information and resources that could improve their livelihoods. It also
suggests a need for targeted educational programs and literacy campaigns to enhance basic reading

and writing skills.



(26.32%): Over a quarter of the population can read and write but may not have formal education. This
group has the potential to benefit from adult education programs and vocational training that can help
them apply their literacy skills in practical ways, such as in agriculture or small business management.
(18.42%): A smaller portion of the population has completed elementary education. These individuals
likely have a foundational understanding of various subjects, which can be built upon with further
education and training. They are in a better position to adopt new agricultural techniques and participate
in community development initiatives.

(10.53%): The smallest group has completed high school. These individuals are likely to have a broader
knowledge base and better critical thinking skills. They can play a crucial role in leadership, positions
within the community, advocating for sustainable practices and helping to .implement watershed
management strategies.

Overall, the data suggests a need for comprehensive educational interventions at multiple levels to
improve literacy and educational attainment. Enhancing education can.empower the community to better
manage their natural resources, adopt sustainable agricultural .practices, and improve their overall

quality of life.

The religion of the households

Table 2. The religion of the household

Religion Frequency Percent
Orthodox Christians 75 98.7
Muslim 1 1.30
Total 76 100.00

The religious composition of the watershed, with 98.7% Orthodox Christians and 1.3% Muslims, can

have several impacts on‘'the community and its approach to watershed management:

Cultural Practices and Beliefs

Orthodox Christianity: The dominant religion likely influences many cultural practices and community
events. For example, Orthodox Christians may have specific traditions related to land use, water
conservation, and agricultural practices. Religious holidays and fasting periods can also affect
agricultural cycles and labor availability.

Muslim Community: Although a small minority, the Muslim community may have unique practices and
beliefs that influence their interaction with the environment. Understanding these practices can help

ensure inclusive and respectful watershed management strategies.



Types of land ownership and land use system

Table 3. Land ownership and use

N Mean Std. Deviation

Owned land under rainfed per 0.25 ha 76 1.14 0.89
Rented land under rainfed per 0.25 ha 76 0.60 1.13
Shared land under rainfed per 0.25 ha 76 094 121
The total land under rainfed per 0.25 ha 76 273 1.69
Owned land under irrigation per 0.25 ha 76 0.049 0.20
Rented land under irrigation per 0.25 ha 76 0.026 0.16
Shared land under irrigation per 0.25 ha 76 0.01 0.06

Total owned land under irrigation per 0.25ha 76 0.95 0.32

The data on land ownership and land use systems in-the watershed provides valuable insights into how
land is utilized and managed. Here is a.detailed discussion as discussed in[35][36][37]:

Types of Land Ownership and Use
Owned Land under Rainfed /Agriculture

Implications: The majority of the land is owned and used for rainfed agriculture. This indicates a reliance
on natural rainfall.for.crop. production, which can be risky due to variability in rainfall patterns. The
relatively high standard deviation suggests significant variation in the amount of land owned by different
households.

Rented.Land under.Rainfed Agriculture

Implications: Renting land for rainfed agriculture is also common, though less so than owning. The high
standard deviation indicates variability in the amount of rented land, which could reflect differences in
economic status or access to land.

Shared Land under Rainfed Agriculture

Implications: Shared land arrangements are prevalent, suggesting a collaborative approach to farming.
This can be beneficial for pooling resources and labor but may also present challenges in terms of
coordination and management.

Total Land under Rainfed Agriculture



Implications: The total land under rainfed agriculture is substantial, highlighting the importance of this
type of farming in the watershed. The high standard deviation again points to significant differences in
landholdings among households.

Land under Irrigation
Owned Land under Irrigation

Implications: Ownership of irrigated land is minimal, indicating limited access to irrigation infrastructure.
This could be a critical area for development to improve agricultural productivity and resilience.

Rented Land under Irrigation

Implications: Renting irrigated land is even less common, suggesting that irrigation resources are scarce
and possibly expensive to access.

Shared Land under Irrigation

Implications: Shared irrigation land is rare, which might indicate challenges in managing shared irrigation
systems or a preference for individual control over such valuable resources.

Total Owned Land under Irrigation

Implications: The total amount of irrigated land is very low compared to rainfed land. This underscores
the need for investment in irrigation infrastructure to-enhance agricultural productivity and reduce
dependency on rainfall.

Overall Implications

Rainfed Dominance: The data shows a heavy.reliance on rainfed agriculture, which is vulnerable to
climate variability. Enhancing irrigation;infrastructure could significantly improve agricultural resilience
and productivity.The average annual rainfall in the watershed is 988.7 mm, with significant monthly
variation. However, there is no water harvesting technology available for irrigation during the dry
seasons.

Land Ownership Patterns: The. variation in land ownership and use suggests economic disparities
among households. Addressing these disparities through equitable land distribution and access to
resources could improve overall community well-being.

Collaborative.Farming: The prevalence of shared land use indicates a tradition of collaborative farming,
which.eouldbe leveraged for community-based watershed management initiatives.

Perception of the sampled households on climate change and its effect.

Table 4. Perception of households on climate change

N Percent

Yes 50 65.80

No 26 34.20




Total 76 100.00

Majority Awareness: A substantial majority of the households (65.8%) acknowledge the existence of
climate change. This indicates a high level of awareness about environmental changes and their
potential impacts.

Implications: This awareness can be leveraged to promote community-based adaptation strategies.
Households that recognize climate change are more likely to support and participate in initiatives aimed
at mitigating its effects, such as sustainable farming practices, water conservation, and reforestation
projects.

Minority Skepticism: A significant minority (34.2%) do not perceive climate change as a reality. This
skepticism could stem from a lack of information, differing interpretations of environmental changes, or
cultural beliefs.

Implications: Addressing this skepticism is crucial for comprehensive community engagement.
Educational programs and awareness campaigns can help bridge the knowledge gap and demonstrate
the tangible impacts of climate change on local livelihoods and ecosystems.

Effects of climate change on the watershed

Table 5. Observable changes in the watershed due to climate change

Frequency Percent

Rainfall reduction and temperature fluctuations. 20 26.3
Productivity and fertility loss 13 17.10
Reduction in vegetation cover 13 17.10
No response 30 39.50
Total 76 100.00

The perceptions of farmers regarding observable changes in the watershed due to climate change

highlight several key concerns:
Rainfall Reduction and Temperature Fluctuations

Perception:/ A significant portion of farmers (26.3%) have noticed changes in rainfall patterns and
temperature fluctuations. This includes reduced rainfall, unpredictable weather, and more extreme

temperature variations.

Implications: These changes can lead to water scarcity, affecting crop irrigation and livestock. Farmers
may need to adopt water-saving techniques, such as rainwater harvesting and efficient irrigation
systems, to cope with these changes.



Productivity and Fertility Loss

Perception: Some farmers (17.1%) have observed a decline in soil productivity and fertility. This could be
due to soil erosion, nutrient depletion, and increased soil salinity.

Implications: Loss of soil fertility can reduce crop yields and affect food security. Farmers might need to
implement soil conservation practices, such as crop rotation, organic farming, and the use of cover

crops, to restore soil health.
Reduction in Vegetation Cover

Perception: Another group of farmers (17.1%) has noticed a reduction in vegetation cover. This could be

due to deforestation, overgrazing, and prolonged droughts.

Implications: Reduced vegetation cover can lead to increased soil erosion, loss of biodiversity, and
changes in local microclimates. Reforestation, agroforestry, and sustainable grazing practices can help

restore vegetation cover and improve ecosystem health.
No Response

Perception: A significant portion of farmers (39.5%) did not respond to observable changes. This could

indicate a lack of awareness, uncertainty about.the changes,-or reluctance to acknowledge them.

Implications: Engaging this group through. education“and awareness campaigns is crucial. Providing
clear information about climate change impacts and practical adaptation strategies can help increase

their understanding and participation in mitigation efforts.
Strategies for Addressing Perceptions and Adaptation

Educational Programs::Develop targeted educational programs to raise awareness about climate
change and its impacts. Use local examples and practical demonstrations to make the information

relatable and-actionable.

Community.,, Workshops: Organize workshops that focus on climate-smart agriculture, water
management, and soil conservation. Involve local experts and successful farmers to share their

experiences and best practices.

Demonstration Projects: Establish demonstration plots that highlight effective adaptation strategies, such
as drought-resistant crops, efficient irrigation systems, and agroforestry practices. Seeing tangible

results can encourage wider adoption.



Collaborative Efforts: Foster collaboration among farmers, local authorities, and environmental
organizations to develop and implement community-based adaptation plans. This can include joint

efforts in reforestation, water conservation, and sustainable land management.

Percentage response of households on the impact of land degradation and its effect on the
watershed

Table 6. Impact of land degradation and its effect on the watershed

Frequency Percent

Loss of production and soil fertility 26 34.25
Soil erosion and land degradation 42 55.25
No response 8 10.50
Total 76 100.00

The perceptions of households regarding the impact of land degradation on the watershed reveal

significant concerns:
Soil Erosion and Land Degradation

Perception: Most households (55.25%) identify soil.erosion and land degradation as major issues. This
indicates a widespread recognition of the physical degradation of the land, which can lead to reduced

agricultural productivity and increased vulnerability to extreme weather events.

Implications: Soil erosion can‘strip away the fertile topsoil, reducing the land’s ability to support crops. It
can also lead to sedimentation in-water bodies, affecting water quality and aquatic ecosystems.
Addressing soil erosion through practices like terracing, contour plowing, and reforestation is crucial for

maintaining land productivity.and watershed health.
Loss of Production and Soil Fertility

Perception: A significant portion of households are concerned about the loss of production and soil

fertility. Thisreflects the direct impact of land degradation on agricultural yields and food security.

Implications: Loss of soil fertility can result from nutrient depletion, soil compaction, and erosion. This
can lead to lower crop yields and increased reliance on chemical fertilizers, which can further degrade
the soil. Implementing sustainable farming practices, such as crop rotation, organic amendments, and

conservation tillage, can help restore soil fertility and improve productivity.

No Response



Perception: A smaller group of households (10.5%) did not respond to the question about land
degradation. This could indicate a lack of awareness or understanding of the issue, or it might reflect

other priorities or concerns.

Implications: Engaging this group through targeted education and awareness campaigns is important.
Providing information about the causes and consequences of land degradation, as well as practical

solutions, can help increase their understanding and involvement in conservation efforts.

By addressing the concerns and perceptions of households, you can develop a more effective and
inclusive approach to managing land degradation and promoting sustainable practices.in the watershed.

Soil loss estimation

According to the survey, 76% of respondents observed that the lake’s size has been decreasing over
time. Previously, the lake covered an area of 20 km?2 [38]. However, our recent GPS delineation shows

that the lake’s surface area has now reduced to 14.75 km2, primarily due to sedimentation.

The estimation of soil loss in the watershed using the Revised Universal Soil Loss Equation (RUSLE) for

each factor and combining all factors yielded the following results:

Rainfall- runoff Erosivity Factor ®: Based on the relationship between mean annual rainfall and the

rainfall erosive factor[39], the R factor is calculated to-be 65:36.

Table 7. Rainfall erosivity factorfor differentland-use

Month Ja Fe Mar Apr Ma . ~Jun ~Jul Aug Sep Oct No De Averag R

n b y \ c e RF
Rainfa 0 0 53. 127...,42., 42. 211. 272. 67. 70. O 32 76.74 65.3
Il (mm) 6 3 7 5 9 9 3 7 6

Ethiopian Metrology-Agency, Mekelle branch 2015

Soil erodibilityfactor (K)

This value“was estimated using the methodologies described by Westheimer and Smith (1978) and
Renard etal. (1996). The estimation was based on the analyzed results from the soil laboratory, which
examined soil texture, structure, and organic matter content of the collected soil samples from
representative areas in the watershed across different land uses. Consequently, the average soil

erodibility factor was determined to be 0.422.

Table 8. Soil erodibility factor for different land use

S. N Land use Soil textural class Organic matter content (%) K-value
1 Grazing land Sandy loam 1.35 0.31




2 Cultivated land Loam 111
3 Homestead Sandy loam 0.64
4 Rangeland and area closure Sandy loam 0.54

Average K value

0.76
0.31
0.31
0.422

Slope length steepness factor (SL)

Considering the relationship between slope and erosion(as clearly discussed in the methodology

section), the average slope and topographic factor was determined to be 7.83.

Table 9. Slope factor for different land use

S.N Land use Average slope (%) Average slope length(m) SL value
1 Grazing land 1.65 184.60 0.29

2 Cultivated land 2.75 1173.00 0.79

3 Homestead 9.00 375.00 4.14

4 Hillside area 24.00 621.00 26.12

Average SL value

7.83

Crop management of vegetative cover factor (C)

The average crop management factor for the watershed(as clearly discussed in the methodology

section) was calculated to be 0.478

Table 10. Crop management factor for different land use

S.N Land use Crop cover

1 Grazing land Grass

Two cropping season

2 Cultivated.land -~ Wheat, sorghum, barley, maize

3 Homestead Grasses, bushes, and a few forest area

4 Hillside area Grasses and mostly bare land

Average value

C value

0.01

0.90

0.50

1.00

0.478

Erosion control practice factor (P)



The average erosion control practice factor(as clearly discussed in the methodology section) for the

watershed was 0.6.

Table 11. Erosion control practice factor for different land use

S.N Land use Average slope (%) P-value
1 Grazing land 1.65 0.5
2 Cultivated land  2.75 0.5
3 Homestead 9 0.6
4 Hillside area 24 0.8

Average P value 0.6

Based on the results above and the factors for soil loss estimation, the estimated soil loss yield entering

Hashenge Lake through sheet and rill erosion is summarized in Table 12.

Table 12. Soil loss estimation of Hashenge watershed

R factor K factor SL factor C factor P factor Soil
loss(ton/ha/year)
65.36 0.422 7.83 0.478 0.6 61.94

Combining these factors, the estimated soil loss for the Hashenge watershed is 61.94 tons per hectare
per year.The results align with previous studies, which estimated soil loss in Ethiopia to be 42 tons per
hectare per year from cultivated fields [40]i. In Tigray, northern Ethiopia, soil loss was estimated to range
from 30 to 80 tons per hectare per year [41].According to the USLE factsheet [42][21]the soil loss

estimated inthis study indicates severe potential soil loss.

Table-13. USLE Potential soil loss fact sheet

Soil erpsion, class Potential soil loss (tonnes/halyear)
Very low <6.7

Low 6.7-11.2

Moderate 11.2-22.4

High 22.4-33.6

Severe >33.6




This value underscores the severity of soil erosion in the area, posing a threat to the lake and
emphasizing the urgent need for effective soil conservation strategies. In summary, the soil loss
estimation for the Hashenge watershed is influenced by a combination of rainfall intensity, soil
properties, topography, crop management, and erosion control practices. Implementing targeted
interventions to address these factors can help protect the lake from sedimentation threats, mitigate soil

erosion, and promote sustainable land management in the watershed.

CONCLUSION

This integrated watershed study was conducted in response to the interests of the watershed community
and district administration. The soil loss yield entering the lake from the watershed was classified as
severe, and the local community’s awareness of watershed management and the severity of sediment
loss to the lake was found to be moderate to low. Consequently, the:lake'is endangered. The results
reveal a moderate level of awareness and engagement, highlighting the need for enhanced educational
and participatory approaches to foster sustainable watershed management. This research underscores
the importance of integrating scientific soil loss assessments with community-based watershed
management strategies to mitigate soil erosion, protect the lake from sedimentation, and promote
environmental sustainability in the region. In“addition, intensive soil-conserving interventions, along with
biological measures, should be initiated,. starting at the top of the mountains with appropriate
technologies tailored to each specific area. Expéerience sharing should be conducted to sensitize the
community at similar watersheds, particularly Lake Alemaya in Oromia, Ethiopia. The community should
be convinced and mobilized to construct conservation structures and plant grasses, fodder trees, and
multipurpose tree species: Additionally, grazing lands, which are exacerbated by livestock grazing,

should be protected from grazing in all seasons.

Competing Interest

Authors declare there are no competing interest.

Disclaimer (Artificial intelligence)

Author(s) hereby declare that generative Al technologies specifically COPILOT have been used during
editing of this manuscript.



REFERENCES

[1]

(2]

[3]

[4]

[5]

(€]

[7]

[8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

H. Hurni, “Degradation and Conservation of the Resources in the Ethiopian Highlands,” Mt. Res.
Dev., vol. 8, no. 2/3, pp. 123-130, 2016.

H. Lemma, E. Adgo, J. Poesen, and J. Nyssen, “Identifying erosion hotspots in Lake Tana Basin
from a multisite Soil and Water Assessment Tool validation : Opportunity for land managers,” no.
January, pp. 1449-1467, 2019.

A. Teshome, “Evaluation of soil and water conservation practices in the north-western Ethiopian
highlands using multi-criteria analysis Evaluation of soil and water conservation practices in the
north-western Ethiopian highlands using multi-criteria analysis,” no. December, 2014.

K. Mekonen and G. B. Tesfahunegn, “Impact assessment of soil and water conservation
measures at Medego watershed in Tigray , northern Ethiopia,” J. Sci. Technol.,vol. 5, no. 03, pp.
312-330, 2011.

M. Kassie, S. Holden, G. Kéhlin, and R. Bluffstone, “Environmentfor Development Economics of
Soil Conservation Adoption in High-Rainfall Areas of the Ethiopian Highlands,” no. March, 2008.

E. Adgo, A. Teshome, and B. Mati, “Impacts of long-term soil and water conservation on
agricultural productivity : The case of Anjenie watershed , Ethiopia;” Agric. Water Manag., vol.
117, pp. 55-61, 2013.

H. Gebreslassie, “Opportunities of Bench Terracing in Tigray , Ethiopia: Taking Land to Water
Perspective,” vol. 22, no. Camfield 2011, pp. 33-39,.2014.

G. Taye et al., “Effects of land use, slope gradient, and soil and water conservation structures on
runoff and soil loss in semi-arid Northern Ethiopia,” Phys. Geogr., vol. 34, no. 3, pp. 236-259,
2013.

J. P. M. Syvitski, A. J. Kettner, A. Correggiari, and B. W. Nelson, “Distributary channels and their
impact on sediment dispersal,” in/Marine Geology, 2005, vol. 222-223, no. 1-4.

I. A. Kalinderis, M. Sapountzis, D. Stathis, F. Tziaftani, P. Kourakli, and P. Stefanidis, “The Risk
of Sedimentation_ of-Artificial Lakes, Following the Soil Loss and Degradation Process in the
Wider Drainage Basin. Artificial Lake of Smokovo Case Study (Central Greece),” Glob. Chang.
Challenges Soil Manag., vol. 41, 2010.

C. Poleto and G. H. Merten, “Urban watershed studies in Southern Brazil,” J. Urban Environ.
Eng.,’vol. 1, no. 2, 2007.

G. A, Robb, V. Novotny, and H. Olem, “Water Quality: Prevention, Identification and Management
of Diffuse Pollution,” Geogr. J., vol. 162, no. 1, 1996.

B. Bekele and Y. Gemi, “Soil erosion risk and sediment yield assessment with universal soil loss
equation and GIS: in Dijo watershed, Rift valley Basin of Ethiopia,” Model. Earth Syst. Environ.,
vol. 7, no. 1, 2021.

L. Endalew and A. Mulu, “Estimation of the amount of sediment entering into Shumburit reservoir
from the Shumburit watershed, East Gojjam zone, Amhara Region, Ethiopia,” Environ.
Challenges, vol. 11, 2023.

L. Tamene and P. L. G. Vlek, “Assessing the potential of changing land use for reducing soil
erosion and sediment yield of catchments: A case study in the highlands of northern Ethiopia,”



[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

Soil Use Manag., vol. 23, no. 1, 2007.

M. K. Koalli, C. Opp, and M. Groll, “Estimation of soil erosion and sediment yield concentration
across the Kolleru Lake catchment using GIS,” Environ. Earth Sci., vol. 80, no. 4, 2021.

N. D. Melaku, C. S. Renschler, J. Flagler, W. Bayu, and A. Klik, “Integrated impact assessment of
soil and water conservation structures on runoff and sediment yield through measurements and
modeling in the Northern Ethiopian highlands,” Catena, vol. 169, 2018.

E. H. Yazew, S. Mesfin, G. GebreSamueal, and S. Tesfaye, “Water Balance Assessment of
Topographically Closed Highland Lake: Lake Hashenghe,” Nile Water Sci. Eng. J., vol. 6, no. 2,
pp. 1-11, 2013.

T. Teame, P. Natarajan, and Z. Tesfay, “Proximate and mineral composition.of some
commercially important fish species of tekeze reservoir and lake Hashenge, Ethiopia,” 160 ~ Int.
J. Fish. Aquat. Stud., vol. 4, no. 1, 2016.

M. H. Marshall et al., “Climatic change in northern Ethiopia during.the past 17,000 years: A
diatom and stable isotope record from Lake Ashenge,” Palaeogeogr. Palaeoclimatol. Palaeoecol.,
vol. 279, no. 1-2, 2009.

W. Wischmeier and D. Smith, Predicting rainfall erosion-losses: a:guide to conservation planning.
1978.

S. Suhara K K, A. Varughese, A. C. Sunny, and‘A; Krishna P'R, “Erosivity Factor of the Revised
Universal Soil Loss Equation (RUSLE) - A Systematized Review,” Curr. World Environ., vol. 18,
no. 2, 2023.

K. Ghosal and S. Das Bhattacharya, “A Review of RUSLE Model,” Journal of the Indian Society
of Remote Sensing, vol. 48, no. 4.-2020:

P. Panagos et al., “Rainfall erosivity in Europe,” Sci. Total Environ., vol. 511, 2015.

W. H. Wischmeier and D. D. Smith, “Predicting rainfall erosion losses—a guide to conservation
planning. U.S. Department of Agriculture, Agriculture Handbook No. 537. The,” Fresenius
Environ. Bull., 1978,

A. Mekuriaw, A. Heinimann, G. Zeleke, and H. Hurni, “Factors in fl uencing the adoption of
physical soil'and water conservation practices in the Ethiopian highlands,” Int. Soil Water
Conserv. Res., val. 6, no. 1, pp. 23-30, 2018.

G.T. Mekonnen'and G. Abiy, “Review on Overall Status of Soil and Water Conservation System
and-lts Constraints in Different Agro Ecology of Southern,” vol. 4, no. 7, pp. 59-70, 2014.

D. Asteria, B. Budidarmono, H. Herdiansyah, and N. L. Ni'Mah, “Gender sensitive education in
watershed management to support environmental friendly city,” in IOP Conference Series: Earth
and Environmental Science, 2018, vol. 126, no. 1.

S. B. Singh, “Women as milieu managers in integrated watershed management: Perspectives
from the hilly areas of Uttarakhand,” Sp. Cult. India, vol. 2, no. 4, 2015.

D. Asfaw and M. Neka, “Factors affecting adoption of soil and water conservation practices: The
case of Wereillu Woreda ( District ), South Wollo Zone , Amhara Region , Ethiopia,” Int. Soil
Water Conserv. Res., val. 5, no. 4, pp. 273-279, 2017.



[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

W. B. Stapp, “Watershed education for sustainable development,” J. Sci. Educ. Technol., vol. 9,
no. 3, 2000.

T. P. Donahue, L. B. Lewis, L. F. Price, and D. C. Schmidt, “Bringing science to life through
community-based watershed education,” J. Sci. Educ. Technol., vol. 7, no. 1, 1998.

S. N. McGuire, K. Sharpe, C. H. Brill, L. Lawrence, and C. Cackowski, “Building capacity for
meaningful watershed educational experiences,” in Exemplary Practices in Marine Science
Education: A Resource for Practitioners and Researchers, 2018.

H. G. Araya, O. V. Wasonga, S. Mureithi, E. Birhane, and N. Mtimet, “An assessment of tangible
community benefits from exclosures in Tigray, northern Ethiopia,” Socio-Ecological Pract. Res.,
vol. 5, no. 4, 2023.

L. Chen, X. Yang, L. Chen, and L. Li, “Impact assessment of land use planning driving forces on
environment,” Environ. Impact Assess. Rev., vol. 55, pp. 126-135, 2015.

L. B. Asmamaw and A. A. Mohammed, “Remote Sensing Applications : Society-and Environment
Identi fi cation of soil erosion hotspot areas for sustainable land:management in the Gerado
catchment , North-eastern Ethiopia,” Remote Sens. Appl. Soc. Environ., vol. 13, no. February
2018, pp. 306-317, 2019.

M. Giordano and S. Langan, “An Assessment of Integrated Watershed Management in Ethiopia,”
2016.

P. Billi, World Geomorphological Landscapes‘Landscapes and Landforms of Ethiopia. 2015.

N. Diodato, “Predicting RUSLE (Revised Universal Soil Loss Equation) monthly erosivity index
from readily available rainfall data in Meditefranean area,” Environmentalist, vol. 26, no. 1, 2006.

H. Hurni, “Land degradation, famine, and land resource scenarios in Ethiopia,” World soil Eros.
Conserv., 1993.

J. Nyssen, “Soil and water conservation under changing socio-economic conditions in the
Tembien Highlands (Tigray, Ethiopia),” Bull. la Société Géographique Liége, vol. 35, no. January,
1998.

F.E.T.S, M. Yiksel, M. S. A. H. I. N, and i. M. Ozulu, “Assessment Of Soil Erosion Based On
The Method USLE ; €orum Province Example Assessment Of Soil Erosion,” Tech. Asp. Spat.
Inf., no.-May 2012, 2012.




