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Lake Tana is one of the biosphere reserves in Ethiopia registered by the United Nations Educational, Scientific, and Cultural Organization (UNESCO). Water hyacinth is expanding in the lake owing to increased nutrient load from the watershed. As efforts from the government alone could not bring the anticipated change, local peoples’ engagement and contribution are believed to sustainably and effectively manage the watershed and prevent the weed’s spreading. This study, therefore, aims to estimate households’ contribution (willingness to pay–WTP–and willingness to contribute labor–WTCL–) to prevent and control water hyacinth and hence improve lake ecosystem services through a hypothetical watershed management in Lake Tana. This study applied quantitative and qualitative methods. It was conducted among 560 randomly selected households of the Libo-kemkem district using a contingent valuation method from March to April/2021. Eleven key informant interviews were also conducted. Bivariable and multivariable interval regression models were used to identify the determinants of households’ potential contribution. Thematic analysis was used to analyze the qualitative data. As the weed is believed negatively impact the ecosystem services provided by the lake, 72% of the respondents showed willingness to contribute to the proposed management program. About 32 and 39% of the respondents were willing to pay in cash and to contribute labor, respectively, to prevent weed infestation. On the other hand, 28% of them were neither willing to contribute in cash nor in labor to the hypothetical market. The findings showed respondents’ mean annual WTP and WTCL were 632.8 Ethiopian birr and 30.1 man-days per household, respectively. The place of residence, educational status, farm plot area, household income, family size, and conference participation significantly influenced WTP and/or WTCL. In this hypothetical improvement scenario, an estimated annual WTP and WTCL of nearly 12 million Ethiopian birr and 700 man-days per year, respectively, are reported considering the total households in the study area. Therefore, collaborative efforts by different stakeholders are the next steps to realize the hypothetical contributions.
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Introduction

The largest lake in Ethiopia (Lake Tana) was registered by the United Nations Educational, Scientific, and Cultural Organization (UNESCO) as a biosphere reserve in 2015. It is established as a global biodiversity hotspot area (Worku, 2017). The lake provides important ecosystem services to the local people and contributes to the country’s economy at large. These services include fish production (e.g., annual fish production of US$ 1.1 million), tourism, recreation, transport, habitat for fauna and flora, and nutrient retention (Wondie, 2018; Bires and Raj, 2020).

Unfortunately, increasing anthropogenic activity near the lake watershed leads to high irrigation runoff, improper waste management, and overexploitation of the aquatic/wetland resources, which increases the nutrient levels in the Lake (Asmare et al., 2016). These situations benefited the expansion of an exotic plant, water hyacinth (Eichhornia crassipes). Currently, Lake Tana is highly infested with water hyacinth (Anteneh et al., 2015). Water hyacinth is characterized by its rapid reproduction rate and ability to consume a large amount of water, which could result in a gradual lake water level reduction. It has deleterious impacts on water balance, biotic structure, and all-rounded ecosystem services provided by aquatic ecosystems (Chapungu et al., 2018; Ongore et al., 2018).

Although several strategies (i.e., mechanical, chemical, and biological control) are being implemented to remove water hyacinth, each has its limitations (Shiferaw et al., 2018; Dersseh et al., 2019) and fails to succeed. The weed is rather expanding, particularly on the northeastern side of Lake Tana (Dersseh et al., 2019; Kebedew et al., 2020). Therefore, integrated watershed management practices are recommended as sustainable solutions (Dersseh et al., 2019; Sewunet et al., 2022). If properly implemented, integrated watershed management could substantially reduce adverse impacts, such as pollution loads and nutrient enrichment (Wang et al., 2016). As efforts from the government alone could not bring the anticipated change (Bires and Raj, 2019; Gebrehiwot, 2020), local peoples’ engagement and contribution are believed to manage the watershed effectively and hence prevent the spreading of water hyacinth (Wang et al., 2016; Xu et al., 2018).

Local peoples’ voluntary contribution to improving lake ecosystem service can be assessed by employing non-market valuation methods (Xu et al., 2018). The most frequently used economic valuation technique is the Contingent Valuation Method (CVM). The CVM is a stated preference economic valuation approach that utilizes a questionnaire to value goods/services not in the market (Venkatachalam, 2004; Dong, 2012).

Different authors used CVM to elicit the contribution of local people to the improvement of freshwater ecosystem services. For instance, Makwinja et al. (2022) estimated the public’s WTP for ecosystem restoration of a shallow lake in Malawi. They reported that more than half of the respondents were willing to pay an average amount of US$28.4 per year to restore Lake Malombe. CVM was also used to determine farmers’ willingness to contribute to the restoration of Lake Ziway (Ethiopia) (Girma et al., 2021). Similarly, Van Oijstaeijen et al. (2020) employed CVM to determine the preferences of farmers’ for water hyacinth control in Lake Tana. However, these studies did not emphasize preventive approaches and mainly focused on farmers. The contribution of other community members is unknown. Thus, to apprehend the total economic benefit of the lake, it is necessary to include both direct and indirect users. Although a recent study by Sewunet et al. (2022) assessed factors affecting the contribution of local people to the management of the weed in Lake Tana, the study considered a status-quo scenario assuming that “the prevention of water hyacinth infestation of Lake Tana through a watershed management program would work to keep the infestation levels constant at current levels and thus maintain ecosystem services gained from the lake at the current levels.” However, for the sustainable management of the lake, a better future aiming at reducing and avoiding infestation (improvement of the ecosystem) should be suggested. This study, therefore, estimates households’ willingness to pay–WTP–and willingness to contribute labor–WTCL–for improving Lake Tana ecosystem services (improvement scenario) through watershed management.



Materials and methods


Study area

The study was conducted in Lake Tana, north-western Ethiopia, from March to April/2021. The lake’s surface area and average depths are about 3,200 square kilometers and 8 meters, respectively. The lake’s catchment contains 347 Kebeles (kebele- the lowest administrative unit in Ethiopia) and 21 districts, and covers an area of 16,500 square kilometers (IFAD, 2007). Libo-kemkem (kemekeme) district (Figure 1), where this study focuses, is one of the districts in the Lake Tana watershed with an area of 1,081.57 square kilometers (Figure 1).
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FIGURE 1
 Location of Libo-kemkem district, North-Western Ethiopia.


The lake was relatively meagerly infested with water hyacinth in 2015 and before (Anteneh et al., 2015). However, recently, weed infestation is increasingly intensifying, particularly towards the northern part of the lake where Libo-kemkem district is situated (Dersseh et al., 2019). This is mainly because of flooding and the resultant high concentration of dissolved phosphorus in the sediment (Kebedew et al., 2020).



Contingent valuation method

To elicit respondents’ WTP and WTCL, CVM was used under a hypothetical improvement scenario. In this study, the scenario describes the proposed change (improvement of Lake Tana ecosystem services) in a simple and understandable way. The program would work to prevent and decrease water hyacinth infestation of the lake, and thus ecosystem services gained from the lake would improve accordingly.



Sample size determination

The sample size (n) was determined following a single population proportion formula with a 95% confidence level and a 5% margin of error. The sample proportion (p) was 63% (Girma et al., 2021).
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where Zα/2 is the critical value of the normal distribution at α/2 (e.g., for a confidence level of 95%, α is 0.05, and the critical value is 1.96), p is the sample proportion, and d is the margin of error. Then, a 1.5 design effect and a 5% non-response rate were used. Accordingly, the final sample size was 564 households.



Sampling technique and procedure

From the 37 kebeles (32 rural and 5 urban) of the Libo-kemkem district, eight rural and two urban kebeles were selected randomly. Then, a proportional allocation was made to each Kebele (see formula below). A systematic random sampling technique was then applied to select the study households.
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where nj is the sample size in each kebele, Nj is the total households in the Kebele, n’is the calculated sample size, and N is the total households in all 10 study kebeles.



Data collection methods and tools

A face-to-face interview was used to collect data. As depicted in Supplementary Annex I, the CVM questionnaire consisted of (1) socio-demography and economy, (2) ecosystem services, level of awareness, and impact of water hyacinth, and (3) the hypothetical market (see below)–WTP and/or WTCL.

Respondents who chose monetary contribution in the initial valuation question were presented with the following question: ‘What would be the household’s maximum annual payment in Ethiopian Birr (ETB) to prevent and decrease water hyacinth infestation permanently and improve the services you get from the Lake accordingly?’

[image: image]

On the other hand, respondents were presented with the following question if they chose labor contribution: ‘What would be the household’s maximum annual labor contribution in man-days to prevent and decrease water hyacinth infestation permanently and improve the services you get from the Lake accordingly?’
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Quality assurance

Initially, the questionnaire was prepared in English and translated into the local language (Amharic). The data collectors attended two days of training about the mode of communication with respondents, the questionnaire, and ethical issues. A pre-test was also conducted among 25 households in Birra Abo Kebele.



Key informant interview

In order to supplement our valuation approach, 11 key informant (KI) interviews were performed using open-ended questions (Supplementary Annex II). The KIs were from the Lake Tana and other water bodies protection and development agency (n = 1), from wereda (district) level environmental protection office (n = 1), from wereda level natural resource management office (n = 1), from kebele level natural resource management offices in four kebeles (n = 4), and from community representatives in selected four (4) kebeles (Kab, Tezamba, Tibaga, and Addis ZemenK4 – refer the list of kebeles from Supplementary Annex III). The interviews were audio-recorded in the local language (Amharic), transcribed, and translated into English.



Data processing and analysis

The data was entered into Epidata manager 4.6 and then exported to STATA version 14.0 for management, cleaning, and further analysis. As the dependent variables were coarse-interval-censored, interval regression models were used (Cameron and Huppert, 1989). Correlation among the independent variables was checked using Variance Inflation Factor (VIF) with a threshold of 10. Fourteen regressors (Supplementary Annex III) were used to determine variables influencing WTP/WTCL. Due to dominant responses (above 90%), ‘gender’ and ‘marital status’ were excluded (Sewunet et al., 2022). From the bivariable interval regression model (model 1), variables with a value of p less than 0.25 were taken into the multivariable interval regression model (model 2). From model 2, regressors without statistical significance (value of p ≥ 0.25) were dropped from further analysis. From the final model (model 3), variables with a significance level of p < 0.05 were taken as significantly associated. The detailed descriptions of variables used in this analysis are presented in Supplementary Annex III.

In order to discover common themes/patterns, the qualitative data were analyzed by thematic analysis using OpenCode 4.03. In addition, a narrative was assigned to the diverse data to gain and convey a sound understanding of the respondents’ ideas and experiences (Braun and Clarke, 2006; Crawford et al., 2008). In this study, the themes were the impacts of water hyacinth infestation on Lake Tana ecosystem services, existing water hyacinth management strategies, and willingness to contribute to water hyacinth management.




Results


Socioeconomic and demographic characteristics

A total of 560 household heads completed the questionnaire, giving a response rate of 99.3%. About three-fourths of the respondents live in rural areas (411, 73.4%). Farming was the main source of income, supporting 70.8% of the households. Among those who had private farmland (n = 465), most (70.3%) owned less than 1.5 ha, and the farm plots for 369 (79.3%) households were located at least 1 km far from Lake Tana. Other socioeconomic and demographic characteristics of the respondents are summarized in Supplementary Annex IV.



Willingness to pay

From the total of 560 respondents, 183 (32%) were willing to contribute in cash money; of which 34.3, 28.4, and 18% were willing to pay in the ranges of 401–600, 601–800, and 801–1000 ETB per year, respectively (Figure 2).
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FIGURE 2
 Respondents’ annual maximum willingness to pay for improving Lake Tana ecosystem services (One US$ = 43.5 Ethiopian Birr (ETB) on June 19, 2021 (Source: https://www.Combanketh.et/en/exchange-rate/).


The interval regression estimation model results indicated a mean yearly WTP of 632.8 ETB (95% confidence interval [600.4, 665.2]) and a robust standard error of 16.5. Willingness of residents in the urban area was higher (+88.2 ETB, p = 0.032) than those in rural areas. Similarly, respondents who attended formal education and participated in water hyacinth-related conferences were willing to pay an extra 169.5 (p < 0.001) and 157.9 (p = 0.01) ETB than those who cannot read and write and who did not participate in training, respectively (Table 1). Households who owned the widest farm plot area had a higher willingness to pay (at least an additional 105.3 ETB, p < 0.0001) than those with the narrower farm plot area. Household heads with annual income INC >150,000 and INC 100,000–150,000 were willing to pay 139.8 ETB (p = 0.002) and 76.8 ETB (p = 0.042) more than those with lower annual income (INC ≤ 50,000), respectively. On the other hand, farm plot distance to Lake Tana (DISTANA > 1 km) was found to negatively influence WTP (i.e., −101.9 ETB contributions, p = 0.028) (Table 1).



TABLE 1 Bivariable (Model 1) and multivariable (Models 2 and 3) interval regression results of WTP for improving Lake Tana ecosystem services (n = 183).
[image: Table1]



Willingness to contribute labor

A total of 217 (39%) respondents were willing to contribute labor. For this improvement scenario, 72 (33%) respondents were willing to contribute 21–30 man-days annually (Figure 3).

[image: Figure 3]

FIGURE 3
 Annual maximum willingness to contribute labor (in man-days) for improving Lake Tana ecosystem services.


The regression model results indicated a mean yearly WTCL of 30.1 man-days (95% confidence interval [28.2, 32.0]) and a robust standard error of 1.0. WTCL of households was positively associated with location, educational level, and family size. On the other hand, living in urban kebeles at p = 0.001 negatively influenced WTCL. The detailed findings on WTCL considering improvement scenario are described in Table 2.



TABLE 2 Interval regression results of WTCL for improving Lake Tana ecosystem services (n = 217).
[image: Table2]

In this study, 28% of the respondents were neither willing to contribute in cash nor in labor to the hypothetical market. Explanations for non-willingness were associated mainly with the distance of households’ from the Lake and considering that only direct users are responsible to pay. Other justifications for non-willingness include lack of financial capability, believing that they do not encounter a problem due to water hyacinth infestation of the Lake, lack of trust in the people who will collect and handle the money, and assuming that water hyacinth management is the responsibility of the government alone.



Impacts of water hyacinth infestation on Lake Tana ecosystem services

The qualitative assessment results indicated that the infestation of the lake is negatively impacting its ecosystem services. According to the key informants (KIs), water hyacinth has social and economic impacts on the community, mainly by reducing the fish stock and impairing lake water quality and quantity. The effect of water hyacinth was stated by the key informants as follows.

“…water hyacinth increases water evapotranspiration up to three times, prevents the entrance of sunlight and oxygen (causes fish species destruction), has high ion absorption capacity (leads to body mass reduction, diarrhea, reduction of meat and milk taste in livestock), harbors snakes, causes itching on human, and affects biodiversity including grass and other native macrophyte species” (Regional office, KI-1). In addition, “the weed causes water pollution due to decomposition” (Wereda office, KI-2), “leads to destruction of wetland areas, changes in the taste, odor and color of the water” (Wereda office, KI-3), “increases temperature” (Community representative, KI-8) and “causes reduction in entrepreneurship in fishing and transportation” (Community representative, KI-10).

Cultural and religious activities, one of the important ecosystem services in Lake Tana, are also impacted by the infestation. The weed covers an enormous area that limits small and large size boats transportation to the islands. Lake Tana is said to have more than 37 islands and more than 30 monasteries on these islands. One of the key informants from the Kebele offices mentioned this problem: “Lake Tana monasteries and churches are being surrounded by water hyacinth, and this prevents the transportation of people, including tourists” (Kebele office, KI-5).



Existing water hyacinth management strategies

The key informant from the regional office said that, “…in the last ten years, free service of labor-based water hyacinth management system was being implemented in Lake Tana with an estimated annual average man-day of 250,000–300,000.

In 2019, Lake Tana and other water bodies protection and development agency was established, and a five-year strategic plan was proposed. An incentive payment of 150 ETB per man-day with an annual budget of 95 million ETB was started in 2020. We have implemented 85% water hyacinth collection without burning until March 2020. But the labor-based removal system was not as effective due to vicious-circle growth of the uncollected water hyacinth, high growth and multiplication capacity of water hyacinth (doubling within two weeks), and entrance of high amount of nutrients from upstream areas.”

Key informants stated their views regarding the relevance of sustainable management of water hyacinths. The key informant from the wereda natural resource management office said that “watershed management is one of the sustainable water hyacinth management options by implementing afforestation, terracing, reducing overgrazing, reducing chemical usage in the upstream, and buffer zone delineation thus could reduce the nutrient loading into the Lake.” In addition, the key informant from the regional office said “watershed management program is the best solution for the sustainability of Lake Tana and water hyacinth management if it is properly implemented. Watershed management is one of the components of our five-year strategic plan. However, it requires a long time with high resource allocation and consciousness development.”



Willingness to contribute to water hyacinth management

Community members, mainly those directly benefiting from Lake Tana ecosystem service, have been ready to participate in controlling the invasive weed since its emergence in 2011. However, the choice of contribution is different and depends on the individual’s interest and ability. The community representatives (Kebele administrator, KI-9) said that, “…the community has a strong commitment to participate and support the water hyacinth management either in cash and/or labor based on their preferences.”

On the other hand, the key informants pointed out that some factors trigger the community not to contribute to watershed management voluntarily. Some of the reasons were “low socioeconomic status” (KI-4) and “lack of awareness by the upstream community regarding the consequence of weed invasion” (KI-6). It is also stated that “some individuals believe that protecting the lake is the responsibility of the government, and thus they require benefit and reward for what they are doing against the weed” (KI-7). In addition, “inconsistent and reduced attention and effort by the government, including budget shifting to other activities, reduces the credibility of initiatives” (KI-11). Moreover, some people perceive that “water hyacinth infestation of Lake Tana would be a source of income for the local community; manual collection and removal of the weed is helping local people earn money” (KI-4).




Discussion

The qualitative study findings indicated that infestation of the lake with water hyacinth has social, economic, and cultural impacts on the surrounding community. For instance, the key informants mentioned that it affected crop production by reducing the water quantity required for irrigation, fishing, water transportation, and other economic activities. The weed also disturbs the lake’s ecological integrity by preventing the entrance of sunlight and oxygen, impacting aquatic species (e.g., fisheries and native macrophytes), decomposition, and resultant eutrophication. Our findings are consistent with the study reports by Enyew et al. (2020) and Damtie and Mengistu (2022). In line with a study by Enyew et al. (2020), the key informants confirmed that the infestation negatively affected their livelihood as many people depend on the natural resources and ecosystem services from the Lake.

Regarding its management, different measures have been taken to control water hyacinth infestation and reduce its multitude of threats (Shiferaw et al., 2018). Although physical (i.e., labor-based) and mechanical removal methods have been implemented in the last decade, neither of them brought the intended changes. The local community emphasized that for the sustainable management of water hyacinth, an integrated watershed management program is a superlative solution if it is properly implemented.

The quantitative study findings indicated that 32 and 39% of the respondents were willing to pay in cash and labor contributions, respectively, to prevent weed infestation. Our finding on cash contribution was slightly higher compared with the study report for the Lake Tana protection program (24%) (Van Oijstaeijen et al., 2020) and Lake Ziway restoration program (29.4%) (Girma et al., 2021). On the other hand, in the present study, the contribution by labor was lower than the previous similar study findings by Van Oijstaeijen et al. (2020) and Girma et al. (2021), which reported 56 and 63% contribution, respectively. During the key informant interview, the community representatives reflected that since Lake Tana is a life-sustaining resource for the surrounding community, they are positive about managing the infestation. However, the choice in terms of cash and/or man-days could be different depending on their economic status, living standard, location of the household relative to the lake, and awareness about the consequence of the water hyacinth. The quantitative results also indicated the same with residence, education, water hyacinth related conference participation, income, farm plot area and distance to Lake Tana being the significant factors influencing contributions in cash and labor.

The cash and labor contributions survey indicated that their willingness varies reasonably. For instance, a higher WTP was reported among households with a higher level of education, larger farm plot area, higher annual income, and good participation in water hyacinth-related conferences. The labor survey also showed higher WTCL when a household is located near the lake and has more family size. Similar findings were also reported for a status-quo scenario in the same study system (Sewunet et al., 2022). Our findings are in agreement with other CVM studies (Van Oijstaeijen et al., 2020; Girma et al., 2021).

Considering the total number of households in the study area (58,856 households) (Libo-kemkem district administration, 2021), and 32% WTP and 39% WTCL, the cumulative contributions (WTP/WTCL) will be 11,917,916.24 ETB and 690,910 man-days per year, respectively. Compared with the previous findings based on the status-quo scenario, there is a 3,718,318 ETB and 176,056 man-days increase for the WTP and WTCL, respectively, for the proposed improvement scenario. The yearly aggregate WTP was 13.5% of the Ethiopian biodiversity institute budget (i.e., a recurrent budget of 74.5 million and a capital budget of 15 million ETB), which is aimed at managing the alien invasive weeds in the country (EBI, 2019). Therefore, if the hypothetical market and the watershed management program are realized, it could substantially support the activities being undertaken to remove the weed from the lake.

This study has limitations. Due to closed-ended property, the maximum WTP/WTCL of respondents’ in the polychotomous questions were possibly influenced by the initial dichotomous bid questions. In addition, this study did not use follow-up questions for respondents who were against the hypothetical management program.



Conclusion

In this improvement scenario, an estimated yearly WTP and WTCL of 632.8 ETB and 30.1 man-days per household, respectively, were reported. This is equivalent to nearly 12 million Ethiopian birr and 700 man-days per year in the study area. The place of residence, educational status, farm plot area, household income, family size, and conference participation significantly influenced WTP and/or WTCL. Therefore, government officials in collaboration with local stakeholders, non-governmental organizations, and private sectors should design and implement powerful policies on watershed management activities, such as waste treatment, buffer zone delineations, pollution-reducing agricultural system, and multidisciplinary and scientific management options.
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