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Abstract

:

Insufficient staff, inappropriate collection vehicles, limited operating budgets and growing, hard to reach populations mean that solid waste management remains limited in most developing countries; Malawi is no exception. We estimated the willingness to pay (WTP) for two hypothetical solid waste collection services. Additionally, we tested the impact of the WTP question positioning relative to environmental perceptions on respondents’ WTP. The first scenario involved a five minute walk to a disposal facility; the second scenario involved a 30 min walk. Additionally, the order of the question was randomized within the questionnaire. A WTP value of K1780 was found for the five minute walk scenario when the question was placed first, and K2138 when placed after revealing the respondent’s perceptions on the environment. In the 30 min walk scenario, WTP was K945 when placed first and K1139 when placed after revealing the respondent’s perceptions on the environment. The estimated values indicate that there is both a willingness to pay for solid waste services and that there are at least two options that would be acceptable to the community; a pilot scale implementation would be required to validate the hypothetical values, especially given the dependency on problem framing. Community financing should be considered as a sustainable approach to solid waste management in underserved areas.
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1. Introduction


Adequate management of solid waste should promote minimum waste generation, and include regular collection, voluntary separation, safe and adequate storage, effective treatment and safe disposal (UN-Habitat 2012). Poor waste management reduces the quality of life by providing food and breeding conditions for vermin and disease vectors, producing odor, diminishing aesthetics and contaminating surface and ground water (Hoornweg and Bhada-Tata 2012).



Financing for the transport, human resources, and facilities that are required is usually supplied via some sort of tax base, but in resource-poor environments, solid waste management (SWM) is usually under-funded and as a result, poorly managed.



Located in the southern region of Malawi, Blantyre is a commercial city as well as the second largest city in the country. The population of Blantyre was 661,256 in 2008 (National Statistical Office 2008). Over 70% of the population lives in unplanned areas, which occupies 23% of the land area in Blantyre (UN-Habitat 2012). Although there is collection (and semi-controlled dumping) of waste in formal areas, informal areas are left unserved (Palamuleni 2002; Government of Malawi 2010; Maoulidi 2012; Maganga 2013; Barre 2014). Poor solid waste management is common in Malawi (indeed in most developing countries), and is partly a result of inadequate financing, institutional will and capacity (Maganga 2013; Barre 2014).



Where waste is not collected by the city, it is left on road sides and river banks, which has resulted in surface and ground water contamination (Palamuleni 2002). Given the lack of institutional support, some cities have adopted independent or community-led solutions. The challenge however remains knowing how much, if anything, residents would pay to an independent contractor to fill the role that is left empty by the authorities (i.e., regular collection, transport and disposal).



The value of a good or service can be solicited through the good or service’s revealed preference or stated preference. A revealed preference is estimated by how much is actually paid or spent on a good or service, i.e., the worth is revealed by present actions. A stated preference, on the other hand, is theoretical and though realistic in the respondent’s mind, may not be true once tested, or revealed.



Stated preference methods are often used to compare the costs and benefits of policy changes before they actually happen (DEFRA 2007). The ultimate goal is to estimate the total economic value of a good or service which does not have a pre-determined market price, such as solid waste collection, though it has not been used extensively for this specific purpose (Breffle et al. 1998). A variety of methods exist, but the double-bound dichotomous choice method is relatively quick and simple for the respondent (compared to a choice experiment) and generates a more precise range for willingness to pay (WTP) (DEFRA 2007; Cameron and Quiggin 1994; Lopez-Feldman 2012). By using the dichotomous choice format, accuracy is increased as more data points are fitted to the function for willingness to pay. Clear boundaries are yielded from the sequential bid offers (Cameron and Quiggin 1994).



In Malaysia, contingent valuation was used to estimate the benefits of improved solid waste management in Kuala Lumpur: households were willing to pay slightly more for the system involving voluntary source separation than for the system where it was mandatory, though the difference was insignificant (Afroz and Masud 2011). In Malawi, dichotomous contingent valuation was used to determine the willingness to pay for solid waste collection in Lilongwe, and was found to be K92 per household per month (Maganga 2013).



Although stated preference methods can provide results that are exaggerated up or down (Bateman et al. 2001; Hensher 2010), there is limited, but growing evidence to show that preferences obtained through valuation are useful in revealing an individual’s perceptions towards policies that have not yet been implemented (Tilley and Günther 2016). In the environmental sanitation sector, some work has used stated preference methods for solid waste (Czajkowski et al. 2014) however, across all disciplines there are few examples of stated preferences being validated against revealed preferences, partly because few of the tested scenarios are implemented, or because they are too abstract to do so.



South Lunzu is a large, fast growing area within the boundaries of Blantyre and without waste collection services. It does, however, have roads and limited coverage of water and electricity, which indicate growing wealth and a population that could consider paying for solid waste collection. Therefore, in order to determine the willingness to pay for this service, we used a double bounded dichotomous choice contingent valuation. Furthermore, we compared the willingness to pay for a self-collection service with that of a kerbside (roadside) collection service and tested the impact of environmental framing with regard to the stated WTP value.



Findings from this research can be used to identify opportunities for recycling, improve environmental conditions, create business opportunities in waste management, create employment, and further increase investments in the solid waste value chain.




2. Methodology


A dichotomous choice questionnaire was used to solicit WTP estimates; socioeconomic characteristics, household practices and opinions about SWM, as well as questions related to concern for the environment were also collected (Afroz and Masud 2011; Maganga 2013). The detailed questionnaire is in Appendix A.



2.1. Starting Bids


In order to solicit the WTP for solid waste management, a dichotomous choice contingent valuation method was used. First, the respondent was presented with a scenario for solid waste collection and a fee that would be paid for the service. If the response was yes to this question, a second question followed, and this offer was double the amount of money presented in the first question. If the respondent refused to pay the amount presented in the first question, then the second question contained half of the initial amount presented (Bateman et al. 2001; Cameron and Quiggin 1994).



The questionnaire was pre-tested on a similar sample prior to the final data collection. The sample population for the pre-test was randomly selected from the same area of interest. The pre-test results were used to refine the contingent valuation questions as well as derive parameters that were used to calculate the actual sample size. The pre-test was also used to train enumerators. Respondents were asked to comment on the clarity as well as the difficulty of the questions at the end of each interview session during the pilot study. The questionnaires in both the pre-test and the final data collection were administered in person by trained enumerators.



Uncertain respondents have a tendency to focus their response near to the suggested amount in single bounded dichotomous choice questions. If poorly planned, double bounded dichotomous choice valuation may result in WTP values centered around the suggested amounts. This kind of respondent bias is known as anchoring. The kind of question design that halves or doubles the suggested amount in the initial question reduces the impact of starting point bias which is caused by uncertain respondents that anchor their willingness to pay on the bid amount presented in the first question (Carmona-Torres and Calatrava-Requena 2006). Doubling the amount presented in the initial bid ensures that the follow up bid crossed the respondent’s anchoring threshold, as such, the bids represent both extremes of WTP.



In both the pre-test questionnaire and the final questionnaire, there were five starting bids (Carmona-Torres and Calatrava-Requena 2006; Honu 2007). During the pre-test, the initial bids were K1000, K3000, K5000, K7000 and K9000. The follow up bids covered values from K500 to K18,000 (at the time of writing the exchange rate was approximately K750/$USD and GDP was 1169 (current international $, 2016) (World Bank 2018). The bid amounts in the pre-test questionnaire were spread widely so as to include as many WTP values as possible. The distribution of “yes” responses from the pre-test was measured as the probability of an individual agreeing to participate at that fee. The pilot results showed that most respondents were willing to participate when the amounts offered were between K500 and K10,000. In the final questionnaire the initial bid amounts used were K1000, K2000, K3000, K4000 and K5000, and thus the follow up bids had a maximum amount of K10,000 as shown in Table 1.




2.2. Hypothetical Solid Waste Management System


In one set of the questionnaires, the hypothetical scenario and willingness to pay questions were presented before any other questions (e.g., demographic) and in the other set, the hypothetical scenario and WTP questions were presented after the section on opinions towards present solid waste management practice. One of the hypothetical waste collection systems was a kerbside (roadside) collection system whereby the household would be required to place waste containers on the road side near the house for collection on a specific day of the week. The waste would then be transported to a transfer station or disposal site by bicycle carts and small trucks. Payment would be on monthly basis to a community-managed fund that would cover the cost of operations.



The second system would require household members to carry the waste to a transfer station. An appointed entity would then transport the waste out of the area. The payment and management method would remain the same in both scenarios. Additionally, the WTP questions were randomized, so that they were placed either before or after some questions about the respondents’ views on the environment. For example, we asked: “Among the following environmental issues, which of these deserves the most attention: water pollution, air pollution, deforestation, solid waste management, etc.” which primed the respondent for thinking about the environment and their priorities. Altering the placement of the question allowed us to test the impact of framing, i.e., preparing the respondents’ mind to more fully consider the implications of their choice.



A summary of the scenarios is presented in Table 2.




2.3. Sample Design


Ten households were selected from each of the five internal subdivisions in South Lunzu for a sample of 50 households for the pilot study. The tenth household from a chosen junction in a street was selected as the first household in the sample. Subsequent households along the street were selected using the same interval of ten, whilst alternating sides of the street, until the tenth household in the area was selected.



The final sample size was calculated using the standard deviation (σp) and the standard error (E) of the WTP from the pilot (Triola 2001).



From the pilot study, mean WTP for scenario one was K3315 with a standard deviation of K4491 and a standard error of K717. As a result, the target minimum sample size for the final study was calculated to be 841 households. In scenario two, the pilot study resulted in a mean WTP of K3493 with a standard deviation of K3459 and a standard error of K567, giving a minimum sample size of 1412 households. Due to time and resource limitations 1250 households were included in the final study. Like in the pilot survey, the 10th household on a street was also selected from each sub-division. Using the interval of 10, a total of 250 households were sampled from each of the five selected sub-divisions.




2.4. Analysis


The Dichotomous Choice Contingent Valuation model was proposed by Hanemann et al. (1991) and further developed by Cameron and Quiggin (1994). The “doubleb” command developed by Lopez-Feldman (2012) in STATA version 12 was used to estimate the WTP and the impact of other variables on WTP. The “doubleb” command estimates maximum likelihood under the assumption of normality.



The Dichotomous Choice Contingent Valuation model as developed by Cameron and Quiggin (1994) assumes normal distribution of WTP and that the WTP of individual i can be modelled as the following linear function:


   W T  P i   (   z i  ,  u i   )  =  z i  β +  u i    



(1)




where zi is a vector of explanatory variables, β is a vector of their corresponding coefficients and ui is random error term. It is expected that the individual (i) will answer “yes” when WTPi is greater than or equal to the suggested amount (ti), (i.e., when WTPi ≥ ti) and will answer “no” when WTPi is less than the suggested amount (ti), (i.e., when WTPi < ti).



To find β, the following maximum likelihood function was used


   L o g   L =   ∑  i = 1  N    [   d i  s n   l n ( Φ  (   z i ′   β σ  −    t 1   σ   )  − Φ  (   z i ′   β σ  −    t 2   σ   )  ) +  d i  s s   l n ( Φ  (   z i ′   β σ  −    t 2   σ   )  ) +  d i  n s   l n ( Φ  (   z i ′   β σ  −    t 2   σ   )  − Φ  (   z i ′   β σ  −    t 1   σ   )  ) +  d i  n n   l n ( 1 − Φ  (   z i ′   β σ  −    t 2   σ   )  )  ]      



(2)




where disn, diss, dins, dinn are indicator variables that take the value of one or zero depending on the response from each individual. disn takes the value “1” if the respondent says “yes” to the first question and “no” to the second question. diss takes the value of “1” when the respondent answers “yes” to both questions. dins takes the value “1” when the respondent answers “no” to the first question and “yes” to the second question. dinn takes the value “1” when the respondent answers “no” to both questions. From the setup of the questions, the responses will generate a value of 1 in only one part of Equation (2), and the rest will take the value of 0. The respondent will thus contribute to the logarithmic function in only one of its parts as all the other parts will be equal to 0. After finding β and σ, the WTP for each individual was estimated using Equation (3):


   W T  P i   (   z i  , β  )  =  ∑   z i  β   



(3)








2.5. Ethical Considerations


All respondents gave verbal consent to participate in the study. Due to low levels of literacy in the area, the questions were read out to the respondents in the language they were more comfortable with (English or the local language, Chichewa). Permission to conduct the study was granted from local leaders (chiefs). A local representative was appointed to accompany the enumerators wherever it was deemed necessary by the local leadership.



There were several cases where household members requested consultation from the local leaders or head of households before participating. These households were revisited later on an agreed day. The respondents’ names were not recorded, and a unique ID number identified households.





3. Results


We obtained 1256 valid responses. A breakdown of the household characteristics is presented in Table 3. In order to determine the quantity of waste generated, respondents were shown a two liter basin and asked how many basins of that size they would fill up each day. They were also asked to estimate how long it took them to travel to their current waste disposal site.



Willingness to Pay


In both scenarios, the number of yes responses decreased as the initial bid amount was increased. The highest number of yes responses was made to the lowest initial bid. The five minute walk scenario had more yes responses to the initial bid compared to the 30 min walk scenario. Figure 1 presents a summary of the trend in responses.



WTP was estimated to be K716 when the walking time to the disposal site was 30 min (scenario two). When the walking time to the disposal site was reduced to five minutes (scenario one), the average WTP increased to K1980. These were the averages calculated while all other variables were held constant.



Table 4 shows the impact of the covariates on WTP estimations: Position of valuation question (first in questionnaire = 0), age (years), gender (male = 1), education (some formal education = 1), house owners (owners = 1), years in present house (years), years in South Lunzu (years), employment status (employed = 1), household income (K per month), walking with bag of waste (walk = 1, onsite = 0), satisfaction for SWM (satisfied = 1), ranking for SWM compared to other priorities (SWM highest ranked = 1, other position = 0).



Odd numbered columns are for the five minute walk scenario and even numbered columns are for the 30 min walk scenario. The table also illustrates how personal and household traits along with environmental variables influence WTP. Columns 1 and 2 represent the findings from the base model where WTP was calculated without any covariates. Columns 2 and 4 include the respondent and households’ characteristics. Columns 5 and 6 include covariates related to the present practices in solid waste management. In Columns 7 and 8 all variables were taken into consideration.



As shown in Columns 3–8 was a difference in WTP depending on the placement of the questions: when placed later in the questionnaire, WTP was K2139 for scenario one and 1780 for scenario two. When the valuation question was placed first, WTP was K946 for scenario one and K1139 for scenario two.



For a unit increase in age, there was a decrease in WTP of −58 in scenario one and −34 in scenario two, with both decreases being significant (Columns 3 and 4) when only demographic information is included in the model. The unit decrease in WTP changed to −22 and −7 for scenario one and two respectively when all variables are included (Columns 7 and 8).



Women had a higher WTP than men in all instances of the model (all columns). A difference in WTP of K986 was obtained for scenario one (Column 7) and K927 for scenario two. The difference in both scenarios was found to be significant.



For each unit increase in the number of years a family had stayed in South Lunzu, there was an increase in WTP of K142 and K88 for scenario one and scenario two respectively (Column 3 and 4). However, for every unit increase in the number of years a family had stayed in South Lunzu, there was a decrease in WTP of −45 and −23 for scenario one and scenario two respectively (Column 3 and 4).



Columns 5 and 6 indicate that those who were satisfied with the present practice of solid waste management had a higher WTP that those unsatisfied with a difference of K1855 (significant at 95 percent confidence) and K428 for scenario one and scenario two respectively. Sixty-one households were not satisfied with the present practice and 1172 respondents were satisfied. Thus, the disparity in WTP can be attributed to the number of respondents that were satisfied being greater than those unsatisfied.



The key differences between the two solid waste collection programs was the time taken to transport waste to the disposal site and the frequency at which waste is taken to the disposal site. Respondents had a higher WTP for the scenario with a shorter walking time despite having their waste collected once a week.



Placing the valuation question before all other questions resulted in a lower WTP value compared to placing it after obtaining the respondents’ perceptions on waste management. This result is an indication that other questions influence the respondent’s choices. A pilot implementation would be required to select the position that gives the most accurate willingness to pay value.



Details of the differences in WTP across social groups within the sample are in Appendix B. Key differences to note were those within the gender groups, education levels, house ownership, and employment. Table 5 highlights some of the key differences in WTP between groups from the sample.



Educated respondents had a higher willingness to pay than those without any form of education. Respondents without any formal education had a negative WTP, which suggests that they have an intention of receiving money, and which may indicate they were unclear about the bidding system or that they were actually seeking payment. Those with tertiary education had a willingness to pay of K2210 to walk five minutes to the disposal point and K1233 to walk 30 min, and those without tertiary education had WTP of K1770 for the five minute walk scenario and K905 for the 30 min walk scenario.



In the five minute walk scenario, those who were employed had a WTP of K1949 which was higher than the WTP of K1927 that those who were unemployed offered, although the difference was only K22 and not significant. However, the difference rose up to K359 with those unemployed having a higher WTP of K1297 and those employed having a lower WTP of K937. It should be noted as well, that the baseline walking time was nearly seven minutes (Table 3). Thus, the willingness to pay as well as an additional amount of time to access proper solid waste disposal is a significant finding. In the distribution of WTP across forms of employment, employees of non-governmental organizations had the highest average WTP, seconded by students. Government employees had the lowest WTP among the forms of employment considered. The trend in Figure 2 suggests a possible correlation between employers, household income and WTP values.





4. Discussion


A WTP value of K716 per month for the 30 min walk scenario shows that there is a potential of raising up to K8786 per household per year for solid waste collection in South Lunzu. WTP for the five minute walk scenario presents an opportunity to raise up to K23,763 per household annually for solid waste collection. The population of South Lunzu was 38,966 in 2012 (UN-Habitat 2012), translating to approximately 7640 households and probably more than 9000 by 2018 (official statistics are not available). Thus, an annual revenue of between K67,124,428 and K181,549,320 could be collected if all households in South Lunzu were to participate (based on a population of 38,966). This not only presents an opportunity for financing solid waste collection, but also business creation and employment within the solid waste value chain.



Furthermore, the residents of South Lunzu are willing to segregate their waste provided the incentives are in place. This willingness presents an opportunity to reduce the quantity of waste that arrives at the dump site, provided the necessary treatment technologies and systems are in place (e.g., composting, recycling, etc.). However, for the benefits of these model systems to be realized, a comprehensive study would have to be carried out to identify the composition of the solid waste.



Out of the households, 55.89% were found to be willing participants in solid waste collection. While it is true that over 44% of respondents were not willing to contribute (WTP = 0), the average salary among respondents was about $150/month (Table 3) and the estimated WTP values ranged up to 2% of the monthly income: a non-significant portion of a very low income. Collectively the households willing to participate generate 42% of the waste generated by the sampled households; in the short term, a reduction in solid waste would be expected to improve the quality and aesthetics of the local environment, and in the long term, cause a trickle-down effect, ideally encouraging non-participants to join.



Women had a higher WTP than men, enforcing the oft-held but rarely quantified notion that women have a higher sensitivity to their environment than men. In essence, this would highlight a need to involve more women in the management of solid waste as this suggests potentially higher commitment towards living in clean surroundings. However, this can only be verified through a pilot implementation.



The difference in the WTP amounts between those who had stayed in the same house for longer and those who had changed houses could be because of the potential change in the household environment when the family moves to a new house. Those who have stayed in the same house for long may expect to stay there longer and thus are more concerned about their home. Those who have not stayed as long in South Lunzu are perhaps more transient and may be intending to move from their present house in South Lunzu, resulting in lower WTP. We found no correlation between the current disposal practices and the WTP values.



The significant difference in WTP based on the position of the valuation question indicates that the design of a WTP survey should take into consideration the structure of the questionnaire itself. A pilot trial would be required in order to ascertain which position of the question in the questionnaire obtains more accurate willingness to pay. This symbolizes the tradeoff that the people are willing to make in order to improve solid waste management in the area.




5. Conclusions


Our results indicate that there is a willingness to pay for improving solid waste collection in South Lunzu. However, the amount of money the people were willing to pay depended on several factors. Increasing income led to higher WTP values, which is to be expected. Older people had a lower WTP compared to younger people. Respondents who had some education had a positive WTP and those without any formal education had a negative WTP. Such variations in WTP show that the social characteristics of respondents as well as demographic characteristics are critical in revenue generation from waste collection. Given the variation, the lowest acceptable WTP value would likely have to be piloted to ensure the broadest rate of acceptance.



When designing the solid waste collection systems, walking distance is a crucial factor in its success. The higher WTP for walking five minutes to the disposal point signifies a preference for short distances.



There is potential to improve solid waste management through improvements in solid waste collection at the community level through community managed solid waste collection schemes. Despite this, further campaigns would have to be developed and implemented to gain collective support from all community members, as well as to increase awareness of all individual’s roles.



The impact of environmental framing and the position of the valuation question should also be taken into consideration. Other questions may influence the respondents to give a higher or lower WTP and result in biased responses. Overall, varying the position of the WTP question is likely to identify possible influences of preceding questions on WTP. A pilot implementation of the presented hypothetical scenarios coupled with a choice experiment would identify the position of the valuation question that more accurately estimates the WTP. Practically, the pilot should be coupled with an environmental awareness campaign, since the messaging appears to have an impact on the actual WTP value.



At least 56% of households gave a “yes” response for scenario with a five minute walking time (scenario one) and 38% said “yes” to walking 30 min (scenario two). Projecting this finding to the population of South Lunzu, 4263 households would agree to participate in scenario one and 2926 households would participate in scenario one. An annual total of K101,301,669 could be realized if scenario one was to be implemented and K25,707,602 if scenario two was to be implemented. This represents a potential source of finance that could be used to improve solid waste management, as well as other community amenities such as drainage.



The findings also imply that policy should consider expanding the role of waste management from the city council to the local communities. In this case, the city could provide centrally located transfer stations and require that local communities mobilize themselves to raise resources for waste collection to the transfer station. Under this new strategy, the city would facilitate the formation of community-based waste management committees that would enforce waste separation and community hygiene on the council’s behalf.



A pilot implementation is needed in order to ascertain the actual WTP. This pilot implementation would also help identify the position of the valuation question in the questionnaire that accurately estimated the actual WTP. Among the factors to be included in the pilot would be a test for source separation of solid waste and the impact of distance on WTP.



City councils that are unable to provide city-wide services should delegate their waste collection responsibilities to communities by facilitating the formation of community management committees that will collect solid waste and payments. This system would enable solid waste collection even in hard to reach areas where there is no road access.



Future work making use of dichotomous choice contingent valuation should pay careful attention to the position of valuation question relative to other questions. Since the position of the question that best estimates WTP is not yet known, researchers should randomize the position of the WTP question in the questionnaires.
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Appendix A


Questionnaire A (0)





	

	
Questions

	
Code

	
Responses




	
A

	
Valuation




	
A1

	
Scenario 1: Imagine if there was a community managed service to collect waste every week, from the road nearest to your house where you would walk a maximum of 5 min to that road while carrying waste containers once a week on the collection day. Participation in this would require that you put plastics, food waste, glass, metals and yard waste in separate plastic bags to allow recycling. For this to work, you would have to pay a monthly fee to a community managed account. The money from this account will be used to finance the waste collection service. The monthly fee to pay is MWK................................... Would you participate, keeping in mind that this will reduce the amount of money available for other uses?

	
0

	
No




	
1

	
Yes




	
A2

	
If the amount to pay was MWK….……..……, would you participate?

	
0

	
No




	
1

	
Yes




	
A4

	
Scenario 2: Imagine if there was a different community managed service to collect waste every week from a road junction near your house where you would walk a maximum of 30 min when carrying waste from your house to that place. Participation in this would also require you to put plastics, food waste, glass, metals and yard waste in separate plastic bags for recycling. For this to work, you would have to make a monthly contribution to a community managed account. The money will be used to finance the operation of the solid waste collection system. The amount of money you have to pay every month is MWK.............................. Would you participate, keeping in mind that this will reduce the amount of money available for other uses?

	
0

	
No




	
1

	
Yes




	
A5

	
If the amount to pay was MWK….……..……, would you participate?

	
0

	
No




	
1

	
Yes




	
B

	
Demographics




	
B0

	
Respondent Number

	

	




	
B1

	
Date of Interview

	

	




	
B2

	
Area of residence

	

	




	
B3

	
Respondent Age

	

	




	
B4

	
Respondent Sex

	
0

	
Male




	
1

	
Female




	
B5

	
Highest level of education

	
0

	
No education




	
1

	
Primary education




	
2

	
Secondary education




	
3

	
Tertiary education




	
B6

	
What is your position in the household

	
0

	
Male head of HH




	
1

	
Female head of HH




	
2

	
Spouse of head of HH




	
3

	
Son of head of HH




	
4

	
Daughter of head of HH




	
5

	
Mother of head of HH




	
6

	
Father of head of HH




	
7

	
Other female




	
8

	
Other male




	
B7

	
House ownership status

	
0

	
Owner




	
1

	
Rental




	
B8

	
How many people live in this house?

	

	




	
B9

	
How long have you lived in South Lunzu (Machinjiri)?

	

	




	
B10

	
How long have you lived in this house?

	

	




	
B11

	
Employment type

	
0

	
Unemployed




	
1

	
Self employed




	
2

	
Government employee




	
3

	
Private sector




	
4

	
Non-governmental Organization




	
5

	
Student




	
6

	
Other (Specify): …………………………………




	




	
B12

	
In which income bracket does your monthly household income fall?

	

	
Less than K5,000




	

	
K5,001 to K10,000




	

	
K10,001 to K15,000




	

	
K15,001 to K20,000




	

	
K20,001 to K50,000




	

	
K50,001 to K80,000




	

	
K80,001 to K120,000




	

	
K120,001 to K150,000




	

	
K150,001 to K200,000




	

	
K200,001 to K250,000




	

	
More than K250,001




	
C

	
Present solid waste management practice




	
C1

	
How many 2L basins of waste do you produce per day?

	

	




	
C2

	
Where do you dump plastic waste?

	
0

	
Rubbish pit




	
1

	
Road




	
2

	
Open Dump




	
3

	
Sell to recyclers




	
4

	
Burning




	
5

	
Landscaping




	
6

	
No plastic waste




	
7

	
Don’t know




	
8

	
Other (Specify): ……………………………………….




	




	
C3

	
Where do you dump glass waste?

	
0

	
Rubbish pit




	
1

	
Road




	
2

	
Open Dump




	
3

	
Sell to recyclers




	
4

	
Burning




	
5

	
Landscaping




	
6

	
Pit latrine




	
7

	
No glass waste




	
8

	
Don’t know




	
9

	
Other (Specify): ………………………………….




	




	
C4

	
Where do you dump metal waste?

	
0

	
Rubbish pit




	
1

	
Road




	
2

	
Open Dump




	
3

	
Sell to recyclers




	
4

	
Burning




	
5

	
Landscaping




	
6

	
Pit latrine




	
7

	
No metal waste




	
8

	
Don’t know




	
9

	
Other (Specify): ……………………………………….




	




	
C5

	
Where do you dump of food waste?

	
0

	
Rubbish pit




	
1

	
Road




	
2

	
Open Dump




	
3

	
Sell to recyclers




	
4

	
Burning




	
5

	
Garden Manure




	
6

	
Fed to animals




	
7

	
Toilet




	
8

	
No food waste




	
9

	
Don’t know




	
10

	
Other (Specify): ………………………………………




	




	
C6

	
Where do you dump yard waste?

	
0

	
Rubbish pit




	
1

	
Road




	
2

	
Open Dump




	
3

	
Sell to recyclers




	
4

	
Burning




	
5

	
Garden Manure




	
6

	
Fed to animals




	
7

	
Toilet




	
8

	
No yard waste




	
9

	
Don’t know




	
10

	
Other (Specify): ……………………………………….




	




	
C7

	
Do you participate in solid waste management in your home?

	
1

	
Yes




	
0

	
No




	
C8

	
Who takes the lead role in solid waste management in your home?

	
0

	
Male head of HH




	
1

	
Female head of HH




	
2

	
Spouse of head of HH




	
3

	
Son of head of HH




	
4

	
Daughter of head of HH




	
5

	
Mother of head of HH




	
6

	
Father of head of HH




	
7

	
Hired labour (Gardener, maid, etc.)




	
8

	
Don’t know




	
9

	
Other (Specify): ……………………………………….




	




	
C9

	
How many minutes does it take to travel to the disposal site?

	

	




	
C10

	
How do you take the waste to the disposal site?

	
0

	
Walk with bag of waste




	
1

	
Walk with Wheelbarrow




	
2

	
Car/truck




	
3

	
Bicycle




	
4

	
Cart




	
5

	
Don’t know




	
6

	
Other (Specify): ……………………………………




	




	
C11

	
Are you satisfied with how you dispose of waste?

	
1

	
Yes




	
0

	
No




	
D

	
Environmental concern




	
You have been given 28 beans to allocate to the list of public sectors, and another 28 beans to allocate to selected environmental issues. The number of beans you give to a sector will indicate the importance you attach to that particular sector. The more the beans you place on the sector, the more important that sector is to you.




	
D1

	
From the following list which sector of public policy deserves the most attention? Indicate the level of attention as instructed above.

	

	
Public Education




	

	
The Natural Environment




	

	
Crime prevention




	

	
Housing




	

	
Unemployment and Poverty




	

	
Public Health services




	

	
National Defence




	

	
Other (Specify): ……………………………………….




	




	
D2

	
Among the following Environmental issues, which of these deserves the most attention? Indicate the level of attention as instructed above.

	

	
Water Pollution




	

	
Air Pollution




	

	
Deforestation




	

	
Soil Erosion




	

	
Solid waste management




	

	
Loss of biodiversity




	

	
Climate change




	

	
Other (Specify): ……………………………………




	







Questionnaire B (1)





	

	
Question

	
Code

	
Response




	
C

	
Present solid waste management practice




	
C1

	
How many 2L basins of waste do you produce per day?

	

	




	
C2

	
Where do you dump plastic waste?

	
0

	
Rubbish pit




	
1

	
Road




	
2

	
Open Dump




	
3

	
Sell to recyclers




	
4

	
Burning




	
5

	
Landscaping




	
6

	
No plastic waste




	
7

	
Don’t know




	
8

	
Other (Specify): ……………………………………….




	




	
C3

	
Where do you dump glass waste?

	
0

	
Rubbish pit




	
1

	
Road




	
2

	
Open Dump




	
3

	
Sell to recyclers




	
4

	
Burning




	
5

	
Landscaping




	
6

	
Pit latrine




	
7

	
No glass waste




	
8

	
Don’t know




	
9

	
Other (Specify): ……………………………………….




	




	
C4

	
Where do you dump metal waste?

	
0

	
Rubbish pit




	
1

	
Road




	
2

	
Open Dump




	
3

	
Sell to recyclers




	
4

	
Burning




	
5

	
Landscaping




	
6

	
Pit latrine




	
7

	
No metal waste




	
8

	
Don’t know




	
9

	
Other (Specify): ……………………………………….




	




	
C5

	
Where do you dump of food waste?

	
0

	
Rubbish pit




	
1

	
Road




	
2

	
Open Dump




	
3

	
Sell to recyclers




	
4

	
Burning




	
5

	
Garden Manure




	
6

	
Fed to animals




	
7

	
Toilet




	
8

	
No food waste




	
9

	
Don’t know




	
10

	
Other (Specify): ………………………………………




	




	
C6

	
Where do you dump yard waste?

	
0

	
Rubbish pit




	
1

	
Road




	
2

	
Open Dump




	
3

	
Sell to recyclers




	
4

	
Burning




	
5

	
Garden Manure




	
6

	
Fed to animals




	
7

	
Toilet




	
8

	
No yard waste




	
9

	
Don’t know




	
10

	
Other (Specify): ……………………………………….




	




	
C7

	
Do you participate in solid waste management in your home?

	
1

	
Yes




	
0

	
No




	
C8

	
Who takes the lead role in solid waste management in your home?

	
0

	
Male head of HH




	
1

	
Female head of HH




	
2

	
Spouse of head of HH




	
3

	
Son of head of HH




	
4

	
Daughter of head of HH




	
5

	
Mother of head of HH




	
6

	
Father of head of HH




	
7

	
Hired labor (Gardener, maid, etc.)




	
8

	
Don’t know




	
9

	
Other (Specify): ……………………………………….




	




	
C9

	
How many minutes does it take to travel to the disposal site?

	

	




	
C10

	
How do you take the waste to the disposal site?

	
0

	
Walk with bag of waste




	
1

	
Walk with Wheelbarrow




	
2

	
Car/truck




	
3

	
Bicycle




	
4

	
Cart




	
5

	
Don’t know




	
6

	
Other (Specify): ……………………………………….




	




	
C11

	
Are you satisfied with how you dispose of waste?

	
1

	
Yes




	
0

	
No




	
A

	
Valuation




	
A1

	
Scenario 1: Imagine if there was a community managed service to collect waste every week, from the road nearest to your house where you would walk a maximum of 5 min to that road while carrying waste containers once a week on the collection day. Participation in this would require that you put plastics, food waste, glass, metals and yard waste in separate plastic bags to allow recycling. For this to work, you would have to pay a monthly fee to a community managed account. The money from this account will be used to finance the waste collection service. The monthly fee to pay is MWK................................... Would you participate, keeping in mind that this will reduce the amount of money available for other uses?

	
0

	
No




	
1

	
Yes




	
A2

	
If the amount to pay was MWK….……..……, would you participate?

	
0

	
No




	
1

	
Yes




	
A4

	
Scenario 2: Imagine if there was a different community managed service to collect waste every week from a road junction near your house where you would walk a maximum of 30 min when carrying waste from your house to that place. Participation in this would also require you to put plastics, food waste, glass, metals and yard waste in separate plastic bags for recycling. For this to work, you would have to make a monthly contribution to a community managed account. The money will be used to finance the operation of the solid waste collection system. The amount of money you have to pay every month is MWK.............................. Would you participate, keeping in mind that this will reduce the amount of money available for other uses?

	
0

	
No




	
1

	
Yes




	
A5

	
If the amount to pay was K….……..……, would you participate?

	
0

	
No




	
1

	
Yes




	
B

	
Demographics




	
B0

	
Respondent Number

	

	




	
B1

	
Date of Interview

	

	




	
B2

	
Area of residence

	

	




	
B3

	
Respondent Age

	

	




	
B4

	
Respondent Sex

	
0

	
Male




	
1

	
Female




	
B5

	
Highest level of education

	
0

	
No education




	
1

	
Primary education




	
2

	
Secondary education




	
3

	
Tertiary education




	
B6

	
What is your position in the household

	
0

	
Male head of HH




	
1

	
Female head of HH




	
2

	
Spouse of head of HH




	
3

	
Son of head of HH




	
4

	
Daughter of head of HH




	
5

	
Mother of head of HH




	
6

	
Father of head of HH




	
7

	
Other female




	
8

	
Other male




	
B7

	
House ownership status

	
0

	
Owner




	
1

	
Rental




	
B8

	
How many people live in this house?

	

	




	
B9

	
How long have you lived in South Lunzu (Machinjiri)?

	

	




	
B10

	
How long have you lived in this house?

	

	




	
B11

	
Employment type

	
0

	
Unemployed




	
1

	
Self employed




	
2

	
Government employee




	
3

	
Private sector




	
4

	
Non-governmental Organization




	
5

	
Student




	
6

	
Other (Specify): ……………………………………….




	




	
B12

	
In which income bracket does your monthly houshold income fall?

	

	
Less than K5,000




	

	
K5,001 to K10,000




	

	
K10,001 to K15,000




	

	
K15,001 to K20,000




	

	
K20,001 to K50,000




	

	
K50,001 to K80,000




	

	
K80,001 to K120,000




	

	
K120,001 to K150,000




	

	
K150,001 to K200,000




	

	
K200,001 to K250,000




	

	
More than K250,001




	
D

	
Environmental concern




	
You have been given 28 beans to allocate to the list of public sectors, and another 28 beans to allocate to selected environmental issues. The number of beans you give to a sector will indicate the importance you attach to that particular sector. The more the beans you place on the sector, the more important that sector is to you.




	
D1

	
From the following list which sector of public policy deserves the most attention? Indicate the level of attention as instructed above.

	

	
Public Education




	

	
The Natural Environment




	

	
Crime prevention




	

	
Housing




	

	
Unemployment and Poverty




	

	
Public Health services




	

	
Defense




	

	
Other (Specify): ……………………………………….




	




	
D2

	
Among the following Environmental issues, which of these deserves the most attention? Indicate the level of attention as instructed above.

	

	
Water Pollution




	

	
Air Pollution




	

	
Deforestation




	

	
Soil Erosion




	

	
Solid waste management




	

	
Loss of biodiversity




	

	
Climate change




	

	
Other (Specify): ……………………………………….




	








Appendix B


Full model results 





	

	
1

	
2

	
3

	
4

	
5

	
6

	
7

	
8




	
Coeff

(Error)

	
Coeff

(Error)

	
Coeff

(Error)

	
Coeff

(Error)

	
Coeff

(Error)

	
Coeff

(Error)

	
Coeff

(Error)

	
Coeff

(Error)




	
Constant

	
1980.25 ***

(108.62)

	
716.32 ***

(95.26)

	
−1539.27

(1066.26)

	
−1242.15

(803.44)

	
1377.68

(1110.2)

	
1222.89

(1004.63)

	
−2157.58

(2290.66)

	
−264.25

(1956.6)




	
Sigma

	
3258.80 ***

(126.81)

	
2278.16 ***

(98.14)

	
2924.752 ***

(121.56)

	
1975.98 ***

(91.71)

	
2298.04 ***

(180.96)

	
1986.09 ***

(166.39)

	
2172.49 ***

(183.58)

	
1812.17 ***

(159.96)




	
Observations

	
1256

	
1256

	
1054

	
1054

	
297

	
297

	
242

	
242




	
Wald Chi2

	

	

	
151.2

	
98.06

	
18.33

	
14.1

	
36.31

	
33.19




	
Prob > Chi2

	

	

	
0

	
0

	
0.03

	
0.12

	
0.01

	
0.02




	
Likelihood

	
−1557.23

	
1244.65

	
1242.76

	
−981.599

	
−328.78

	
−291.57

	
−264.3

	
−235.7




	
Position of valuation Question

	

	
261.65

(209.86)

	
258.94 *

(152.45)

	
82.92

(312.88)

	
−55.37

(286.11)

	
259.92

(344.38)

	
170.12

(305)




	
Age of respondent

	

	
−58.34 ***

(12.09)

	
−34.14 ***

(9.04)

	

	
−21.72

(19.8)

	
−6.55

(17.63)




	
Gender of respondent

	

	
377.01

(265.39)

	
354.21 *

(191.44)

	

	
986.81 **

(449.12)

	
927.01 **

(396.19)




	
Education level of respondent

	

	
1311.24

(907.01)

	
477.96

(681.69)

	

	
1893.79

(1747.11)

	
352.99

(1435.85)




	
When respondent is head of household

	

	
457.72 *

(274.12)

	
159.23

(198.04)

	

	
−390.98

(528.92)

	
−648.10

(462.07)




	
House owners

	

	
757.12

(216.56)

	
214.02

(156.45)

	

	
594.48 *

(352.24)

	
370.03

(310.94)




	
Size of Household

	

	
94.49

(64.76)

	
54.40

(47.01)

	

	
63.53

(92.02)

	
29.36

(81.86)




	
Number of years living in present house

	

	
142.46 ***

(34.88)

	
87.98 ***

(25.09)

	

	
92.45 *

(54.5)

	
77.36

(49.24)




	
Number of years household has lived in south Lunzu

	

	
−44.89 *

(23.88)

	
−22.83

(17.59)

	

	
−58.28

(38.30)

	
−87.64 **

(41.55)




	
Employment status of respondent

	

	
−53.27

(232.91)

	
138.18

(170.52)

	

	
77.47

(452.401)

	
−256.77

(397.63)




	
Household Income

	

	
0.022 ***

(0.00)

	
0.01 ***

(0.00)

	

	
0.01 ***

(0.00)

	
0.01 ***

(0.00)




	
Quantity of solid waste

	

	

	
60.21

(178.77)

	
91.93

(160.5)

	
−5.33

(203.16)

	
−109.05

(181.28)




	
Waste Separation

	

	

	
−448.99

(375.66)

	
−183.91

(343.67)

	
−397.45

(415.07)

	
−185.33

(369.81)




	
Mode of transport used (walking with bag of waste vs wheelbarrow)

	

	

	
−1863.72 ***

(577.1)

	
−1260.14 **

(499.59)

	
−1492.36 **

(639.61)

	
−904.69 *

(535.65)




	
Gender of leader in solid waste management in household

	

	

	
517.59

(321.46)

	
747.73 **

(297.14)

	
−69.55

(477.65)

	
285.69

(424.83)




	
When respondent is also leader of solid waste management

	

	

	
597.11

(407.62)

	
402.24

(380.22)

	
474.47

(468.86)

	
338.67

(412.42)




	
Time taken to travel to present solid waste disposal site

	

	

	
−26.50

(36.47)

	
−29.77

(34.27)

	
3.93

(42.58)

	
−13.86

(40.27)




	
Satisfaction for present solid waste management practices

	

	

	
1855.27 **

(819.34)

	
428.26

(734)

	
1842.09 *

(985.44)

	
489.92

(847.73)




	
Priority ranking for solid waste management

	

	

	
1364.82

(1089.09)

	
−396.32

(1077.03)

	
678.48

(1130.01)

	
−1144.08

(1096.23)




	
Robust standard errors in parenthesis, *** p < 0.01, ** p < 0.05, * p < 0.1.
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Figure 1. Response trends as bid amounts were increased. 
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Figure 2. Willingness to pay (WTP) variation with income and place of employment. 
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Table 1. Bid amounts.






Table 1. Bid amounts.





	
Initial Bid

	
Follow up Bids




	

	
If answer to Initial Is “Yes”

	
If Answer to Initial Is “No”






	
Pilot Study




	
1000

	
2000

	
500




	
3000

	
6000

	
1500




	
5000

	
10,000

	
2500




	
9000

	
18,000

	
3500




	
Final Study




	
1000

	
2000

	
500




	
2000

	
4000

	
2000




	
3000

	
6000

	
1500




	
4000

	
8000

	
2000




	
5000

	
10,000

	
2500
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Table 2. Description of hypothetical scenarios.






Table 2. Description of hypothetical scenarios.





	System Attribute
	Scenario 1:
	Scenario 2:





	Collection frequency
	Once a week
	Whenever storage container is full



	Distance to collection point
	Road nearest to respondent’s house
	Communal space e.g., market nearest to respondent’s house



	Travel time required
	5 min to disposal
	30 min to disposal



	Travel frequency to collection point
	Once a week on the collection day
	Whenever suitable for household members



	Other requirements for participation
	Plastics, food waste, glass, metals and yard waste in separate plastic bags
	Plastics, food waste, glass, metals and yard waste in separate plastic bags



	Payment form
	Household pays a monthly fee to a community managed account
	Household pays a monthly fee to a community managed account
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Table 3. Sample characteristics.






Table 3. Sample characteristics.





	

	

	
Pilot Study

	
Final Study




	
Variable

	
Units

	
n

	
Mean

	
n

	
Mean






	
Age

	
Years

	
47

	
40.45

	
1196

	
29.93




	
Household size

	
Pop/HH

	
50

	
5.1

	
1221

	
5




	
Years in South Lunzu

	
Years

	
47

	
8

	
1228

	
4.94




	
Years in present house

	
Years

	
-

	
-

	
1223

	
3.90




	
Household income

	
K/month

	
47

	
90,266

	
1200

	
111,512




	
Daily solid waste quantity

	
L/day

	
50

	
1.40

	
1234

	
1.49




	
Time taken to travel to disposal site

	
Minutes

	
47

	
6.70

	
1233

	
6.66
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Table 4. Willingness to pay models.






Table 4. Willingness to pay models.





	

	
1

	
2

	
3

	
4

	
5

	
6

	
7

	
8






	
Constant (z)

	
1980.25 ***

(108.62)

	
716.32 ***

(95.26)

	
−1539.27

(1066.26)

	
−1242.15

(803.44)

	
1377.68

(1110.203)

	
1222.89

(1004.625)

	
−2157.58

(2290.66)

	
−264.25

(1956.6)




	
Sigma (σ)

	
3258.80 ***

(126.81)

	
2278.2 ***

(98.14)

	
2924.75 ***

(121.557)

	
1975.98 ***

(91.71)

	
2298.04 ***

(180.96)

	
1986.09 ***

(166.389)

	
2172.49 ***

(183.58)

	
1812.17 ***

(159.96)




	
Position of valuation question

	

	
261.65

(209.86)

	
258.94 *

(152.45)

	
82.92

(312.88)

	
−55.37

(286.110)

	
259.92

(344.38)

	
170.12

(305)




	
Age

	

	
−58.34 ***

(12.09)

	
−34.14 ***

(9.04)

	

	
−21.72

(19.8)

	
−6.55

(17.63)




	
Gender

	

	
377.01

(265.37)

	
354.21 *

(191.44)

	

	
986.81 **

(449.12)

	
927.01 **

(396.19)




	
Education

	

	
1311.24

(907.01)

	
477.96

(681.69)

	

	
1893.79

(1747.11)

	
352.99

(1435.85)




	
House owners

	

	
757.12

(216.56)

	
214.02

(156.45)

	

	
594.48 *

(352.24)

	
370.03

(310.94)




	
Years in present house

	

	
142.46 ***

(34.88)

	
87.98 ***

(25.09)

	

	
92.45 *

(54.5)

	
77.36

(49.24)




	
Years in South Lunzu

	

	
−44.89 *

(23.88)

	
−22.83

(17.60)

	

	
−58.28

(38.30)

	
−87.64 **

(41.55)




	
Employment status

	

	
−53.27

(232.91)

	
138.18

(170.52)

	

	
77.47

(452.41)

	
−256.77

(397.63)




	
Household income

	

	
0.022 ***

(0.00)

	
0.01 ***

(0.00)

	

	
0.01 ***

(0.00)

	
0.01 ***

(0.00)




	
Walking with bag of waste

	

	

	
−1863.72 ***

(577.1)

	
−1260.14 **

(499.59)

	
−1492.36 **

(639.61)

	
−904.69 *

(535.65)




	
Satisfaction for SWM

	

	

	
1855.27 **

(819.34)

	
428.26

(734)

	
1842.09 *

(985.44)

	
489.92

(847.73)




	
Ranking for SWM

	

	

	
1364.82

(1089.09)

	
−396.32

(1077.03)

	
678.48

(1130.01)

	
−1144.08

(1096.23)




	
n

	
1256

	
1256

	
1054

	
1054

	
297

	
297

	
242

	
242








Robust standard errors in parenthesis, *** p < 0.01, ** p < 0.05, * p < 0.1.
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Table 5. Willingness to pay values.






Table 5. Willingness to pay values.





	

	
Average WTP

	
p-Value






	

	
5 min walk

	
30 min walk

	




	
Base WTP

	
K1980

	
K716

	




	
n

	
1256

	
1256

	




	

	
Q Position 1

	
Q Position 2

	




	
WTP for 5 min walk

	
K1780

	
K2139

	
0.0087




	
WTP for 30 min walk

	
K946

	
K1139

	
0.1161




	
n

	
132

	
110

	




	

	
Men

	
Women

	




	
WTP for 5 min walk

	
K1567

	
K2394

	
0




	
WTP for 30 min walk

	
K600

	
K1555

	
0




	
n

	
132

	
110

	




	

	
Rental

	
Owner

	




	
WTP for 5 min walk

	
K1725

	
K2219

	
0.0003




	
WTP for 30 min walk

	
K976

	
K1107

	
0.2904




	
n

	
135

	
107

	




	

	
No Education

	
Educated

	




	
WTP for 5 min walk

	
K-287

	
K1971

	
0.0002




	
WTP for 30 min walk

	
K150

	
K1045

	
0.108




	
n

	
3

	
239

	




	

	
Unemployed

	
Employed

	




	
WTP for 5 min walk

	
1927

	
1949

	
0.8878




	
WTP for 30 min walk

	
1297

	
937

	
0.0094




	
n

	
65

	
177
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