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Wetlands are known to be one of the most productive and valuable ecosystems that provide important and diverse benefits to people around the world, contributing to provisioning, regulating, cultural and supporting services. However, very few studies have focused on the monetary value of provisioning ecosystem services and their contribution to household income. This paper aims to investigate the monetary value of provisioning services and their contribution to household income in the Bangweulu Wetland and surrounding areas, Zambia. A direct market valuation method was employed to quantify the products collected from the Bangweulu Wetland and surrounding areas and to assess their contribution to household income. Primary data, including household survey questionnaires, field observations, field measurements and key informant interviews, were employed. The research employed statistical techniques, including the estimation of mean frequencies, averages and the Pearson Chi-square test. Stratified random sampling was employed to sample 340 households in six districts. Also, purposive sampling was employed to sample seventeen key informants from government departments and traditional leaders. Major products collected include freshwater, crops, fish, woodfuel, grass, livestock rearing, reeds, papyrus, wild products and clay soil. However, freshwater had no significant monetary value and contributed minimally to household income. The Pearson Chi-square test showed that social factors such as gender, residential status, and house type significantly influenced the utilisation of various wetland resources, including crops, fish, woodfuel, reeds, papyrus and freshwater. In contrast, factors such as age, family size and employment level had no significant impact on resource utilisation. The gross monetary value of these services was estimated at US$ 11.7 million annually, the total cash income estimated at US$ 9.94 million and the total net monetary value estimated at US$ 10.5 million. Fishing and agriculture accounted for the largest contribution to household incomes (66.9% and 25.3%, respectively). These statistics underscore the critical role played by the Bangweulu Wetland in sustaining local livelihoods. Consequently, policymakers should carefully consider the economic value of the Bangweulu Wetland’s ecosystem services in their planning and as an integral part of potential poverty reduction strategies.
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1 INTRODUCTION
Wetlands provide a wide of ecosystem services that include provisioning (fresh water, fish, forest products, folder, raw materials), regulating (flood protection, climate regulation, soil erosion control), cultural services (tourism, recreation, aesthetic appreciation, art) and supporting services (Soil formation and primary production) (Zhang et al., 2007; Damm et al., 2013; Ayeni et al., 2019). They are an important ecosystem that supports the interaction of humans, animals and plants through the provision of ecosystem services (Marambanyika, 2021). Despite covering only 1.5% of the earth’s surface, wetlands provide 40% of global ecosystem services that play a significant role in the local and global water cycle and are at the heart of the connection between water, food and energy (Zedler and Kercher, 2005; Damm et al., 2013). Despite the wide range of services to society and the economic value associated with wetlands, they are damaged and degraded and about 50% of the wetlands have disappeared globally in the last century (Das et al., 2015; Ajwang et al., 2016). According to the Ramsar Convention, wetlands are defined as “areas of marsh, fen, peatland or water, whether natural or artificial, permanent or temporary, with water that is static or flowing, fresh, brackish or salt, including areas of marine water the depth of which at low tide does not exceed 6 m (Ramsar, 2007).
The Convention on Wetlands also commonly known as the Ramsar Convention is a crucial intergovernmental treaty, with the mission of “Conservation and wise use of all wetlands through local, regional and national actions and international cooperation, as a contribution towards achieving sustainable development throughout the world (Ramsar, 2007). According to the above definition, wetlands are defined as the ecological transition zone between the terrestrial environment and the submerged environment where the tropical flora and fauna can develop (Dang et al., 2022). The concept of ecosystem services refers to the economic, social and ecological contribution that supports human wellbeing (De Groot et al., 2002). Thus, the identification of various ecosystem services and their utilizations is significant for sustainable management.
Provisioning ecosystem services provide a specific range of consumable products that include: building materials; raw materials; medicines; fish; and other materials for household utilisation (Millennium Ecosystem Assessment, 2005). However, they are the major driving force to livelihood sustenance especially in developing countries (Boafo et al., 2014). Furthermore, Provisioning services are prominent in terms of their utilisation especially in developing countries due to high poverty levels (Fagerholm et al., 2012). Despite the lack of proper policy guidance on wetland management, these provisioning ecosystem services hold high monetary value. According to Barbier et al. (1991) the goods and services provided by wetlands lack market value, leading to their degradation and negatively impacting the communities that rely on them for sustenance.
In Africa, wetlands are a vital source of water and nutrients essential for biological productivity and, in many cases, for the survival of local communities. They provide numerous goods and services that possess economic value not only for the local population but also for people residing beyond the wetland regions (Schuyt, 2005; Collings, 2009). However, there has been a loss or degradation of Southern African wetlands due to an increase in demand for land and water (Lannas and Turpie, 2009).
Few studies have been carried out to assess the contribution of provisioning ecosystem services to the household’s income (Adekola et al., 2007; Lannas and Turpie, 2009; Akwetaireho and Getzner, 2010; Zuze, 2013; Mahlatini et al., 2020) and the results indicate that these provisioning ecosystem services are crucial for sustaining household income. However, these studies did not highlight how socio-economic determinants influencing the utilization of provisioning ecosystem services. Thus, the current study in the Bangweulu Wetland and surrounding areas addresses the socio-economic determinants of provisioning ecosystem services. Adekola et al. (2007) observed that the provisioning ecosystem services generated from the Ga-Mampa wetland in South Africa were crucial for household subsistence and providing resources for gift-giving to neighbours and relatives. However, this study did not explore an intensive sampling strategy as it as a key factor in methodology. Thus, this paper aims to fill this gap by utilizing a more robust and generalizable methodology.
In the natural wetlands, both provisioning ecosystem and cultural services have generally declined over 20 years (Akwetaireho and Getzner, 2010), due to agricultural expansion and over-harvesting of papyrus biomass (Owino and Ryan, 2007). On the other hand, Banda et al. (2022) assessed the ecosystem services in the Zambezi Barotse Flood Plain in Zambia and found that socio-ecological factors leads to a general decline in ecosystem services. However, this study did not consider the actual number of products collected and their annual monetary contribution to households. Thus, the current study explored the monetary value of provisioning ecosystem services and household contribution in the Bangweulu Wetland and surrounding areas.
The economic value of provisioning ecosystem services has significant contribution to household income in rural communities. Zambia is a party of the Ramsar Convention. The Government of the Republic of Zambia ratified the convention on 28 December 1991 and designated Lochinvar, Blue Lagoon National Park and the Bangweulu Swamp at Chikuni as Ramsar sites (ECZ, 1998). Zambia’s wetlands cover about 14%–19% of the total land area of the country and contribute to economic development by supporting various economic sectors such as tourism, agriculture, fisheries, forestry and supporting livelihood communities (Ministry of Lands and Natural Resources, 2018). However, the monetary value of provisioning services and their contribution to household income remains unknown in most of Zambia’s wetlands. Furthermore, a direct market valuation method has not been thoroughly applied at wetland sub catchment level. Using this direct market valuation method, the economic value of the Bangweulu Wetland and surrounding areas was assessed to understand the economic value of the collected products and their contribution to household income. Consequently, the monetary value of provisioning services in the Bangweulu Wetland and surrounding areas is significant, as it aligns with Zambia’s Eighth National Development Plan (8NDP) and serves as a potential strategy for poverty reduction through community-based natural resources management and government engagements. Therefore, this study aimed at assessing the monetary value and contribution of provisioning ecosystem services on household income in Zambia’s Bangweulu Wetland using a direct market valuation method with the following specific objectives: to assess the key provisioning ecosystem services utilised; socio-economic determinants; and to estimate the economic value and its household contributions of key provisioning ecosystem services utilised from the Bangweulu Wetland. Furthermore, the study hypothesised that there was no statistically significant association between socio-economic factors and the types of products collected from the Bangweulu Wetland and surrounding areas.
2 MATERIALS AND METHODS
2.1 Description of the study area
The Bangweulu Wetland is located in the Luapula and Northern provinces of Zambia, with a small portion of the Central Province also covered as shown in Figure 1 (Chundu et al., 2024). It is a unique example of a complex of wetland types found in Central Southern Africa between 08° and 18° S and 22°–34° East longitudes. The area is significant for wildlife conservation, tourism and fishing for the local inhabitants (Huchzermeyer, 2012). The conservation area is situated in the transition zone between woodland, floodplain and swamp covering over 11,900 square Kilometres. The Bangweulu Wetland is fed primarily by the Chambeshi River, with several smaller rivers emptying into the swamps on the northern, eastern and southern margins (Chundu et al., 2024).
[image: Map depicting the Luapula Basin in Zambia with elevation represented by color gradients from green (low, 757m) to red (high, 1963m). It highlights study area boundaries, rivers, lakes, and adjacent basins like Chambeshi and Kafue. Insets include a general map of Zambia and an overview of Southern Africa, indicating regional context.]FIGURE 1 | Map of Zambia showing the study area of Bangweulu Wetland and surrounding areas, Luapula River Basin, Zambia (Source: Chundu et al., 2024).It is situated in a high rainfall belt in the Northern part of Zambia with three rainfall seasons: a cool dry season from May to August; a hot season from August to October; and a warm rain season from November to April (Kamweneshe, 2000). Mean annual rainfall varies between 1000 mm and 1500mm, with a gradient of increasing rainfall toward Lake Bangweulu and the climate over the entire system is homogenous. The entire Bangweulu Wetland is seasonally flooded especially during the rainy seasons. In January, the plains are inundated and the highest water level reached in March as a result of inflow from the catchment exceeding the capacity of the river channel. After the rains, the water gradually recedes, reaching the lowest level in October and November (Kamweneshe, 2000).
The Wetland is also located in a shallow depression, which is called the basin, in the centre of the ancient cratonic platform on the general plateau. The cratonic unit is mainly composed of quartzite, mudstone and acid meta-volcanic. Additionally, the geology of the area consists of alluvial sands and clays of the river valleys with a combination of Savannah and Swampy vegetation types. The soil in the organic topsoil is moderately acidic and becomes increasingly acidic with depth. The soil covering Bangweulu is mostly fine-textured, ranging from sandy clay, loam, and alluvium clay around the lakeshores, and has sandy and loamy soil on the highlands (Kamweneshe, 2000; Kunda, 2022).
The vegetation types in the Bangweulu Wetland are dominated by Julbernardia paniculata (Benth.) Troupin (Mutondo), Isoberlinia angolensis (Benth.) Hoyle and A.P.D. Jones (Mutobo), Brachystegia boehmii Taub. (Miombo) and Brachystegia bussei Harms (Mukongolo) (Kunda, 2022; Fanshawe, 1971; Storrs, 1995). However, the vegetation of the study area is a mosaic of different vegetation types. The vegetation in this area falls clearly into well-defined zones with the depth and duration of the flooding (Kamweneshe, 2000; Fanshawe, 1971; Storrs, 1995; Zambia Wildlife Authority, 2006). The Bangweulu Wetland consists of five distinct vegetation zones: the upper mainland woodlands; fringing open woodlands; termitaria and fringing grasslands; seasonal floodplain; and permanent swamps (Kamweneshe et al., 2003; Chundu et al., 2024).
Fisheries and wildlife sustain the economy of the area of the Bangweulu swamps. Fish mainly account for both substance and commercial types for livelihood income and rural economy. Little is known about the status of fish stock but it is reasonable that the fishery of Bangweulu has declined over time due to overfishing and the use of unsustainable fishing methods. In addition, fringing woodland is used for wood fuel, fibre and other domestic use (Kamweneshe, 2000; Storrs, 1995). The Bangweulu region is of considerable historical interest and has the potential to attract historians and scholars as well as vacationers. The Bemba-speaking ethnic groups include the Unga, Twa, Kabende, Ngambo, Ushi and Bisa (Gawler, 1998).
2.2 Research design
This study employed a mixed-methods approach by combining both qualitative and quantitative data to gain a comprehensive understanding of the research problem.
2.2.1 Sampling procedure
The sampling strategy was designed to target the population living around the Bangweulu Wetland and surrounding areas, including Chifunabuli (Chishi and Mbabala islands), Samfya, Serenje, Mansa, Chitambo and Chilubi districts, across fifteen villages, with a total of 16,328 households (Table 1). These districts were selected due to their proximity to the wetland, which is central to the study’s interest.
TABLE 1 | Showing socio-economic characteristics of sampled households in the Bangweulu Wetland and the surrounding areas, Zambia.	Demographic information	
	Gender
	Male	49.00%
	Female	51.00%
	Level of education
	Primary	57.10%
	Secondary	26.20%
	Tertiary	6.50%
	Never attended school	10.30%
	Marital status
	Married	77.40%
	Widowed	6.80%
	Separated/Divorced	7.40%
	Single/Never married	8.50%
	Average Households size	5
	Average Age	38.9
	Structure of house
	Thatched	82.4%
	Roofed (Iron sheets)	17.60%
	Residence status
	Permanent	52.90%
	Temporary	47.10%


2.2.2 Sample size calculation
The sample size was calculated as shown in Equation 1 (Islam, 2018).
N=p 1−p ze2(1)
Where:
N = Sample size.
P = Population proportion (0.5 was chosen to represent the maximum variability, ensuring that the sample size is large enough to be reliable within the given confidence interval (Cameron, 2011).
Z = Z-value from the standard normal distribution (1.96 for a 95% confidence level).
e = Margin of error (set at 10%).
Substituting the values into the formula:
N=0.5 1−0.51.96/0.12
N=0.5 0.53.840.01
N=0.25 (384)
N=96
Thus, the calculated sample size is 96. However, the final sample size was 340 households, which was larger than the calculated sample size. This was done to account for potential non-responses and ensure a more robust dataset.
2.3 Data collection
Primary data collection involved a mixed-method approach. The instruments used included household survey questionnaires, key informant interview guides, field observation and field measurement tools.
2.3.1 Households survey questionnaires
In the survey, a semi-structured questionnaire was administered through face-to-face interviews to collect information on demographic characteristics, the use and status of ecosystem services and the economic value of these services. This included data on the quantities of products harvested, associated costs, time spent collecting materials or products from the wetland and the market prices of various products.
To obtain the sample households for the study, stratified random sampling technique was employed. Using this strategy, it increased accuracy and provide realistic results. However, yet, it can be time-consuming and difficult when the population is heterogeneous and far spread (Lemeshow and Ferketich, 2020).
Using this method, the sample was proportionally divided among the six sampled districts to obtain the sample size for each village. Despite the differences in the number of households sampled per village, the selected sample size was considered representative and sufficient to capture the variability between the villages concerning values of provisioning ecosystem services. In total, 340 questionnaires were administered to heads of households using a lottery method (Singh and Masuku, 2014).
The questionnaire was originally prepared in English and individual questions were orally translated into the local language (Bemba) while being administered to respondents. The survey questionnaires were administered to the heads of households. In instances where the head of household was not present or refused to participate, another randomly selected household was used to replace that household (Bong et al., 2016).
2.3.2 Key informant interviews
Key informant interviews were conducted with government personnel in Ministry of Agriculture, Forestry departments, Fisheries and Livestock departments in all the districts. The main purpose of conducting key informant interviews was to complement the data collected from the household survey questionnaires. The key informants from the government departments also provided secondary data, whereas from traditional leaders provided the researcher with key resources utilised from the wetland, markets where harvested resources were sold, the status of the resources harvested and the total number of households in the villages.
A purposive sampling method was employed to select key informants from government institutions. In total seventeen key informant interviews were conducted through face-to-face interviews with participants in six districts. Purposive sampling is a non-probability strategy that has both advantages and disadvantages. The advantages include the following: Key informants may be chosen for convenience or based on recommendations from competent persons; they can also give accurate and robust data.
However, the disadvantages are as follows: the researcher exercises judgment on the informant’s reliability and competency; and informants may provide unreliable data voluntarily or involuntarily because they are eager to please, may have hidden purposes and intentions and have their own emotional issues, principles and viewpoints (Bernard, 2002; Dolores and Tongco, 2007).
2.3.3 Field observations
Field observations were conducted through transect walks to observe market prices of goods and services generated from Bangweulu Wetland and the surrounding areas. Additionally, field visits to forests, temporal and permanent fishing camps and agricultural lands accompanied by at least one local person, were undertaken to gain adequate knowledge of the source where the products were collected, land use and the status of ecosystem services.
2.3.4 Field measurements
Field measurement was conducted to collect coordinates from households and determine the weight of products gathered from the wetland, such as fish, using a 50-kg measuring scale. Furthermore, 20-m measuring tapes were employed to measure the average length and diameter of wood products in a bundle sold in the market.
2.3.5 Valuation of wetland provisioning ecosystem services
The prevailing local market price of wetland provisioning ecosystem services was used to estimate the economic value of the products collected from the Bangweulu Wetland and surrounding areas. Three indicators have been used to estimate the monetary value of each provisioning service identified, utilised and sold at the market. These include Gross Monetary Value (GMV), Net Monetary Value (NMV) and Cash Income (CI). Values were expressed in Zambian Kwacha (ZMW) and then converted to United States American Dollars (USD). The average exchange rate from September 2022 to April 2023 was computed, US$1 = ZMW 17.02 from the free currency rate (FCR).
GMV=THQ×P(2)
where TQH is the total annual product harvested and P is the average price per unit of product at which a commodity was sold at the market of a particular year.
TQH is computed from the average annual quantity collected per household multiplied by the Percentage of Participating Households (PPH) and the total number of households residing in the buffer zone (villages where research was conducted) is indicated by N.
TQH is calculated as shown in Equation 2.
TQH=∑i=1mHCin×PPH×N(3)
where HCi is the quantity of product collected by household i.
where PHH=mn×100%(4)
PHH = percentage of households participating in the activity m = number of households in the sample participating in the activity n = total number of sampled households = 340
N = total number of households in the buffer zones (Villages where research was conducted).
The expected total number of households participating in the activities was calculated as shown in Equation 3.
PHH×N(5)
NMV=GMV – IC(6)
where IC = Input Cost. Costs are estimated based on all monetary inputs going into the harvesting and use of each good/service of the products collected and sold as shown in Equation 4.
CI=QSD×P(7)
where QSD is the total quantity of products sold and it is calculated as shown by Equation 5.
QSD=∑i=1mHCin×PPH×N(8)
The total economic value of the direct benefits of provisioning ecosystem services was calculated by summing up the individual goods and services from gross monetary value estimation as shown in Equation 2 (adapted from Adekola et al., 2008).
3 RESULTS
3.1 Socio-economic characteristics of the households
The distribution of household gender in the Bangweulu Wetland and surrounding areas shows that 51.0% (n = 173) were females and 49.0% (n = 167) were males who utilised products obtained from the Bangweulu Wetland and the surrounding areas. The average household size was 5.0 members, with an average age of 38.9 years. The level of education attended by the respondents was as follows: 57.1% attended primary school; 26.2% attended secondary school; 6.5% attended tertiary education; and 10.3% had never attended any school. Furthermore, 77.4% of the respondents indicated that they were married, 6.8% were widowed, 7.4% were separated, and 8.5% were single. The results further revealed that most respondents lived in thatched house structures (82.4%), while only 17.6% of respondents lived in roofed structure houses. Finally, 52.9% of the respondents indicated that they resided in the community permanently, while 47.1% indicated that they resided in the community temporarily (Table 2).
TABLE 2 | Showing the names of the districts and their sampled villages, total households per village and proportion per district in the Bangweulu Wetland and surrounding areas from Key informants.	Districts	Villages	No. of sampled households per village	Total household per village	Proportion of sampled households per village
	Mansa	Lukangaba (Kalungushi)	39	300	
	Nambulu	8	230	16.8%
	Matipa	10	320	
	Samfya	Mphata	7	748	
	Safuka	35	1000	30.3%
	Kaishe	30	1608	
	Chisanka	21	2407	
	Kalasa Mukosa	10	1876	
	Chifunabuli	Mbabala	50	5324	26.8%
	Chishi	41	1590	
	Chilubi	Lindela	12	30	6.5%
	Chilonda	10	15	
	Chitambo	Kansaka GMA	11	450	15.9%
	Tuta Bridge	43	300	
	Serenje	Musamfye	13	130	3.8%
	Total		340	16,328	100.0%


3.2 The use of provisioning ecosystem services in the bangweulu wetland and the surrounding areas
The major products collected from the Bangweulu Wetland and surrounding areas include fresh water (21.3%), crops (19.1%), fish (15.4%), woodfuel (11.6%), grass (10.6%), livestock (9.0%), wild resources (4.0%), reeds (3.5%), papyrus (3.3%) and clay (2.2%) (Figure 2).
[image: Bar chart showing the proportion of households using various products. Freshwater, crops, and fish are most utilized, each exceeding 15%. Woodfuel, grass, livestock, wild resources, reeds, papyrus, and clay follow in decreasing order.]FIGURE 2 | Showing major provisioning ecosystem services utilised in Bangweulu Wetland and surrounding areas.Thus, these products collected from the Bangweulu Wetland and surrounding areas were utilised for household consumption and also sold in markets for cash income, which holds substantial monetary value. Conversely, fresh water, being public goods, do not possess significant market value and cannot be sold in markets. Wild resources such as clay, reeds and papyrus exert minimal monetary value (Figure 3).
[image: Scatter plot showing various products by economic value in USD against their proportion percentage. Freshwater and Fish are marked high in proportion and economic value. Crops and Woodfuel have moderate values, while Clay, Papyrus, and Reeds are lower on both axes.]FIGURE 3 | Economic Value of provisioning ecosystem services and percentage of respondents in the Bangweulu Wetland and surrounding areas, Zambia.The association between socio-economic factors, such as age, marital status, education, gender, residential status, house type, employment status, family size and the products collected from the Bangweulu Wetland and surrounding areas was performed in a crosstab using Pearson’s Chi-square test (Table 3). The results showed that there was statistical evidence of the association between crops utilised and residential status and house type (X2=7.66,p<0.006,X2=9.83,p<0.002). The significant p-values for residential status and house type suggest that these factors influence the types of crops utilised by individuals. Gender and house type were statistically significant with the utilisation of fish (X2=10.4,p<0.001; X2=71.1,p<0.000, indicating that these variables might affect how fish resources are used. Gender, residential status and house type were statistically significantly associated with the utilisation of woodfuel at (X2=16.1,p<0.000; X2=142.8,p<0.000; X2=5.18,p<0.023, suggest that these factors are related to how woodfuel is utilised. Residential status was statistically significantly associated with the utilisation of livestock (X2=4.56,p<0.033,. The significant association with residential status suggests that where a person lives might influence the use of livestock. Gender, education, marital status and residential status were statistically significant with the utilisation of reeds at (X2=10.5,p<0.001; X2=11.3,p<0.010; X2=11.5,p<0.009; X2=24.9,p<0.000, indicating that these variables are related to the use of reeds. Gender, residential status and house type were statistically significantly associated with the utilisation of papyrus (X2=6.45,p<0.001; X2=34.3,p<0.000; X2=5.23,p<0.022). Similar to reeds, the significant associations suggest that gender, residential status and house type are related to how papyrus is utilised. Residential status was statistically significantly associated with the utilisation of wild resources (X2=17.9,p<0.000. The significant association with residential status suggests that it influences the use of wild resources. House type was statistically associated with freshwater (X2=9.83,p<0.002), suggesting that the type of house might influence how fresh water is utilised. Finally, the collection of clay was significantly associated with the type of house (X2=8.10,p<0.00), suggesting that the type of house might influence clay collection. However, there was no statistically significant association at P>0.05 between age, household size and employment level and the products collected from the Bangweulu Wetland and the surrounding areas. Thus, the results suggest that these factors do not have a discernible impact on the utilisation of the products from the Bangweulu Wetland and surrounding areas.
TABLE 3 | Relationships between socio-economic factors and the products collected from the Bangweulu Wetland and surrounding areas, Zambia.		Gender	Age	Education	Household size	Marital status	Residence
status	House type	Employment
level
	Product	χ2	α	χ2	α	χ2	α	χ2	α	χ2	α	χ2	α	χ2	α	χ2	α
	Crops	0.906	0.341	45.410	0.791	1.630	0.473	13.280	0.505	4.460	0.216	7.660	0.006	9.830	0.002	0.049	0.824
	Fish	10.840	0.001	52.640	0.343	3.980	0.264	13.200	0.509	4.290	0.232	71.100	0.000	0.754	0.385	1.016	0.313
	Woodfuel	16.100	0.000	53.500	0.494	5.320	0.150	12.400	0.572	4.060	0.255	142.800	0.000	5.180	0.023	2.113	0.146
	Livestock	0.015	0.904	47.200	0.731	1.540	0.674	19.400	0.149	6.350	0.960	4.560	0.033	0.199	0.656	0.226	0.146
	Reeds	10.500	0.001	36.800	0.964	11.300	0.010	18.000	0.209	11.500	0.009	24.900	0.000	0.519	0.471	1.391	0.238
	Papyrus	6.450	0.011	44.800	0.811	1.130	0.771	13.540	0.485	4.920	0.178	34.300	0.000	5.230	0.022	0.940	0.332
	Wild Resources	1.080	0.298	49.700	0.640	1.580	0.665	12.700	0.548	7.040	0.071	17.900	0.000	0.945	0.331	0.006	0.937
	Freshwater	0.906	0.341	71.400	0.056	2.510	0.473	7.530	0.912	0.906	0.341	0.519	0.471	9.830	0.002	0.181	0.671
	Clay	0.294	0.567	61.300	0.231	2.650	0.449	3.910	0.996	1.730	0.630	3.280	0.070	8.100	0.004	0.417	0.518


Where α is P-value.
χ2 = chi square (Pearson’s) test of significance: p < 0.05, or: p < 0.01.
3.3 Economic value of different provisioning ecosystem services in bangweulu wetland and surrounding areas
3.3.1 Economic value of crops production
The major crops grown in the terrestrial environment surrounding the Bangweulu Wetland that have significant value to rural households through income generation were maize, cassava, sweet potatoes, groundnuts, soya beans and mixed beans. The estimated annual quantities of harvested crops were 15,570,983.5 kg, of which 12,092,652.8 kg of crops were sold, representing 77.7% of the total quantity sold. The average unit price for crops was estimated to be ZMW 3.3 per kg (US$ 0.19 per kg). The annual gross monetary value of crops was estimated to be US$3.0 million; cash income was estimated to be US$ 2.3 million and net monetary value was US$ 1.7 million (Table 4). Twenty-five-point three percent of the total proportion indicates the total value of provisioning ecosystem services generated from crop production in the Bangweulu Wetland and surrounding areas, Luapula River Basin, Zambia. Thus, 23.4% represents the cash income generated from crop production, highlighting its contribution to household income in the Bangweulu Wetland and surrounding areas, Zambia (Figure 4).
TABLE 4 | Showing the average unity price, total annual harvest, total annual quantity sold, percentage sold from each product and total gross monetary value, cash income and net monetary value from each product collected from Bangweulu Wetland and surrounding areas.	Provisioning services unity measure average unity price annual harvest annual sold % sold gross monetary value cash income net monetary value
	Crops	kg	3.27	15,570,983.54	12,092,652.76	77.7	2,995,788.53	2,326,573.04	1,718,865.89
	Fish	kg	60.13	2,244,630.69	1,963,613.38	87.5	7,931,599.12	6,938,599.84	7,922,476.96
	Charcoal	kg	1.16	2,709,866.04	1,868,733.17	69	185,074.66	127,628.14	170,946.82
	Firewood	Bundle	45.53	143,022.97	127,813.44	89.4	382,615.52	341,926.93	367,719.89
	Livestock	Number	80	35,996.62	5,012.12	13.9	169,217.79	23,561.63	132,566.36
	Papyrus	Bundle	15	15,429.75	9,796.67	63.5	13,600.17	8,635.03	6,692.15
	Wild Fruits	Kg	10	5,080	3,556	70	2,985.09	2,089.57	1,104.48
	Grass	Bundle	10.12	236,344.48	221,425.88	93.6	140,482.48	131,614.90	123,438.51
	Clay (Bricks)	Number	5	1187,32.50	9,9735.3	84	34,884.61	29,303.07	34,884.61
	Total						11,856,247.97	9,929,932.15	10,478,695.66


Take note that one million = 1,000,000.
Take not that Gross monetary value, cash income and net monetary values of each product were computed in US, dollars (US$1 = ZMW, 17.02).
[image: Pie chart showing resource usage percentages. Fish accounts for 70%, crops 24%, firewood 4%, charcoal 1%, grass 1%, and papyrus, wild fruits, livestock, and clay bricks each at 0%.]FIGURE 4 | Showing the contribution of provisioning ecosystem services to household income.3.3.2 Economic value of fishing
Small-scale fishing is an important source of income derived from the Bangweulu Wetland and surrounding areas. The estimated total quantity of fish harvested was 2,244,630.7 kg and the annual quantity sold was 1,963,613.4 kg, representing 87.5% of the total quantity of fish sold. The average price per kilogram was estimated to be ZMW 60.1 (equivalent to US$3.5 per kilogram). The gross monetary value generated from small-scale fishing was US$7.93 million, whereas the cash income generated from small-scale fishing amounted to US$6.9 million. Additionally, the net monetary value generated from small-scale fishing was US$7.92 million (Table 4). Sixty-six-point nine percent of the total proportion indicated the total value of the provisioning ecosystem services generated from fishing activities in the Bangweulu Wetland and surrounding areas. Thus, 69.9% represents the cash income calculated from fishing activities, highlighting its major contribution to household income in the Bangweulu Wetland and surrounding areas (Figure 4). Therefore, the results indicate that fish have significant value to the people living in the Bangweulu Wetland and surrounding areas.
3.3.3 Economic value of woodfuel (charcoal and firewood)
Charcoal production and firewood collection from the forests play a significant role in contributing to household income and serve as a source of energy. The total quantity harvested in bags was estimated to be 2,709,866.0 kg and the total quantity sold was estimated to be 1,868,733.2 kg, representing 69% of the quantity of charcoal sold, whereas, the estimated total number of bundles harvested for firewood was 143,023.0 and the annual quantity sold was 127,813.4 bundles, representing 89.4%. The average unit price per bundle was estimated to be K45.5 (equivalent to US$2.7 per bundle). The average unit price for charcoal was K1.2 per kg (equivalent to US$0.07 per kg). The gross monetary value generated from charcoal production was US$ 0.19 million whereas firewood collection yielded a gross monetary value of US$ 0.38 million. The cash income generate from charcoal production was US$ 0.13 million whereas firewood collection generated a cash income of US$ 0.34 million. Thus, the net monetary value derived from charcoal production was US$ 0.17 million whereas firewood collection generated a net monetary value of US$ 0.37 million (Table 4). One point six percent of the total proportion indicated that the total value of the total provisioning ecosystem services was generated from the collection of charcoal whereas firewood generated a total gross value of 3.2% in the Bangweulu Wetland and surrounding areas. The results further revealed that 1.3% of cash income contribute to household income from charcoal products whereas the 3.4% of cash income contribute to the collection of firewood in the Bangweulu Wetland and the surrounding areas for household income (Figure 4).
3.3.4 Economic value of livestock rearing
Households mostly own livestock such as chickens, ducks, goats, pigs, birds and a small portion of cattle for consumption and partly for sale. The livestock had an estimated annual quantity owned of 35,996.6, whereas the quantity sold was 5,012.1, representing 13.9% of the total number of livestock sold. The average unit price for livestock was K80 per livestock (equivalent to US$4.7 per livestock). The total gross monetary value generated from the livestock was US$ 0.17 million and the cash income generated from selling the livestock was US$ 0.02 million and net monetary value was estimated to be US$ 0.13 million (Table 4). One point four percent represent value of the total provisioning ecosystem services generated from livestock in the Bangweulu Wetland and surrounding areas. Finally, the total proportion of cash income generated from livestock was 0.24%, indicating that their monetary contribution to household income was very minimal in Bangweulu Wetland and surrounding areas (Figure 4). Therefore, these results showed that livestock adds value to the people living in the Bangweulu Wetland and surrounding areas through the income generated from livestock.
3.3.5 Economic value of papyrus
Papyrus plays a significant role in thatching, basket weaving and roofing temporary houses in swampy environments. The annual quantities collected for papyrus were estimated to be 15,429.8 bundles and the quantity sold was estimated to be 9,796.7 bundles, representing 63.5% of the total quantity sold. The average unit price per bundle was estimated to be K15 (equivalent to US$0.88 per bundle). The gross monetary value generated from papyrus mats was US$ 0.01 million, whereas the cash income collected from selling papyrus mats amounted to US$ 0.009 million. The net monetary value generated was US$ 0.007 million (Table 4). Zero-point one percent of the total proportion indicates the total value of the provisioning ecosystem services generated from papyrus collections in the Bangweulu Wetland and surrounding areas. Thus, the total proportion of cash income generated from papyrus was 0.09%, highlighting its minimal contribution to household income in the Bangweulu Wetland and surrounding areas (Figure 4). Therefore, these results demonstrate that the collection of papyrus adds value to the people living in the Bangweulu Wetland and surrounding areas through the income generated from selling papyrus mats.
3.3.6 Economic value of wild fruits
Wild fruits serve as a source of food and contribute to household income in the Bangweulu Wetland and surrounding areas. The annual quantity harvested was 5,080 kg, whereas the quantity sold was 3,556 kg, representing 70% of the total quantities sold. The average unit price estimated was K10 (equivalent to US$0.59). The gross monetary value generated from wild fruits was US$ 0.003 million and the cash income collected from selling wild fruits amounted to US$ 0.002 million. The estimated net monetary value was US$ 0.001 million (Table 4). The total proportion of provisioning ecosystem services generated for wild fruits was 0.03% and the cash income generated from wild fruits was 0.02%, indicating that their monetary contribution to household income was very minimal (Figure 4).
3.3.7 The economic value of thatched grass
Thatched grass collection is significant not only for thatching but also contributes to household income in the Bangweulu Wetland and surrounding areas. The estimated annual quantity harvested was 236,344.5 bundles and the annual quantity sold was 221,425.9 bundles, representing 93.6% of the quantity sold. The average unit price for grass per bundle was estimated as K10.1 (equivalent to US$0.59 per bundle). The gross monetary value generated from the collection of thatched grass was estimated to be US$ 0.14 million, the cash income received after selling thatched grass was estimated to be US$ 0.13 million and the net monetary value was estimated to be US$ 0.12 million (Table 4). One point two percent from the total proportion indicated the total value of the total provisioning ecosystem services generated from grass collections in the Bangweulu Wetland and surrounding areas. Thus, the total proportion of cash income generated from thatched grass was 1.3%, indicating that their monetary contribution to household income was very minimal (Figure 4).
3.3.8 The economic value of clay soil (bricks)
Pounded bricks made from clay soil contribute to household income in the terrestrial environment of Bangweulu Wetland. The annual quantity of bricks made from clay soil was estimated to be 118,732.5 and the annual quantity sold was 99,735.3, representing 84% of the total number of bricks sold. The average unit price per brick was estimated to be K5 (equivalent to US$0.29 per brick). The gross monetary value generated from clay bricks was US$ 0.03 million, the cash income generated was US$ 0.035 million and the net monetary value was estimated to be US$ 0.0350 million (Table 4). Zero-point three percent from the total proportion indicated the total value of the total provisioning ecosystem services generated from clay soil (brick production) in the Bangweulu Wetland and surrounding areas. Thus, the total proportion of cash income generated from clay soil (brick production) was 0.3%, indicating monetary contribution to household income. Therefore, the contribution of clay soil is small to the household income of people living around the Bangweulu Wetland and surrounding areas, Zambia (Figure 4).
4 DISCUSSIONS
4.1 The major provisioning ecosystem services and their socio-economic influence
The current study indicates that freshwater is the major product collected from the Bangweulu Wetland and surrounding areas. Similar results were found in the Barotse Floodplain in Zambia, a case study on the status of ecosystem services in the Zambezi Floodplain. In Uganda, a case study from Mabamba Bay Wetland, Lake Victoria, also identified freshwater as the major provisioning ecosystem service utilised by households. (Banda et al., 2022; Akwetaireho and Getzner, 2010). These results were inconsistent with the findings of Mahlatini et al. (2020), of the Songore Wetland, Zimbabwe, crop productions were identified as the major provisioning ecosystem services. Thus, this could be attributed that freshwater is easily acquired by most households due to proximity to Bangweulu Wetland for various uses.
In the current study, the socio-economic factors such as gender, residential status and house type showed significant relationships on the utilisation of products corrected from the Bangweulu Wetland. The current study did not agree of what Boafo et al. (2014) found in rural communities in Ghana that marital status has a greater significance on the correction of provisioning ecosystem services products. Thus, the differences could be attributed to the facts that the products collected are influenced by a specific socio-economic factor.
4.2 The monetary value of the major provisioning ecosystem services in bangweulu wetland and surrounding areas
This study reaffirmed the economic significance of the major provisioning ecosystem services in the Bangweulu Wetland and the surrounding areas by employing market price valuation techniques. The major contribution to the household income and the rural economy was fishing in the wetlands. However, the findings from the current study were inconsistence with what previous studies observed by Adekola et al. (2012), Mahlatini et al. (2020) and (Chowdhury and Behera, 2021) in the Ga-Mampa Wetland in South Africa, the Songore Wetland in Zimbabwe and West Bengal in India, who noted that the growing of crops yielded a high monetary value generated from crop cultivation annually. This attributed to the fact that most households in Bangweulu Wetland entirely depend on fishing activities as a source of income. The present study also confirmed the findings of Zuze (2013), Ayeni et al. (2019) who noted that fish had the highest contribution of cash income and gross monetary value of the Lake Chiuta Wetland in Malawi and the Nguru Wetland in Nigeria, respectively. The findings of Ajwang et al. (2016) in the Kano Floodplain in Kenya, revealed that the major provisioning ecosystem service with the highest cash income generated was Papyrus (Cyperus papyrus), unlike the findings from the current study which noted that this resource had little contribution to household income in the Bangweulu Wetland and surrounding areas. The possible explanation could be that the low demand for papyrus products contributed to the low household income. The gross monetary value of provisioning ecosystem services in the Bangweulu Wetland and surrounding areas, Luapula River Basin, Zambia estimated were considerably higher than the value estimated by Mahlatini et al. (2020) in Songore Wetland in Zimbabwe and Adekola et al. (2007) in Ga-Mampa Wetland in South Africa but smaller than Zuze (2013) in Lake Chihuta Malawi annually. The variations in monetary values could be attributed to the extent of the wetlands, as well as socio-economic characteristics of beneficiaries of ecosystem services. This is reaffirmed by what Collings (2009) found in Mfolozi Floodplain, Lake St Lucia, South Africa that there was variation in the economic values generated from one wetland to another. Therefore, the value of provisioning of ecosystem services should be seen as an integral part of any poverty reduction strategies in the Bangweulu Wetland and surrounding areas, Zambia.
4.3 Limitations
	1. The market valuation methods applied in this study are limited to products consumed directly from the wetlands. Thus, this method is only applicable to products that can be consumed directly and traded at the market. Therefore, other ecosystem services were not evaluated using this method.
	2. Since this study relied on a socio-economic survey, the products collected and sold at the market were extrapolated to estimate the economic value of those collected from the Bangweulu Wetland and its surrounding areas. However, the time available was insufficient to capture a full annual period and calculate the actual economic value of the products collected from the Bangweulu Wetland and surrounding areas.
	3. The valuation relies heavily on current market prices, which are subject to fluctuations due to economic or environmental changes. This may limit the long-term accuracy of the monetary estimates.
	4. The market valuation method is vulnerable to errors, as it relied on self-reporting by respondents who could either overestimate or underestimate the amount of products harvested and sold at the market to estimate the economic value of ecosystem goods and services. However, the market prices of the products vary seasonally and depending on where they are sold. This study, however, did not take into account factors such as consumer suppliers, taxation and the broader market structure, as many of these products are public goods.
	5. The results of this study are context-specific to the Bangweulu Wetland. However, factors such as hydrology, ecological zones, and the condition of the wetlands should be taken into account when extending these findings to other regions. Ideally, benefit transfer approaches are suitable for comparative studies, as they can be adjusted to reflect local conditions.

4.4 Strengths of the study
	1. The study addresses a clear and significant research gap: quantifying the monetary value of provisioning ecosystem services and evaluating their contribution to household income, an aspect often underrepresented in ecological economics.
	2. The direct market valuation is appropriate for estimating provisioning services that have identifiable market prices (e.g., fish, crops, wood fuel), making the valuation more concrete and policy-relevant.
	3. The use of Pearson Chi-square tests to analyses how social factors influence resource utilization adds rigor and reveals socio-demographic patterns of wetland resource use.
	4. By quantifying values and linking them to poverty reduction strategies, the study makes a strong case for integrating ecosystem services into development planning.

5 CONCLUSION AND RECOMMENDATION
This paper aimed to investigate the monetary value of provisioning services and their contribution to household income in the Bangweulu Wetland and the surrounding areas, Zambia. The major products collected included freshwater, crops, fish, woodfuel, grass, livestock, reeds, papyrus, wild products and clay soil. It was found that freshwater had no significant monetary value and contributed to household income in the Bangweulu Wetland and surrounding areas. The Pearson Chi-square test revealed that social factors such as gender, residential status and house type significantly influenced the utilisation of various wetland resources, including crops, fish, woodfuel, reeds, papyrus and freshwater. In contrast, factors such as age, family size and employment level showed no significant impact on resource utilisation. The total economic value of these services was estimated at US$ 11.7 million annually, with total cash income estimated at US$ 9.94 million and total net monetary value estimated at US$ 10.5 million. Fishing and agriculture accounted for the largest shares (66.9% and 25.3%, respectively). These figures underscore the critical role that the Bangweulu Wetland plays in supporting local livelihoods. Thus, the value of provisioning ecosystem services should be considered an integral part of any poverty reduction strategies for the Bangweulu Wetland and surrounding areas. Therefore, Government institutions, civil society and academia should incorporate natural resource economics plans to facilitate training to the communities so that they are aware of the value of natural resources from the economic perspective. Apart from that, the government, through the Ministry of Tourism and Arts, should encourage private investment and community participation in tourism in the Bangweulu Wetland and surrounding areas.
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