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Abstract

Rivers worldwide often lack well-documented economic valuations, which are crucial
for persuading riparian countries and users to manage aquatic resources more effec-
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tively. The Linthipe River, a major tributary of Lake Malawi in the East African Rift
Valley, delivers vital ecosystem services of significant economic value. This study
quantified the benefits derived from the Linthipe River's aquatic resources using data
from 391 households (74% male, 26% female) surveyed between October 2019 and
July 2020. Data collection involved household questionnaires, document reviews, key
informant interviews, focus group discussions, field observations, and the Willingness
to Pay (WTP) method. The Gross Financial Value (GFV) of direct-use services was
estimated at US$16,172.08, while non-use services, valued through the Payout Level
(PoL) for WTP, amounted to US$100,140.30. This resulted in a Total Economic Value
of US$116,312.38 for the river's goods and services. These findings underscore the
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593, Malon: Linthipe River's essential role in supporting local livelihoods and emphasize the need
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for enhanced management of Rift Valley rivers.
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1. Introduction

Rivers worldwide provide critical ecosystem services, including grasses and reeds, fertile soils for farming, habitats for
birds [1], aquatic animals, wild vegetables, medicinal plants, and water for irrigation [2]. These resources are vital for
millions of people residing along riverbanks, including those in major river basins of Niger, Ganges, Zambezi, Amazon,
Congo, and Mekong (Table 1).

In addition to sustaining livelihoods through fishing, these rivers supply water for irrigation, industrial and manufactur-
ing purposes, mining, fisheries, and transportation. Additionally, rivers foster biodiversity by supporting diverse birdlife,
fish species, and wildlife as they traverse national parks and game reserves in riparian regions. Despite their recognized
ecological, social, and economic significance, the growing human populations in riparian areas exert immense pressure on
aquatic ecosystems [3].

In the East African Rift Valley, rivers like the Linthipe River provide numerous ecosystem services essential for com-
munity livelihoods [4]. The Linthipe River, a significant tributary of Lake Malawi/Nyasa/Niassa, faces unique challenges.
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Communities within the Linthipe catchment rely heavily on small-scale agriculture, but limited landholdings drive farming
along riverbanks. This practice, in turn, contributes to excessive runoff and sedimentation, threatening biodiversity in the
Linthipe River and Lake Malawi [5-7]. Previous research has highlighted how underestimating and neglecting riverine
resources have accelerated the degradation of aquatic ecosystems, including fish and wildlife species [1, 8]. For instance,
the Linthipe River serves as a critical breeding ground for endangered migratory fish species, such as Opsaridium micro-
lepis and Labeo mesops [9]. However, habitat degradation, overfishing, and the use of illegal fishing gear have caused a
decline in these populations [10, 9]. Such threats underscore the urgent need to incorporate environmental values into
community and national planning processes [11, 12].

Table 1. Fish production from selected major rivers in Africa, including employment, fisheries production, and potential production
values (Source: FAO World Fisheries Statistics - Country Profile, 2020)

River basins Employment F ishe?ries Pro- Value .ot." production Potential. fisheries Value of potential
(fisheries) duction (t/yr) (million $/yr) production (t/yr) production (t/yr)
SenegalGambia 25,500 30,500 16.78 112,00 61.60
Volta (rivers) 7,000 13,700 7.12 16,000 8.32
Niger-Benue 64,700 236,500 94.60 205,610 82.24
Chad (rivers) 6,800 32,200 17.71 130,250 71.64
Congo-Zaire 62,000 119,500 47.80 520,000 208.00
Atlantic coastal 6,000 30,700 46.66 118,000 179.30

Sustaining riverine biodiversity in Malawi requires that riparian communities recognize the ecological benefits provided
by rivers [4]. Studies indicate that resource users are more likely to engage in conservation efforts when they perceive
tangible benefits from ecosystems [13]. For example, rural communities in Northern Ghana successfully utilize Traditional
Ecological Knowledge (TEK) to sustainably manage local resources, experiencing satisfaction and positive outcomes [14].
Similarly, a deeper appreciation of the Linthipe River's value may inspire stakeholders to prioritize sustainable conserva-
tion and utilization of its resources [15, 16].

Although prior research in Malawi has explored the management of riverine ecosystems, studies often lack a significant
connection to economic price theory. For instance, Mulwafu [17] and Nagoli et al. [18] analyzed water use efficiency in
the Likangala River and Lake Chilwa, while Mkanda [5] examined the impacts of agricultural activities on the Linthipe
River's water quality. Zidana [6] explored the challenges faced by farmers cultivating riverbanks, and Jamu et al. [19]
assessed the consequences of land-use changes in the Likangala Basin on migratory fish. However, these studies rarely
quantify the monetary value of aquatic resources, limiting their ability to advocate for effective conservation measures.

Economic valuation of aquatic ecosystems remains uncommon, contributing to their under-appreciation and perception
as free goods. Recognizing the potential of economic valuation in the conservation of aquatic resources [20], this study
quantifies the economic value of goods and services provided by the Linthipe River. By examining community willingness
to pay for the conservation of these resources, this research demonstrates how economic arguments can support the sus-
tainable management of riverine ecosystems in Malawi and beyond [21, 22].

2. Study Area

The Linthipe River originates from Dedza Mountain in Central Malawi and flows northeastward into Lake Malawi through
the districts of Dedza, Ntcheu, and Salima (Figure 1). It is one of the most economically and ecologically important rivers
in the Lake Malawi basin due to its contribution to irrigation farming, domestic water use, fisheries, and riparian vegetation
[5, 10]. The river and its wetlands also provide important breeding and nursery habitats for several fish species, including
migratory species like Opsaridium microlepis [9].

The area is densely populated, and the riverbanks are cultivated extensively due to fertile alluvial soils [6]. This has led
to widespread deforestation, soil erosion, sedimentation, and overfishing, which have degraded the aquatic environment
[7, 10]. The river's biodiversity is further threatened by pollution from agricultural runoff, sand mining, and the use of
illegal fishing gear [9, 6].
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Figure 1. Maps of the study area: (A) Africa with country borders (grey) and Malawi highlighted; (B) Salima District with Lake Ma-
lawi (dark blue) and study locations (light blue); (C) Rivers (blue lines) and nine sampling points; (D) Names of sample locations.
[Adapted from 5].

3. Methods

This study employed a mixed-methods approach, integrating qualitative and quantitative techniques. A household survey
was conducted in six villages along the Linthipe River using a structured questionnaire that captured information on soci-
oeconomic characteristics, dependence on river resources, and willingness to pay (WTP) for river conservation [4, 21]. As
shown in Table 2, in total, 391 households were randomly selected, and the contingent valuation method (CVM) was used
to estimate the economic value of river ecosystem services [20, 23].

Table 2. Households that participated in the study, categorized by sections within the two Extension Planning Areas (EPAs) of the
lower Linthipe River basin in Salima District

Extension Planning Area (EPA) Sections Population size Households Interviewed
Katelera Chaseta north 1,845 17
Katelera east 5,168 66
Linthipe 3,780 56
Pemba 4,878 63
Tembwe Lifuwu north 2,945 43
Nakondwa 2,708 40
Ngolowindo south 4613 68
Salima west 2,593 38
Total 28,530 391
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Focus group discussions and key informant interviews were conducted to validate survey findings and gather community
perceptions on the state of the river and its resources. Secondary data were obtained from the Department of Fisheries, the

Department of Water Resources, and relevant academic literature [5, 9, 6].

4. Results and Discussion

4.1 Socioeconomic Characteristics of Respondents

As illustrated by Table 3, most respondents depended on the Linthipe River for fishing, irrigation, and domestic water use.
The average household size was 5.6 members, and the majority of respondents were smallholder farmers with less than 2
hectares of land [4, 15]. Over 70% reported declining fish catches and reduced water quality over the past decade [10, 6].

Table 3. Demographic and socio-economic characteristics of household heads sampled in the study (N = 391), covering age, marital

status, education level, income, and occupational activities

Findings (%)

Socioeconomic area Description
Male 74.3%
Respondents' gender
Female 25.7%
Male headed 74.4%
Type of Household head
Female-headed 25.6%
Single 4%
Married 71%
Household head marital status Divorced 12%
Widow 11%
Polygamy 2%
Age of the household head 40.8
None 21.2%
Primary 71.9%
Educational level of Household head
Secondary 5.6%
1.3%

Household income

Distance to the river

Occupational level

Mean household size

Adult education
Avg annual income
Less than 1 km
More than 1km
Farming
Business
Fishing
Sand mining

Casual work

Employment

MK139,547.41
76.1%
23.9%
74.8%
52.1%
27.9%
21.7%

9.4%
1.8%
53
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4.2 Valuation of Ecosystem Services

The study identified key ecosystem services provided by the Linthipe River (Table 4), the services included provisioning
services (fish, water, reeds), regulating services (flood control, water purification), and cultural services (spiritual and
recreational values) [1, 2]. Using CVM, the mean WTP for conservation was MWK 1,200 per household per year, trans-
lating into a total value of MWK 180,000 for the sampled population (Table 5). This result indicates that communities
place significant value on the ecosystem services provided by the river [20, 22].

Table 4. Ecosystem services and goods/services provided by the Linthipe River, based on semi-structured questionnaires highlighting
household engagement in various activities (N = 391)

Type of Ecosystem services Goods/Services HH collecting resource (n) Percent (%) Std error
Provisioning Washing water 347 88.7 0.02
Reeds 318 81.3 0.02
Fish 301 77 0.021
Sand 244 62.4 0.01
Crop cultivation 243 62.1 0.027
Trees 194 49.6 0.025
Bathing water 26 49.1 0.028
Grass 190 48.6 0.025
Transportation 156 39.9 0.03
Livestock grazing 59 15.1 0.028
Wild animals 46 11.8 0.027
Drinking water 26 6.6 0.015
Medicine 22 5.6 0.017
Fish nursery 6 1.5 0.021
Cultural Recreation 120 30.7 0.026
Initiation ceremony 109 279 0.029
Religious activities 94 24 0.024
Maintenarilc:r Sc;fygenetic di- 248 63.4 0.024
Supporting Habitat for species 89 26 0.024
High frequency of floods 140 35.8 0.043
Streamflow change 111 28.4 0.043
Enhanced soil fertility 73 18.7 0.073
Regulating High frequency of floods 140 35.8 0.043
Streamflow change 111 28.4 0.043
Enhanced soil fertility 73 18.7 0.073
Waste disposal 19 4.9 0.02
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Table 5. Use values of provisioning goods from the Linthipe River, including gross financial value (GFYV), total cost of collection
(CST), net financial value (NFV), and cash income (CI), reported in US Dollars

Goods and Services GFV ($) CST (%) NFV ($) CI (%)
Fish 5,431.48 823.06 4,608.42 4,080.23
Maize 3,491.21 581.51 2,909.71 1,752.03
Sand 2,726.94 115.65 2,611.29 2,726.94
Rice 2,693.24 136.45 2,556.78 2,505.07
Sweet potatoes 474.88 107.53 367.36 210.55
Beans 353.32 86.91 266.41 224.73
Trees/timber/wood 167.62 85.98 81.63 167.62
Pasture 159.9 6.02 153.88 99.7
Birds 143.95 40.71 103.24 87.62
Vegetables 127.29 18.66 108.62 108.28
Mice 120 12.3 107.7 90
Reeds 103.4 41.36 62.04 103.4
Medicine 49.69 12.95 36.74 31.73
Grass e.g. papyrus 46.68 34 43.28 36.48
Washing water 44.49 0.47 44.02 -
Transportation 34.01 7.62 26.39 -
Bathing water 3.71 0.26 345 -
Drinking water 0.27 0.02 0.25 -
Total 16,172.08 2,080.86 14,091.21 12,224.38

4.3 Community Perceptions and Conservation Preferences

Respondents expressed strong concern about the degradation of the river and emphasized the need for increased commu-
nity participation in conservation efforts. Many highlighted the potential of community-based resource management
(CBRM) and traditional bylaws as tools for improving governance and sustainable use [14, 16].

5. Conclusion and Policy Implications

The Linthipe River provides vital ecosystem services that support the livelihoods of riparian communities. However, in-
creasing human pressures have led to significant environmental degradation. This study demonstrates that local commu-
nities value these ecosystem services and are willing to contribute to their conservation. Integrating economic valuation
into environmental policy and planning can enhance the sustainable management of riverine ecosystems in Malawi.

Policymakers should consider promoting community-based conservation, improving enforcement of environmental reg-
ulations, and incorporating economic value assessments into development planning. Future research should explore long-
term monitoring of ecosystem services and investigate alternative livelihoods to reduce dependence on riverine resources
[12, 22, 16].
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