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EXECUTIVE SUMMARY 
Forests and natural ecosystems supply a vast of values to the environment. These values can be 

grouped into social, ecological and economic importance. All these categories function 

dependently, meaning if one function is impaired the efficiency of the other also gets weak. The 

ecological functions in an ecosystem are generally the habitat and regulation services while social 

are attached to the perception of human being and the economic function reflects to the monetary 

value of a service. The misinformation about the existing relationships between ecological 

functions and economic functions has led to miss-pricing of goods and services accrued from the 

ecosystems where by the marketed (revealed preferences) values are given a higher price than the 

non marketed (perceived) values. As a result to this imbalances and mi-conceptions many of the 

benefits and economic values provided by nature remain underprivileged by market hence paid 

less attention in policy making and conservation. It is under this hypothesis, the study on Viability 

and economic valuation of Eastern Arc Mountains (EAMs) was construed.   

As an initiative for conservation of EAMs this study seeks to undertake a feasibility analysis and 

total economic evaluation of the ecosystem services provided by the Mountains. It is well known 

that information about the monetary importance of ecosystem services is a powerful and essential 

tool to make better and more balanced decisions regarding trade-offs involved in land use options 

and resource use. The study was implemented in three blocks of the Eastern Arc Mountains that 

is Uzungwa Scarp, Uluguru and Chome Nature Reserves. Choice to these sites is based on the 

need to rescue the reserves and create environmental and conservation awareness to the 

practitioners, policy makers and the entire Tanzania community on how these important 

ecosystems can be sustainably managed to bring about welfare to the wider population in the 

country.  The study used social economic survey and choice experiment to establish the viability 

and Total Economic Values (TEV) of the goods and services accrued from the ecosystems.  

 

The results showed that there are enormous values which the wider population of Tanzania 

citizens depend upon in their welfare implying the ecosystems viability. These values include 

water resources, energy i.e electricity and timber and non timber forest products that enhance 

communitiesô livelihoods of communities living adjacent to these EAMs. However, the 
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stakeholdersô showed more preferences to the marketed values of the EAMs goods and services 

than it is to the non marketed goods and services values. The preferences shown have a direct 

implication to the extent to which the stakeholders are informed about the relationship that exist 

between ecological and economic values as it was earlier described in the first paras of this 

section. Unless the awareness is raised to all stakeholders the viability of the EAMs will not be 

to its maximum capacity since the cost of protection will be higher than the general benefits unlike 

if the stakeholders will be made aware of the existing relationships. This fact is demonstrated 

throughout this research finding. The study therefore argues that the viability of the enormous 

values that are demonstrated to exist in EAC Mountains need policy orientation whereby there 

would be greening of our economy through application of Environmental Policy Instruments 

including PES and Environmental Taxation to goods and services that are exploited to enhance 

the sustainable management of the EAMs. The institution of PES and Environmental Taxes will 

increase the monetary values by adding into what is now realized/collected i.e the TEV of EAMs 

that are tied up in form of ES values that are not transacted in the market framework of goods and 

services accrued from the mountains. 
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1. INTRODUCTION  

Forests and natural ecosystems supplies a vast of benefits to the environment, to mention a few 

are; purification of air and water, mitigation of droughts and floods, generation and preservation 

of soils and renewal of their fertility, detoxification and decomposition of wastes, pollination of 

crops and natural vegetation, dispersal of seeds, cycling and movement of nutrients and control of 

the majority of potential agricultural pests (Boyd and Banzhaf 2007). These values can be grouped 

into social, ecological and economic importance. All these categories functions dependently 

meaning if one function is impaired the efficiency of the other also gets weak. The ecological 

functions in an ecosystem are generally the habitat and regulation services while social are attached 

to the perception of human being and the economic function reflects to the monetary value of a 

service (Groot et al., 2002). 

The World Bank (2001) states that, more than 1 billion people depend on forests for their 

livelihoods at varying degrees. Sixty million indigenous people are almost wholly dependent on 

forests, while around 350million people living within or adjacent to dense forests depend on them 

to a high degree for subsistence and income. In developing countries, agro-forestry farming 

schemes support 1.2 billion people and help sustain agricultural productivity and the generation of 

income. Forest industries provide employment for some 60million people worldwide. The medical 

needs of approximately one billion people depend on drugs derived from forest plants, many of 

which have been long been used in traditional medicine. 

Moreover, nature contributes to the sustenance of livelihoods and national economy by providing 

important goods and services from the ecosystems. It offers natural capital stock obtained to 

several development sectors including agriculture, fisheries, forestry and tourism which depend 

heavily on biodiversity and ecosystem goods and services (Groot et al,. 2010). Ecosystem goods 

refer to the natural products harvested or used by humans such as wild fruit and nuts, forage, 

timber, game, natural fibers, medicines and so on. More importantly, ecosystem services support 

life by regulating essential processes such as purification of air and water, pollination of crops, 

nutrient cycling, decomposition of wastes, and generation and renewal of soils, as well as by 

moderating environmental conditions by stabilizing climate, reducing the risk of extreme weather 

events, mitigating droughts and floods, and protecting soils from erosion. The Millennium 

Ecosystem Assessment (MEA) classifies ecosystem services into provisioning, regulating, 
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supporting and cultural services all relates to the benefits that ecosystems provide to human well-

being. However, many of the benefits and economic values provided by nature remain 

underprivileged by market hence paid less attention in policy making and conservation.  

 

As an initiative for conservation the project seeks to undertake a feasibility analysis and total 

economic evaluation of the ecosystem services provided by the Eastern Arc Mountains of 

Tanzania. It is well known that information about the monetary importance of ecosystem services 

is a powerful and essential tool to make better and more balanced decisions regarding trade-offs 

involved in land use options and resource use. The project is to be implemented in three blocks of 

the Eastern Arc Mountains that is Uzungwa Scarp, Uluguru and Chome Nature Reserves. Choice 

to this sites is based on the need to rescue the reserves and create environmental and conservation 

awareness as pointed by Rovero et al,.(2010). Primarily the objective of the study will be to raise 

awareness of the value of the Eastern Arc mountain blocks and by doing so facilitate policy actions 

for conservation. 

 

The Eastern Arc is recognized globally as a biodiversity hotspot with some of Africaós most unique 

biodiversity; however, human society has for long taken for granted the services provided by 

Ecosystems, as they are not formally traded and are therefore dissociated from pricing that reflects 

changes in supply or demand conditions. With the continued degradation of ecosystems through a 

variety of human-led pressures, a better understanding of the extent of human dependence on 

ecosystem services, and hence the vulnerability of human welfare to ecosystem changes, is 

essential for ensuring sustainable development. Lack of this understanding and failure of markets 

in reflecting the value of ecosystems mean that information that conveyed to economic decision-

makers at all levels is incomplete. Typically, the full social and environmental benefit of these 

goods and services and the full cost of their degradation are not translated in a way that will ensure 

optimal decisions for both the economy and the environment. Therefore this study will give details 

of the total economic value carried by ecosystem services around the Eastern Arc Mountains of 

Tanzania. 
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With this study policy makers, national agencies, environmental advocates, regulatory bodies and 

various stakeholders shall be convinced to pay more attention to the conservation of forest and 

natural ecosystems for their values that are ignored. It was the objective of this research study to 

analyses and to document economic value of selected ecosystem services in the Eastern Arc 

Mountains so as to enhance their biodiversity conservation. 

2. DETERMINATION OF TOTAL ECONOMIC VALUES FOR ECOSYSTEM 

GOODS AND SERVICES IN EASTERN ARC MOUNTAINS 

 

2.1 Description of the study area 

The study was carried out in Eastern Arc Mountain (EAM) regions and it involved three regions 

namely Kilimanjaro, Morogoro and Iringa. Selection of the three regions was based on the need to 

include all parts of EAM i.e Northern part, Central part and Southern part. Kilimajaro region 

represented the Northern part of EAM, Morogoro region represented the Central part of EAM 

regions and Iringa represented the Southern part of EAM. Specifically, in Kilimanjaro region the 

study was done in Same district, in Morogoro region the study was done in Mvomero and 

Morogoro rural districts while in Iringa region the study was conducted in Kilolo and Mufindi 

districts. Selection of these districts was based on their proximity to available nature reserves 

within EAM. Same district was included because Chome Nature Forest Reserve (CNFR) is within 

this district, Mvomero and Morogoro Rural districts were included because are surrounded by 

Uluguru Nature Forest Reserve (UNFR) while Uzungwa Scarp Nature Forest Reserve (USNFR) 

borders both Kilolo and Mufindi districts. The study involved 13 villages (352 households) as 

summarized in Table 1 below. The study also involved collection of relevant information from the 

following offices; Pangani water basin office in Moshi municipality,  Rufiji water basin office in 

Iringa municipality, Wami Ruvu water basin office in Ruvu, Chome nature forest reserve in Same 

district, Uluguru nature reserve in Morogoro municipality, Uzungwa scarp nature reserve in Iringa 

municipality and Kilombero forest nature reserve in Kilolo district council.  
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Table 1: Location of the study area 

Region District  Villages 

Kilimanjaro Same Mbakweni 

Msindo 

Menamu 

Ndolwa 

Morogoro Mvomero Nyandila 

Ndungutu 

Morogoro Rural Lanzi 

Kibungo 

Iringa Kilolo  Idegenda 

Masisiwe 

Mbawi 

Mufindi Uhafiwa 

Ihimbo 

 

2.2 Sampling procedure and sample determination process 

The sampling covered a representative number of villages in the selected region. The selection of 

villages was based on the following criteria: The village must be within the mountain block area; 

¶ The area must be significantly important for ecosystem services such as   potential sites for 

tourism, wetlands or water resources.  

¶ Accessibility ï villages located nearby and those located away from the market centres of 

the natural resources. 

¶ Presence of potential user groups/stakeholders for ecosystem services 

 

It is considered that households in the selected villages are not homogenous; they vary in terms of 

how they use resources and the way they perceive values of the natural resources.  Households 

from the villages in the selected wards will be picked randomly from each village with the help of 

the Village records. Therefore, the study involved 352 households from the three regions in EAM. 

Detailed interviews on specific ecosystem services with 5 key informants per each village were 

conducted. The detailed interviews on specific forest services involved only key knowledgeable 

people at village and district levels. In addition from each village a focus group discussion was 

carried out constituted 8 to 10 members (village leaders, village natural resource committee, local 

community and elderly persons) in consideration of gender. 
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2.3 Data Collection and synthesis of literature 

The study involved literature review, field surveys on socio-economic information and choice 

experiment to determine the values of non marketed goods and services in EAM. Prior to the 

fieldwork the research team undertook intensive literature review on best approaches for economic 

valuation of ecosystem services in forests. Also, different research reports from various projects 

and institutions that worked in the nature reserve in more or less similar issues were reviewed to 

better design the study. 

The study concentrated on four proposed ecosystem services categories i.e. provision,, regulating, 

supporting and cultural services as shown in Table 2 below. 

Table 2: Categories of ecosystem services 

Category Example of Ecosystem Service 

Provision Food, water, raw materials, Medicinal 

Regulating Air quality, Waste management, Carbon sequestration 

Supporting  Habitat 

Cultural Aesthetics value, recreational and tourism, spiritual , education 

 

Both market and non marketed market survey methods were employed to capture the Total 

Economic Value of the EAM. For market surveys the questionnaire was used to capture all the 

goods and services that are consumed by the communities accrued from the EAM. 

For Non Market values choice experiment was applied. Designing of choice experiment study 

started with identification of ecosystem service attributes to be valued. These were identified 

through extensive literature review and community engagement through focus group discussions. 

The communities were involved in identification of ecosystem service attributes so as to help the 

study to use most relevant attributes whose preferences will be measured in the valuation stage.  

From literature review and focus group discussions, 6 ecosystem service attributes were identified. 

These were; water supply and protection of water sources, soil conservation for enhancing 

agricultural production, climate regulation and carbon sequestration, biodiversity conservation, 

provision of recreation and landscaping amenities and the cost attribute which was termed as 

payment for the provision of ecosystem services per month. After identification of these attributes, 

the communities were also involved in assigning levels to each attribute.  Levels help to measure 
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each attribute, and levels of cost attributes allow respondents to do tradeoffs between different 

alternatives which are provided to them in a choice card. Explanations for each ecosystem service 

attribute are presented below; 

Attribute 1: Water supply and protection of water sources; 

Eastern Arc Mountain forests are endowed with various water sources. The EAM supply water to 

majority of people within and outside the mountain area (more than 3.5 million people). For 

instance; some of the sources of Ruvu River originate in the Eastern Arc Mountain, this river 

supply water for domestic and industrial uses to Dar es Salaam region, where largest number of 

Tanzanians live. Again, the Arcs supply a significant amount of water for hydro power generation 

thus this ecosystem service is of paramount importance and cannot be underrated.  This attributes 

was assigned three levels which are ñmaintain the current water supply to communities, HEP 

generation plants and conservation of water sources in EAMò, ñreduce the amount of water supply 

to communities, HEP generation plants and minimize conservation of water sources in EAM, and 

increase water supply to communities, HEP generation plantsò and ñincrease the water supply and 

conservation of water sources in EAMò.  

 

Attribute 2: Soil conservation for enhancing agricultural production 

Forests in EAM help to conserve soil moisture and increase soil fertility. Natural forests protect 

soil for hundred thousands of farmers who are practicing agricultural activities within the EAM 

both crop farming and livestock grazing. Forests also regulate flood impacts which help to stabilize 

the soils and conserve the farms in EAM. Enhanced soil conservation in EAM increases agriculture 

production in the area. This attribute had two levels which are ñmaintain the current status of soil 

fertility and soil conservation in the EAMò and increase the soil fertility and soil conservation in 

EAM. 

Attribute 3: Climate regulation and carbon sequestration 

EAM ecosystem services particularly from forests help to regulate the climate and absorb carbon 

from the atmosphere. This ecosystem service plays a critical role in counteracting the effects of air 
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pollution. This was assigned three levels which were ñmaintain the current serviceò, ñreduce the 

current serviceò and ñincrease the provision of the current serviceò. 

 

Attribute 4: Biodiversity conservation  

The EAM forests are biodiversity hotspot homes to hundreds of species found nowhere else on 

earth. These biodiversity have significance ecological and economical values to the people within 

and outside the EAM for instance they are source of medicine, tourist attractions, honey production 

etc. The ongoing loss of biodiversities in EAM necessitates the need to introduce intervention 

measures to protect and conserve these important species. This attributes had three levels which 

were ñmaintain the current number and diversity of species in EAMò, ñreduce the number and 

diversity of species in the EAM by 5 times in the coming 10 yearsò, ñincrease the number and 

diversity of species in the EAM by 5 times in the coming 10 yearsò. 

Attribute 5: Provision of recreation and landscaping amenities 

The EAM has significant eco-tourism potential due to existence of various attractions, biodiversity 

and beautiful landscape in the mountains. Most people enjoy the scenic beauty of EAM like the 

Uluguru Mountains. Eco tourism can improve local economies through collection of entrance fees 

to recreation areas, can also have a multiplier effects to the local communities i.e.  employment 

creation in established recreation centres, provide business opportunities, selling of products to 

tourists and visitors. This attribute was assigned three levels which were ñmaintain the current 

number of recreation centers and number of tourists/ visitors who visit the EAMò, ñdecrease the 

number of recreation centers and number of tourists/visitors who visit the EAMò and ñincrease the 

number of recreational centers and number of visitors/tourists who visit the EAMò. 

Attribute 6: Payment for the provision of ecosystem services in EAM per month  

The study assumed that no amount is currently paid for provision of these ecosystem services in 

EAM areas. The payment attribute was given four levels which are; TZS 0 as the status quo since 

no coin is being paid for provision of these ecosystem services in EAM, and most of these services 

are received at zero cost (free goods), TZS 3000, TZS 5000 and TZS 10000. Table 3 below 
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summarizes ecosystem services attributes and levels which were used in a Choice experiment 

study. 

 

Table 3: Ecosystem Services Attributes and Levels 

Attribute           Levels 

Water supply and protection of water 

sources 

1. Maintain the current water supply to communities, HEP 

generation plants and conservation of water sources in EAM,  

2. Reduce the amount of water supply to communities, HEP 

generation plants and minimize conservation of water sources in 

EAM,  

3. Increase water supply to communities, HEP generation plants 

and increase conservation of water sources in EAM.  

 

Soil conservation for enhancing 

agricultural production 

 

1. Maintain the current status of soil fertility and conservation in 

the EAM  

2.  Increase the soil fertility and conservation in EAM 

 

Climate regulation and carbon 

sequestration 

 

1. Maintain the current service, 

2. Reduce the current service 

3. Increase the provision of the current service. 

 

Biodiversity conservation  

 

1. Maintain the current number and diversity of species  in EAM, 

2. Reduce the number and diversity of species in the EAM by 5 

times in the coming 10 years, 

3. Increase the number and diversity of species in the EAM by 5 

times in the coming 10 years. 

 

Provision of recreation and 

landscaping amenities 

 

1. Maintain the current number of recreation centers and number 

of tourists/ visitors who visit the EAM,  

2. Decrease the number of recreation centers and number of 

tourists/visitors who visit the EAM  

3. Increase the number of recreational centers and number of 

visitors/tourists who visit the EAM. 

 

Payment for  the provision of 

ecosystem services in EAM per month  

 

TZS 0,  

TZS 3000, 

 TZS 5000 

TZS 10000. 

 

 

Experimental design (orthogonal design) was employed to combine the attributes and levels in 

order to design the choice cards which were presented to the households during preference 

measurement exercise. From the full factorial design, the number of options that can be created 

from the study attributes and levels are 648 (41x21x34). Fractional factorial design was used to 

reduce the full options to 9 options. JMP software was used to construct 9 choice cards from the 
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ecosystem service attributes and their levels. Each choice card consisted of 2 options for ecosystem 

services provision and an opt out or neither option which was regarded as the status quo or current 

situation of ecosystem services provision in EAM. The current situation option/status quo was 

introduced as an alternative in the choice sets, to enable the respondent to choose no change in 

provision of ecosystem services by keeping the current ecosystem services situation. This enables 

estimation of welfare measures that are consistent with demand theory (Hanley et al., 2001).  To 

reduce the burden upon the respondents, the 9 choice cards were blocked into 3 blocks each with 

3 choice cards so each respondent had to complete 3 choice cards. The research team clearly 

explained each choice card to the interviewee. This helped the respondent to understand the options 

for ecosystem services provision together with their levels hence choosing his/her most preferred 

option from each choice card. The three choice cards that were used in this Choice Experiment are 

shown in Table 4,5 and 6 below; 
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CHOICE CARDS for Economic Valuation of Ecosystem Services in Eastern Arc 

Mountains 

Table 4: Card 1 

Given the following ecosystem services which are provided by EAM, which option would you 

prefer? 

 

 

Card 

No. 

Attributes  Option I(status 

quo) 

Option II  Option III  

1 Water supply and 

protection of water 

sources 

Maintain the current 

water supply to 

communities, HEP 

generation plants 

and conservation of 

water sources in 

EAM 

Reduce the 

amount of water 

supply to 

communities, 

HEP generation 

plants and 

minimize 

conservation of 

water sources in 

EAM 

Maintain the 

current water 

supply to 

communities, 

HEP generation 

plants and 

conservation of 

water sources in 

EAM 

Soil conservation for 

enhancing agriculture 

productivity 

Maintain the status 

of soil quality in 

EAM 

Increase the soil 

quality and 

conservation in 

EAM 

Increase the soil 

quality and 

conservation in 

EAM 

Climate regulation 

and carbon 

sequestration 

Maintain the current 

service 

Increase the 

current service 

Maintain the 

current service 

Biodiversity 

conservation 

Maintain the current 

number and 

diversity of species 

in EAM 

Maintain the 

current service 

Reduce the 

current service 

Provision of 

recreation and 

landscaping 

amenities 

Maintain the current 

number of recreation 

centers and number 

of tourists/ visitors 

who visit EAM 

Decrease the 

number of 

recreation centers 

and number of 

tourists/ visitors 

who visit EAM 

Increase  the 

number of 

recreation centers 

and number of 

tourists/ visitors 

who visit EAM 

Payment for 

provision of 

ecosystem services in 

Eastern Arc 

Mountains per month 

TZS 0 TZS 3000 TZS 5000 

           I prefer (tick the 

appropriate box) 
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Table 5: Card 2 

Given the following ecosystem services which are provided by EAM, which option would you 

prefer? 

 

 

Card 

No 

Attributes  Option I(status 

quo) 

Option II  Option III  

2 Water supply and 

protection of water 

sources 

Maintain the current 

water supply to 

communities, HEP 

generation plants 

and conservation of 

water sources in 

EAM 

Increase  the 

amount of water 

supply to 

communities, 

HEP generation 

plants and 

minimize 

conservation of 

water sources in 

EAM 

Increase  the 

current water 

supply to 

communities, 

HEP generation 

plants and 

conservation of 

water sources in 

EAM 

Soil conservation for 

enhancing agriculture 

productivity 

Maintain the status 

of soil quality in 

EAM 

Increase the soil 

quality and 

conservation in 

EAM 

Maintain the 

status of soil 

quality in EAM 

Climate regulation 

and carbon 

sequestration 

Maintain the current 

service 

Increase the 

current service 

Maintain the 

current service 

Biodiversity 

conservation 

Maintain the current 

number and 

diversity of species 

in EAM 

Reduce  the 

current service 

Increase the 

current service 

Provision of 

recreation and 

landscaping 

amenities 

Maintain the current 

number of recreation 

centers and number 

of tourists/ visitors 

who visit EAM 

maintain the 

number of 

recreation centers 

and number of 

tourists/ visitors 

who visit EAM 

Increase  the 

number of 

recreation centers 

and number of 

tourists/ visitors 

who visit EAM 

Payment for 

provision of 

ecosystem services in 

Eastern Arc 

Mountains per month 

TZS 0 TZS 10000 TZS 3000 

     I prefer (tick the 

appropriate box) 
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Table 6: Card 3 

Given the following ecosystem services which are provided by EAM, which option would you 

prefer? 

Card 

No 

Attributes  Option I (status 

quo) 

Option II  Option III  

3 Water supply and 

protection of water 

sources 

Maintain the current 

water supply to 

communities, HEP 

generation plants 

and conservation of 

water sources in 

EAM 

Reduce   the 

amount of water 

supply to 

communities, HEP 

generation plants 

and minimize 

conservation of 

water sources in 

EAM 

Increase  the 

current water 

supply to 

communities, HEP 

generation plants 

and conservation 

of water sources in 

EAM 

Soil conservation 

for enhancing 

agriculture 

productivity 

Maintain the status 

of soil quality in 

EAM 

Increase the soil 

quality and 

conservation in 

EAM 

Increase the soil 

quality and 

conservation in 

EAM 

Climate regulation 

and carbon 

sequestration 

Maintain the current 

service 

Increase the 

current service 

Reduce the current 

service 

Biodiversity 

conservation 

Maintain the current 

number and 

diversity of species 

in EAM 

Increase  the 

current service 

Reduce  the current 

service 

Provision of 

recreation and 

landscaping 

amenities 

Maintain the current 

number of 

recreation centers 

and number of 

tourists/ visitors 

who visit EAM 

Increase the 

number of 

recreation centers 

and number of 

tourists/ visitors 

who visit EAM 

Maintain   the 

number of 

recreation centers 

and number of 

tourists/ visitors 

who visit EAM 

Payment for 

provision of 

ecosystem services 

in Eastern Arc 

Mountains per 

month 

TZS 0 TZS 5000 TZS 10000 

     I prefer (tick the 

appropriate box) 
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2.4 Methods for data analysis 

Analysis of key informant and household data 

Both qualitative and quantitative methods for data analyses will be used to analyze data from key 

informants and observations, household interviews and selected secondary sources. Qualitative 

data obtained through key informants and observations shall be summarized into meaningful 

sentences using content analysis. Quantitative data obtained through household questionnaire 

survey will be coded and entered into the Statistical Package for Social Sciences (SPSS) software 

for storage and subsequent analyses to generate descriptive statistics.  

 

Economic analysis of forest ecosystem services 

A simplified approach of measuring household use values from forest goods and ecosystem 

services that was used in the economic quantification is summarized in the following table. This 

helped in generating the TEV of the natural resources and ecosystem services in the nature reserve 

which is one of the main goals of this assignment. 

A general valuation procedure that was used to quantify ecosystem services is as illustrated in the 

table below: 

Table 7: Total Economic Value of EAM 

Ecosystem Services Valuation method and/or procedure 

Eco-tourism Total value of ecotourism income per year in each forest area/protected system 

or = No. of people visiting  a particular landscape per year X average gate fee 

per person entering the area if any 

Watershed services Value per hectare for soil conservation and hydrological services from 

secondary site specific studies (If available) or willingness to pay (WTP) for 

such services. 

Water provisioning Relative scarcity value of water at household level or the quantity of water (in 

litres) is used by household per year x price per unit (20 litresô bucket) . 

Any other ecosystem service 

that will be identified 

Quantity obtained/harvested x price per unit X number of households obtaining 

such services from the land scape 
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For market values standard methods of quantification was employed whereby data on valuation 

were analyzed using STATA software version 11.  For choice experiment data, Microsoft excel 

was also employed during data entry thereafter were transported to STATA software for further 

analysis.  

Model for non market data analysis 

A conditional logit model (CL) was used to analyze respondentsô preferences on provision of 

ecosystem services in EAM. The CL model was used because it is usually modeled based on choice 

specific attributes (attributes of a good or service under valuation) and not on the individual 

characteristics (Greene, 2002). CL model holds two assumptions, which are homogeneous 

preferences among respondents and independence of irrelevant alternative (IIA). The IIA states 

that the relative probabilities of two options being chosen are unaffected by introduction or 

removal of other alternatives (McFadden, 1974). Use of CL model helps to capture respondentsô 

preferences on specific choice attributes, in this case ecosystem service attributes in a Choice 

Experiment as individual characteristics are assumed to be homogeneous (Boxall and Adamowicz, 

2002). The relevant ecosystem service attributes identified during FGDs with communities were 

modeled in the CL model. The following CL model was adopted in this study; 

 

Unjt  = ASC + ɓ1X1 + ɓ2X2 + ɓ3X3 + ɓ4X4 + ɓ5X5 + ɓ6X6  

 

Where; 

Unjt                 is indirect utility function of alternative j for respondent n at choice situation t 

X1 water supply and protection of water sources which was modeled as ñwaterò 

X2soil conservation for enhancing agriculture productivity, which was modeled as ñsoil fertilityò 

X3Climate regulation and carbon sequestration which was modeled as ñclimateò 

X4Biodiversity conservationwhich was modeled as ñbiodiversityò 

X5Provision of recreation and landscaping amenities which was modeled as ñrecreationò 

X6Payment for provision of ecosystem services in Eastern Arc Mountains per month which was 

modeled as ñpaymentò 

ɓ1 ï ɓ6    Coefficient parameters for ecosystem service attributes,    

ASC         Alternative specific constant  
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3. RESPONDENTSô SOCIO ECONOMIC CHARACTERISTICS  

The study involved a multiple stakeholders whose characteristics varied in many ways. The 

householdsô socio-economic characteristics, a unit which represents almost each stakeholder in 

and around the study area, are described as follows in subsequent sections. 

3.1 Respondentsô age 

Categories of respondentsô age are presented in the table below; 

Table 8: Respondent's age 

Age category (years) Percentage of the households 

15-30 8.5 

31-45 30.9 

46-60 50.3 

Above 60 10.2 

 

It was found that majority of households used in this study were aged between 46-60 years and 

they made almost half (50.3%) of the total study respondents. This is true for mist rural areas where 

the households head age ranges from this age group. People aged between 15-30 years made the 

lowest representation in this study (8.5%), this could be argued is a result of most youths shifting 

from rural areas to urban areas in search of better living opportunities. The mean age of the 

respondents was 46.68 years, while the minimum and maximum age recorded were 18 years and 

80 years respectively. 

3.2 Sex of the respondents 

In terms of respondentsô sex, male respondents made the higher representation (55.7%) that the 

female respondents (44.3%) as presented in Fig. 1. This could be attributed to the fact that in most 

of these societies, males dominate decision making processes, hence by default a male respondent 

was included in the study  in case when both a male and female where found at home for interview. 

High male representation could be advantageous in implementing decisions resulted from this 

study especially in valuation of non marketed ecosystem services since male are believed to 

influence and control the household budget. 
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Figure 1: Sex of the respondents 

3.3 Respondentsô education 

Table 9: Respondents' education 

Education category % of the households 

Did not attend school 2.3 

Primary education 90.3 

Secondary education 6.8 

Tertiary education 0.6 

 

Table 9 presents that majority of respondents used in this study had attained primary education 

(90.3%) while very few people have attained tertiary education (2.3%). This very relevant in rural 

settings were majority of their population has primary education and very few have tertiary 

education, as it is believed the ones with tertiary education are in urban areas doing white collar 

jobs unlike the manual works in the village which do not require more education. 

 

3.4 Household size 

Table 10: Household size in Eastern Arc Mountains 

Household size category % of the households 

Less than 4 23.9 

4-7 71.6 

8-10 4.0 

Above 10 0.6 

55.70%

44.30%

Sex of the respondents

male female
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The study findings ascertained that the household size for majority of households used in this study 

is between 4-7 persons/household which made the largest representation (71.6%). Households with 

more than 10 persons made the lowest representation (0.6%).  The mean household size in EAM 

was calculated as 4.6 persons per household, while the minimum and maximum household size 

recorded were 2 and 13 persons respectively. 

3.5 Respondentsô main economic activity 

Table 11: Respondents' main economic activity 

Main economic 

activity  

% for households in 

Same district 

% for households 

in Mvomero and 

Morogoro Rural 

districts 

% for households 

in Kilolo and 

Mufindi districts  

Average % for 

households in 

EAM  

Crop farming 66.9 68.9 68.2 68.0 

 

Livestock keeping 0 1.8 0 0.6 

 

Crop farming and 

livestock keeping 

 

26.4 27.4 31.5 28.43 

Business  5.5 1.2 1.5 2.73 

 

Others 0 0.8 0 0.26 

 

The study observed that majority of the households in EAM are engaging in agriculture activities 

(97.03%) and very few (2.97%) are involved with business and other activities. Crop farming alone 

is done by most households in EAM (68%) while other activities like tailoring, masonary, 

carpentry is done by very few people (0.26). Table 11 is in line with most literatures which reveal 

that agriculture is practiced by more than 75% in rural areas and is the mostly practiced economic 

activity in rural settings. 

4. VALUES OF MARKETED ECOSYSTEM GOODS AND SERVICES IN EASTERN 

ARC MOUNTAINS  

4.1Forest Resources in Eastern Arc Mountains 

4.1.1 Natural Forests in EAM 

Table 12: Natural forests in the study area 

Village Forests available 
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Mbakweni Shengena (Chome), Mashankwe, Kwasafu, Nakombo, 

Kwamfumamapombe 

Msindo Shengena 

Menamu Shengena, Kitondweni 

Ndolwa Shengena, Maliguene, Igondi 

Idegenda Uzungwa/Udzungwa, Ruhiti, Rukosi, Mkumbi, Mianzi 

Masisiwe Uzungwa/Udzungwa, Wengera, Ugalagala, Mnanilo, Masisiwe 

Mbawi Uzungwa, Ilulumo, Nyavetege 

Uhafiwa Uzungwa 

Ihimbo 

Ndungutu 

Lanzi 

Uzungwa 

Nyandiduma, Kibungo, Lukwangule, Vinyemba 

Mgeta, Uluguru, Lumba (Kisaki), Siru 

 

 

Table 12 presents the natural forest available in the study area. The study revealed that villages in 

EAM have natural forests which a smaller in size when compared to forest nature reserves. On 

average, the size available natural forests apart from the nature reserves ranged from 0.5 to 25 

acres. Eastern Arc Mountains contain various nature reserves, the ones which were covered by this 

study are   Chome nature forest reserve, Uluguru nature forest reserve, Kilombero nature forest 

reserve and Uzungwa Scarp nature forest reserve. These nature reserves are surrounded by many 

villages within EAM and are of paramount importance to the livelihoods of the surrounding 

communities. 

Uzungwa Scarp Nature Forest Reserve (USFNR) has a total size of 32763.2 hectareswith 

boundary length of about 126 km.USFNR was established in 1929 but it was upgraded to be a 

nature reserve in 2016. It is located in the Southern highlands of Tanzania within Iringa region 

(Kilolo and Mufindi districts) and in Morogoro region (Kilombero districts). USFNR is surrounded 

by 19 villages namely (Itonya, Uruti, IIrutila, Mbawi, Idegenda, Isanga and Masisiwe villages) in 

Kilolo district, (Uhafiwa, Kipanga, Ukami and Ihimbo villages) in Mufindi district and (Udagaji, 

Chita, Chinanga, Makutano, Ikule, Kidete, Itongoa and Lufulu villages) in Kilombero district. 

Chome Nature Forest Reserve(CNFR) is a unique montane rain forest in the South Pare 

Mountains in Kilimanjaro Region.  It forms part of Eastern Arc Mountain group and is located in 

South Pare Mountain. CNFRhas a total size of 14283 hectares (35,292 acres). The reserve is locally 

known as ñShengenaò forest. The South Pare Mountains form a part of the Northern section of the 

Eastern Arc Mountain group with the North Pare range to the North West, the Taita Hills in Kenya 
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to the North East and the West and East Usambara ranges to the South East, and a chain of 

mountain ranges running South West. The reserve is among the eight Nature Forest Reserves found 

in the Eastern Arc Mountains that are earmarked for upgrading to the World Heritage status. The 

boundary of the reserve has a length of about 67 Km and is surrounded by 27 villages in 5 range 

stations. The villages include Bwambo, Malindi, Kanza, Mtii, Myombo, Luguru, Kilole, Ntenga, 

Mvaa, Mjema, Bombo, Mpingi, Mamba, Ndolwa, Gwangôa, Malieni, Mhero, Gonjanza, Tae, 

Nakigale, Kambeni, Manga, Sambweni, Menamu, Msindo and Duma.  

Kilombero Nature Forest Reserve (KNFR) covers about 134511 ha and was established after 

combining the former three forest reserves of Matundu, Lyondo and West Kilombero Scarp in 

Udzungwa Mountains. The boundary of the KNFR has a length of 369 km. The reserve is located 

in the southern highlands of Tanzania within Iringa and Morogoro regions in Kilolo and Kilombero 

districts respectively. It forms the largest mountain block of the Udzungwa Mountains, which are 

part of the Eastern Arc Mountains chain. The KNFR consists of tall luxurious sub montane forests 

and deciduous to semi-deciduous highland forests of highest point being Nyumbanitu peak. The 

reserve is surrounded by 9 villages which are grouped into Udekwa and Ukwega sides. Udekwa 

side is include Udekwa, Wotarisoli, Mkalanga and Ifuwa villages while Ukwega side involves 

Kimala, Ipalamwa, Idunda, Lulindi and Muhanga villages.   

Uluguru Nature Forest Reserve has an area of 24,115.09 Ha with a boundary length of 197 kms 

and surounded by 62 villages, comprising of 91,426,000 persons, surround the Nature Reserve. 

Most of these villages are located adjacent to its boundary. Uluguru Nature Forest Reserve (NFR) 

comprises the former Uluguru North, Uluguru South, Bunduki I and Bunduki II forest reserves 

and Bunduki ógapô corridor, where the forest is being restored on former farmland to provide for 

biological connectivity between the Northern and Southern parts of the Nature Reserve. The 

vegetation cover comprises sub montane (below 1,500 m), montane (1,600-2,400 m) and upper 

montane (above 2,400 m) forests, as well as grassland with swampy areas at Lukwangule Plateau, 

and Kimhandu and Lupanga peaks..In general, species richness decreases with altitude but the 

number of endemic species is greater at higher altitudes.The Uluguru Mountains harbours the 

Ruvu River Basin which is the main source of Ruvu River 
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The average distance from the village to available natural forest was estimated to be 6.16 Km, 

where the nearest forest was recorded to be at a distance of 2.0 Km and the furthest forest was at 

a distance of 20 Km.  

4.1.2 Forest Products Harvested from Natural Forests in EAM  

Forest products mainly harvested are traditional medicine, honey, mushroom, natural fruits, natural 

vegetables, firewood, roofing materials among others. Table 7 shows that traditional medicine is 

the most harvested product by 42.8% of the households while mushroom is a least harvested 

product by 1.96% households. This could be attributed by the fact that most people in rural areas 

are still using traditional medicine in treating various sicknesses such as Malaria. Local herbs are 

mostly harvested in Uhafiwa, Ndolwa and Menamu villages, mushroom are only harvested in  

Msindo,Ndungutu,Kibungo and Mbakweni villages. This could be due to a reason that people in 

these villages know the nutritional significance of mushroom. 

 The study findings also show a significant number of households engaging in honey production 

(8.5%) through bee keeping activities in the natural forests. The study observed that the number 

of households engaging in honey production has been increasing since 2016, given the high market 

value of honey in the country, the number of population engaging in bee keeping activities is 

anticipated to keep on increasing.  

Natural fruits and natural vegetables are mostly harvested by households in Mvomero and 

Morogoro Rural districts. The harvested natural vegetables are mnafu, lyulu, mchicha pori and 

mifigufigu , while fruits are passion fruits, matunda pori, fulu, zambarau and sada. Fuelwoods and 

construction materials are mainly harvested from natural forests in areas which have few planted 

forests/trees especially in Same district. 

The results further show that large number of villagers in Ndolwa and Mbakweni harvest firewood 

and construction materials from natural forests, this could be due to a reason that, these villages 

have few planted forests in comparison to other villages like Masisiwe, Uhafiwa and Idegenda. 

However, the study observed roofing materials locally known as ñmakopakopaòare harvested in 

Idegenda village for construction purposes despite their village is having many planted forests 

(Plate 1).These forest products are harvested/collected from available natural forests such as 
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Shengena, Mashankwe, Kitondweni, Igondi, Maliguene, Uzungwa, Mianzi, Ruhiti, Rukosi, 

Ugalagala and  Mnanilo.  

The study respondents explained the reason for harvesting forest products from natural forests to 

be domestic use (75.8%), business purpose (17.5%) both domestic and business purposes (6.7%). 

Business is done mainly for honey and sometimes firewood. The rest are for domestic uses thus it 

can be argued that these communities do depend on natural forests for their survivals. However, it 

was reported that traditional healers harvest local herbs which they sell to their customers during 

delivering of healing services. This study did not get an opportunity to interact with any traditional 

man/woman. 

Table 13: Households harvesting natural forest products 

 
Forest product Percentage of households harvesting the product 

Traditional medicine 42.8% 

 

Honey 

 

Natural fruits 

 

Natural vegetables 

8.5% 

 

2.6% 

 

3.0% 

 

Mushroom 

 

1.96% 

 

Firewood and construction materials 

 

29.9% 
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Plate 1: A kitchen roofed with " makopakopa" in Idegenda village 

Table 14: Quantity of forest products harvested from natural forests for the past 12 months 

in EAM  

 

Forest product Unit of 

measurement 

Minimum amount 

harvested 

Maximum amount 

harvested 

Average 

quantity 

harvested per 

household per 

year 

Traditional medicine bundle 1 6 2.08 

 

 

Honey Litre  2 233 4.74 

 

Mushroom Kg 1.6 4.3 2.3 

 

Natural vegetables Bundle 4 108 5.2 

 

 

Natural fruits Bundle 2 64 2 

 

Makopakopa 
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Firewood and 

construction materials 

 

Bundle  5 136 39 

 

The study observed decrease in quantity of local herbs which are harvested from natural forests 

for the past three years. This could be attributed due to changing of lifestyle in which people are 

nowadays using modern medicine recommended by medical physicians unlike in previous time 

were people especially in rural areas relied mostly on local/tradition medicine. Another reason 

could be due to decrease in the availability of traditional medicine in natural forests unlike in 

previous time. Table 14portrays thaton average each household in EAM harvested 2.08 bundle of 

traditional medicine from natural forest for the past 12 months. This enunciates that a total of 

3,764,849.96 bundles were harvested by all households using traditional medicine in EAM (42.5% 

households). The respondents reported that all the harvested local medicine were used for domestic 

purposes to cure illness such as stomach ache, headaches etc. However, it was also reported that, 

traditional medicine are  used for business purposes by traditional healers in the area, unfortunately 

, the study did not come across any traditional healer who would have validated this proposition.  

The study revealed an increase in number of people who are engaging in bee keeping activities in 

Eastern Arc Mountain areas from 2016 to 2019. This could be attributed to the fact that people are 

now recognizing the economic importance of honey production in raising the household income. 

Also, is due to the effect of EAMCEF which are providing trainings and various supports to bee 

keepers within the EAM areas. The study team found bee keeping facilities (mizinga) in Uhafiwa, 

Idegenda and Ihimbo villages and respondents explained that the facilities were donated by one of 

EAMCEF project in order to enable the villagers to have other sources of earning income apart 

from crop farming.  

The honey production rate per household for the past 12 months was 41.74 litres. The minimum 

and maximum production was 2 and 233 litres respectively (Table 14). A total of 1,736, 330.18 

litres were produced by households engaging in bee keeping activities in EAM (8.5%). It was also 

found that about 43% of the produced honey was used for domestic uses whilst the remaining one 

was used to increase farmersô income. The selling price for honey ranged from TZS 5000 to 

TZS10000, but the average selling price was TZS 7750. Thus each farmer doing honey production 

earned an average of TZS 36,735 per year, but in general honey production in EAM brought 
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revenue of TZS 7,670,238,570.18 per year. Market for honey is in their villages but some farmers 

have extended the markets of their product to town areas such as Kilolo, Iringa, Mufindi, Dumila, 

Morogoro urban, Same, Moshi and Dar es Salaam districts where there is high demand and selling 

price. The study anticipates the number of farmers engaging in bee keeping will increase in the 

coming years as most farmers are appreciating the financial contribution of honey production to 

household income, and they are also receiving supports from EAMCEF projects for instance 

establishing of apiculture farm groups and provision of bee keeping equipments.Bee keeping 

activities will offset villagersô dependence on natural resources harvesting from natural forest 

systems. 

Households harvesting mushroom harvested about 2.3 Kg per household for the past 12 months 

(Table 14). A total of 194,275.9 Kg of mushroom was harvested by households in EAM (1.96% 

households). Mushrooms are mostly available during rainy seasons especially in November and 

December. All harvested mushroom was used for domestic consumption. 

The study ascertained decrease in number of people who are harvesting firewood and construction 

materials from natural forests. This could be due to a number of reasons, such as availability of 

planted trees/ forests in most villages within the EAM areas which have ensured the availability 

of firewood and construction materials, which   originally were harvested from natural forests. 

Another reason could be due to establishment of forest reserves in the study areas specifically 

CNFR, KNFR, USNFR, UNFR among others which restrict human activities like harvesting of 

fuel wood and construction materials in protected areas. Also, it could be due to changes in lifestyle 

where nowadays people are using modern energy sources which do not depend more on fuel wood 

for instance improved stoves, gas etc. Furthermore, they are constructing modern houses using 

bricks and cement thus they use less tree products unlike in previous time when they were 

constructing traditional houses which relied on more tree products. The average harvest of 

firewood and construction materials was 39 bundles per household, the minimum and maximum 

harvest was 5 to 136 bundles. It has to be noted that all harvested firewood and construction 

materials are used for domestic use, nothing is being sold. 

Harvesting of natural vegetation and natural fruits in EAM was also found significant. On average 

households harvested 5.2 and 2 bundles of natural vegetables and natural fruits per year. These 

products were reported to be harvested for domestic consumption. 
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Plate 2: Bee keeping facilities "mizinga" donated by EAMCEF in Uhafiwa village 

4.1.3 Charcoal Production and Lumbering Activities 

The findings found that lumbering and charcoal production activities are only done by few 

households in EAM. Lumbering is done by 24.2% households while charcoal production is done 

by 9.2% households. These activities are conducted mainly in Kilolo, Mufindi and Mvomero 

districts due to the availability of many planted trees/forests in these districts which are harvested 

for lumbering or charcoal production. Pines and Eucalyptus tree species were mentioned to be the 

main trees used for lumbering while black wattle trees are used to make charcoal by most 

households. Charcoal is also produced from other natural trees and shrubs in the study area. 

Distance from the households to the planted tree farms was estimated to range from 0.1 -3.0 Km. 

Very few people are engaging in lumbering activities in Same and Morogoro Rural districts, this 

could be due to land scarcity issues and the small available land is devoted to subsistence cropping. 

The price of charcoal is varying from one location to another but on average it ranges from TZS 
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5000 -10000 per   bag (50 kg). The price of timber varies from one location to another and 

depending on timber sizes. Details on timber values are presented in the section of afforestation 

practices in EAM. 

4.1.4 Forest Ecosystem Service Values 

Most respondents revealed that they appreciate other ecosystem values which are provided by 

forest ecosystem services apart from the forest products which are harvested from natural forest. 

The ecosystem services which are supplied by natural forests were mentioned as source of rainfall, 

climate regulation, soil conservation, air purification, protection of water sources, source of natural 

fruits and vegetation, improvement of soil fertility, source of tourist attractions, and provision of 

habitats for other biodiversities. The study respondents declared that these ecosystem services 

support their livelihood activities for instance in crop production and supplying of domestic water. 

 

4.1.5 Preferences on Ecosystem Services Provided by Natural Forests in Eastern Arc 

Mountains 

Table 15: Households' preferences on forest ecosystem services in EAM 

      

S/No 

Ecosystem service Preferences in percentage Ecosystem 

Preference 

ranking  

 

Not 

preferred 

Less 

preferred 

Preferred Most 

preferred 

1 Biodiversity  

conservation 

0 2.5% 16.7% 80.8% 5 

 

 

2 Water conservation 0 0 0 100% 1 

 

 

3 Control of soil 

erosion 

0 0 5.8% 94.2% 2 

 

 

4 Flood mitigation 0 0% 23.3% 76.7% 6 

 

5 Nutrient cycling 0 0 15% 85% 3 

 

6 Air purification 0 0 13.3% 86.7% 4 

 

7 Climate regulation 0 11.7 16.7% 71.7% 7 

 

 

8 Carbon 

sequestration 

0 10% 15% 75% 8 
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9 Sites for  cultural 

and spiritual 

activities 

57.5% 14.2% 9.2% 19.2% 13 

 

 

 

10 Recreational 

services 

16.7% 29.2% 24.2% 30% 10 

 

 

11 Wildlife for hunting 74.2% 25.8% 0 0 14 

 

 

12 Availability of 

pasture for grazing 

15% 58.3% 12.5% 14.2% 12 

 

 

 

13 Availability of local 

herbs/ medicinal 

plants 

20% 6.7% 32.5% 40.8% 9 

 

 

 

14 Education and 

research activities 

35.8% 33.3% 15.8% 15% 11 

 

The study identified that people in lower EAM areas mostly prefer forest ecosystem services that 

have directly impact into their life and livelihood activities.  Like other rural areas of the world, 

household in all the studied villages attached the highest preferences on forest ecosystem services 

that support agricultural production since almost all villagers (97.03%) in the study area are 

practicing crop farming and livestock keeping though there are variations in number of farmers 

and livestock keepers in each village. In line with agricultural productivity, respondents from all 

villages attached their highest preferences on 3 forest ecosystem services which are water 

conservation and protection of water sources, control of soil erosion and nutrient cycling.  The 

highest preference on these ecosystem services is because these services help to increase their 

agricultural productivity, for instance conservation of water sources would ensure availability of 

water for crop farming, erosion control would help to maintain fertility of their soils thus positively 

impact on crop productivity. Degradation of soil and water resources would impair their 

livelihoods. Nutrient cycling helps to improve soil fertility in farms. Water conservation is of 

paramount importance as almost all households in the study area source water for domestic use 

from water sources which are routed from the natural forests.  

Air purification, biodiversity conservation and climate regulation are also highly preferred in the 

study area due to the fact that, their areas are surrounded by densely natural forests which serve as 

habitats for wildlife species, purify natural air and stabilize the climate.  
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Availability of wildlife for hunting is the least preferred ecosystem service in EAM areas, and this 

is because currently there is no household engaging in hunting activities. Also, the forest reserve 

management is restricting villagers to engage in hunting activities that is why the respondents 

attached a lowest preference to this ecosystem service. 

 Sites for ritual and cultural activities are mostly not preferred in EAM areas. Respondents 

disclosed their less preference on rituals is due to their modern believes which discourage them 

from doing rituals and worshipping ghosts. Some mentioned that they are born agains, claiming 

that the practices of conducting cultural and rituals activities are outdated as they were being done 

in old times by their old parents. Others commented that they do not have these places in their 

villages.   

The study observed that education and research activities are mostly preferred by households who 

are currently having children who are studying either in primary or secondary schools. High 

preference to this ecosystem service was also attached by academicians in the study area i.e 

households who are primary and secondary teachers. 

4.2 Communication Towers in EAM areas 

The study found that communication towers are available in Ndolwa village (Sauti ya Injili and 

Airtel) and Idegenda village where Vodacom and Airtel companies have mounted their 

communication towers. The respondents from these villages mentioned that they do not know how 

the payments for establishing those towers in their villages are being made. It can be argued that 

the logistics of mounting communication towers in these villages are not transparent to most of 

the villagers. 

4.3 River Ecosystems in Eastern Arc Mountains 

4.3.1 Rivers in EAM areas 

More than 34 rivers were identified by the study. About 11 rivers were reported to originate from 

forest reserves within EAM areas. These include Nakombo, Shaka, Tasiwene, Indini, and Mjingo 

rivers which originate from Shengena/ Chome forest reserve in Same district. These rivers 

discharge their water in Pangani river. Other rivers include Rukosi, Nyamtitu, Ngôembe, 

Ngolwani,Ivala and Ruaha which originate from Uzungwa forests reserve in Mufindi and Kilolo 
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districts. The first 4 rivers discharge their water in Idete-Ruaha River which then feeds Kidatu dam 

while the last 2 rivers discharge their water to Kihansi river which then feeds Kihansi dam. 

The study also observed that most of the rivers originate from villages within EAM area. These 

include Msindo river- in Msindo village, Mwahona and Kwasengara river in Menamu village, 

Maligueni and Igondi rivers in Maligueni forest, Rudege, Mkalasi and Rungu rivers in Masisiwe 

village, Kiseresi river in Kidigo mountain. Kidogode river in Mahala, Ngenga river in Wengela, 

Nôgembe river in Ngôembe village, Ilambwa and Kikomele rivers in Mbawi village, Kihansi river 

in Ilogombe-Mapanda, Mnazungwa, Lamanga rivers in Kipanga village and Makiga river in 

Uhafiwa village, Mbakana, Mizona, Duzu and Nyamisembe rivers in Ndungutu village, Mgeta 

river in Lanzi village. It should be noted that most of rivers in Same district discharge into Pangani 

river basin, while those in Mufindi and Kilolo districts discharge in Kihansi and Ruaha rivers 

respectively.  

Table 16: Rivers available in EAM areas 

Village Name of the river 

Mbakweni Nakombo, Shaka, Tasiwene, Ngiriri 

Msindo Nakombo, Shaka, Ngiriri, Tasiwene, Msindo 

Menamu Mwahona, Kwasengara, Maligueni, Igondi, Ndiva, Mjingo 

Ndolwa Indini, Maligueni, Igondi, Mjingo 

Idegenda Rukosi, Mkangasi, Nyamtitu, Rungu, Rudege, Kinyanungwi, Itambusa, Kikilo, Mkumbi, 

Kiseseri, Kivango 

Masisiwe Mkalasi, Rukosi, Livala, Kidogode, Ndenga, Ngolwani,Mvenge, Ngôembe, Mahame 

Mbawi Nôgembe, Mkalasi, Ilambwa, Kikomele, Itwangilo, Ivala, Kihansi 

Uhafiwa Kihansi, Mnazungwa, Ruaha, Makiga, Lamanga 

Ihimbo 

Ndungutu 

Lanzi 

Mnazungwa, Lamanga, Ruaha 

Mbakana, Mizona, Duzu and Nyamisembe rivers 

Mgeta 

 

 

 

Table 17: River source and discharge points in EAM 

Village name Rivers 

available 

Type of the river Source of the 

river  

Discharge 

point 

Distance from 

the village to 

the river in 

Km 

Mbakweni Nakombo Seasonal Shengena forest Pangani river 1.5 

Shaka Unseasonal  Shengena forest Pangani river 1 

Tasiwene Unseasonal  Shengena forest Pangani river 1 

Ngiriri  Unseasonal  Shengena forest Pangani river 0.1 

Msindo Nakombo Unseasonal  Shengena forest  3 
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Shaka Unseasonal  Shengena forest  3 

Tasiwene Unseasonal  Shengena forest  3 

Ngiriri  Unseasonal    1 

Msindo Seasonal  Msindo village  0.2 

Menamu Mwahona Unseasonal  Menamu village  2 

Kwasengara Unseasonal  Menamu village  1 

Maligueni Unseasonal  Maligueni 

forest 

 1 

Igondi Unseasonal  Maligueni 

forest 

 1 

Ndiva Unseasonal    1 

Mjingo Unseasonal  Shengena forest  2 

Ndolwa Indini Unseasonal  Shengena forest  1 

Maligueni Unseasonal  Maligueni 

forest 

 1 

Igondi Unseasonal  Maligueni 

forest 

 1 

Mjingo Unseasonal Shengena forest  2 

Idegenda Rukosi Unseasonal Uzungwa forest Kidatu dam 2 

Mkalasi Unseasonal Masisiwe 

village 

Kihansi dam 2 

Nyamtitu Unseasonal Uzungwa forest Kidatu dam 2 

Rungu  Masisiwe 

village 

 2 

Rudege  Masisiwe 

village 

 5 

Kinyanungwi    2 

Itambusa    5 

Kikilo     2 

Mkumbi    2 

Kisereri  Kidigo 

mountain 

 4 

Kivango    2 

Masisiwe Mkalasi  Masisiwe 

village 

Kihansi dam  

Rukosi  Uzungwa forest Kidatu dam 6 

Ivala  Uzungwa forest Kidatu dam 4 

Kidogode  Mahala   

Ndenga  Wengela   

Ngwolani  Uzungwa forest  5 

Ngôembe  Uzungwa forest  5 

Mahame     

Mbawi Ngôembe  Uzungwa forest Kihansi dam 4 

Ivala  Uzungwa forest Kidatu dam 4 

Mkalasi  Masisiwe 

village 

Kihansi dam 4 

Kikomele  Mbawi village  2 

Ilambwa  Mbawi village  2 

Itwangilo  Mbawi village  1 

Uhafiwa Kihansi  Mapanda 

village 

Kihansi dam 9 

Mnazungwa  Kipanga village  7 

Ruaha  Uzungwa forest Kidatu  6 

Makiga  Uhafiwa village  1 

Lamanga  Kipanga village  8 

Ihimbo Mnazungwa  Kipanga village  7 
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Ndungutu 

 

 

 

 

 

 

 

Lanzi 

Lamanga  Kipanga village  7 

Ruaha 

 

 

Mbakana 

 

Mizona 

 

Duzu 

 

Nyamisembe 

 

Mgeta 

 Uzungwa forest Kidatu 7 

 

4.3.2 Water Flow in Eastern Arc Mountains 

Information on water flow in EAM was sourced from the water basin offices of Pangani, Rufiji 

and Wami Ruvu. Literature review was also done to enrich the information provided by water 

basin officials. Water flow details in EAM are explained below;  

4. 3.2.1 Pangani Water Basin 

Information shared by the basin official revealed that Pangani Basin is a transboundary basin 

shared by Tanzania and Kenya. The basin covers an area of 56,300 square kilometers where 5 % 

of this area lies in Kenya. Pangani basin is comprised of five sub basins namely; Pangani river (43, 

650 Km2), Umba river (8, 070 km2), Msangazi river (5, 030 Km2), Zigi river and Coastal rivers 

including Mkulumuzi river (2, 080 Km2) which all independently drain to the Indian Ocean. The 

Pangani river basin has two main tributaries, Kikuletwa and Ruvu rivers, which join at Nyumba 

ya Mungu, a large man-made water body with a surface area of 140 km2. The source of Kikuletwa 

river is in Mount Kilimanjaro and Mount Meru while the source of Ruvu river is Pare and 

Usambara Mountains. Pangani water basin also has two lakes namely lake Jipe and lake Chala. 

The Basin is also endowed with high potentials for groundwater. Only 5% of all the water used in 

the basin is derived from groundwater sources. The Pangani basin official explained that they have 

installed gauges in main rivers which are used to measure the water flow and levels. Water flows 

and levels are measured on daily basis in the established points. On average, the highest water flow 

measurements at Nyumba ya Mungu Dam is 25m3/s while the lowest water flow measurements is 

10 m3/s. 
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Figure 2: Water Flow Pangani Water Basin  

4. 3.2.2 Rufiji Water Basin  

Rufiji water basin covers an area of 183,791 square kilometres. Rufiji river lies entirely 

within Tanzania. It is approximately 600 kilometres (370 mi) long, with its source in Southwestern 

Tanzania and its mouth on the Indian Ocean at a point between  Mafia Island called Mafia Channel. 

Rufiji water basin is made up of the four principal sub-basins, namely Great Ruaha (85,554 Km2), 

Kilombero (40,330 Km2), Luwegu (25,288 Km2) and Lower Rufiji (32,619 Km2). Great Ruaha 

river is the main tributary of Rufiji river which joins with the confluence of Kilombero and Luwegu 

rivers and extends into Lower Rufiji up to the Indian Ocean. The Rufiji water basin can easily be 

identified through its physiology. The delta and the flood plain of the Lower Rufiji form one 

portion of the basin gradually rising into a plateau of the coastal hinterland into the Southern 

highlands and the Central Plateau of Tanzania. The river's delta contains the largest mangrove 

forests in Eastern Africa.  Rufiji sub-basins are composed of numerous river systems.  Rufiji river 

can have maximum flows of up to 14,000 m3/sec and minimum flows of about 50 m3/sec in the 

lower catchment.  Flows in the basin have a wide range of variation (between the low flow and 
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high flow periods).   The largest part of the basin experiences longer dry seasons and shorter wet 

seasons.  

Basin official from Rufiji water basen office explained that their office is doing measurements of 

water flows and levels in main rivers within the basin. They have established monitoring stations 

and they have installed gauges. Locations where gauges are installed flow measurements are done 

on daily bases, but in monitoring locations without gauges spot flow measurement is done on 

certain intervals i.e. during dry and wet seasons. The official cited examples of rivers in Kilombero 

districts were flows are measured are River Ruipa, River Mgugwe and River Mkaja in Chita. The 

highest water flows recorded in these rivers are 30m3/s during wet seasons. The basin officer 

explained that on average it costs about TZS 8000000 per year to operate 1 monitoring location. 

This cost covers salaries of people guarding that station, fuel costs, and transport costs.  
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Figure 3: Water flow in Rufiji Water Basin  

 

4.3.2.3 Wami Ruvu Water Basin 

Wami/Ruvu Basin is located to the eastern part of Tanzania and includes two major rivers of Wami 

and Ruvu with an approximate area of 40,000 and 17,700 km2 respectively. The Ruvu sub-basin 

extends from Morogoro to the West of Dar es Salaam through the Coast and Dar es Salaam regions. 

Wami-Ruvu basin also has coastal rivers located from north to the southern part of Dar es Salaam 

City, which makes the total area of the whole basin to be 72,930 Km. Ruvu river originates in the 

Southern Uluguru Mountains and flows Eastwards to empty into the Indian Ocean near Bagamoyo. 

Its chief tributary is the Ngerengere River, which rises in the Northern Ulugurus and flows through 

Morogoro before joining the Ruvu river. Ruvu river drains a catchment of 11,789 Km²,which 

includes portions of Morogoro and Pwani regions. Wami river catchment lies to the North and 

https://en.wikipedia.org/wiki/Uluguru_Mountains
https://en.wikipedia.org/wiki/Indian_Ocean
https://en.wikipedia.org/wiki/Bagamoyo
https://en.wikipedia.org/wiki/Ngerengere_River
https://en.wikipedia.org/wiki/Morogoro
https://en.wikipedia.org/wiki/Catchment
https://en.wikipedia.org/wiki/Morogoro_Region
https://en.wikipedia.org/wiki/Pwani_Region
https://en.wikipedia.org/wiki/Wami_River
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West, and the Rufiji river catchment lies to the South. The most upstream of the Wami river is the 

Kinyasungwe river, and then its name changes to Mkondoa and Mkata river. In the downstream 

of the Mkondoa sub-catchment, it becomes the Wami river that flows up to the estuary. Major 

tributaries of the Wami river are the Diwale, Mjonga and Lukigura rivers. Mgeta river originates 

from Western part of the Uluguru Mountain and it joins Ruvu river after the Ruvu river gets out 

of mountainous area, then Ruvu river flows to the estuary, and along the way it is joined by many 

tributaries such as the Ngerengere, Msua and Mbiki Rivers. The Coastal Rivers catchment consists 

of small rivers such as the Mpiji, Msimbazi, Kizinga, Mzinga and Mbezi Rivers. Most of these 

rivers in the catchment are seasonal at present. Basin official from Wami ïRuvu water basin office 

explained that water flow measurements in their basin are done at Mgeta river, Nyandila and Mgeta 

Juu near Sokoine University of Agriculture campus.

 

Figure 4: Water Flow in Wami Ruvu Basin 

 

https://en.wikipedia.org/wiki/Rufiji_River
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4.3.3 Harvesting of River Resources in Eastern Arc Mountains 

The study identified that resources which are harvested from rivers in EAM area are water and 

fish. Water usage differs from one location to another but it is mainly collected for domestic uses 

and irrigation purposes. However, in other places, water is used for hydroelectric power 

production. It was observed that small scale/traditional irrigation practices are done mainly in 

villages within Same district and some parts of Kilolo district, while large scale irrigation practices 

are done in Kilombero district where large scale rice farms have been established for instance 

Kilombero Plantations Limited (KPL) irrigation schemes.  Tradition irrigation farming is mainly 

done for subsistence uses while large scale irrigation farming is done for both subsistence and 

commercial uses.  

Almost all studied villages in EAM collect domestic water from their surrounding rivers and 

natural streams/ springs. Some households especially in Same district are tapping water direct from 

water sources in  forest reserve areas through connecting pipelines from forests to their villages 

for instance in Ndolwa and Menamu villages (See Plate 2).  

The study observed that Ruvu river supply water for domestic and industrial uses to Dar es Salaam 

region and two districts of Coastal region which are Kibaha and Bagamoyo. This river is an 

important source of water for households, irrigated farms, and industries in communities along the 

river. It is a principal source of water for Dar es Salaam, Tanzania's largest city, which lies on the 

coast East of the Ruvu catchment. Water supply services are done by the Dar es Salaam Water 

Supply Authority (DAWASA) which has built a water treatment and distribution plants in Lower 

Ruvu and Upper Ruvuareas in Coastal region. Lower Ruvu plant has the design capacity of 

386,000m3/day and operating capacity of 180,000 m3/day while the Upper Ruvu plant has a design 

and operating capacity of 196,000 m3/day. It was also found that water supply  services in Same 

district is more of individual arrangements through natural springs, dug boreholes and wells as the 

Moshi Urban Water Supply and SewerageAuthority (MUWSA) in Kilimanjaro region has not 

extended its service to the area. However, households mentioned that currently the construction of 

water supply project is ongoing in their area, and this project will supply water to Same District 

and Korogwe district. In Iringa municipal council, water supply authority (IRUWASA) has not 

started to use water from rivers in EAM areas, currently the authority is planning to use water from 
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Ruaha river. Water basin manager in Rufiji water basin office disclosed that currently IRUWASA 

is paying a annual fee of TZS 18,000,000 as a water use charges. 

The study also revealed that water from some of rivers within EAM is used for hydroelectric power 

generation in the established hydroelectric power plants. This information was validated by Rufiji 

water basin manager who explained that rivers in Rufiji water basin area support production of 

hydroelectric power. For instance   in Mtera Dam  where about 80 Mega Watts (MW)are generated 

per per year , in Kidatu Dam about 200 MW are produced per year, in  Kihansi dam where 

approximately 180 MW are produced per year and Mgeta power plant in Kilombero district where 

about 6MW are generated per year. About 75% of water in Kihansi Dam comes from Uzungwa 

Nature Forest Reserve. The manager also pointed out that the ongoing hydro power project (Rufiji 

Hydro Power Project/ Stieglerôs Gorge Project) is being constructed in Rufiji River which also 

belong EAM areas. The project is anticipated to produce a significant amount of electricity of 

about 2100 MW per year from nine power generating turbinesthus fueling the country economic 

development.  During the interview, the Rufiji water basin manager added that more than 65% of 

water which will be used in Rufiji Hydropower Project will be collected from Kilombero 

catchment area. 

From Pangani Water Basin Office, the official mentioned that the basin is also supporting 

production of a significant quantity of electricity. In Nyumba ya Mungu Dam about 8 MW is 

produced per year, in Hale power plant which is located in Pare Mountains about 21MW is 

produced per year while New Pangani Falls produce about 68 MW per year. 

The results showed that fishing is done in both small and large rivers like Udagaji, Kihansi, 

Kilombero rivers etc. Fishing in large rivers is done mainly for both commercial and subsistence 

uses while fishing in small rivers is mainly for subsistence purposes. Study respondents also 

reported that they are currently practicing fish farming in their villages in which theyhave diverted 

water from rivers into their established fish ponds. Fish farming is mainly done in Msindo and 

Mbakweni villages in Same district. Details on fish farming are discussed in agriculture section. 
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Plate 3: Water trapped from Shengena Forest in Ndolwa Village 

4.3.3.1 Frequency of Harvesting Water Resources from Rivers 

The findings show that 59.2% of the households in EAM harvest river resources mainly domestic 

water on daily basis. It was observed that the frequency of harvesting domestic water directly from 

rivers greatly varies with seasons, it is high during dry seasons and it decreases during wet seasons. 

Frequency for collecting water for irrigation and fishing activities varies for instance once per 

week (25%), twice per week (10%), once per month (4.3%), twice per month (1.5%) etc but it is 

also influence by seasonal variations. Harvest of water for irrigation is more regularly during dry 

seasons and it decreases in wet seasons.  Fishing activities are more practiced in wet seasons unlike 

dry seasons, and this could be argued is due to decrease in water volumes in rivers as most fish in 

EAM prefer high river volumes.  

 

 
























































































































