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EXECUTIVE SUMMARY  

Introduction  

This study was carried out to value the Eastern Arc Mountain (EAM) natural assets and 

ecosystem services supplied by the mountains for the purpose of sensitizing the society and 

development partners on the ecological and economic importance of the mountains. This is 

derived from the fact that the EAMs encompasses a series of mountain blocks which are the 

sources of a number of big rivers draining from the mountain blocks to the Indian Ocean 

supplying water for domestic and industrial use to many cities and urban centers in eastern 

regions of Tanzania. The mountains are important habitat to the endemic species of plants and 

animals. Understanding of the ecological and hydrological importance of the mountains is not 

enough to justify its conservation but understanding of the economic values of these ecological 

and hydrological importance helps to justify its conservation. In 2015 the Eastern Arc Mountains 

Conservation Endowment Fund (EAMCEF) issued a consultancy work on economic valuation of 

EAM ecosystem services and existing assets to a team led by UNEP-WCMC, with inputs from 

Cambridge, York, Southampton, Exeter Universities in the UK, and Sokoine University of 

Agriculture in Tanzania. The work involved field data collection, analysis and drafting a 

comprehensive report on the value of ecosystem services supplied by the mountains. The study 

based its valuation on GIS and hydrological modeling of the EAM natural assets. The report was 

prepared and submitted to EAMCEF and EAMCEF provided comments and the consultants 

worked on the comments accordingly. However, the approach used tends to undervalue the asset 

because is using the actual market price indices of the ES supplied by the mountains. Following 

this EAMCEF issued the same assignment to another team of consultants to conduct a detailed 

economic value of the mountains this time using market price indices for the ES supplied that 

would help the organization to justify its investment in conserving the mountains against 

alternative land uses. This report is a step towards achieving that and was commissioned to two 

consultants by Eastern Arc Mountains Conservation Endowment Fund (EAMCEF) for three 

major objectives: 

¶ To Identify the Ecosystem Services (ES) in the all EAM blocks,  

¶ To estimate the economic value of the identified ecosystem services in the EAM blocks, 

¶ To update the report on EAMs valuation carried out in 2015. 
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Study methods 

The assignment was carried out between 22nd January and 9th February 2018, by conducting field 

survey in 28 villages randomly selected from eleven EAMs blocks. To establish the types of 

ecosystem services the catchment supply and usage at household level, individual household 

survey which involved interviews of randomly selected household members, village key 

informants, various officials from Rufiji, Pangani and Wami/Ruvu Water Basin Offices, officials 

from water supply companies (i.e. Tanga UWASA, MOROWASA and DAWASCO), officials 

from Sugar and rice estates (Mtibwa Sugar, Kilomero Sugar and Kilombero Paddy Production 

Limited), officials from forests and nature reserves (i.e. Udzungwa Mountains National park, 

Amani Nature Reserve, Magamba Nature Reserve, Chome Nature Reserve, Nilo Nature Reserve, 

Uluguru Nature Reserve and Mkingu Nature Reserve), officials from forest plantations (i.e. 

Ukaguru, Mtibwa, Longuza and SAO Hill planted forests), agricultural and forest officers from 

Muheza, Mkinga, Korogwe, Lushoto, Same, Mwanga, Morogoro Rural, Mvomero, Kilombero, 

Kilolo, Mufindi and Mahenge Districts. We also interviewed officials from TANESCO and 

visited all the hydropower plants in EAMs (i.e. Nymba ya Mungu, Hale, New Pangani fall, 

Kidatu, Kihansi, Mbingu Sisters, and Iyovi hydropower plants).  We also visited and interviewed 

TANESCO head office staff in Dar-es-Salaam. The information gathered from these groups 

included the type of ecosystem used, quantity used and the market prices for those with market 

prices.  

 

To establish the economic value, we categorized ecosystem services supplied by EAMs into 

eight categories: (i) Agricultural ES, (ii) Extracted forest products, (iii) standing timber (iv) 

water resources (v) Biodiversity, (vi) Carbon sequestration, (vii) Bequest value or value of 

existence and (viii) Tourism. To account for the time preference in our calculation, we have used 

a discount rate/rate of return to capital of 9 percent as recommended by central bank of Tanzania 

(BoT) that led to a discount factor of about 0.1214947754. The exchange rate used throughout is 

USD 1=Tsh. 2,276.87/=. 
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Results and discussion 

Type of ecosystem services supplied by EAMs and their economic values 

The EAM blocks supply a number of ecosystem services with multiple uses. The ecosystems 

services supplied give the mountains a remarkable economic value as indicated in the Table 

below.  

Aggregated total economic value of EAM  ecosystem services 

Categories of the 

Ecosystem services 

 Type of the ecosystem 

services  

Total value in USD % of the total 

value 

Agricultural products Crops   3,186,381,332.37  1.34 

Vegetables  106,859,398.76  0.05 

Fruits 933,304,626.92  0.39 

Livestock  165,121,780.53  0.07 

Extracted forest products Natural forests 51,513,125.69  0.02 

Planted forests 18,833,440.16  0.01 

Standing timber Natural forests  88,769,595,456.95  37.44 

Woodland  58,877,686,970.33  24.84 

Planted forests   13,486,327,112.89  5.69 

Water resources Water (domestic, irrigation, 

livestock & industrial use) 

   321,137,563.44  0.14 

Hydropower  66,665,423,437.24  28.12 

Biodiversity  Biodiversity value   3,519,100.00  0.0015 

Value of existence Bequest value  775,465.00  0.00033 

Carbon sequestration Forests   2,547,681,986.59  1.07 

Woodland     1,935,289,472.29  0.82 

Tourism Tourism    21,997.93  0.0000093 

  EAM total value 237,069,472,267.08  100.00 

 EAM NPV 28,787,986,000.00  

 

The total economic value of EAM block ecosystem services is 237,069,472,267.08 USD which 

is equivalent to 28,685,406,144.32 USD net present value. Standing timber in natural forests 

account for 37.44% of this value followed by water resource used to generate hydropower 

(28.12%). Standing timber in woodland take the third place by accounting for 24.84% of the total 

value followed by standing timber in planted forests which account for 5.69% of the total value. 

Agricultural crops take the fifth place by accounting for 1.34% followed by fruits production 

which accounts for 0.39% of the total value. The mountain capacity to store carbon is high 

accounting for 1.07% in natural forests followed by woodland which account for 0.82% of the 
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total value. Other ecosystem services account for less than 0.1% of the total value. Higher value 

in forest products implies that forest cover dominates the EAMs land area and it shows how 

important forest cover is to the mountain capacity to supply ecosystem services and support 

production of consumable goods. The capacity to supply ecosystem services and support 

production of consumable goods varies across the mountain blocks. The Table below clearly 

shows that variation among EAMs. 

 

Aggregated total economic value of EAM by mountain blocks  

Name of the mountain block  Total economic value in USD % of the total 

 East Usambara    7,013,538,404.06  2.96 

 West Usambara   15,403,755,298.67  6.50 

 South Pare  7,451,233,800.00  3.14 

 North Pare  1,896,086,156.60  0.80 

 Nguru  12,036,287,769.71  5.08 

 Nguu   10,334,796,253.03  4.36 

 Uluguru   26,278,126,642.53  11.08 

 Ukaguru   12,088,013,686.58  5.10 

 Rubeho   21,893,848,602.43  9.24 

 Mahenge   489,172,381.98  0.21 

 Udzungwa  122,184,613,271.50  51.54 

 EAM total economic value  237,069,472,267.08  100.00 

EAM NPV 28,787,986,000.00  

 

Among the EAM blocks Udzungwa accounts for a higher value followed by far by Uluguru, 

Rubeho, West Usambara, Ukaguru, Nguru, Nguu, South Pare and East Usambara. The mountain 

blocks account for 51.54%; 11.08%; 9.24%; 6.50%; 5.10%; 5.08%; 4.36%; 3.14% and 2.96% of 

the total value respectively. Other mountain blocks account for less than 1% of the total value. 

This also indicate how potential the mountain blocks are in terms of ecosystem services 

provision, forest stocks, agricultural production supporting services, regulating services and 

cultural services. Udzungwa mountain block led other mountain blocks in many respects as far 

as ecosystem services provisioning, supporting, regulating and cultural services are concerned. 

Uluguru and Rubeho mountain blocks follow in this respect. In addition to the potentiality, this 

also show how well preserved the block is, much of Udzungwa land cover is under reserved 
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areas with a national park in it. This has made the block to have a higher value in standing timber 

in both forests and woodland, hence higher value in carbon storage and water. This emanate 

from the fact that water has a strong connection with the condition of the forests. 

 

Conclusion 

¶ The EAM blocks have high value in all respect of ecosystem services ranging from 

provisioning, supporting, regulating and cultural aspects. The valuation based on the 

materials harvested to consume directly and to produce other consumable goods and 

services;  

¶ Out of the total value, standing timber stocks in natural forests and woodlands, planted 

forests and water account for the largest value. The value of these natural assets varies 

across the mountain blocks with Udzungwa taking the lead in most of the natural assets 

valued by this study. This not only show how potential the mountain blocks are but also 

how valuable they are that necessitates for more investment in preserving them for 

todayôsô generation and future generations; 

¶ The study also has revealed that the EAM blocks have higher values of crop, livestock 

and fruit products. These economic activities employ more than 99.9% of the population 

living in the mountain blocks. However, this depends on the presence of forests and 

woodlands which create the climatic conditions favorable for various crop and animal 

production.   

¶ On the case of extracted timber, the study has revealed a significantly high value of 

timber harvested from the mountain blocks natural forests despite the fact that much of 

these forests are under controlled management system. This clearly indicates that there is 

illegal timber harvesting going on in the mountain blocks. Even though this provide 

employment to the people involved along the market chain but it threatens the future 

capacity of the mountains to continue supporting other valuable economic activities as 

shown by the study;  

¶ EAMs forests also support the hydropower plants installed in the mountain blocks water 

resources. The hydropower generated from the EAMs blocks installed power plants 

contribute about one third of the total power generated in the country. Therefore, 
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protecting the EAM blocks forests and its environment is not an option task but a must 

task; 

¶ Apart from direct and consumable economic values, EAM blocks also have higher 

economic value in terms of biodiversity, carbon sequestration and bequest value in situ 

value of existence. Again these depends on the presence of the forests and its 

environment; forests provide a habitat for biodiversity to thrive, forests trees and plants 

absorb Co2 from the atmosphere cleaning greenhouse gases and releases O2, and their 

existence is valuable. 
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CHAPTER ONE 

1.0 INTRODUCTION  

1.1. Background of the assignment 

The decline in the quality and quantity of ecosystem services society derives from mountain 

forests is a growing global concern (MEA, 2005). Mountain forests play four major roles: 

provisioning, regulating, supporting and cultural ecosystem services. Mountain forests provide 

freshwater for domestic and commercial uses, regulate storm flow hence reducing floods 

downstream, support agricultural production of various crops and fruits, supply clean air that 

support lives of humans and other living biodiversity, the landscape provide beauty for 

recreation, provide habitat for various biodiversity, and the forest have cultural touch with the 

communities living around (Sanga and Mungatana, 2016; Dasgupta 2008). Overtime demands 

for ecosystem services from mountain forests have intensified worldwide following the increase 

in population and the growth of economic activities requiring ecosystem services from forests as 

inputs in producing consumable goods such as hydropower generation, irrigated agriculture, 

industries, tourism, mining, livestock keeping, domestic use, fisheries, wildlife, and forestry 

activities (i.e. harvesting of timber, collection of wild products, and hunting) (TEEB, 2010).  

 

In Tanzania just like the rest of the world this problem is growing at an increasing rate. The 

demand for the mountains forest ecosystem services is growing faster than the capacity of the 

mountain forests to provide; the country is getting 45% of electricity from hydropower plants 

installed in the Eastern Arc mountain (EAM) forests (URT, 2002). Equally important, the areas 

are under increasing pressure emanating from internal population growth and in-migration of 

people from different areas due its assured continued supply of water and fertile land for 

agriculture (Sanga and Mungatana, 2016). EAMs are known for a fertile agricultural land which 

is suitable for production of high value crops such as vegetables, fruits, spices, tea, sugar, and 

paddy; they are also popular for fresh water supply and fishing (Burgess et al., 2015). The area is 

also rich of natural forests and planted forest which provide timber and other forest products. All 

these attract people from other parts of the country to migrate to the areas in search for 

agricultural land, water and pasture. The overall result of such population growth and increased 

demand for ecosystem services from mountain forests countrywide for production of consumable 
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goods is the increased degradation of the forests leading to reduced capacity of the forests to 

provide ecosystem services and imbalance of biodiversity.  EAMs present an evidence of this 

degradation of mountain forests in the country. Less than 10% of the mountain area is forested 

which is less than a third of the historical forests before humans started to clear the land for 

agriculture (Burgess et al., 2015). 

  

The decline in the supply of ecosystem services not only threatens imbalance of biodiversity but 

also food security, energy production and consequently induces ecosystem services use conflicts 

between sectors of the economy. Such conflicts over ecosystem services in EAMs are common 

and growing over time. For example, in North Pare and East Usambara the conflicts between 

livestock keepers and farmers are reported to grow over time, in Nguru, Uluguru and Udzungwa 

mountains flood plains similar conflicts are also reported. Other conflicts are between mountains 

natural forests conservers and miners; in almost all EAMs there is illegal mining going on which 

not only destroys water sources hotspots and pollute water that flow downstream but also 

destroys river banks increasing floods downstream. Realizing the challenges facing the mountain 

forests in Tanzania, EAMs Conservation Endowment Fund (EAMCEF) of Tanzania in 2015 

issued a consultancy work of economic valuation of EAMs ecosystem services in Tanzania to a 

team led by UNEP-WCMC, with inputs from Cambridge, York, Southampton, Exeter 

Universities in UK, and Sokoine University of Agriculture in Tanzania. The work involved field 

data collection, analysis and drafting a comprehensive report on the value of ecosystem services 

supplied by the mountains. The report was prepared and submitted to EAMCEF and EAMCEF 

provided comments and the consultants worked on the comments accordingly. However, 

EAMCEF is seeking to have a detailed economic value of the mountains that would help the 

organization to justify its investment in conserving the mountains against alternative land uses.  

 

This may be achieved in many ways and one of them is the Total Economic Valuation (TEV) of 

the mountains ecosystem services. Total economic valuation of ecosystem services gives a room 

for identification of the type of ecosystem services, beneficiaries and the costs that can be 

incurred in case of deterioration of the forests. Such information is crucial in defending the 

importance of conserving the mountain forests against other land uses. Nevertheless, such 
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information is important in understanding the contribution of the forest to the beneficiariesô 

economies (micro-economy) and the national economy (macro-economy). It is also important 

information for planning the long-term management of the forests that will induce sustainable 

use of ecosystem services. Therefore, this study was designed to identify and value ecosystem 

services from EAMs and carry out economic analysis of the ecosystem services. 

 

1.2. Objectives of the assignment 

Specifically, this assignment was designed to achieve the following objectives: 

¶ To identify the Ecosystem Services (ES) in the twelve EAM blocks, 

¶ To estimate the economic value of the identified ecosystem services in the EAMs, 

¶ To update and finalize the Synthesis valuation for the EAMs report. 

 

1.3. Nature and scope of the assignment 

Even though the benefits of ecosystem services supplied by the mountain forests go beyond the 

perimeters of the mountains, the study confined itself to the mountains and the population 

surrounding the mountains. Therefore, to achieve the objectives above, EAMCEF assigned two 

consultants an assignment with three terms of reference as follows: 

¶ To identify ecosystem services and determine the economic and financial values of 

ecosystem services from each mountain; 

¶ To write a comprehensive report on the total economic value of the EAMs. 

¶ To submit the report, receive comments from the EAMCEF, revise the report and 

resubmit it to EAMCEF for approval. 

The assignment was carried out between 22nd January 2018 and 9th February 2018, by 

conducting field survey in 28 villages selected from twelve Districts (i.e. Muheza, Korogwe, 

Lushoto, Same, Mwanga, Kilindi, Mvomero, Morogoro rural, Gairo, Kilosa, Kilombero and 

Ulanga) to collect data and secondary information from existing documents about the EAMs. 

Two villages were selected from each mountain (i.e. one upstream and one downstream) except 

for Uluguru and Udzungwa where four villages were selected (i.e. two upstream and two 

downstream).   
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CHAPTER TWO  

2.0 STUDY APPROACH AND LIMITATIONS  

2.1. Ecosystem valuation theoretical background 

The major reason for the persistent poor management of mountain forests is under-valuation of 

ecosystem services supplied by the forests (Mooney et al., 2005). Traditionally, concepts of 

economic value have been basing on a very narrow definition of benefits supplied by natural 

ecosystems like mountain forests (Barbier et al., 2009). In many cases the value of ecosystem 

services is seen in terms of raw materials and physical products they generate for human 

consumption and production only, especially focusing on commercial activities and profits 

(Sanga and Mungatana, 2016; Daniels and Moore, 2002). These direct uses however represent 

only a small proportion of the total value of ecosystems which generates economic benefits far in 

excess of just physical or marketed products (Gómez-Baggethun and de Groot, 2007). To reverse 

the shortfalls of the traditional ecosystem valuation process, the total economic valuation 

framework is used for identifying and categorizing ecosystem benefits (Fisher et al., 2009; 

Balmford et al., 2008; Boyd and Banzhaf, 2007). 

 

2.1.1. The total economic ecosystems services valuation framework   

Instead of focusing only on commercial values, the framework encompasses the subsistence and 

non-market values, ecological functions and non-use benefits (Walker et al., 2004). Basically the 

framework presents a complete picture of the economic importance of ecosystems, and clearly 

demonstrates the high and wide-ranging economic costs associated with their degradation, which 

extends beyond loss of direct use values (Brand, 2009; Deutsch et al., 2003). Broadly defined, 

the total economic value of mountains forests ecosystems includes the direct use value, indirect 

use value, optional values and non-use value as shown in Figure 1.    
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Figure 1: The total economic valuation framework 

2.1.2. Study approaches  

Since most of ecosystem services do not have market values, their values are then derived from 

individual behavior observed during market transactions that involve directly ecosystem services 

(Balmford et al., 2008; de Groot, 2006). In the absence of such information, price information 

can be derived from parallel market transactions that are associated indirectly with the goods and 

services to be valued (Kontoleon and Pascual, 2007; Bateman et al., 2002). If both direct and 

indirect price information on ecosystem services is absent, hypothetical markets are created in 

order to elicit values (Spash, 2008; Philip and MacMillan, 2005; Wilson and Howarth, 2002). 

Following these limitations, valuation techniques that are commonly used to value ecosystem 

services are categorized into three groups i.e. (a) direct market valuation approaches, (b) revealed 

preference approaches and (c) stated preferences approaches (García-Llorente et al., 2008; 

Christie et al., 2007; Spash, 2007; Martín-López et al., 2007). 

 

 

 

Total economic value (TEV) 

Use-value Non-use value 

Direct use value Indirect use value Existence value Bequest value 

Pest control, 

pollination, 

water 

regulation 

and 

purification, 

soil fertility 

 

Satisfaction 

of knowing 

that species 

or ecosystem 

exists 

Satisfaction of 

knowing that 

future 

generation will 

have access to 

natureôs 

benefits 

 

 
 

Crops, 

livestock, 

fisheries, wild 

foods, 
aquaculture 

 

Consumptive  
 
 

Recreation, 

spiritual/cultu

ral well- 

being, 
research 

education 

Non- 

consumptive 

 

Option value 

Future use 

of known 

and 

unknown 

benefits 

 



 

 

 

6 

For this assignment, we employed the following approaches: 

(i) For mountains forests ecosystem services direct use value: Market based approach 

was used whereby market prices of agricultural, forest and water products were used. The 

method is common in obtaining the value of provisioning services, since the commodities 

produced by provisioning services are often sold at market price, e.g., agricultural 

products like crops, and forest products like timber and building poles. We assumed that 

market for products produced from the mountain forests is functioning well; therefore, 

markets preferences and marginal cost of production are reflected in a market price, 

which implies that market information are accurate on the value of commodities. The 

market prices of the commodities produced were used as indicators of the value of the 

ecosystem service used as inputs to produce them. 

 

(ii)  For catchment ecosystem services indirect use, non-use and option values: Stated 

preference approach, specifically contingent valuation method (CVM) was employed. 

The method simulates a market and demand for ecosystem services by means of surveys 

on hypothetical (policy-induced) changes in the provision of ecosystem services. To 

derive the ecosystem services value, a structured questionnaire was designed with a 

special question on how much beneficiaries of ecosystems services are willing to pay to 

enhance the provision of the service, or alternatively, how much they are willing to 

accept as compensation for its loss or degradation.  

 

(iii)  For carbon sequestration value of the mountains vegetation cover: The study 

employed secondary information on types of catchment canopy covers and the carbon 

storage capacity (i.e. of standing biomass, liter and ground) to establish the value. 

 

2.1.3. Limitation of market based approach in valuing ecosystem services 

The approach can provide biased economic values of an asset if the market is imperfect 

competitive i.e. the market operates in a situation where information about the product and prices 

are asymmetry or some players in the market do not have access to market information. This 

situation makes the prices existing not to be equilibrium market prices as they are not determined 

by demand and supply market forces. The possibilities of markets to be imperfect competitive 
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have rendered the application of market based approaches in valuing ecosystem services to 

criticism (Polasky and Segerson, 2009). The argument is that since perfect competitive markets 

rarely exists; the validity of values derived from this approach is also questionable (Drechsler 

and Wätzold, 2007; Shogren and Tschirhart, 2005; Shogren et al., 2003). 

  

2.1.4. Assumptions 

To resolve the problem of imperfect market, we assumed that markets for products with market 

values are functioning well. Therefore, markets preferences and marginal cost of production are 

reflected in a market price, which implies that market information collected is accurate on the 

value of commodities. The market prices of the commodities produced were used as indicators of 

the value of the ecosystem service used as inputs to produce them. 

 

2.2. Methods 

To address the specific objectives and the terms of reference; desk review, field survey which 

involved interview of key informants, focus group discussion, and questionnaire administration 

were undertaken. 

 

2.2.1. Desk review 

A desk review involved review of Eastern Arc Mountains Conservation Endowment Fund 

(EAMCEF) and Tanzania Wildlife Protection Fund (TWPF) reports on ecosystem services and 

biodiversity inventory for all EAMs;  review of NEMC economic valuation report of Kihansi 

river catchment; review of protected areas conservation reports; review of tourism in EAM 

nature reserves reports; review of Nyumba ya Mungu, Hale, New Pangani , Kidatu and Kihansi 

Hydropower plants water use and power generation reports;  review of Rufiji, Wami/Ruvu and 

Pangani River Basin Water Office reports on water sources hotspots management and use; and 

review of Districtôs reports on EAM natural resources, economic activities, water use and 

sources hotspots management. 

 

The review of the reports from the stakeholders aforementioned involved identification of 

ecosystem services supplied by EAM and the usage, charges if any to the users and the amount 
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collected/abstracted per year, the current management and role of each stakeholder in managing 

the catchment, type of economic activities being carried out in the catchment (in both upstream 

and downstream) and the type of ecosystem services supporting the economic activities. In 

addition to reports from the mentioned stakeholders, other documents reviewed include the 

Constitution of Tanzania (1977-1995), the National Water Policy of 2002 and its regulatory 

document, the National Environment Management Council water catchment regulatory 

document and reports, Village Land Act (1999), Rural Development Strategy (2001), the Forest 

Act (2002), draft of National Forest Policy (2015), the National Environment Policy (NEP) 

(1997), the Environmental Management Act (2004) (or Cap 191), the Land Use Planning Act 

(2007), the National Water Policy (2002), the Water Resource Management Act (2009), the 

Energy and Water Utilities Regulatory Authority Cap 414, the Electricity Act, 2008 (Act No. 

10/2008), the Energy Policy (2015), the Wildlife Conservation Act (2009), the URT (1995): 

National Conservation Strategy for Sustainable Development and the EAM Conservation 

Strategy (2008). 

 

2.2.2. Field survey 

To establish actual catchment ecosystem services, supply, usage and value at household level the 

study conducted household survey which involved interviews of some household members, 

village key informants, meetings with various officials from the stakeholders mentioned in 2.2.1 

and focus group discussion with village executive committees, environmental committees and 

water user associations (WUA). 

 

The survey covered twelve Districts found within the EAMs. These included Muheza, Korogwe, 

Lushoto, Mkinga, Same, Mwanga, Kilindi, Mvomero, Morogoro Rural, Gairo, Kilosa, 

Kilombero and Ulanga. Information for Kilolo and Mufindi were adopted from NEMC economic 

valuation report of Kihansi river catchment. Two villages were visited from each District except 

for Kilombero, Morogoro Rural, where four villages were visited and Lushoto and Korogwe 

where one village was visited for each District. The villages visited are presented in Appendix 1. 

The villages visited were selected to cover the whole landscape of the EAM in terms of 

biodiversity, standing timber diversity, water sources and rivers, ecotourism diversity, ecosystem 



 

 

 

9 

services diversity, economic opportunities and activities diversity. The field survey was 

conducted as elaborated below: 

(i) Key informant interviews:  This involved officials responsible for managing and 

monitoring EAM Water Basin Offices, Districts agriculture and natural resource 

departments, Hydroelectric Power Plant officials; EAM nature reserves management 

officials, EAM ecosystem service large and medium beneficiaries, village leaders and 

selected elders. To gather information from these officials we used structured 

questionnaire.  

(ii) Focus group discussion: Focus group discussions with the village executive committees, 

environment committees and water user associations were conducted using focus group 

discussion guideline. See checklist for focused group discussion in Appendix 2. 

(iii) Household survey: This involved 30 households randomly selected from each village. A 

structured questionnaire was used to interview individual households for the purpose of 

identifying the type of ecosystem services household benefits, the market price of 

ecosystem they use at household level, household opinion on the value of the catchment 

(see questionnaire in Appendix 3). Other information captured at household level by 

using this instrument included household characteristics, household type and quantity of 

ecosystem services used by household, household crop production, timber and other 

forest products harvesting, household water use, and household understanding of the 

importance of EAM to their daily livelihood.  

 

2.3. Data analysis and reporting  

2.3.1. Data analysis 

Field data collected through questionnaires were coded, entered, cleaned and analyzed using 

Statistical Package for Social Science (SPSS), EXCEL and SIGMA PLOT programs. The results 

are summarized and presented in chapter five and six. 
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CHAPTER THREE  

 

3.0 THE NATIONAL CONTEXT ON NATURAL RESOURCES MANAGEMENT  

3.1. National issues affecting natural resources management 

Worldwide it is known that the patterns of demographic, social and economic changes generate 

intensive and extensive demand for ecosystem services from natural systems like mountain 

forests for production of consumptive goods and services (Skoufias, 2012). Tanzania is one of 

the countries whose population and its economy grow fast; a situation which implies increased 

demand for resources to support the economy and the population. These exert pressure on 

mountain forests which supply ecosystem services that are used as inputs to produce consumable 

goods and services at various stage of the economy. As a result of this all of the countryôs 

mountain forests are under pressure. The major challenges facing the mountain forests in the 

country include: poor land use practices which encroaches the forests, water sources and river 

banks; expansion of crop land which in return reduces natural forests and vegetation cover; 

inefficient use of ecosystem services supplied by the forests (i.e. inefficient use of water and 

resultant wastage, excessive clearing and burning natural forests); management institutional 

overlaps, lack of sufficient skilled manpower; and lack of clear management financing 

mechanisms.    

 

3.2. The National forest and water catchment management policy and legal frameworks 

To protect and ensure sustainable use of forests and water catchments ecosystem services, 

Tanzania has formulated and adopted a number of important policies, acts and institutional 

frameworks relevant for management of forests and water catchments. The responsibility for 

management, development and protection of forests and water resources and their environment 

presently lies within the two ministries i.e. Ministry of Natural Resources and Tourism (MNRT) 

and Ministry of Water (MoW) (URT, 2009). However, forests and water catchments or water 

resources management is a crosscutting issue which surfaces in other national institutions such as 

Division of Environment (DoE) and the National Environment Management Council (NEMC) 

which are under the Vice Presidentôs Office; and Ministry of Agriculture, Food and Cooperatives 

(MAFC)-Land Use Department (Burgess et al., 2007). Given that it is a crosscutting issue, 
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management of forests and water resources is therefore stated in a number of legislations. It is 

well stated in the Constitution of Tanzania (1977-1995), the National Water Policy of 2002 and 

its regulatory document, Village Land Act (1999), Rural Development Strategy (2001), the 

Forest Act (2002), draft of National Forest Policy (2015), the National Environment Policy 

(NEP) (1997), the Environmental Management Act (2004) (or Cap 191), the Land Use Planning 

Act (2007), the National Water Policy (2002), the Water Resource Management Act (2009), the 

Energy and Water Utilities Regulatory Authority Cap 414, the Electricity Act, 2008 (Act No. 

10/2008), the Energy Policy (2015), the Wildlife Conservation Act (2009), the URT (1995): 

National Conservation Strategy for Sustainable Development and the EAM Conservation 

Strategy (2008). 

 

3.2.1. The Constitution of Tanzania (1977-1995) 

The Constitution of the United Republic of Tanzania (1977-1995, Revised 2000) recognizes the 

basic rights for its people.  Article 24 stipulates that every person is entitled to own property and 

has a right to the protection of his/her property held in accordance with the law. However, there 

are certain limitations related to the enforcement and preservation of basic rights, freedom and 

duties. Article 30(2) states that ñfreedom and duties do not invalidate existing legislation or 

prohibit the enactment of any legislation or the doing of any lawful act in accordance with such 

legislation for the purpose of ïamong others -ensuring the defense, public safety, public order, 

public morality, public health, rural and urban development and utilization of minerals or the 

increase and development of property or any other interest for the purpose of enhancing the 

public benefitò. 

 

3.2.2.  The national environment policy (1997) and the environmental management Act 

(2004) 

The national environment policy (NEP) (1997) aims to provide a framework for making 

fundamental changes that are needed in order to bring environmental considerations into the 

mainstream of the decision-making in Tanzania. The two overall objectives of NEP are (i) to 

raise public awareness and understanding of the essential linkages between environment and 
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development and to promote individual and community participation in environmental action; 

and (ii) to conserve and enhance the natural and man-made heritage, including the biological 

diversity of the unique ecosystems of Tanzania (URT/WB, 2001). In addition, the policy 

provides guidelines for the determination of priority actions to be taken to conserve the 

environment. It also provides sectoral and cross-sectoral policy analysis in order to achieve 

compatibility among sectors and other stakeholders.  

To enhance protection of the environment, in 2004 the government enacted the Environmental 

Management Act (2004). Apart from repealing the National Environmental Management Act of 

1983, the Act establishes the National Environmental Management Council (NEMC) to oversee 

the management of natural resources, and charges the NEMC with the responsibility for 

evaluating environmental policies and formulating proposals for environmental legislation and 

strategies including environmental valuation for designing management financing mechanisms. 

Furthermore, NEMC is mandated to review environmental mismanagement arrangements and 

involve the public in environmental management decision making (EMA, 2004). This requires 

an understanding of the various issues involved including the value of ecosystem services 

supplied by the forest catchment in question. 

 

3.2.3. Village Land Act (1999) 

The Village Land Act No.5 of 1999 is amongst the laws that directly touch the backbone of the 

rural economy as most of Tanzania rural dwellers depend on land to derive their everyday 

livelihood. Unlike the Land Act, the Village Land Act has in its provisions, which bear witness 

of some attempt to learn from past problems and experiences. The Act gives villages 

administrative powers on land for the purpose of protecting the small-holder land tenure security. 

Fundamentally, the Act vests all village land in the village. The precise distribution of authority 

between the Village Council and the Village Assembly is not clearly defined, but the underlying 

principle is clear that Village Land is vested in the Village Assembly and that the Village 

Council administers the land through the authority of the Village Assembly. 

 

The Village Land Act through Section 18 (1) states that a ñcustomaryò right of occupancy is in 

every respect of equal status and effect to a granted right of occupancy. The meaning of this 
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statement is somewhat unclear as the holder of customary rights answers to a different set of 

rules with different hindrances and privileges than does a holder of a granted right of occupancy. 

This statement in its own right is unimportant because the status of customary rights will only be 

determined by the way in which the law will be administered. 

 

However, Section 60 of the Act makes special provisions for the establishment of a Village Land 

Council ñto mediate between and assist parties to arrive to mutually acceptable resolution on any 

matters concerning the village land. Sections 11 and 58 of the Act show that for some reasons, 

the Village Land Council jurisdiction has been limited to cases related to land sharing 

arrangements with other villages and land sharing. Managing EAM which will involve raising 

funds from various sources including catchment ecosystem services beneficiaries, understanding 

of the complications arising from land ownership is important. The knowledge is important not 

only in choosing the approach to take and designing the mechanism to raise funds for 

management of the catchment but also for the land holdersô capacity building that may be needed 

to achieve the goal.  

 

3.2.4. Wildlife Conservation Act (2009) 

The objective of this Act is to protect, conserve and administer areas with great biological 

biodiversity; protect and conserve wildlife resources and its habitats. Section 12 (1 & 2) of the 

Act provide the protection of natural vegetation cover and punishment to a person who will 

lawfully be convicted for destroying natural vegetation.  Section 18 of the Act provides 

protection to all wild animals and reptiles by declaring that they are all national game, and 

Section 19 (1) prohibits hunting these animals without permission.  Section 19 (2) continues to 

provide the kind of punishment one can get by violating subsection 1 of the Act. Section 35 of 

the Act provides legal requirement of conducting EIA for significant intervention in wildlife 

protected areas and their associated dispersal areas. While the Act provides clear protection of 

vegetation and wild animals found within and outside protected areas, it is silent about financing 

management of natural resources that are outside the protected areas.  Many forests and water 

catchments in EAM fall under this category and they inhabit significantly valuable vegetation 

and wild animals and reptiles. There is no clear financing mechanism to manage these resources 
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even though penalties for unlawful harvesting are provided in the Act. This not only threatens the 

future flow of revenue to the government but also the existence of these resources. EAM are 

habitat of valuable natural vegetation and wild animals and reptiles which are protected by the 

Act, but it lacks a clear management financing mechanism.  

 

3.2.5. The Forest Act (2002) 

Forests are catchments of water and habitats of diverse biodiversity, therefore, Laws and Acts 

that govern management of forest resources affect a wide range of ecosystem services and 

biodiversity found in forests. The 2002 Forest Act objectively aim at promoting and enhancing 

the contribution of forest sector to the sustainable development, conservation and management of 

natural resources for the benefit of present and future generations. Section 4 of the Act classify 

forests into four categories basing on management institutions that are responsible to ensure the 

aforementioned objective is achieved as follows: (a) National forest reserves which consists of 

forest reserves or nature forest reserves; which are designated in accordance with the provisions 

of the Act and forests on general land; (b) local authority forest reserves which consist of  local 

authority forest reserves and forests on general land; (c) village forests which consist of village 

land forest reserves, community forest reserves created out of village forests and forests which 

are not reserved which are on village land and of which the management is vested in the village 

council; and (d) private forests which are forests on village land held by one or more individuals 

under a customary right of occupancy and forests on general or village land of which the rights 

of occupancy or a lease has been granted to a person or persons or a partnership or a corporate 

body or a Non-Governmental Organization or any other body or organization for the purpose of 

managing the forest which is required to be carried out in accordance with this Act.  

 

Section 11(2) under this Act realizes the complication that may arise in managing forest reserves 

and therefore, state that there shall be a forest management plan which shall define the 

management objectives by which the forest manager shall use its best endeavors to achieve the 

sustainable management of the forest resources over the period for which the plan has been 

prepared. One of the objectives is to protect the forests and in so doing water sources and its 

environment are preserved.  
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Section 49(1) of the Act provides the procedures to acquire the legal permit for harvesting forest 

ecosystem services or conducting activities in all the four categories of forests. Sub-section 6 

gives power to village council to provide harvesting permits and sub-section (7) requires village 

council to send a copy of a resolution to the District council having jurisdiction in the area where 

the village is situated.  

 

While all these sections show well defined forest management institutions, financing 

management is concentrated at reserved forests. Section 78 (2) of the Act highlights the royalties 

required to be paid for harvesting or extraction of forest produce in situ ecosystem services from 

category A and B of forests. Sub-section 3 clearly states that no royalties shall be required for 

harvesting or extraction of forest produce within a village forest or a community forest reserve 

by the resident of the village. This not only makes it difficult to collect revenue from this level 

but also it creates loopholes for loss of revenue for managing forests. It also creates loopholes for 

harvesters to use the opportunity of acquiring residents and continue destroying the forests. 

Equally important, section 79(1) establishes a fund known as forest fund which is aimed at 

redistributing the revenue collected from royalties for management purposes. However, nothing 

goes to village forests where the majority of water catchments fall in. EAM forests are a typical 

example; large proportion of the mountains village land which implies that most of its remaining 

forest pockets outside the protected areas are either village/community reserve or privately 

owned. Harvesting of ecosystem services is not controlled to a point where it is difficult to know 

its value. Justifying funding its management activities is difficult.     

 

3.2.6. The Water Resource Management Act (2009) 

The Act provides institutional and legal framework for sustainable management and 

development of water resources. It outlines principles for water resources management; for 

prevention and control of water pollution; and provides an avenue for participation of 

stakeholders and the general public in implementation of the National Water Policy. Its main 

objective is to ensure that the Nationôs water resources are protected, used, developed, 

conserved, managed and controlled in ways that among others, meets the basic human needs of 
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present and future generations. It also aims to prevent and control pollution of water resources, 

and protects biological diversity especially the aquatic ecosystems. 

 

According to Section 10(1) of this Act, all water resources in Mainland Tanzania are public 

water and vested in the President as the trustee for and on behalf of citizens. To manage water 

resources, sub-section 2 states that the president through various designated institutions confers 

powers to the Minister of water. The minister appoints the director of water resources and the 

national water board (sections 15 (1) and 20 (1) respectively). The director of water resources 

and National water board will be advisors to the minister on various matters regarding water 

resources management. As noted in section 3.4, water does not follow administrative border; it 

normally forges its own borders, to manage it the minister by the power vested in him/her with 

section 22(1) establish the so called Basin Water Boards in respect to each water basin. Basin 

Water Boards are responsible for managing the basin water resources and its environment, 

provide permit to abstract water, collect use charges, prepare and implement basin water 

resources management plans, penalize illegal abstractors and polluters, establish catchment and 

sub-catchment management committees. 

 

Financing of water catchment management activities is foreseen by the basin water board which 

is responsible for collecting revenue and budgeting (section 26 (1) of the Act). As noted in above 

the Basin Water Board is responsible for planning all the basin management activities. 

Catchments and sub-catchments committees are responsible for: (a) coordinating and 

harmonizing catchment integrated water resources management plan; (b) resolving water 

resources conflicts in the catchment; and (c) performing other delegated functions by the Basin 

Water Board (section 29(2) of the Act).  

 

Managing water resources is costly. Section 96 (1 & 2) of the Act states that collection of water 

use charges is done by the Basin Water Boards. Section 97 explains how this revenue is used; 

according to this Act the revenue is used for: (a) financing water resource management and (b) 

funding water resource development and construction of water works. The catchment 

management is funded through Water Catchment Committees and Water Users Associations. 
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This institutional framework sounds well in ensuring sustainable management of water 

catchment, but the reality on the ground is different. Water catchments are plagued by problems 

such as water pollution, catchment destruction, intensive water abstraction, increased 

sedimentation in streams and rivers draining them, changes in water flows, inadequate socio 

environmental flows, and land degradation (Sanga and Mungatana, 2016; TEEB, 2010). This is 

attributed to the fact that financing catchment management activities is very low something 

which makes it difficult to ensure effective reinforcement of bylaws established to manage water 

resources environment at local or village level. EAM water catchments present a compelling 

case: the catchments are plagued by similar problems emanating from low funding of 

management activities.  

 

3.2.7. Land Use Planning Act (2007) 

The Act established the Land Use Planning Commission, which is the principal advisory organ 

to the Government on all matters related to land use (section 6(1)). The commission has the 

function of formulating policy on land use planning, coordinating the activities of all bodies 

concerned with land use planning matters, and evaluating existing and proposed policies and 

activities of the Government directed to the safeguarding of land against its wrongful, wasteful 

or premature use or development and, on that basis, recommend policies and programs which 

will achieve more effective protection and enhancement of the land quality and encourage better 

land use planning. 

 

Section 14 (1) of the Act provides funding sources of the commission activities. According to the 

Act there shall receive part of its funds from the budget allocated by the Parliament and others 

from assets as may accrue to or vest in the commission in the course of the exercise of its powers 

or the performance of its functions. Section 15 (1-3) provides other sources of funding the 

commissionôs activities. According to the Act, where necessary the Minister in the public interest 

may, after consultation with the minister responsible for finance and by order published in 

Gazette, impose fees payable to the commission by any person benefiting from the activities of 

the commission or whose activities affect the activities of the commission. Section 16 (7) of the 

Act provides how the commission use the funds. According to the Act the commission may use 
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the funds to fund land use planning activities and prepare the books of accounts and records with 

receipts and submit to the Minister ready to report to the National Assembly. Section 45 (1 & 2) 

of the Act provides implementation of land use plan, enforcement and coordination.   

 

While the Act provides a well elaborative land use planning process, enforcement and 

coordination which are important institutions for protecting land and its environment, it is silent 

about managing land which host very important resources like water sources. The Act has left 

this to the Ministry of Water as the custodian of water and its environment, but water exists on 

lands which need proper land use planning. Planning alone is not enough; it needs also a clear 

funding mechanism for enforcing compliance to the land use plan. EAM water catchment just 

like other water catchments in the country are found in the middle of management dilemma 

emanating from lack of clear land use plan. There is high encroachment of the water sources and 

river banks except in reserved areas.   

 

3.3. Summary and relevance of the study 

Water catchments management is a crosscutting issue which needs policy and strategic attention. 

Having a sustainable financing of its management is imperative; however, all the relevant policy 

Acts are silent about it; they provide well elaborated institutional layout for managing specific 

resources and leaving the responsibility of managing water catchments under one institution and 

Act i.e. the Ministry of Water and the Act of Water Resource Management of 2009. Although 

this Act provides institutional layout and strategies for managing water catchment, it is also 

silent about financing management activities at local/village level.  

 

Nevertheless, clear water catchments management institutions are also imperative; the review 

indicates that there is a serious problem of institutional overlap on managing the water 

catchments. According to the current institutional set up this responsibility is under the Ministry 

of Water, but it also found to appear in other institutions with no clear demarcation of the 

responsibilities. For example, water sources exist on land, but the responsibility of planning land 

use and providing land holding titles is under the Ministry of Land, Housing and Residence 

Development (MLHRD); while agricultural land use planning is under the Ministry of 
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Agriculture, Food and Cooperatives-land use division and that of ensuring protection of water 

resources environment in situ water catchments is under the Ministry of Water (MoW).  This 

overlap of responsibilities subject water catchments at the risk of destruction and loss of its 

capacity to continue providing water ecosystem service.  

 

These confusions make this study to be more relevant for providing policy and strategic area that 

needs to be reviewed and include the water catchment management issue. The review finds the 

following key Acts relevant to be reviewed to include the aspect of financing management of 

water catchments: The National Environmental Management Act (2004), the National Village 

Land Act (1999), the National Wildlife Conservation Act (2009), the National Forest Act (2002), 

the National Water Resource Management Act (2009), and the National Land Use Planning Act 

(2007). The study is also very important in providing guideline on the picture of what is 

happening on ground and how revenue can be raised. This information is important to the 

institutions that are responsible for reviewing the Acts aforementioned to use the information to 

adjust the Acts and hence achieve management of water catchments that are important habitats 

for a diverse biodiversity and suppliers of precious ecosystem services like water. 
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CHAPTER FOUR 

 

4.0 THE EASTERN ARC MOUNTAINS  

4.1. Introduction  

This chapter highlights the characteristics of EAM in general. The chapter highlights issues like 

geographical location of the mountains, topography and rainfall distribution, water sources 

distribution, rivers and wetlands distribution, vegetation, biodiversity, land use and population, 

and economic activities. Much of the descriptions are site specific. Other aspects such as climate 

and socio-economic issues are general and broad for the EAM. 

 

4.2. Geographical Location 

The EAM is a chain of mountains found in Kenya and Tanzania. The chain runs from northeast 

to southwest, with the Taita Hills being in Kenya and the other ranges being in Tanzania (Figure 

2; Table 1). They are delimited on the southwest by the fault complex represented by the 

Makambako Gap that separates them from the Kipengere Range. To the northeast, they are 

delimited by more recent volcanism represented by Mount Kilimanjaro. The mountains together 

with a map of the area were first appeared in print in 1985 (Lovett, 1985). 

 

The boundaries of the EAM region used in this new project are the same as those used in the 

Valuing the Arc Programme (Platts et al. 2011a). Beyond the mountain boundaries, Valuing the 

Arc conducted some of its analyses across the Tanzanian watersheds that drain the EAM (Figure 

1), including those of the Sigi, Pangani, Wami, Ruvu, Rufiji and Kilombero Rivers. This wider 

region covers 34 million ha and contained around 13 million people in 2002, including the 

administrative and commercial capitals of Dodoma and Dar es Salaam, as well as Arusha, 

Morogoro, Moshi and Tanga. We used the mountain boundaries for some services (timber, 

NTFP, tourism), whereas for others the use of the larger watershed region makes more sense 

(water and carbon). 

 

https://en.wikipedia.org/wiki/Kenya
https://en.wikipedia.org/wiki/Tanzania
https://en.wikipedia.org/wiki/Fault_(geology)
https://en.wikipedia.org/wiki/Kipengere_Range
https://en.wikipedia.org/wiki/Volcanism
https://en.wikipedia.org/wiki/Mount_Kilimanjaro
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Figure 2: Location of Eastern Arc Mountains  

 

4.3. Physical Characteristics 

4.3.1. Geology 

These mountain ranges are the oldest in East Africa, and though physically they are separated 

from each other, they share a similar geomorphology and ecology. They were formed at least one 

hundred million years ago along a fault lying to the east of the East African Rift valley, which is 

a more recent structure (Sanga and Mungatana, 2016). The EAM are formed from heavily 

metamorphosed Pre-Cambrian basement rocks, periodically uplifted by faulting and weathering 

over millions of years. These block-faulted mountains have been geologically isolated, probably 

since the Miocene (Hamilton, 1982). The mountains cover an area of 5400 km2, with highest 

https://en.wikipedia.org/wiki/Geomorphology
https://en.wikipedia.org/wiki/Ecology
https://en.wikipedia.org/wiki/East_African_Rift
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peak in South Uluguru (Kimahandu) rising to 2600 m a.s.l although maximum altitudes of 2200 

to 2500 m a.s.l are more typical. 

 

Table 1: Location, area (km2) and altitudinal range of forests in EAM s 

Mountain 

Block 

Coordinates degree and 

minutes 

Forest area 

(km2) 

according 

Newmark 

(2002) 

Forest 

area 

according 

to other 

various 

published 

sources 

Forest area 

according to 

standardized 

satellite 

images 

Size of 

the block 

Altitudinal 

range of 

forest 

(m.a.s.l) 

Taita Hills 0325S 3820E 6 3 3 NA 1500ï2140 

North Pare 0335ï0346S 3733ï

3740E 

151 25 27 453.58 1300ï2113 

South Pare 0404ï0434S 3745ï

3801E 

333 211.1 138 1577.73 820ï2463 

West 

Usambara 

0420ï0507S 3806ï

3841E 

547 220 319 2506.65 1200ï2200 

East 

Usambara 

0445ï0520S 3826ï

3848E 

413 450 263 1082 130ï1506 

Nguu 0527ï0538S 3736ï

3732E 

Included in 

Nguru 

140.42 188 1591 1000ï1550 

Nguru 0527ï0613S 3726ï

3737E 

647 328.35 297 1672.9 400ï2000 

Uluguru 0651ï0712S 3736ï

3745E 

528 230 278 1477.5 300ï2400 

Ukaguru 0619ï0635S 3653ï

3703E 

184 155.38 172 1258.8 1500ï2250 

Rubeho 0648ï0722S 3634ï

3658E 

499 654 464 4636.4 520ï2050 

Malundwe 

Hill  

0724S 3718E 6 4.5 13 1661.5 1200ï1275 

Mahenge 0837ï0838S 3642ï

3644E 

291 5 19 2802.29 460ï1040 

Udzungwa 0722ï0843S 3507ï

3658E 

2103 1017 1353 16,131.40 300ï2580 

Total   5708 3443 3534     

 

4.3.2. Climate 

Rainfall patterns in the EAM are associated with the passage of the Inter-Tropical Convergence 

Zone (ITCZ), which migrates from approximately 10°S during January to 10°N during August. 

The southeast trade winds are driven by annual oscillation of the ITCZ bringing monsoonal 

rainfall to the east of Tanzania (Burgess et al., 2007). Wet and dry seasons are clearly defined; 

northern Tanzania experiences rainy seasons from March to May and from October to 
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December, while southern areas have one long rainy season (November to May). The average 

rainfall is 1700 mm yrī1; on the eastern sides of the mountains (facing the Indian Ocean), 

precipitation is up to 2000 mm yrī1. The elevetional gradient on the eastern slopes of the EAM is 

steeply sloping (Usambara, Pare, and Uluguru), while the western sides are relatively gentle 

sloping (Udzungwa) (Lovett, 1999). The coring site is located at 7Á49ǋS, 35Á55ǋE, 40 km east of 

Iringa town, at 2100m altitude on the southwestern edge of the main southern block of the 

Udzungwa Mountains.  

 

4.3.3. Hydrological characteristics and flow variation 

The Eastern Arc Mountains hydrological characteristics are highly influenced by the Indian 

Ocean. Incoming air masses from the ocean are forced to rise, cool and is converted to 

precipitation on the mountains. This phenomenon, known as the orographic effect, is responsible 

for availability of stable rainfall which produces sufficient runoff and groundwater recharge. 

Lower temperatures on the slopes of these mountains result in lower evapotranspiration rates so 

that the overall water balance is positive. In general, the lowlands immediately adjacent to these 

mountains have less precipitation and high evapotranspiration rates, resulting in negative water 

balance. The main source of water for the lowlands which are the main population centers is 

therefore from the EAMs. 

 

The Mountains are estimated to have not less than 40 rivers and numerous streams draining 

downstream which are distributed unevenly in all the 12 mountain blocks found in Tanzania. The 

streams and small rivers discharge their water to five major rivers (i.e. Pangani, Sigi, Wami, 

Ruvu and Rufiji) which discharge their water to the Indian Ocean. 

 

The Rivers draining the EAM experiences a transition pattern of intra-annual flow variation 

between the bimodal and unimodal rainfall regimes with a defined peak during the long rains 

(March- May) and low flows in October. During the peak rains (between March and May) the 

rivers results to a higher flooding in downstream.  
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4.3.3.1. The hydrological importance 

The EAMs are the source of water for major rivers in Tanzania which are used for power 

generation, irrigation and water supply for domestic and industrial use. The mountains maintain 

the base flow in rivers making water available during dry season. More than 6,000,000 people or 

roughly 10% of Tanzanian population living in Dar es Salaam, Morogoro and Tanga depend on 

water supply derived from rivers draining from the EAMs. In addition, EAM Rivers including 

Kihansi, Great Ruaha and Pangani have important hydropower plants which provide roughly 

32.5% of the hydropower in the National grid. Of late, hydropower generation has been facing 

problems due to shortages of water during the dry season which has led to concerns about proper 

management of the head water catchments including upland forests to ensure stable river flow 

for hydropower generation. 

 

Rivers draining from the EAMs also support various irrigation schemes producing food and cash 

crops as well as providing employment to rural communities. The main irrigation schemes are 

located in Kilombero, Wami and Great Ruaha River basins. The commonly irrigated crops are 

sugar, rice and horticultural products. The Great Ruaha River basin is famous for sugar 

plantations in Kilombero and Wami sub-basin for Mtibwa estates. 

 

4.4. Ecological characteristics 

The EAMs are known in Africa for high concentrations of endemic species of vertebrates and 

invertebrates. Ecological characteristics of the mountains ranges are similar and are highly 

influenced by climatic conditions and forest cover. About thirty million years ago, all this area 

was covered by extensive rainforest. Ten million years ago, when the climate was cooler and 

drier, the lowland forests were converted to savanna, leaving the mountain ranges as "islands" 

where the tropical forests continued to flourish, fed by moisture-laden winds from the Indian 

Ocean (Mumbi et al., 2008). This isolation of each mountain range has led to a great deal of 

endemism, and a very diverse flora and fauna. However, despite these changes the EAMs are 

still known as one of the world's top twenty biodiversity hotspots (Burgess et al., 2007). 

 

https://en.wikipedia.org/wiki/Rainforest
https://en.wikipedia.org/wiki/Savanna
https://en.wikipedia.org/wiki/Endemism
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4.4.1. Vertebrates 

The Udzungwa Mountains have the largest number of single block endemic vertebrate species 

found in no other forest blocks. Seventee species are endemic to this mountain block, followed 

by the Uluguru (13 species), the Taita Hills (6 species), the West Usambara (5 species) and the 

East Usambara (4 species) (Burgess et al., 2007). All other blocks have two or less single block 

endemic species, and four blocks have none at all. In terms of Eastern Arc endemic vertebrate 

species, the Uluguru Mountains have the largest number of vertebrate species (44 species), 

followed by the Udzungwa (41 species), the East Usambara (35 species), the West Usambara (22 

species), the Nguru (20 species) and the Rubeho (12 species). All other sites have 10 or fewer 

Eastern Arc endemic vertebrate species, with the North and South Pare Mountains and Mahenge 

Mountains being particularly impoverished (Doggart et al., 2006).  

 

When endemic and near-endemic vertebrates are combined, the Udzungwa Mountains have the 

largest number of vertebrate species (96 species), followed by the Uluguru (81 species), East 

Usambara (77 species), Nguru (52 species), West Usambara (48 species), Rubeho (35 species), 

Ukaguru and Nguu (27 species) (Cordeiro et al., 2005). Malundwe Mountain is lowest on this 

scale with two Eastern Arc endemic or near-endemic species (but virtually no research has been 

done there to explore endemic and or near endemic species in the mountain block). Looking at 

the way the mountain blocks vary in the number of endemic and near-endemic species, the 

Uluguru and East Usambara Mountains are the most important sites for endemic and near-

endemic species (Burgess et al., 2006). 

 

Despite of ecological importance in terms of endemic and near-endemic species, the mountain 

blocks are not free from threats of extinction of some of these species emanating from depletion 

of forest cover.  The most important on this aspect is the Udzungwa Mountains (40 species), 

followed by Uluguru (29 species), East Usambara (28 species) and West Usambara (21 species).  

 

4.4.2. Trees 

EAMs are very rich of different plants (around 270 endemic species of plants) ranging from 

small plants to forest trees. In these areas the number of endemic and near endemic trees varies 
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considerably among mountain blocks across the EAMs. The highest numbers of Eastern Arc 

endemic/near endemic trees are found in the East Usambara (40 species), Udzungwa (37 

species), West Usambara (27 species) and Uluguru (26 species) Mountains (Burgess et al., 

2006). The small forests include the Taita Hills and Mahenge. Other mountain blocks are all 

poorly known, and none are known to contain more than six endemic or near-endemic trees, with 

Rubeho and North Pare having no known endemics. Therefore, the most important forests are 

those of the East Usambara Mountains, followed by West Usambara, Udzungwa, Uluguru and 

Nguru Mountain bocks. 

 

4.4.2.1. Forest categorization 

The EAMs range up to 2635m a.s.l in altitude (Lukwangule Plateau and Kimhandu Peak in the 

Ulugurus) and contain a diverse assemblage of habitats. It is estimated that prior to major human 

influence on the landscape, the wetter (eastern and south-eastern) slopes supported a continuous 

forest cover throughout all elevations, while the drier (western and north-western) slopes 

supported deciduous woodland at lower elevations and evergreen forest only at higher elevations 

(Mumbi et al., 2008). Tall evergreen forest was found on the top plateaus well away from the 

rain-capturing scarps, as a consequence of persistent fog over the highlands during the night. In 

other parts of the highlands, montane grassland and heathland dominated (Burgess et al., 2006). 

A desiccation-adapted flora occurred on rocky outcrops (Lovett, 1993). 

 

On the Uluguru Mountains, the forest formations have been divided into upper montane (1800ï

2635 m a.s.l), montane (1250ï1800 m a.s.l) and sub-montane (800ï1250 m a.s.l) forest zones 

(Po´ cs, 1976). Elsewhere the same zones are recognized (Lovett, 1993), but their boundaries 

occur at somewhat different altitudes-depending on inclination of the terrain, rainfall, distance 

from the coast, height of the mountains, and incidence of cloud cover e.g. the forest zone 

divisions at lower elevations in the cloudy and maritime East Usambara Mountains where 

evergreen forest is limited to top plateaus (>2000 m a.s.l). At lower elevations (below 800 m a.s.l 

on the Ulugurus, but below 500 m a.s.l elsewhere) the sub-montane forest grades in species 

composition and physiognomy into that of the transitionalô rainforests. Transitional forests are 

often grouped within the lowland Coastal Forests found along the eastern littoral plain of Africa 
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from Somalia in the north to Mozambique in the south (Burgess and Clarke, 2000). In reality, no 

hard boundary exists between these two forest types (Lovett et al., 2001) and in some mountain 

blocks there is a continuum between the Eastern Arc and Coastal Forest types (e.g. East 

Usambara, Uluguru and Udzungwa). 

 

4.4.2.2. Reserved areas 

To date much of these forests are under some form of management: half designated for 

catchment protection or multi-resource use (Forest Reserves i.e. more than 150), the rest have 

been gazetted for nature conservation (8 Nature Reserves) and two are National Parks. The first 

national park is the Udzungwa Mountains National Park (1900 km2) which contains large areas 

of mountain forest and grassland; the second is Mikumi National Park (1450 km2) that includes a 

small area (4 km2) of montane forest on Malundwe Hill (Burgess et al., 2015). Both parks have 

the internationally agreed protected area code IUCN II and are managed by the Tanzania 

National Parks Authority (TANAPA).  

 

The majority of the rest of the Eastern Arc forest in Tanzania is found within various different 

categories of Forest Reserve and tree plantations. The Tanzania Forest Services (TFS) Agency 

manages the majority of the larger Forest Reserves for water catchment and biodiversity 

conservation and some tree plantations. Other are privately managed (both natural and planted 

forests) and are found at Mazumbai (owned by Sokoine University of Agriculture), within the tea 

estates of Ambangulu in the West Usambaras, and Mufindi tea estates in the Udzungwa 

Mountain bolock; the Mufindi, Amani/Kwamkoro in the East Usambaras and Ukaguru tree 

plantations. Within the human-dominated landscape outside the Reserves and private estates 

smaller patches of natural forest remain under traditional village authority or community based 

management. Almost every village has a forest patch for rituals and as a burial area for its 

people, but these are generally under 1 km2 in area and the total area is probably under 100 km2 

(Ylha¨ isi, 2004). 
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4.4.3. Invertebrates 

The invertebrate fauna of the Eastern Arc is poorly known than the vertebrate fauna. However, 

the available information suggests that many species of invertebrate are confined to a single 

EAM block. For example, Scharff (1992) shows that single site endemism for linyphiid spiders is 

over 80%. Moreover, for carabid beetles Uluguru Mountains have 95% endemism (Basilewsky, 

1962, 1976), and for harvestmen arachnids this site has 88% endemism (Scharff et al., 1981). 

Some of the patterns known for individual invertebrate groups are outlined below. 

 

4.4.3.1. Odonata (dragonflies and damselflies) 

Three odonate species are endemic to the Eastern Arc (Platycypha auripes, Amanipodagrion 

gilliesi and Micromacromia miraculosa ï the last two are East Usambara endemics). Two near-

endemic species found in the Eastern Arc are Umma declivium (Eastern Arc and north Malawi) 

and Chlorocnemis abbotti (Eastern Arc and Kilimanjaro) (Clausnitzer, 2001). Some of these 

represent genera that are more widespread in the Central and West African forests. The endemic 

Eastern Arc Odonata species are found in forest habitats and breed in montane streams, or in 

small water filled holes in tree-trunks. Three coastal forest endemics that may perhaps range into 

the lowlands of the Eastern Arc are Coryphagrion grandis (Gondwana relict with nearest 

relatives in Central and South America), Hadrothemis scabrifrons (relict form also found in 

coastal Gabon and Cameroon), and Thermochoria jeanneli (coastal swamp forest) (Clausnitzer, 

2001). 

 

4.4.3.2. Lepidoptera (Butterflies and moths) 

At least 43 species of butterflies are endemic to the Eastern Arc and contiguous forests in their 

foothills (Congdon et al., 2001). A further 35 species are only found on the higher altitude 

grasslands of the Eastern Arc and further south into the Southern Highlands of Tanzania and into 

Malawi. The most important Eastern Arc blocks in terms of endemic butterflies are the Rubeho 

(13 species), Udzungwa (9 species), Usambara (7 species), Uluguru (7 species), and Nguru (4 

species) (Burgess et al., 2006). The forest butterfly fauna also has genera that are representative 

of groups which are more diverse in the Central and West African rainforests. 
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4.4.3.3. Millipedes 

East Usambaras, Udzungwas and Ulugurus are the only areas where inventories have been 

compiled for these species, the areas support at least 26 species and 10 genera endemic to one or 

other of these mountains (Hoffman, 1993). New collections from the East Usambara Mountains 

(Frontier Tanzania, 1999-2002), Uluguru Mountains (Doggart et al., 2005) and Udzungwa 

Mountains (Frontier Tanzania, 2001) hold additional new genera and species. It is likely that the 

number of endemic genera and species will rise significantly with further research. 

 

4.4.3.4. Bryophytes 

The EAMs support a diverse assemblage of bryophytes, with around 700 species recorded 

(Burgess et al., 2006). At least 32 species are endemic (5%). Although this level of endemism is 

low compared with vascular plants, it is high compared with the bryophyte flora of many other 

areas. A number of monotypic endemic genera are also present, for example Cladolejeunea and 

Neorutenbergia. A notable feature of the bryoflora is the high number (45 species, 6%) of 

Lemurian (Madagascan) species within the assemblage, which reaches its peak in the Uluguru 

Mountains (40 species) (Burgess et al., 2007). The bryoflora of the Usambara and Uluguru 

Mountains is quite well known, but information is scanty to non-existent for the other EAM 

blocks (Burgess et al., 2004). 

 

4.5. Economic Characteristics 

4.5.1. Demography 

According to the 2012 population and housing census, the total population in the EAMs is 

587,758 inhabitants (NBS, 2013). The total number of households in the area is 131,364 and the 

average household size ranges between 4 and 5 with the growth rate of 2% per year. According 

to SMEC International (2005), 85% of the EAM population is engaged in crop production and 

15% engaged in animal keeping. The types of crops grown are vegetables, coffee, tea, banana, 

cassava, sweet potatoes, Irish potatoes, mangoes, oranges, pineapple, temperate fruits, paddy, 

beans, maize and spices. 
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4.5.2. Economic activities 

The main livelihood activities in EAM include irrigation and rain-fed agriculture; livestock 

keeping; fishing and fish-farming; trading on basic necessities; and harvesting of ecosystem 

services such as forest products. These activities are carried out mainly for subsistence. All 

villagers have access to agricultural land through customary ownership or through temporary use 

rights. There are no individuals or groups of people who cannot access agricultural land in the 

area. Customary (traditional) ownership is the dominant form of land ownership in the area. 

Land is more accessible in the lowland/downstream areas in comparison to the upland 

areas/upstream. Irrigation is dominant in the downstream than in the upstream.  

 

Crop production is dominant accounting for 85% followed by livestock keeping (15%). Different 

crops are grown between the lowland and upland areas of the mountains due to the difference in 

altitude and climate between the two areas. Maize; cassava; sweet potatoes; and some of the 

fruits/vegetables are grown in both areas. Upland crops include maize, beans, green peas, wheat, 

finger millet, Irish potatoes, sweet potatoes, bananas, pigeon-peas, groundnuts, and sesame. 

Fruits grown in upland areas include pears, peaches, avocado, oranges and guava. Vegetables 

grown in those areas include cabbages, amaranths, Chinese cabbage, pumpkin leaves and 

tomatoes. Lowland crops include rice, maize, beans, bananas, sorghum, cassava; sweet potatoes, 

and pumpkin leaves. Other lowland and upland crops include coconuts, cashew nuts, cocoa, 

palm-oil, sugar cane and tea. The sugar cane plantations are found in downstream of Udzungwa 

and Nguru, while tea plantations are found in the upstream of East and West Usambara, and 

Udzungwa mountain blocks 

 

Fruit production is common in both upstream and downstream with upstream being dominant in 

producing temperate fruits and downstream tropical fruits. Fruits grown in lowland areas include 

oranges, mangos, pawpaw, water melons, lime fruits and guava, while in the upland peaches, 

plums apples and some tropical fruits like mangoes and avocado are grown. Livestock keeping 

include cattle in lowland areas and dairy cows in upland areas. Goats, sheep, pigs, rabbits and 

chicken are kept in both areas.  
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Exploitation of natural forestry resources is primarily for fuel because much of these forests are 

under conservation i.e. in nature reserves and national parks. The main source of energy is 

firewood obtained from woodland forests and rain forest. Firewood is used for cooking. 

Electricity is available in some areas of EAM from power produced from the 7 hydropower 

plants installed in the area. Alternative power sources include generators, which produce energy 

to various financially able households as well as solar powers. Illegal logging is becoming 

widespread following the flourishing market of timber within and outside the country. Preferred 

species for logging include Mninga, Mhongo, Mpangapanga, Msekeseke, Pamosa, Msufi, Teak 

and Mtondo/Mtondoro. Illegal hunting for bush-meat is among the activities carried out in 

lowland areas. 

 

Commercial and trade facilities are run by the private sector. Private businessmen operate shops 

of various merchandise, restaurants, hotels, guesthouses, bars and kiosks. Supplies are obtained 

from nearby towns through roads and railway. 
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CHAPTER FIVE  

 

5.0 TYPES OF ECOSYSTEM SERVICES FOUND IN EAM S AND PROPORTION OF 

HOUSEHOLD BENEFITING  

5.1. An overview of EAM s ecosystem services 

EAMs provides a wide range of ecosystem services of local, regional and global importance 

(Cork & Shelton, 2000). Among the many ecosystem services, EAM are known as a host of 

mountains which cool warm air from the coast to rains and trap the rain water and release it 

slowly downstream a process which takes relatively longer than other areas which receive the 

same amount of rain (Zhang et al., 2007). This process provides other benefits along with it 

which include water filtration and purification; buffering of flood from storm flows; reduction of 

soil erosion; maintenance of soil fertility, structure and nutrient cycling (Sanga & Mungatana, 

2016). Its capacity to hold water for a relatively longer period makes EAM to be suitable for 

production of various crops and growth of various vegetation (Tscharntke et al., 2005).  

 

The EAMsô vegetation remnants have many economic importance; much of the remnant 

vegetation in streams and rivers draining the mountains are grazed, used for handmade crafts, the 

mountains forests (natural and planted) are used for production of timber, firewood, harvesting 

of wild foods and medicines. EAMs also have social values; native mountains vegetation 

provides beautiful landscapes for recreation, education and ecotourism, spiritual and historical 

values.  

 

5.2. Types of ecosystem services from EAM s 

EAMs provides a variety of ecosystem services ranging from those with direct consumptive use 

by households living in and around the mountains to others which goes beyond the boundaries of 

the mountain blocks. The survey results indicate that EAM blocks provide forest products and 

services from both natural and planted forests, wetland products, hydrological services and 

products, and are habitat to various biodiversity. It supports production of various crops with 

high economic value. Also is a home to a significantly large human population engaging in 

various economic activities. 
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5.2.1. Provisioning ecosystem services from EAM blocks forests 

As noted in chapter 4, EAM blocks are covered by both natural and planted forests. The 

household survey results indicate that forests provide a range of forest products ranging from 

timber to non-timber products. The availability of these products is determined by the 

topography of the mountains, whereby ecosystems from forests are found in the upper zone 

(upstream) of the mountains with patches of forests in the lower zone (downstream). Much of the 

natural forests are found in reserved areas both nature reserves and national parks.  

 

5.2.1.1. Timber provisioning ecosystem services 

5.2.1.1.1.Firewood and charcoal 

Firewood is the most harvested ecosystem service from both upstream and downstream of the 

EAM blocks. Household survey results show that 85% of energy used by households for cooking 

is from firewood followed by charcoal (14.6%). Only 0.4% comes from other sources (i.e. gas 

and electricity) (Table 2).  

 

Table 2: Number of household using firewood and charcoal from EAM s 

Energy source Frequency Percentage 

Firewood 470 85.0 

Charcoal 81 14.6 

Gas (LPG) and Electricity 2 0.4 

Total 553 100.0 

Summary statistics   

Mean 1.154  

Median 1.000  

Std. Deviation 0.371  

Minimum 1.000  

Maximum 3.000  

 

The proportion of households using firewood and charcoal differs from one mountain block to 

another. East Usambara mountain block is leading in the number of household using firewood 

(100%) followed by South and North Pare mountain blocks (Figure 3). Household survey results 

also shows that Nguru has the lowest number of household using firewood. 
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Figure 3: Proportion of household harvesting firewood from natural and planted forests 

found in EAM s 

 

On the other hand, household survey results in Figures 3 and 4 shows that the proportion of 

household using charcoal is lower than the number of households using firewood. Nonetheless, 

the results also show that the proportion of household using these products from natural forests is 

higher than from planted forests despite the fact that many of the forests in EAM blocks are 

under different controlled management regimes. The results in Figure 3 shows higher proportion 

of households using firewood from natural forests in East Usambara Mountain block than in the 

rest of the mountain blocks. Nguru Mountain block has the lowest proportion of household than 

all mountain blocks.  

 

In case of charcoal Nguru and Rubeho Mountain blocks have the highest proportion of 

households using charcoal from natural forest than the rest of the mountain blocks and is zero in 

East Usambara Mountain block. The observed higher proportion of households using charcoal in 

Nguru and Rubeho can be attributed to the project implemented by Tanzania Forest 
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Conservation Group which encourages the communities living in and around the Mountain 

blocks to make charcoal under the so called ñSustainable Forest Useò which is actually not 

sustainable. The project has raised the use of charcoal in the two mountain blocks a situation 

which threaten the state of the forests and biodiversity in the area.  In East Usambara much of the 

forests are under nature reserves, the communities are not allowed to make charcoal, they are 

only allowed to collect firewood from dead trees and tree branches.  

 

Figure 4: Proportion of households harvesting charcoal from natural and planted forests 

found  in EAM s 

 

5.2.1.1.2. Timber 

Timber is the second ecosystem services harvested from EAMs from both natural and planted 

forests. Similarly, this differs across the mountain blocks; the household survey results in figure 

5.3 indicate that timber in Rubeho Mountain block (45%) is leading in the proprotion of 

households harvesting timber from natural forests followed by Mahenge (43%), Udzungwa 

(38%) and Ukaguru (32%) Mountain blocks. Very little (i.e. less than 10%) and nothing (0%) is 

harvested from East Usmbara and West Usambara Mountain blocks respectively (Figure 5). 
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Timber is also harvested from planted forests both plantations and household owned woodlots. 

However, the amount of timber from planted forest is very little compared to timber from natural 

forests despite the fact that much of the forests in the EAMs are under various controlled 

management regimes. Household survey results indicate that Udzungwa (15%) Mountain block 

leads by having a relatively large number of households harvesting timber from planted forest 

followed by Ukaguru (13%), West Usamabra (12%) and Rubeho (10%) Mountain blocks 

respectively. Other mountain blocks with relatively higher proportion of households harvesting 

timber from planted forests are Uluguru (9%), South Pare (8%), and East Usambara (5%) 

respectively. Households in North Pare and Nguu mountain blocks depend primarily on the 

natural forests for timber (Figure 5).  

 

Figure 5: Proportion of households harvesting timber from natural and planted forests 

found in EAM s 

 

5.2.1.1.3. Building poles 

This is another ecosystem services provided by EAMs but harvested by a relatively small 

proportion of households. Many households harvest it from natural forests in Mahenge (33.3%), 

Udzungwa (32.5%), Ukaguru (27.5%) and Rubeho (26.3%) (Figure 6). Very few harvest from 
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planted forest except in Udzungwa mountain block where it is common to find large woodlots 

designated for building poles production in the upstream of the mountain block (Figure 7). In 

West Usambara and North Pare there are no building poles harvested from neither of the forest 

type (Figure 6). The high dependence on natural forest indicates how these forests are under 

pressure emanating from the communities living around and within the mountain blocks.  

 
Figure 6: Proportion of households harvesting building poles from natural and planted 

forests found in EAM s 

On the other hand, a small proportion of households harvesting building poles from planted 

forests indicate that the rate of planting trees in the mountain blocks is very low. Very few 

households have their own forests for meeting their demand for building poles and other timber 

products in many EAM blocks. Unlike other mountain blocks, in Udzungwa mountain block 

especially in the upstream the situation is different with regards to building poles; in this 

mountain block building poles production is at commercial level. 



 

 

 

38 

 

Figure 7: A farm of building poles in Kibengu village in Mufindi District located in the 

Upstream of Udzungwa Mountain block 

 

5.2.1.1.4. Withies 

Just like building poles, withies are also obtained in EAM blocks but they are harvested by a 

relatively very small proportion of households and much of it are harvested from natural forest. 

Household survey results indicate that households in Nguu, Nguru and Rubeho Mountain blocks 

obtain withies from natural forest only (Figure 8). Household in Mahenge, Udzungwa, Uluguru 

and East Usamabara Mountain blocks obtain withies from both natural and planted forests but 

the number of households harvesting from natural forests in all mountain blocks exceed that 

from planted forests. These results clearly indicate the level of dependence on natural forests for 

ecosystem services and the pressure the communities living around and within these mountain 

blocks exert on the remaining forests resources. Equally important, the small proportion of 

households harvesting from planted forest is an indication of low rate of planting trees in the 

household owned lands.  

 

Household survey results also shows that in West Usamabara, North and South Pare Mountain 

blocks households are not harvesting withies from neither natural forest nor planted forest. This 

can be an indication of two scenarios; one could be low demand for withies in the areas and 

secondly could be an indication of scarcity of trees due to low rate of planting trees in the 
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privately owned lands and strictness of the authorities responsible for protecting the remaining 

natural forests in the blocks.  

 

Figure 8: Proportion of households harvesting withies from natural and planted forests 

found in EAM s 

 

5.2.1.1.5.Fodder 

EAMs also provides fodder for animal feeding. The survey results show that households in South 

Pare, East Usambara, North Pare, West Usambara and Nguu harvest fodder from natural forest 

than the rest of EAM blocks (Figure 9). Results also shows that in the same mountains blocks 

households harvest fodder from planted forests (Figure 9). Other mountain blocks (i.e. Nguru 

and Rubeho) households do not harvest fodder from neither of the forest. In Uluguru households 

harvest fodder from planted forests, Udzungwa from natural forests, Ukaguru from planted 

forests and Mahenge from natural forests (Figure 9). These results imply that natural forests are 

still the major provider of ecosystem services to the communities living within or around the 

EAM blocks than planted forests. 
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Figure 9: Proportion of households harvesting fodder from EAM s 

 

5.2.1.2. Non timber forest provisioning ecosystem services 

5.2.1.2.1. Wild mushroom 

Wild mushroom is one of the non-timber ecosystem services provided by EAM blocks forests. 

The proportion of households harvesting wild mushrooms from natural forests is higher than 

from planted forests. Wild mushrooms from natural forests are harvested by a relatively large 

number of households in Mahenge (33.3%), Rubeho (28.9%) and Udzungwa (13.8%) Mountain 

blocks (Figure 10). On the other hand, wild mushroom from planted forests are harvested in a 

relatively large proportion of households in Rubeho (15.8%), Udzungwa (10%) and Ukaguru 

(7.5%) Mountain blocks. Again natural forests appear to be the major providers of wild 

mushrooms compared to planted forests.  
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Figure 10: Proportion of households harvesting mushroom from natural and planted 

forests found in EAM s 

 

5.2.1.2.2.Wild vegetables 

Wild vegetables are other ecosystem services provided by EAMs. Just like other ecosystem 

services provided by these mountains, much of wild vegetables are harvested from natural forests 

than planted forests. Households living around and in Rubeho, Mahenge, Ukaguru, and 

Udzungwa mountain blocks harvest much of wild vegetables from natural forests (Figure 11). 

Very few wild vegetables are harvested from planted forests in Rubeho, Udzungwa and East 

Usamabara mountain blocks. Likewise, natural forests in EAM blocks still play a major role in 

providing ecosystem services to communities living in and beyond the mountains. 
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Figure 11: Proportion of households harvesting wild vegetables from natural and planted 

forests found in EAM s 

 

5.2.1.2.3.Wild fruits  

Wild fruits are also other ecosystem service provided by EAMs. Similarly, these ecosystems 

services are relatively harvested more from natural forests than planted forests. Wild fruits are 

harvested from natural forests by a relatively large proportion of households in Rubeho, 

Mahenge, Ukaguru, and Udzungwa mountain blocks (Figure 12). They are also harvested in 

South Pare, Uluguru and East usambara mountain blocks by relatively small proportion of 

households. The number of households harvesting wild fruits in West Usambara, North Pare, 

Nguru and Nguu mountain blocks is very small to account. Again these results show that natural 

forests play a great role in supplying wild fruits in EAMs. 
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Figure 12: Proportion  of households harvesting wild fruits from natural and planted 

forests found in EAM s 

 

5.2.1.2.4.Reeds and sedges  

EAMs also have wetlands which support growth of valuable reed and sedges. The proportion of 

households harvesting these ecosystem services is relatively low compared to other ecosystems 

services and this is due to the fact that most of the wetlands in the lowland have been converted 

into crop production and the few remaining in the upstream are cultivated vegetables. Because of 

this the proportion of households harvesting these ecosystem services are higher in upstream 

than in downstream. Results in Figures 13, 14 and 15 show that Udzungwa mountain blocks is 

leading in the proportion of households harvesting sedges and reeds from wetlands followed by 

Mahenge, North and South Pare. Rubeho, Nguu and Nguru have the lowest proportion to 

account. 
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Figure 13: Proportion of households harvesting edges and reeds from EAM blocks 

wetlands 
 

 

Figure 14: Natural reeds and sedges growing in the wetland in Boma la Ngôombe village in 

Kilolo District  






























































































































































































































































































