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Abstract 

This paper presents an analysis of Non-Timber Forest Product (NTFP) collection and 
income in the Eastern Arc Mountains (EAM) in Tanzania, using data of the Tanzanian 
National Household Budget Survey 2007. The results are compared with the analysis 
presented in Schaafsma et al. (2011), which is based on a pooled dataset of 7 different 
local surveys. For both datasets, a household production function of NTFP collection is 
estimated, and then transferred and aggregated across the EAM to estimate the 
economic value of the annual flow of NTFP benefits. Although both analyses suffer from 
data limitations related to the employed survey methods and valuation inaccuracies 
related to inexistent markets, the resulting value estimates are of a comparable order of 
magnitude and are also comparable to earlier NTFP valuation studies. This result is 
important for the validation of the results presented in Schaafsma et al. (2011) and their 
use in future cost-benefits analyses. 
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1. NTFP AND CONSERVATION IN TANZANIA 
Tanzania is one of the poorest countries in the world, ranked at number 148 of the 169 
countries on the worlds Human Development Index list. Seventeen percent of the 
population live in extreme poverty, below the food poverty line, which means that their 
income is insufficient to afford their minimum daily calorific requirement. Poverty in 
Tanzania is mainly a rural phenomenon, with 83% of the poor living in rural areas. 
These communities depend largely on agriculture and other ecosystem goods and 
services as their main source of income (NBS 2007). Ninety-five percent of rural 
households use firewood as their main cookfuel. Other Non-Timber Forest Products 
(NTFPs) include thatch for roofing, fruits and vegetables, and medicinal plants. Thereby, 
NTFP collection provides an important source of income for poor households and a 
temporary safety net in times of food or income scarcity. 

Population growth puts an increasing pressure on the natural resources in the country. 
Further deforestation may result in a lack of resources to those people who rely heavily 
on these resources for their daily income or food, and harm their well-being. At the 
same time, international demand for reducing degradation and deforestation is also 
increasing, stimulating conservation efforts. Effective forest conservation should hence 
aim to provide incentives for rural communities to reduce degradation. For an equitable 
trade-off between conservation and poverty impacts, information about NTFP collection 
at a wider scale is necessary.  

However, reliable estimation of NTFP collection has proven to be difficult. Although 
there are a number of studies on the economic value of NTFP collection in Tanzania, the 
results vary widely. Studies differ in the way data has been collected (e.g. surveys vs. 
desk-top research) and analysed, and often present local values that cannot be 
transferred reliably to other areas of interest. With small local samples, such studies do 
not provide the opportunity to control for spatial factors, including forest or market 
accessibility and resource availability. 

This study is part of a larger project, Valuing the Arc (VTA), which aims at valuing the 
ecosystem services across the Eastern Arc Mountains (EAM) in Tanzania. The objective 
of this study is to assess the congruence between the results published in Schaafsma et 
al. (2011) based on a combination of seven local household surveys (referred to as VTA 
data) and a similar analysis using national census data of the household budget survey 
(referred to as HBS data) (2007), supplemented with spatial variables (e.g. remote 
sensing land cover data). Both datasets cover a wider spatial scale and may therefore 
overcome some of the limitations mentioned above. Schaafsma et al. (2011) present a 
modelling approach where different surveys at household level are used to value NTFP 
collection (firewood, charcoal, poles and thatch) across the EAM. However, the study 
does not cover NTFPs such as medicines, food, mushrooms and bushmeat, nor does the 
sample cover all parts of the area equally well. The census dataset contains information 
on the lump-sum value of the annual cash and non-cash NTFP income of households, 
but does not give separate quantities or values for each of the NTFPs. The cross-
validation exercise presented here may help to assess the predictive performance of the 
models. 
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2. MODELS AND DATA 
In Schaafsma et al. (2011), empirical data of seven different household surveys are used 
to model household level NTFP income from firewood, charcoal, poles and thatch. The 
spatially-explicit models for these four NTFPs estimate how much of an NTFP a 
household collects annually in physical terms (e.g., number of headloads of firewood). 
The models are then used for transfer across the wider study area and aggregated over 
the population. Finally, available market price information is used to estimate the 
economic value of the total quantity of NTFPs collected. 

Following micro-economic theory, NTFP income is a function of household 
characteristics and other context factors, including biophysical, ecological and spatial 
variables, and institutional and governance characteristics. Household characteristics 
include the available labour and capital that can be used for NTFP collection, and 
domestic use of NTFP for cooking and housing needs. Relevant spatial characteristics 
include the available resources, the distance to roads and markets which enable access 
to production and marketing NTFPs. Any protection of areas providing NTFPs is 
expected to decrease NTFP income if such policies are enforced and considered to be 
legitimate. 

In this study, we present an aggregate estimate of NTFP income based on data of the 
household budget survey in 2007, the most recent large-scale census data available for 
Tanzania. A large proportion of the data has been made publicly available online. The 
dataset consists of information about household characteristics, including education, 
economic activities, health, expenditure and income, and distance to various services. 
The NBS of Tanzania has published an extensive report on various descriptive statistics 
and comparisons between Dar es Salaam, other urban areas and rural areas (NBS 2002). 
The analysis presented here focuses on the EAM and therefore only uses the 
observations from regions overlapping the wider EAM study area for the NTFP model to 
give insight in the relationship between forest and income levels1. The usable sample 
consisted of 1169 households. The spatial distribution of the HBS sample is expected to 
cover more households in remote areas compared to the VTA dataset.  

The HBS 2007 included two questions directly related to NTFP use. Respondents were 
asked which NTFPs they collected, and what the annual household cash and non-cash 
income of these NTFPs was. Questions related to NTFP income are susceptible to a 
number of reliability problems, including recall, underreporting in case of illegal 
harvesting, and value estimates (Gram 2001). Recall relates to problems that 
respondents may have with remembering exactly how much NTFPs they collected over 
a certain time period and where, especially if this period is long. Remembering exactly 
how much firewood one has collected over one year is unlikely to produce more than a 
best guess, let alone for a bundle of NTFPs lumped together. A second limitation of the 
HBS data is that asking respondent to indicate the total economic value of NTFPs that 
are not regularly traded on the market (bought or sold by the household) and for which 
well functioning markets do not exist, is prone to large variation in price per unit across 

                                                           
1 This includes the regions Arusha, Manyara, Kilimanjaro, Tanga, Tabora, Singida, Dodoma, Morogoro, 
Pwani, Dar es Salaam, Mbeya, Iringa, Ruvuma and Lindi. This is a wider spatial selection than in the VTA 
dataset, where only observations from the Eastern Arc Mountain and its 40 km boundary are used. It 
allows us to use a larger dataset in our analysis.  
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respondents. Nevertheless, the HBS dataset is large and covers a wide area, which is an 
advantage compared to localised studies. 

There has been an increase in the number of studies using census data for poverty 
mapping, promoted by institutions such as the World Bank (Elbers et al. 2003). These 
quantitative methods for poverty mapping rely on econometric models of income or 
consumption using census data to reveal geographical variation in poverty levels. 
Typically, census data do not include geographical information on land cover, market 
accessibility, infrastructure density, or climatic factors, including temperature and 
rainfall. Such factors are also excluded from early poverty mapping studies. More 
recently, studies have included data from other sources to empirically test the 
relationship between income poverty and environmental factors put forward in theory 
(e.g., Gibson et al. 2005, Okwi et al. 2005, Olivia et al. 2011). Minot (2007) uses the 2001 
Tanzanian census and finds that rural poverty is higher where distance to regional 
urban centres is greater (rather than distance to roads or to the capital Dar es Salaam). 
However, the availability of different types of forest had no significant impact on 
poverty rates in this study. No study appears to exist that uses census data to analyse 
and quantify NTFP collection.  

As we are interested in the socio-economic impacts of forests and forest conservation, 
special attention is paid to the link between forests and woodlands and NTFP collection 
levels. Both datasets in our study were therefore combined with remote sensing land 
cover/land use data, road network information and population maps as published in 
Swetnam et al. (2011) and Platts et al. (2011).  
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3. RESULTS 
3.1 Descriptive statistics of the HBS sample: poverty and forest dependency 
Following the NBS, we use household expenditure as a proxy of household welfare2. 
Expenditure is considered to be a better indicator than income, because the latter is 
more volatile and usually reported less accurately (Ellis 2000). The basic needs poverty 
line of Tanzania is set at TSH13998 ($26.8) per 28 days, which is comparable to the $1 
per day poverty line used for the Millennium Development Goals3. The number of 
people below the $1 per day line is already 18% (see Table 1), and this number 
increases rapidly when poverty lines of $1.25 or $2 per day (as suggested by the World 
Bank) are considered, revealing that many people live just above the $1 poverty line and 
are vulnerable to changes in their situation. Poverty levels are lowest in Dar es Salaam 
and highest in the rural areas, where almost 80% lives below the $2 per day poverty 
line, and depend on natural resources.  

Other poverty indicators, as included in the Millennium Development Goals, show that 
education levels are also lower in rural areas, and water use from surface water (rivers 
and streams) is higher, compared to urban areas. Forests have a regulating function in 
the water system, and deforestation upstream in the EAM is expected to result in higher 
flow in the wet season, but lower flow levels in the dry season. The availability of 
drinking water to the rural population downstream, who already face higher walking 
distances to water sources than the urban population, is hence likely to be negatively 
affected by further deforestation. 

The reliance of the population on forests and the ecosystem services they provide is also 
reflected in the statistics on NTFP use, including firewood, charcoal, poles and thatch4. 
Ninety percent of all households use at least one type of NTFP for construction, cooking 
or lighting. The most obvious differences between urban and rural areas is the use of 
charcoal versus firewood, where urban households rely more on charcoal and rural 
households mainly use firewood, and the use of thatch and poles for constructing 
houses, which is more widespread in rural areas. 

 

                                                           
2 Here, expenditures include food and drinks, clothing and personal goods, consumables, recreation and 
transport, as well as items received as payment in kind or gifts. It excludes household durables, medicinal 
care, educational expenditure, water costs and telephone and postage expenses, because these are either 
made on a very irregular bases or the data was not reliable.  
3 Using the UN PPP conversion factor of the local currency to international dollars of 2007: TSH 
521.600=$ 1 (UNDATA 2010). 
4 The dataset also provides information on the collection of various food products, but the number of 
records on collected food items is too low to be analysed separately (and unlikely to reliably reflect the 
total quantity of mushrooms, fruits and vegetables collected from natural areas). These goods are, 
however, expected to be included in the estimate of total NTFP income used as a dependent variable in 
the regression analysis. 
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Table 1 Descriptive statistics of the sample 

 Total Dar es 

Salaam 

Other 

urban  

Rural 

areas 

Income poverty 

Mean expenditure per person month per - TSH 

(median) 

39,725 

(28,815) 

49,834 

(38,172) 

39,217 

(27,408) 

23,659 

(17,643) 

Below food poverty line - % of households 9 5 8 16 

Below $1 pppd (basic needs) poverty line - % of 

households 

18 10 17 31 

Below $1.25 pppd poverty line - % of households 26 11 26 53 

Below $2 pppd poverty line - % of households 51 32 54 79 

Poverty rates if NTFPs were unavailable (expenditure-cash and non-cash NTFP income) 

Below $1 pppd (basic needs) poverty line - % of 

households 

22 13 21 38 

Below $1.25 pppd poverty line - %  of households 30 13 30 59 

Below $2pppd PPP poverty line -%  of households 54 35 57 82 

Other poverty indicators 

No education (% of households) 14 6 12 30 

Drinking water from rivers and streams - % of 

households 

10 0 6 32 

Use of NTFPs 

Use of NTFP - %  of households 90 84 91 100 

Charcoal as main cooking fuel - %  of households 50 78 48 5 

Firewood as main cooking and lighting fuel - %  of 

households 

40 7 41 94 

Use of poles - %  of households 18 4 19 41 

Use of thatch for roofing - %  of households 20 1 14 57 

Income and forest resources 

Main source of income from agriculture, hunting or 

forests  -% of  households 

38 5 44 87 

Main source of cash income from timber and NTFP - % 

of households 

4 3 4 5 

Mean value of NTFP collected per person per month  – 

TSH (median) 

1729 

(571) 

1376 

(1538) 

2003 

(863) 

1995 

(1099) 

Mean value of NTFP collected and consumed 

domestically  per person per month - TSH (median) 

1395 

(462) 

1239 

(0) 

1575 

(769) 

1443 

(936) 

Households with cash-income from selling NTFPs - % 

of households 

9% 3% 9% 17% 

Mean value of NTFP collected and sold per person per 

month – TSH (median) 

334 

(0) 

136 

(0) 

428 

(0) 

552 

(0) 

Relative value of NTFP collected per person per month 

- % of expenditure 

7% 4% 7% 11% 

Number of observations 7552 3268 2293 1991 
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Selling charcoal, timber, poles, firewood and other non-timber products (such as 
medical plants and wild vegetables and fruits) is the main source of cash income for 4% 
of the households. In total, 86% of the rural population is mainly active in agriculture, 
hunting and forestry. The mean monetary value of the total income generated from 
forest products is TSH 1729 per capita per month, of which TSH 334 is earned from 
selling the products, and a quantity valued at TSH 1395 is consumed at home5. The total 
value of NTFP is lower in Dar es Salaam than outside the capital (TSH 2000 vs TSH 1375 
per capita per month6). For rural households, the value of NTFP collection is around 
10% of their total income, compared to 5% for urban households. Although in absolute 
monetary terms rural households do not collect more valuable NTFPs, it constitutes a 
much larger proportion of their livelihood compared to urban households. 

If households were no longer able to collect NTFPs (e.g. due to a total ban on NTFP 
harvesting), they would no longer be able to use the income of selling NTFPs to buy 
other products, and would have to reallocate their budget to buy substitute products 
(fuel and construction materials). Poverty profiles based on expenditures subtracting 
NTFP cash and non-cash income worsen: poverty rates would increase by 4% on 
average and by approximately 6% in rural areas if NTFPs were no longer available. This 
clearly shows that NTFPs are important for the livelihood of the population of Tanzania, 
and especially for the rural population. 

Further analysis shows that poorer rural households receive lower NTFP income in 
absolute terms, but higher relative to their total income, compared to the richer groups 
(Table 2). Non-parametric Kruskal-Wallis tests indicate that the differences between 
income quartiles in the three categories are all significant at the 5% confidence level. 
These results confirm the findings of Schaafsma et al. (2011), and also Kamanga et al. 
(2009) and Mamo et al. (2007). Forest policy-makers should consider that changes in 
access to forests are likely to result in increased poverty of the local population. 

 

Table 2 NTFP and income in rural areas (HBS)  

Income group Very 
low 

Low High Very 
high 

K-W test 
Critical 
chi2 

Mean expenditure per person 
per month - TSH (median) 

8739 
(8984) 

14602 
(14559) 

21206 
(20808) 

45579 
(36808) 

1893 
(p<0.001) 

Mean value of NTFP collected 
per person per month  – TSH 
(median) 

1156 
(692) 

1580 
(1000) 

2034 
(1210) 

3169 
(1795) 

87 
(p<0.001) 

Relative value of NTFP 
collected per person per 
month - % of expenditure 

14% 11% 10% 8% 139 
(p<0.001) 

 

                                                           
5 Median values for total annual NTFP income, NTFP sales and non-cash (domestic consumption) NTFP 
income are TSH 571, TSH 0 and TSH 461 respectively, showing that the distribution is skewed. Only a 
small fraction of the households sell NTFPs.  
6 Median values: TSH 0 versus TSH 962. 
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The results should be used with caution. Forty percent of respondents reported NTFP 
income to be equal to zero, in spite of the fact that 90% of households use NTFPs. It is 
therefore unlikely that the HBS data on NTFP income are reliable, and underreporting of 
quantities collected is expected. The study based on VTA data, based on surveys that 
collected information on the quantity collected for individual NTFPs, is likely to be less 
prone to underreporting. Furthermore, we expect that respondents give low values to 
(some of) the NTFPs, especially to those not sold. The mean values of NTFP income in 
the HBS data are lower than expected, when the market prices presented in the 
literature ore used in the VTA study (Table 3) are considered. With these limitations in 
mind, we expect that the aggregate value based on the HBS data will be lower than the 
VTA results, even though the values may reflect other NTFPs besides charcoal, firewood, 
thatch and poles (the 4 NTFPs included in the VTA analysis). 

 

Table 3 Prices for NTFPs (VTA) 

 Number of 
observations 

Mean price Mode 

Firewood 21 1111 500 
Thatch 35 356 300 
Poles 45 529 600 
Charcoal modelled 14485 - 
Note: Prices for firewood, thatch and poles are based on VTA survey results. The mean price for charcoal 
reflects the mean of the modelled price estimates within the EAM boundaries and its 8 km buffer, 
reflecting the area where households producing charcoal with wood from the EAM area live (see 
Schaafsma et al. 2012). 

 

 

3.2 HBS Model of NTFP income 

In order to analyse the importance of NTFPs in the livelihoods of rural communities in 
and around the EAM, we modelled cash and non-cash income from NTFP collection per 
household per year as a function of socio-economic and spatial variables. The 
dependent variable is the total economic value of NTFPs collected as estimated by the 
respondent, after removing outliers (the highest 5% of the observations for which 
annual household NTFP income was higher than TSH 400,000).  

Since some 8% of the rural households do not report to have NTFP income, the 
distribution of the dependent variable is not normally distributed, but overdispersed7 
with a considerable number of zeros. A Vuong test8 indicated that a standard negative 
binomial would not be the appropriate model. Instead, a zero-inflated negative binomial 
was estimated. A zero-inflated negative binomial model consists of two parts, estimated 
simultaneously: one logit model predicting excess zeros (in this case: the probability 
that household i is not involved in the collection of NTFPs) and a negative binomial 

                                                           
7 Overdispersion implies that the variance is larger than theoretically expected. In our dataset, the mean 
of the dependent variable is 8 times larger than the mean, and therefore a Poisson model cannot be used. 
8 The Vuong test compares the zero-inflated model with an ordinary negative binomial regression model. 
The Vuong test statistics is z=7.05 (p=0.001), which implies that a zero-inflated model should be used 
instead of a normal negative binomial model. 
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model predicting the count data (in this case: the annual value of NTFPs). Note that 
positive coefficients in the logit model indicate that the variable increases the 
probability that an observation is zero, i.e. the respondent belongs to the group of non-
collectors. We present the results of the models including significant parameters only 
(Table 4), which we then use for function transfer across the EAM9.  

 

Table 4 Zinb model NTFP (HBS data) 

Logit model:  
Choice not to collect NTFPs (NTFP income per household 
per year=0) 

Coefficient 
(z-
statistic) 

Use of charcoal (dummy: 1=yes) 2.18*** 
(2.62) 

Constant -2.69*** 
(5.20) 

Negative binomial model:  
Cash and non-cash NTFP income per household per year 
(TSH*10,000) 

 

Household food expenditure (ln (TSH +1))   0.290*** 
(5.89) 

Ownership of vehicles (dummy: 1=yes) 0.230*** 
(4.29) 

Household sells NTFP (dummy: 1=yes) 0.944*** 
(9.94) 

Closed woodland in ward 0.031*** 
(2.75) 

Open woodland and lowland forest in ward 0.004** 
(2.40) 

Montane forest in ward -0.107** 
(2.33) 

Constant -1.406** 
(2.56) 

Model statistics  
Ln (alpha) -0.98** 

(1.97) 
Alpha 0.38 
Number of observations 1169 
Number of nonzero observations 1033 
Log pseudolikelihood 3401 
Wald chi2 484 
Prob> chi2 0.001 
Notes: Models were estimated using STATA10. The significance level of the coefficients is indicated with asterisks: * 
indicates 10%, ** 5% and ***1% level. 

 

 

                                                           
9 The model is overall significant (LR(8)=473 (p<0.001)) and has a McFadden R2 of 6.5%, a ML R2 of 33% 
and a Cragg-Uhler R2 of 33% (Veall and Zimmerman 1996). 
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The results of the logit model show that the choice to collect NTFP is related to the use 
of charcoal for cooking. Rural households using charcoal as their main cookfuel (the 
richer households) are less likely to generate NTFP income. No other variables were 
found to be significant. The results of the negative binomial related to the value of the 
NTFP collection, show that six variables were found to be significant. Households 
spending more on food also earn higher NTFP income. This result confirms the 
descriptive statistics, which showed that richer households earn higher NTFP income in 
absolute terms. Ownership of vehicles, including cars, motorcycles and bicycles, has a 
positive effect on NTFP income, which is expected to reflect that these households can 
transport of higher volumes of collected NTFPs. Households who sell NTFPs have higher 
cash and non-cash NTFP income, which is likely to reflect that commercial NTFP 
collection focuses on high value NTFPs such as charcoal.  

The availability of forest and woodland plays an important role in NTFP collection10. 
NTFP income increases with the availability of closed woodland in particular, and with 
open woodland and lowland forest to a lesser extent. These types of forest provide a 
wide range of NTFPs and are therefore suitable for NTFP production. Montane forests 
(submontane, montane and upper-montane) have the opposite, negative effect on NTFP 
income. Montane forests are mainly found on areas with steep slopes, which makes 
NTFP transport harder. In addition, around 75% of the forests in the EAM are gazetted, 
which implies that the collection of some NTFPs is restricted (licensed), and otherwise 
fully prohibited. These characteristics make these forests less suitable for NTFP 
production. Especially charcoal producers prefer flat areas to transport heavy bags of 
charcoal, and therefore prefer lower and flatter woodland areas. 

The model is used in a transfer and aggregation exercise to predict and map the value of 
NTFP collection in the rural wards of wider study area (Figure 1). For transferring the 
NTFP income model, we use secondary district or regional statistics for the socio-
demographic explanatory variables (NBS 2002, 2007) and spatial data (see Swetnam et 
al. 2011) for the spatial explanatory variables in the model. Similar to the charcoal 
analysis of the VTA study (Schaafsma et al. 2012), we use an 8 km buffer around the 
EAM to reflect that respondents near the EAM border source from within and outside 
the EAM. Next, the mean income estimates per household are aggregated over the 
population using the spatially-explicit population map (Platts et al. 2011). This map 
reflects that the resulting aggregate NTFP income per hectare is lower in areas with low 
population density, because the number of collecting households is lower.  

The estimated total annual value of NTFP income in the EAM and an 8 km buffer is 
approximately TSH 48 billion (USD 33 million)11, equivalent to TSH 21000 (USD 14) per 
person per year. Note that this amount reflects NTFP collection from all land cover 
types and does not reflect forest values alone. Data on source locations is unavailable, 
and VTA results (Schaafsma et al. 2011) indicate that people source from various 
locations, including farmland. For instance, firewood is often collected from the 
roadside and trees outside forest rather than from natural forests International Energy 
Agency (2011). 

 

                                                           
10 The inclusion of land cover variables significantly increases the model fit compared to a model without 
such variables (LR test statistic= 2*(3401-3414)= 26 > critical chi-square value=7.8).  
11 We use  a mean exchange rate over 2010 of USD 1 = TSH 1420 (Bank of Tanzania 2011) 
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3.3 Comparing the results of the HBS and VtA studies 
The explanatory variables of the HBS and VTA models are different. In the VTA study, no 
significant impact was found of domestic charcoal use or vehicle ownership on the 
quantity of NTFPs collected, mostly because of the low variation in these explanatory 
variables across the sample. Also, no significant effect was found in any of the separate 
NTFP models related to selling the NTFP, because household did not sell firewood, 
whereas most households sell their charcoal.  

Regarding the forest types, the HBS results seem to be comparable to the charcoal 
model, with positive coefficients found for open and closed woodland, and negative for 
montane forest types (see table 5). The VTA results indicated an opposite pattern, with 
higher collection rates in forested areas and lower near open woodland. 

 

Table 5 Relationship between land cover and NTFP collection 

 HBS VTA 
firewood 

VTA 
charcoal 

VTA 
overall 

Open woodland + - + -+ 
Closed woodland +  +(-) + 
Lowland forest + +  + 
Submontane forest - + _ +- 
Montane and upper montane 
forest 

- + __ - 

 

The total annual value of NTFP collection in the EAM blocks based on the HBS of TSH 48 
billion (USD 33 million)12 is comparable to the estimated TSH 59 billion (USD 42 
million) based on VTA data (Schaafsma et al. 2011) (see Figure 2) 13. The mean NTFP 
value per person is higher in the VtA dataset than in the HBS dataset (TSH 26000 vs. 
TSH 21000, USD 18 vs USD 14). The lower aggregate value for the HBS data is expected 
to be due to the low values given to NTFPs by respondents compared to the prices used 
in the VTA study, and missing values for households not reporting NTFP income in the 
HBS dataset, in spite of reported use of firewood and other NTFPs. Nevertheless, the 
values appear to be in the same order of magnitude.  

The difference in total annual NTFP value collected per hectare is mapped to assess the 
difference between the two models (Figure 3). Since different models were produced 
for the four NTFPs of the VTA study and narrower 4 km buffers were used for firewood, 
thatch and poles than for charcoal (8 km), the value differences in this buffer area are 
not fully comparable. The negative values (red) indicate areas where the values of 
annual NTFP collection according to VTA data are higher than those of the HBS survey. 
This occurs in areas with high population density and in areas where the VTA dataset 
predicts higher charcoal revenues. A possible explanation is that the HBS model, for 
which the dataset included more households from remote villages than the VTA dataset, 
more accurately reflects lower charcoal revenues in areas far from accessible roads that 

                                                           
12 We use a mean exchange rate over 2010 of USD 1 = TSH 1420 (Bank of Tanzania 2011). 
13 It is very difficult to provide confidence intervals for these datasets, for example, because the aggregate 
values are based on different modelled surfaces, e.g., population, each with their own errors. 
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allow for charcoal transportation. The HBS values are higher than VTA values in blue 
areas. This is mainly the case in closed woodland areas, and to a lesser extent in open 
woodland. Overall, the aggregate estimates are in the same order of magnitude, and the 
differences between the HBS and VTA estimated NTFP income per hectare lie 
predominantly within a range of  TSH -/- 10,000 and 10,000 (USD -/- 7 and 7). The 
results hence suggest that these independent surveys result in comparable estimates of 
NTFP income from the EAM. 

3.4  Comparing HBS and VTA to other Tanzanian NTFP studies 
The results of annual NTFP income per household of the VTA and HBS studies are 
within the range of values found in earlier studies. According to the HBS data, the 
annual rural NTFP income in the EAM per household is roughly TSH 74,000 (USD 52 per 
household per year), and the VTA data in TSH 130,000 (USD 92 per household per 
year)14. Several other reports have studied the value of forests and NTFP collection in 
Tanzania (e.g., Monela et al. 2005, Kasthala et al. 2008), some with a focus on the EAM 
(e.g., Luoga et al. 2000, Anthon et al. 2008, Robinson and Kajembe 2009). Households 
involved in charcoal production (54% of the population) near the Kitulanghalo Forest 
Reserve, along the Dar-Morogoro highway 150 km away from Dar es Salaam, earn USD 
88 per household per year selling charcoal (1997 prices) (Luoga et al. 2000). In Kiwere, 
a village close to Iringa where charcoal prices are expected to be lower, charcoal 
collection generated annual values of USD 7 - 10 per adult equivalent and the estimated 
total annual cash and non-cash forest income (including timber) was USD 24 - 38 per 
adult equivalent (2005-06 prices) (Anthon et al. 2008). NTFP collection per household 
in the Nguru Mountains, where only 1% of the households collect charcoal, is estimated 
to be approximately USD 30 per household per year (Robinson and Kajembe 2009). 
These forest values are lower than per household values reported for direct uses (NTFP 
related) of the Mtanza-Mzona wetland of USD 200 (Kasthala et al. 2008), or the forest 
values ranging from USD 153 – 1191 per household per year from communal or private 
restored forest areas (ngitili) in the Shinyanga region (Kaale et al., 2002), outside the 
EAM study area. Overall, the results of both HBS and VTA studies are hence comparable 
to previous studies on NTFP collection in Tanzania. 
 

4. Conclusions 
This paper contributes to the discussion related to data collection methods in the NTFP 
literature (see Godoy et al. 1993, Gram 2001, Sheil and Wunder 2002) by comparing 
two different surveying approaches. The results of the comparison of total and per 
household values are relatively encouraging, considering the large study area and 
limitations of the data collection methods used in both studies. The datasets used in the 
VTA analysis are expected to suffer from recall problems, but this problem is expected 
to be even larger for the HBS data, where households were asked to value the total 
annual NTFP collection. Testing the accuracy of value estimates on one-off survey based 
remains important, because, in spite of the limitations of such surveys, more accurate 
methods such as diary research is time consuming for researchers and respondents 
alike. Both models result in similar patterns and aggregate values of NTFP collection, 
including the spatial factors that play a role in NTFP values. The results are also 
comparable to those of previous studies. This is encouraging and validates the use of the 

                                                           
14 Note that the average household size in the VTA study is 5 compared to 4 in the HBS study. 
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results of the VTA in further analysis of the value of ecosystem services in the Eastern 
Arc Mountains. 

This paper shows that accurate estimation of the benefits of NTFP income is difficult, 
when many NTFPs are not traded on a regular basis and price information is hence 
unavailable. Non-cash income as reported by households in the HBS study is likely to 
result in underestimates of total economic value. The VTA study does not include values 
of medicines, fruits, vegetables, edible insects, bush meat, ropes, honey, mushrooms and 
fodder; the VTA study nevertheless generates higher total annual NTFP values. The 
lower total NTFP value estimates of the HBS study suggest that either these products 
are not accounted for in this dataset either, or households value them at low prices. The 
importance of these products for local communities should, however, not be ignored. 
They may play a vital nutritional, cultural or economic role, and provide a safety net for 
households in periods of low agricultural yields. 

To some extent, the spatial variation of NTFP values reflects the population distribution 
in the area. The number of people living close to and consuming NTFPs on a regular 
basis is perhaps one of the most indicators of NTFP values. Both studies show that 
population pressure on forests is one of the key variables to take into account when 
analysing the spatial variation in forests at risk (e.g., Ahrends et al. 2010). Nevertheless, 
for both models, significant and theoretically valid variables were found that explain the 
NTFP harvesting behaviour of local communities. The models show that NTFP values 
vary between households, depending on their assets and charcoal production 
involvement, and between regions with different levels of woodland and forest stocks. 

The results regarding the variation in forest and woodland cover differ between NTFP 
types, but suggest that woodlands are associated with higher NTFP values, due to their 
suitability for charcoal production in combination with the high value of charcoal. The 
maps do not provide insight in distributional issues or forest and woodland dependency 
of households. A ban on the collection of the latter NTFPs would affect a much higher 
number of households and the daily livelihood of rural people. In other words, the value 
maps may reflect the absolute economic values of NTFP collection, but does not take 
into account variation in poverty levels or forest dependency.  
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Figure 1 HBS data: Total value of annual NTFP 
collection (TSH * 10000 per ha per year) 

 

 

Figure 2 Total value of annual NTFP collection 
(TSH * 1000 per ha per year) (Schaafsma et al. 
2011) 

 

 

Figure 3 Difference between HBS and VTA data 
in total value of annual NTFP collection (TSH * 
10000 per ha per year) 
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Figure 4 Number of households per ha  

 

 
Figure 5 Total value of charcoal produced (TSH 
* 1000 per ha per year) (VTA)  

 

 
Figure 6 Forest and woodland  

 

 


