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A B S T R A C T

Many rural forest dependents are still poor and exposed to food insecurity. Hence, this paper aims to study the 
linkage between forests and household food security by analysing factors that determine participation in forest 
activities and by examining differences between participants and non-participants in respect of the food-security 
outcome. The study was conducted in rural areas of the Shinyanga Region in Tanzania using cross-sectional data 
on a sample of 303 rural households. Marginal effects predicted that distance to the forest concerned, illness or 
death of a household member, and off-farm activities determined participation in forest activities. Propensity 
score matching revealed that those who participated in forest activities were less food secure than non- 
participants with comparable characteristics were, which supports the contention that rural forest dependents 
are prone to food insecurity. Government policy should, therefore, aim at enhancing alternative sources of in
come as well as food storage facilities and food production for rural households.

1. Introduction

This paper presents a study on the linkage between forest use and 
food security for rural households in Tanzania’s Shinyanga Region. The 
study objectives are to explore factors that influence households’ 
participation in forest activities, and to establish whether – and, if so, 
how – such participation affects households’ food security.

Even with economic and agricultural advancement, many rural 
households in developing countries still depend on forests to support 
their livelihoods and for food security (Ali and Rahut, 2018; Angelsen 
et al., 2014; Ntiyakunze and Stage, 2022). Forests are perceived as 
generally being more important to rural poor households than to the 
non-poor, since the latter have more options for sustaining their liveli
hoods (Wunder et al., 2014). A large portion of poor households in rural 
areas derive benefits from forests for their daily subsistence and sur
vival, as well as for distributing income and reducing poverty (Fonta 
et al., 2011; Hussain et al., 2019). Forests have three potentially 
distinctive roles in supporting rural livelihoods: they can act as a safety 
net, supporting livelihoods in times of shocks to other income; they can 
support daily consumption needs as a coping strategy; and they can help 
reduce poverty by enabling a sustainably higher household income 
(Angelsen and Wunder, 2003; Kabubo-Mariara and Gachoki, 2008; 

Pattanayak and Sills, 2001).
Despite these livelihood benefits, many forest-dependent households 

in rural settings are poor and, therefore, exposed to food insecurity 
(FAO, 2011). Several authors have raised their concern that, in practice, 
forests may be poverty traps (Angelsen and Wunder, 2003; Kabubo-
Mariara and Gachoki, 2008; Mulenga et al., 2017). In this context, 
poverty traps occur when rural households rely on forest activities that 
yield low returns on their labour such as collecting non-timber forest 
products (NTFP) for example firewood, thatches and forest foods. Poor 
households are obliged to rely on such low-return activities as a last 
resort because they lack other income-earning opportunities. At the 
same time, however, these low-return activities tie up much of the 
household’s labour, leaving little room to develop higher-return activ
ities. Faced with this bleak outlook, rural household incomes remain 
low, which has negative long-term consequences for their livelihoods 
and food security. Rather than helping to raise the long-term income of 
the households, the forests thus act as poverty traps, helping the 
households survive but at the same time effectively locking their labour 
into low-return activities. However, other studies (Ali and Rahut, 2018; 
Chukwuone and Okeke, 2012) found that participation in forest-based 
livelihood activities such as collection and consumption of forest prod
ucts examples wood, honey, fruits and vegetables impacted rural 
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household income positively and helped to reduce poverty instead of 
being poverty traps. This apparent contradiction as to the impact of 
forests on the rural poor and their food security motivated the current 
study, namely, to determine the relationship between poor rural 
households and forest use and then establish the link between forests 
and household food security. The use of policy-relevant knowledge and 
data on the contributions of forests to food security are recognized to be 
important for improved food security in Tanzania and other developing 
countries (FAO and MNRT, 2020). For any appropriate forest-related 
policy or programme to work, the first need will be to understand the 
socio-economic characteristics of, and forest utilisation by, the house
holds concerned (Pandey, 2010). Previous studies highlight households’ 
socio-economic characteristics such as age, income, off-farm activities 
and sex are associated with forest dependence and participation in forest 
activities (Chhetri et al., 2013; Rahut et al., 2015; Garekae et al., 2017; 
Ntiyakunze and Jesper, 2022)

Most work on the topic of forest dependence and food security has 
primarily been qualitative in nature (Arnold et al., 2011; Falconer and 
Arnold, 1991; FAO, 2016; Sunderland et al., 2013). One of the few 
quantitative studies on the topic to date – and from which the current 
research draws inspiration – was conducted by Abadi (2017) in Tigray in 
northern Ethiopia. The latter study analysed the differences in food se
curity outcomes between those who participated in extracting forest 
environmental resources i.e. collection and consumption of non-timber 
forest products and those who did not. The study found that higher 
education, being involved in off-farm activities, and awareness of 
climate change reduced participation in forest extraction activities. It 
was also found that participants had significantly lower food-security 
outcomes and were relatively poorer than non-participants. A similar 
approach was adopted by Rahut et al. (2015) in a study on household 
participation in community forest management programmes. This study 
discovered that households participating in such programmes had 
higher levels of income and food security than their non-participating 
counterparts. Thus, these earlier economic studies of the links be
tween forest use and food security produced mixed results.

Other research has established unequivocally that forests support the 
four pillars of food security, i.e., food availability, food accessibility, 
food stability and food utilisation (FAO, 2016; Sunderland et al., 2013). 
At the household level, the availability of forest foods such as mush
rooms, fruit and bush meat can support food security. Although forest 
foods contribute only minimally to such security, i.e., offering around 
0.6 % of the global food supply (Sunderland et al., 2013), they are a 
significant supplement to staple foods and provide vital micronutrients 
to their users (Falconer and Arnold, 1991; Broegaard et al., 2017; 
Chukwuone and Okeke, 2012; Cooper et al., 2018; Milbank, 2023). In 
terms of food accessibility, because forests are a source of income from, 
for example, the sale of forest products and forest-related employment, 
this can increase access to food by purchasing it (Chukwuone and Okeke, 
2012). Regarding the food stability pillar, forests provide a safety net to 
households because they can access forest foods as a supplement during 
cyclical or sporadic periods of other food shortages due to drought, 
illness, or other external shocks (Arnold et al., 2011; Falconer and 
Arnold, 1991; Sunderland et al., 2013). In respect of the food utilisation 
pillar, forests provide fuelwood for cooking purposes (FAO, 2016; Karki 
et al., 2017). As mentioned earlier these studies are qualitative in nature 
and this provides a room for quantitative studies to be conducted.

Thus, although forests offer some households a safety net during 
crises, other households depend on them daily for subsistence and a 
source of income. Hence, the current study considers forests in all roles. 
A further contribution made by this study is to supplement existing scant 
data on forests and food security in Tanzania (FAO and MNRT, 2020) by 
seeking to answer the following questions: Do participants and 
non-participants differ socio-economically? What are the determinants of 
participation in forest activities? And what are the differences between par
ticipants and non-participants in forest activities in respect of food-security 
outcomes? These questions are also significant for forest policy because 

food security at household level necessarily includes a careful exami
nation of the livelihoods of forest-dependent households, it is vital that 
forest policy approaches are appropriately informed and able to take 
such households into account.

2. Background

Tanzania is amongst the countries with worst food security in the 
world (Rashid et al., 2024). About 55 % of the country’s population 
experience either moderate or severe food insecurity (Randell et al., 
2022; FAO, IFAD, UNICEF, WFP, WHO, 2020); however, food security 
varies across regions and seasons (Baffes et al., 2019). Compared to 
urban households, food insecurity is more prevalent amongst the rural 
poor households in the country (Haule and Mwamfupe, 2016; Kahimba 
et al., 2015). For instance, poverty incidence and food poverty in rural 
areas are 31 % and 9.7 %, respectively, whereas in urban areas they are 
15.8 % and 4.4 %, respectively (NBS, 2018). Poverty exacerbates food 
insecurity because poor households may not have adequate resources to 
access food especially during periods of higher food prices (Randell 
et al., 2022). At the same time, the poorest are the most forest reliant 
(Dokken and Angelsen, 2015) and this is a similar finding to a study 
conducted in Southern Malawi by Fisher et al. (2010). These findings 
suggest that poverty, food security and forest dependence are 
interconnected.

Tanzania loses about 469,000 hectares of forests per annum in 
deforestation due to high forest dependence and poor forest manage
ment (FAO, 2020). Deforestation has impacts on income, livelihoods, 
ways of lives of forest dependents and compromise the provision of 
ecosystem services necessary for food security and nutrition (HLPE, 
2017; Arnold et al., 2011). Droughts and poor rains caused by defores
tation affect agricultural production and consequently contribute to 
food shortages at the national level (NBS, 2014). With much dependence 
on rainfed agriculture, Tanzania’s food security is often jeopardized by 
weather shocks (Kahimba et al., 2015). Deforestation has also caused 
reduced availability of, and consequent reduction in the collection and 
consumption of, forest foods and other forest products which rural forest 
dependents rely on for income and ensuring food security (Hall et al., 
2022).

The above background shows that the interplay of forests and food 
security in Tanzania is multifaceted. With about 75 % and 65 % of the 
Tanzanian population living in rural areas where most forests are 
located and relying on agriculture, respectively (Randell et al., 2022), 
understanding the linkages between forests and food security is impor
tant for improving food security, promoting sustainable forest man
agement and poverty alleviation.

3. Methodology

3.1. Description of the study area

The empirical data for this study’s analysis were obtained in the rural 
areas of the Shinyanga Region in north-western Tanzania. The Region is 
characterised by semi-arid climatic conditions and there is widespread 
reliance on community and government forests. The Region experienced 
massive deforestation and forest degradation over the years due to 
several reasons such as agricultural expansion and increased wood de
mand (Wainaina et al., 2021). In response, community conserved forests 
given the traditional name of Ngitili were introduced in 1984 (Malunguja 
and Devi, 2020). Thus, local communities became mainly responsible 
for conserving and managing the forests. However, deforestation and 
forest degradation are still high in the region due to extensive grazing 
and high demand for forest products such as fuelwood and charcoal 
(Putri and Kweka, 2015). The aftermath effects of deforestation and 
forest degradation affect the rural forest dependents’ livelihoods in the 
Region. Some of these effects are the long dry spells and erratic rainfalls 
which lead to subsequent poor harvests and reduced food security 

M.S. Ntiyakunze and J. Stage                                                                                                                                                                                                                Trees, Forests and People 18 (2024) 100685 

2 



amongst the households in the region (IPCC, 2020).
Moreover, the Region ranks as the third poorest region in the country 

(URT, 2017). The severity of poverty in Shinyanga Region is 3.2 %, 
which is worse than the 2.5 % average for the country (Kilama, 2016 as 
calculated from 2011/12 Household Budget Survey and 2012 Census). 
Additionally, the Region’s poverty headcount ratio of 64 % is above the 
national average of 47 % (URT, 2017). Therefore, given the above 
background and that poverty influences forest dependence and food 
security, this Region deserved special attention.

3.2. Research design and sampling

This study employed a quasi-experimental research design. The 
design was centred to determine the cause for the differences in 
participation in forest activities, and differences in food security out
comes for the preexisting groups of households. Unlike true experiments 
where assignment of treatments is random, in quasi-experiments 
assignment of the treatments is by self-selection (Maciejewski, 2018; 
Cook, 2015). Thus, the study involved the self-selection of the treatment 
(participants in forest activities) and control (non-participants in forest 
activities) groups. Participants were households involved in both 
extraction and consumption activities. These activities included collec
tion, harvest, sale and consumption of non-timber forest products. 
Non-participants were households that may consume non-timber forest 
products, but that did not take part in forest extraction activities.

The study’s population were the rural households in Shinyanga Re
gion, and cross-sectional data were collected in September and October 
2018. The Region comprised of five districts according to 2012 national 
census, namely Shinyanga Urban, Kahama Urban, Kishapu, Shinyanga 
Rural and Kahama Rural. Since the study’s unit of analysis was the rural 
households, Kahama Rural and Shinyanga Rural districts – were 
selected. Kahama Rural and Shinyanga Rural districts respectively were 
represented by random samples of 122 and 181 households, with sample 
sizes determined by relative population of the disctricts in question. This 
made a total random sample of 303 rural households selected from both 
districts. Then from each district, a proportionate random sample of 16 
wards was selected. From these wards, a total of 16 villages were 
randomly selected with at least 7 households from each village. These 
villages were selected based on the following criteria to ensure repre
sentativeness: (i) villages with forests regardless of forest management 
type (ii) villages with forest dependents. Households practising private 
forestry were later excluded from the econometric analysis because they 
were far better off financially and had larger land holdings (Ntiyakunze 
and Stage, 2022) and did not share similar characteristics with those 
depending on community and government forests. The predetermina
tion of the districts, wards and villages was also based on the 
above-mentioned criteria.

3.3. Data collection and ethical consideration

The current study used both primary and secondary data. Primary 
data were collected using a household questionnaire. A questionnaire 
was administered to a random sample of 303 heads of households. 
Where the head was not at home, a household member with full infor
mation and aged 18 and above was interviewed instead. The question
naire, which was conducted in the national language, Swahili, to 
maximise the quality of responses, consisted of three sections. The first 
covered questions on the nature of socio-economic information about 
the household, such as the age of the household head, household size, 
and the nature of household expenditure. The second section focused on 
questions regarding forest dependence, while the last section covered 
questions on household food security, shocks to that security, and 
consequent coping strategies. The definition of food security follows that 
of World Food Summit (1996) which states that ‘‘food security exists 
when all people, at all times, have physical and economic access to 
sufficient, safe and nutritious food that meets their dietary needs and 

food preferences for active and healthy life’’. Food security outcomes 
here, therefore cut across this definition (see Table 3). Secondary data 
were collected from the Shinyanga Region offices to obtain data on the 
socio-economic profile of the region, and districts. Literature reviews 
from publications and reports were also used to supplement and com
plement the study’s findings.

Prior to data collection, this study obtained an ethical clearance from 
the University where the principal investigator was based. The ethical 
clearance was then submitted to the regional office followed by the 
district offices to get the research permits. Permit from each district was 
then submitted to each district’s wards offices which provided research 
permits to be submitted to the village offices. Each village office was 
then presented with its ward permit. After being granted permission 
from the village offices, the researcher and research assistants guided by 
the local assistant were able to collect data. During data collection, re
spondents were informed of the purpose of the research activity, inter
view time, and the confidentiality of their responses. Respondents were 
also informed that their participation was voluntary. Only those who 
gave consent were interviewed, and those not willing to respond were 
left out.

3.4. Data analysis

3.4.1. The model for determining household participation in forest activities
While all households in this study were farmers, some were addi

tionally involved in economic activities such as those related to forests. 
Hence, households were categorised into two groups, i.e., those who 
participated in forest activities and those who did not. The few re
spondents who had planted private woodlots on their own farms had 
larger land holdings (and higher income) than the other respondents and 
were excluded from the analysis. The descriptive statistics were then 
analysed to establish any similarities and differences between forest- 
activity participants and non-participants. The next step involved 
isolating the factors that determined household participation in forest 
activities by using an econometric approach.

Households potentially had access to two relatively secure, and two 
more uncertain, sources of income. Off-farm wage income is secure 
when available, but very few households had permanent formal 
employment in the public or private sector, owing to a lack of skills and 
poor investment in rural areas. Collecting non-timber forest products 
also provided a secure source of income. Returns from agriculture, on 
the other hand, were uncertain due to various related shocks, such as 
poor rains. Starting up small businesses was also an uncertain source of 
income in the area, owing to risk factors such as low initial capital and 
the long wait for profit. Thus, a risk-averse household may prefer to 
devote labour to forest activities to obtain secure returns. Different 
households will optimise differently, depending on how easily they can 
access forests, for example, or how easily they can acquire off-farm wage 
income. However, their time allocation to the various uses of their la
bour will additionally depend not only on the relative expected returns 
to such uses, but also on the household’s risk aversion. A risk-averse 
household may prefer low-return but safe activities, rather than high- 
return but uncertain activities – even when both uses for their labour 
are available. Thus, labour may be allocated to forest activities because 
they are highly profitable, in line with the proposition that forest use can 
improve overall income, and in which case forest use should be linked to 
improved household income and food security outcomes. However, la
bour may also be allocated to forest activities because they are less risky, 
in line with the proposition that forest use is a coping strategy and 
implying that forest use may be linked to worse outcomes. If a household 
head dies or becomes ill, the overall available time will diminish, 
possibly leading to the household focussing more on safer uses of labour, 
such as collecting forest products, in line with the proposition that forest 
use is a means of dealing with shocks, and also implying a link to worse 
outcomes. This means that the net impact of forest use on income and on 
food security is an empirical issue and will depend on why the forest use 
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takes place.
Given this background, the decision by a household to participate in 

forest activities depends on the benefits of participation 
(Kabubo-Mariara and Gachoki, 2008). Hence, the probability of house
hold i participating in forest activity can be expressed as – 

yi* = βiX
ʹ
i + μi (6) 

yi = 1 if yi* > 0, i.e., if household i decides to participate
yi = 0 if yi* ≤ 0, i.e., if household i decides not to participate where yi 

is the decision by household i to participate in forest activities, Xí is the 
vector of explanatory variables as described in Table 1, β is the coeffi
cient of explanatory variables, and µi is a random error term.

Since the dependent variable (Participation in forest activities) was 
binary, a logit regression model was used to estimate the determinants of 
participation. Households’ participation was categorised into a binary 
variable, i.e., participants and non-participants. While non-participants 
are households that may consume non-timber forest products, they do 
not take part in forest extraction activities; participants, on the other 
hand, are households that are involved in both extraction and con
sumption activities. Forest income, quantities of forest products 
extracted for own use and sale, number of forest activities in which a 
household is involved, etc. are factored to assess whether there are 
differences amongst participants. Based on these factors, those who do 
participate are rather similar in their participation levels. Therefore, the 
decision of whether to participate in forest activities or not is likely to be 
a function of socio-economic factors (e.g., age and education of the 
household head, household expenditure, household size, and access to 
off-farm income) and geographic factors such as distance to the forest 
concerned (Ali and Rahut, 2018; Cooper et al., 2018; Fonta et al., 2011; 
Pandey, 2010; Lepetu et al., 2009; Fisher, 2004, who found these vari
ables to matter). The variables relating to security shocks were also 
included so that their influence on the household head’s decision to 
participate in forest activities could be estimated.

3.4.2. Propensity score matching: linkage between forests and household 
food security

Propensity score matching (PSM) was used in the current study to 
analyse the linkage between food security and forest use by comparing 

household food-security outcomes or indicators and household partici
pation in forest activities. PSM is useful because it attempts to reduce the 
bias associated with estimating the effect of a treatment (Hade and Lu, 
2014), and it corrects for a potential bias in sample selection that may 
arise due to systematic differences between treatment participants and 
non-participants (Rahut et al., 2015). Also, even when experimental 
data are missing, PSM is appropriate for estimating the impact of 
participation in a treatment – here, forest-based activities – on food 
security for households that are otherwise comparable (Ali and Rahut, 
2018). Ideally, a propensity score shows the probability of assigning a 
treatment (Austin, 2011), i.e., participation in a treatment is conditional 
on observable characteristics. The matched sets of the treated and un
treated subjects sharing similar values of a propensity score are entailed 
by PSM (Rosenbaum and Rubin, 1983, in Austin, 2011). The covariates 
used for matching in this study are presented in Table 1.

4. Results

4.1. Household socio-economic characteristics and food security 
outcomes

Table 1 presents comparative descriptive statistics from our survey. 
Compared with participants, non-participants reported higher levels of 
average household expenditure, off-farm income, and education. On 
average, therefore, non-participants were socio-economically better off 
than their counterparts.

The main economic household activity for all respondents was re
ported as farming of food and cash crops. The major crops produced 
included maize, rice, groundnuts, sweet potatoes, beans, cassava, and 
cotton. Some households also engaged in other activities such as forestry 
(e.g. producing charcoal and selling honey), fishing, working at mines, 
running businesses (e.g. transport by motorcycle), and formal employ
ment in the public and private sectors. Notably, some of the forest 
products were not marketed; hence, their shadow values were estimated 
(using their market prices at the nearest available market) and included 
as part of household income.

Table 2 indicates the relative types and proportions of forest de
pendency in Shinyanga Region, which reveals that the proportion of 
participants is comparatively very high, implying that household 

Table 1 
Descriptive statistics.11

Variable Definition of the variable Participants (n = 220) Non-participants (n = 66)

Mean Std 
dev.

Min. Max. Mean Std 
dev.

Min. Max.

Education Number of years household head spent in school 5.14 3.63 0 13 5.16 3.83 0 15
Sex (Dummy variable) Sex of household head (1 = Male, 0 =

Female)
0.84 0.84 0 1 0.86 0.35 0 1

Household size Number of people living in the same household 4.82 2.09 1 10 4.74 1.97 1 9
Age Age of household head (years) 47.50 14.64 20 96 46.39 11.66 27 80
Expenditure Total household expenditure per month 62,555 72,394 1000 750,000 65,045 77,414 10,000 500,000
Livestock ownership (Dummy variable) Household owns livestock (1 = Yes, 0 =

No)
0.56 0.49 0 1 0.42 0.49 0 1

Off-farm activities (Dummy variable) Household also engages in off-farm 
activities (1 = Yes, 0 = No)

0.50 0.50 0 1 0.57 0.49 0 1

Distance to the forest Distance of household residence to nearest forest (minutes) 25.40 26.77 1 200 48.86 53.59 5 240
Size of land held Total amount of land that household head holds (acres) 8.05 11.96 0 200 5.39 5.26 1 25
Forest degradation 

awareness
(Dummy variable) Household head knowledgeable about 
forest degradation (1 = Yes, 0 = No)

0.38 0.49 0 1 0.26 0.44 0 1

Drought shock Number of times household head affected by drought in the 
past ten years

1.71 2.42 0 10 0.47 1.82 0 9

Crop pest Number of times household head affected by crop pests in the 
past ten years

2.95 3.07 0 14 3.18 4.05 0 20

Agricultural output price 
shock

Number of times household head affected by falling 
agricultural output prices in the past ten years

1.25 1.97 0 10 1.59 1.91 0 10

Loss of livestock shock Number of times household head affected by the death of 
livestock in the past ten years

1.26 2.84 0 20 1.45 3.10 0 10

Death or illness of a 
household member

Number of times household head affected by illness or death of 
a household member in the past ten years

1.63 4.33 0 25 0.23 1.29 0 10
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dependence on forest resources is paramount in the region.
Participants were primarily farmers (see Table 1), but they also re

ported being involved in collecting and extracting NTFP such as fuel
wood (for cooking), mushrooms (for food), wild fruits (for food) and 
grass (for thatching). Participants also collected some of these forest 
products to sell them, i.e., as a source of income for their daily subsis
tence. For example, some participants were charcoal producers and 
traders of forest fruits and vegetables in the local markets. Some 
participant households had to depend on collecting and extracting NTFP 
when they needed emergency cash during a crisis such as the sudden 
death or illness of livestock, or the loss of crops to pests and drought. For 
participants, the average forest income, expressed as a share of total 
income, was found to be 23 %; hence, forest income makes a fair 
contribution to the total. Households in the region reported depending 
mainly on community and government forests.

Non-participants comprised 21.78 % of the total sampled household 
heads. Non-participant households were mainly occupied with farming, 
although they also engaged in some off-farm activities. Owners of private 
forests were farmers too, but as noted earlier, their relatively low 
numbers and different socioeconomic circumstances excluded them 
from the estimations.

As regards household food security, the descriptive statistics show 
that, for the three years for which data were collected in 2018, i.e., for 
2015, 2016 and 2017, participants experienced more food shortages on 
average than non-participants did (see Table 3). This implies that, on 
average, participants were less food-secure than non-participants. From 
other food-security indicators, participants were again less food-secure 
and had lower levels of sufficient food than non-participants did. At 
the start of this section, it was noted that non-participants were socio- 
economically better-off than their counterparts; this distinction be
tween the two groups was also evident in respect of their food security 
status. For example, the factors affecting food security were generally 
reported as being inadequate food stocks due to drought, small land size, 
crop pests, high food prices, insufficiently effective farm implements, 
poor income, late rains, or a delay of the farming season. Households 
also reported having experienced at least two months of food shortages 
in respect of the three-year data period, especially between November 
and February.

Table 4 shows that households either produced their own food, 
purchased it, or did both. Table 4 also shows that very few households 
relied exclusively on purchased food, whereas many households pro
duced their own food and supplemented it with purchased food.

The types of foods eaten included maize (main staple food), rice, 
cassava, meat, beans, and other vegetables. Households also consumed 
some forest foods, especially mushrooms, either by collecting them 
directly from forests or by purchasing them from local markets. Forest 
foods, used primarily as a supplement, were reportedly more available 
during the rainy season.

4.2. Determinants of household participation in forest activities

The logit regression model was used to estimate the factors for 
household participation in forest activities, i.e., 1 = Participant and 0 =

Non-participant, using the explanatory variables in Table 1. Tests on 
multicollinearity, heteroscedasticity and model specification errors 
were run, which found that none of these problems existed. Table 5
presents the marginal effects results of the logit regression.

As expected, households living further away from the forests had a 
lower probability of participating in forest activities. Similar results 
were yielded in previous studies (Fonta et al., 2011; Newton et al., 2016; 
Ogada, 2012; Sapkota and Odén, 2008), which showed that distance to 

Table 2 
Types and proportions of forest dependency in Shinyanga Region.

Type of forest dependency Number Percentage

Participates in forest activities (Participant) 220 72.61
Does not participate in forest activities (Non-participant) 66 21.78
Self-reliant (Owner of private forest) 17 5.61
Total 303 100

Table 3 
Household food-security indicators.

Food-security indicator Participants (n =
220)

Non-participants 
(n = 66)

Yes No Yes No

Household experienced food shortage in 
the past three years (Yes/No)

81.82 
% 
(180)

18.18 
% 
(40)

69.70 
% 
(46)

30.30 
% 
(20)

Household was worried about having 
enough food in the past seven days (Yes/ 
No)

59.09 
% 
(130)

40.91 
% 
(90)

53.03 
% 
(35)

46.97 
% 
(31)

Food-security indicator Household 
frequency

Mean 
number of 
days

Household 
frequency

Mean 
number of 
days

Number of months 
sufficient food was 
available in the past 
year

40.00 % 
(88)

0.77 34.85 % 
(23)

0.83

Number of days household 
relied on less-preferred 
food in the past seven 
days

56.36 % 
(124)

1.05 53.03 % 
(35)

1.09

Number of days household 
had to limit the variety 
of foods eaten in the past 
seven days

54.09 % 
(119)

0.99 46.97 % 
(31)

1.03

Number of days household 
had to limit portions of 
food at mealtimes in the 
past seven days

55.25 % 
(121)

1.04 45.45 % 
(30)

1.06

Number of days household 
had to reduce the 
number of meals eaten 
per day in the past seven 
days

50.45 % 
(111)

0.86 43.08 % 
(28)

0.80

Number of days household 
had to restrict 
consumption by adults 
for small children to eat 
in the past seven days

40.00 % 
(88)

0.77 34.85 % 
(23)

0.83

Number of days household 
had to ask for food from 
friends/relatives in the 
past seven days

22.27 % 
(49)

0.39 15.15 % 
(10)

0.19

Number of days household 
had no food for the 
whole day in the past 
seven days

19.55 % 
(43)

0.29 9.09 % 
(6)

0.11

Table 4 
Source of food.

Source of food Participants (n = 220) Non-participants(n = 66)

Number of 
households

Percentage Number of 
households

Percentage

Own food 
production

110 50.00 25 37.88

Purchases only 2 0.45 6 9.09
Own food 

production and 
purchases

109 49.55 35 53.03

Total 220 100 66 100
Food from forests 109 49.55 45 68.18

1 Acres was used here because it is the common unit of measurement known 
by the households.
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the forest was negatively related to participation in forest activities or 
forest dependence. Living close to forests enabled easy access to forest 
resources for example fuelwood and medicinal plants that support rural 
households’ livelihoods. Households living closer to forests are more 
likely to use forest products (Ali and Rahut, 2018).

Household heads who engaged in off-farm activities – i.e., activities 
other than farming and forestry, such as shop owners and employees in 
the public or private sector – were found to have a lower probability of 
participating in forest activities, other explanatory variables being 
constant. Such findings were similar to Soe et al. (2019), Hussain et al. 
(2019). Furthermore, off-farm income was reportedly higher on average 
than both farm- and forest-related incomes in this study.

Households where a member had died or become ill had a higher 
probability of participating in forest activities. Some of these households 
resorted to extracting forest resources to earn emergency money by 
producing and selling charcoal, for example. Households also reported 
that it was quicker and easier to earn emergency money by participating 
in forest activities than by other means. Forests also became safety nets 
by providing households with forest food and income to purchase food 
during lean seasons. Similar findings were obtained by McSweeney 
(2004), Pattanayak and Sills (2001).

Even though engaging in off-farm activities could lead to earning 
higher incomes, as found here, participants were averse to the risk of 
starting new ventures or shifting to alternative activities. For many of 
those who were dependent on rural forests, the start-up capital required 
for setting up a new business like a local shop was not affordable. 
Furthermore, the lack of supportive infrastructure such as good roads, 
water and electricity that could encourage investment meant alternative 
sources of income were limited. Hence, these rural households remained 
largely dependent on forests for their subsistence, as a safety net, and as 
a way out of poverty.

4.3. The linkage between food security and forest use: a comparison 
between participants’ and non-participants’ food security outcomes

The PSM results of the household food-security outcomes between 
the participants and non-participants are presented in Table 6.

Nearest-neighbour matching and inverse-probability weights were 
also used for matching and showed similar results to the propensity 
score matching results shown in Table 6. The quality of matching was 
checked using the covariate balancing; the results showed that cova
riates were balanced and that there were no systematic differences in the 
covariates between participants and non-participants included in the 
matching analysis (see Fig. 1). Also, after applying PSM, the same 
number of treated and untreated households were maintained. The 
differences in food security outcomes between participants and non- 
participants were also tested using t-test means of difference approach 
and revealed significant differences for some food security outcomes 

between the two groups; these are similar to the PSM results, and hence 
not presented here.

Table 6 illustrates that, compared with non-participants with the 
same socioeconomic characteristics, participants had fewer months of 
sufficient available food in the year preceding the interview. This result 
suggests that participants had lower stocks of food as a secure supply for 
the year than non-participants had. Participants also produced relatively 
less food for the prior year in question; for example, they harvested an 
average of 530 kg of maize, the main staple, compared with 567 kg by 
non-participants as reported in the survey.

Table 6 also reveals that the probability of having experienced a food 
shortage over the three years prior to the interview was higher for 
participants than for non-participants with the same socioeconomic 
characteristics. Again, the result implies that participants were less food- 
secure than non-participants. Notably, although both participants and 
non-participants faced similar risk factors, such as crop pests and 
weather-related shocks like drought and floods, the impact of these 
factors was less severe on non-participants because their food produc
tion was higher than that of participants and participants therefore 
experienced more shortages in household food stocks.

Further revelations from the Table 6 results are that, on average, 
participants experienced more days of having no food for the whole day 
in the seven days prior to the interview than non-participants with 
comparable characteristics did. Correspondingly, participants had a 
greater number of days of asking for food or relying on food from 
friends/relatives in the prior seven-day period than the non-partici
pants. These results all point to participants being significantly less food- 
secure than their counterparts. Moreover, although households in the 
surveyed areas were farmers producing food for own consumption, 
households sometimes had to purchase food; indeed, the majority both 
produce and buy food (see Table 4). Apart from food production, 
therefore, monetary income matters when it comes to ensuring food 
security.

Overall, the empirical results suggest that participants were less food 
secure than non-participants with similar socioeconomic characteristics, 
in line with several previous studies. So, despite the role played by 
forests for their livelihoods including food security, participants were 
food insecure. These results are similar to Abadi (2017) who found that 

Table 5 
Marginal effects results after logit regression.

Variable dy/dx Standard error p-value

Education of household head − 0.0012 0.0067 0.853
Sex of household head − 0.0391 0.0571 0.493
Household size − 0.0073 0.0103 0.479
Age 0.0001 0.0015 0.927
Expenditure 6.13e-08 0.0097 0.830
Livestock ownership 0.0486 0.0510 0.341
Off-farm activities − 0.0763* 0.0456 0.094
Distance to the forest − 0.0018*** 0.0007 0.007
Size of land held 0.0027 0.0031 0.379
Forest degradation awareness 0.0619 0.0437 0.157
Drought shock 0.0317 0.0208 0.128
Crop-pest shock − 0.0077 0.0058 0.182
Agricultural-output price shock 0.0017 0.0119 0.884
Loss-of-livestock shock − 0.0006 0.0081 0.937
Death or illness of a household member 0.0345*** 0.0121 0.004

Note: *, ** and *** = 10 %, 5 % and 1 % levels of significance.

Table 6 
Results of propensity score matching.

Food-security outcome variable Participants vs Non- 
participants

ATT 
(Coefficient)

Standard 
error

Number of months sufficient food was available in 
the past year

− 0.827*** 0.294

Household experienced a food shortage in the past 
three years

0.250*** 0.083

Household was worried about not having enough food 
in the past seven days

− 0.045 0.079

Number of days household relied on less-preferred 
food in the past seven days

− 0.136 0.175

Number of days household had to limit the variety of 
foods eaten in the past seven days

0.041 0.165

Number of days household had to limit portions of 
food at mealtimes in the past seven days

0.027 0.181

Number of days household had to reduce the number 
of meals eaten per day in the past seven days

0.027 0.206

Number of days household had to restrict 
consumption by adults for small children to eat in 
the past seven days

0.255 0.175

Number of days household had to ask for food or rely 
on food from friends/relatives in the past seven 
days

0.273** 0.123

Number of days household had no food for the whole 
day in the past seven days

0.223** 0.112

Note: ATT = average treatment effect on the treated; *, ** and *** = 10 %, 5 % 
and 1 % levels of significance.
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forests offer some safety, but that those who participated in forest 
resource extraction were relatively poor, and are in contrast to e.g. 
Rahut et al. (2015) study which found that forests reduce poverty and 
enhance food security. The difference in results between the latter study 
and current study may be due to the differences in study context.

5. Conclusion and policy implications

This study aimed at analysing the linkage between forest use and 
household food security in the rural areas of Tanzania’s Shinyanga Re
gion. Although the rural household heads were all farmers, the survey 
showed that most of them also participated in forest-based livelihood 
activities. This confirms that rural household farmers depend on such 
activities to survive, implying there is a strong linkage between forests 
and household food security.

There are three potential roles that forests are hypothesized to play 
in supporting rural livelihoods in developing countries – as a safety net, 
as a coping strategy, and as a source of poverty reduction. In Shinyanga 
Region, the first two are clearly the most important. The empirical re
sults showed that distance to the forest, off-farm activities and the illness 
or death of a household member significantly influenced the house
hold’s participation in forest activities. Thus, living nearby forests was 
certain to raise the probability of participation in such activities. This 
finding supports many earlier studies on forest dependence in devel
oping countries and underlines the conclusion that forest-adjacent 
households are indeed the primary drivers of forest use. Furthermore, 
households who had experienced the illness or death of a member more 
frequently participated in forest activities, confirming that forests serve 
as a safety net during crises. So, forest activities potentially provide 
some alleviation to their food insecurity challenges.

Conversely, household heads with alternative sources of income 
from off-farm activities had a lower probability of participation. Thus, to 
diminish their reliance on forests, households should diversify their 
means of obtaining an income, and should be supported by the devel
opment of infrastructure that could attract investment to rural areas. 
However, such diversification can only be achieved by enhancing 

unskilled or semi-skilled labour through education and training. 
Involvement in off-farm activities to earn a cash income also reduces the 
pressure exerted on forests by resource extraction.

The PSM results revealed that there were significant differences in 
food security between participants and comparable non-participants for 
some of the food security indicators. Participants in forest activities were 
less food-secure than their non-participating counterparts in terms of 
having experienced food shortages in the prior three years, the number 
of days that a household had to ask for food or rely on food from rela
tives/friends, the number of months of enough food availability, and the 
number of days households had no food for the whole day. If one cuts 
across these four significant food-security outcomes, one sees that par
ticipants lacked sufficient food stocks as well as adequate income to 
support their food security. The conclusion here is that food security is a 
grave concern amongst forest-dependent rural households. This study 
also supports the stance that participation in forest activities leads to a 
poverty trap because participants were less food-secure on average than 
non-participants with comparable characteristics. Also, the participants 
took part in low return forest related activities that did not uplift them 
out of poverty. Government policy measures should therefore aim to 
combat food insecurity by enhancing income options, food storage fa
cilities and farming methods that increase food production and improve 
agricultural productivity. Nevertheless, forests are likely to remain 
important for food security for rural households in Shinyanga Region for 
a long time to come, and the region’s forests need to be conserved to 
ensure the continued well-being of the households that depend on them.
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