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Abstract

Land degradation due to use of unsustainable agricultural practices has af-
fected many communities in rural mountain areas rendering them to be more
vulnerable to income poverty and inequality. In this case, agroforestry sys-
tems promise to offer great solutions as they can be developed in unfavour-
able conditions where other production systems would either rapidly degrade
the land or otherwise would not be possible. However, little is known whether
agroforestry can address issues of income inequality in mountain areas.
Hence, we conducted a study to investigate the nature and determinants of
income inequality in Uluguru Mountains, Tanzania. Specifically, we used the
cross-sectional research design and we calculated the income percentile
shares, Gini coefficients and the coefficient of variation (CV), to pinpoint the
nature of income inequality in the study area. The determinants of income
inequality were analysed using the step by step multiple linear model. The
results of analysis suggested prevalence of income inequality. Crop produc-
tion was the main source of income in the agroforestry systems of the study
area. Earnings from crops and timber were decreasing income-inequality
amongst smallholder farmers. Our disaggregated analysis showed that off-
farm income was also decreasing income-inequality for farmers with farm-
lands located close to homestead, for female-headed households, for farmers
who did not access extension services, and those who were members of com-
munity-based financial institutions. Estimated incomes increased with house-
hold assets, size of farmland, and age of household head. However, the same
decreased with household size. We found gender disparity to be one of the
key issues that need attention in formulating future policies to reduce ine-
quality. We recommend promotion of livelihood diversification as well as the
designing and implementation of tailor-made training and farm financing
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mechanism to help the less resource-endowed farmers in mountain areas to
raise their economic portfolios and social status and combat income poverty
and inequality.

Keywords

Uluguru Mountains, Mountain Areas, Income Inequality, Income Percentile
Shares, Coefficient of Variation, Step by Step Multiple Linear Regression

1. Introduction

Land degradation due to use of unsustainable agricultural practices has affected
many communities in rural mountain areas. The available evidence from the
study by Salvati (2014) for example, shows that rural communities in inland,
mountainous districts of Italy were particularly exposed to the extensive phe-
nomena of land degradation and abandonment caused by bourgeoning human
populations. Elsewhere, in the Bolivian mountain valley of north Chuquisaca,
the study by Kessler and Stroosnijder (2006) also provides similar evidence of
soil degradation which caused dwindling availability of water and nutrient re-
sources. They stressed the need for urgent integrated action with regard to soil
and water conservation. More interesting is perhaps the argument that popula-
tion growth in mountain areas can lead to land degradation or enhancement or
aspects of all (Templeton & Scherr, 1996). In their paper, Templeton and Scherr
(1996) conclude that increases in the labour-land endowment ratios of house-
holds and local land demand and labour supply increase the opportunity cost of
land relative to labour, consequently, people use mountainous land resources
more intensively for production and consumption, thus tending to deplete re-
sources and significantly alter habitats. Yet, capital- and labour-intensive meth-
ods of replenishing or improving soil productivity may become economically
more important and attractive, especially when production systems promise
greater returns than that from the systems which degrade the land (ibid). Agro-
forestry is one of these systems. It entails a range of land-use and farming sys-
tems which involve the deliberate growing of woody perennials (trees, shrubs,
palms, etc.) on the same land-management units as agricultural crops and or
animals, in some form of spatial arrangement or temporal sequence (Reyes et al.,
2005; Sharma et al., 2017). Agroforestry has huge potential to control land de-
grading and reduce vulnerability to poverty in mountain areas. It can help rural
farmers in these areas to diversify and sustain production for increased social,
economic and environmental benefits. In particular, agroforestry is crucial to
smallholder farmers in mountain areas because it can enhance their food supply,
income and health (FAO, 2013).

Agroforestry systems offer great solutions as they can be developed in unfa-
vourable conditions where production would either rapidly degrade the land or

otherwise would not be possible (Masebo & Menamo, 2016). They have the po-

DOI: 10.4236/0jf.2021.113017

255 Open Journal of Forestry


https://doi.org/10.4236/ojf.2021.113017

R. M. J. Kadigi

tential to mitigate land degradation problems through both the service and pro-
duction functions played by the different components of agroforestry. They can
check soil erosion to some extent, increase soil fertility, reduce salinity; alkalin-
ity, acidity, and desertification, ultimately improve soil health which keeps the
land suitable for the sustainable production of diversified products (Sharma et
al., 2017). According to Sharma et al. (2017), agroforestry-related practices, such
as, the use of multi-purpose tree species, relay-cropping, terracing and contour
cultivation, soil and stone bunds, strip as well as alley cropping are appropriate
to fulfil the needs of low-resource farmers by restoring and increasing land pro-
ductivity (Sharma et al., 2017). In fact, the mainstream literature on mountain-
ous agroforestry farming systems tends to support the assertion that agroforestry
could ameliorate the living conditions of the local population and protect the
natural reserves from human disturbance (Reyes et al., 2005; Kirui, 2016). Else-
where in Tanzania, in the East Usambara Mountains, the study by Reyes et al.
(2005) for example, indicated that the households who practiced improved agro-
forestry systems obtained twice as much annual gross income compared with
their counterpart farmers who used traditional practices. They also found that
about 40% of farmers who practiced improved agroforestry were securing enough
food throughout the year, compared with only 18% for farmers who used tradi-
tional practices.

However, empirical evidence which shows the effect of agroforestry farming
systems on poverty and income inequality is lacking, at least in the context of
mountain areas. The evidence would help policy-makers and other stakeholders
to formulate suitable policies, plans and strategies to achieve sustainable devel-
opment in these areas. It should be noted here that, the levels of income-in-
equality in mountain areas may vary significantly between farming households,
farmland locations and farmers’ economic characteristics. To the best of our
understanding, these characteristics have not yet received adequate attention
among scholars as most studies attempted to evaluate income inequality in moun-
tain areas did not consider these. In addition, studies which disaggregate ine-
quality based on differences in household and farm characteristics such as, farm-
land location, gender, and access to extension, as well as membership to com-
munity-based financial institutions, like the Savings and Credit Co-operative So-
ciety (SACOS) and Village Community Bank (VICOBA), are lacking. Equally
important, much of the previous research on inequality uses time series or panel
data focusing on broader scales, such as national, regional and multinational
levels (e.g. Kata & Wosiek, 2020; Jaitiang et al., 2021). Studies which use cross-
sectional data while focusing on small scale sites and locations such as, hamlets,
villages and wards of mountain areas are lacking. Where the cross-sectional data
is applied, most researchers (e.g. Abebe, 2020; Ullah et al., 2020) have ignored
the effects of variation in household personal characteristics, farming character-
istics, economic characteristics as well as the existing transforming structures

and processes. In the Karakoram valleys of Pakistan, for example, Ullah et al.
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(2020) investigated the nexus between financial inclusion and improvement in
the living standards of mountain people, and reduction in economic poverty,
multidimensional poverty and income inequality using the Quasi Experimental
Designs, Foster, Greer and Thorbecke poverty measures, Alkire et al. methodol-
ogy, Gini Index and Quintile technique. In addition, they used a Logistic Regres-
sion technique to identify the major drivers of economic poverty, multidimen-
sional poverty and income inequality using non-disaggregated (pooled) cross-
sectional data. They found a positive synergy among inclusive finance and living
standards and a negative connection between financial inclusion and economic
poverty, multidimensional poverty as well as income inequality. Their results of
logistic regression showed that financial inclusion was a potential determinant of
economic poverty reduction though it was found to be an insignificant tool for
eradicating multidimensional poverty.

In Poland, Kata and Wosiek (2020) used time series data covering a period of
2004-2018 to investigate the redistributive effects of agricultural policy and the
importance of income inequalities among agricultural holdings for sustainable
agricultural development. They used the process of concentration of production
factors in this sector, as well as, the level of budget support using pooled data.
Specifically, they applied the Gini coefficient, concentration index, and multi-
variate regression analysis to establish a relationship between the processes of
income polarization in agriculture and the process of concentration of produc-
tion factor as well as the level of budget support. They found that the process of
the concentration of land and capital led to an increase in income inequalities
and the budgetary expenditure directed to the sector (in the form of subsidies
supporting farmer incomes) was not able to reverse the process of income po-
larization, but mitigated the growing inequalities by reducing the scale of income
spreads.

In the Mueang District area of Nan Province in Northern Thailand, Jaitiang et
al. (2021) have investigated inequalities in the distribution of estimated income
among urban farmers using the Lorenz curves and Gini indices. They used re-
gional raw data which had an intricate design and construct gathered during a
survey that was conducted annually by the Department of Agricultural Exten-
sion in Thailand. They estimated farmers’ incomes and identified the determi-
nants of farm income diversification in each sub-district using the Tobit model.
Their results showed that urban farmers had high inequality scores, and there
was a wide range of income inequality among farmers. They found ownership,
land entitlement, and farmland size to be positively influencing farmers’ esti-
mated income. Rice farming was significantly raising income disparity, while
maize cultivation was negatively affected. El Benni and Finger (2013) used time
series and panel data to analyse the development of income inequality in Swiss
agriculture for the valley, hill and mountain regions using time series data for
the period 1990-2009. Their results show that, while household income inequal-
ity remained stable, farm income inequality increased during this period. Their
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estimates of Gini elasticities suggested that household income inequality was
reduced by off-farm income and direct payments but it was increased by market
income. They recommend that agricultural policies should opt for measures that
comply with regional requirements, as current direct payments cannot avoid
income inequality among farmers.

As such, rigorous studies that investigate the nature and causes of income
inequality in mountain areas by considering the variations in personal charac-
teristics, farming characteristics and some key transforming structures remain
an important gap in the literature, which we address in this paper using the case
of Uluguru Mountain in Tanzania. Specifically, we use the cross-sectional re-
search design, income percentile shares, Gini coefficient and Lorenz curves, as
well as, the coefficient of variation (CV), to investigate the nature of income
inequality in the study area using both pooled and disaggregated data. We esti-
mate farmers’ income by applying the step by step multiple linear regression
which helps to determine the factors that influenced income inequality in the

study area.

2. Theoretical and Conceptual Frameworks

2.1. Theoretical Framework

The studies of unequal distribution of income or income inequality among dif-
ferent sections or groups of the society are mainly guided by two principal theo-
ries namely; the theory of personal or size distribution of income and the theory
of functional or distributive factor share distribution of income (Bastos et al.,
2009; Todaro & Smith, 2012). The first theory (theory of personal or size distri-
bution of income) is the most commonly used by income inequality analysts. It
simply deals with individual persons or households and the total incomes they
receive. Often, the way in which that income was received is not considered
(ibid). What matters in this regard is how much each earns irrespective of
whether the income was derived solely from a single source or came also from
other sources income (Todaro & Smith, 2012). Economists and statisticians there-
fore, like to arrange all individuals by ascending personal incomes and then di-
vide the total population into distinct groups, or sizes. A common method is to
divide the population into successive quintiles (fifths) or deciles (tenths) ac-
cording to ascending income levels and then determine what proportion of the
total income is received by each income group. In this case, income inequality is
commonly measured as the ratio of the incomes received by the top 20% and
bottom 40% of the population. This ratio is sometimes dubbed a Kuznets ratio,
after the Nobel laureate Simon Kuznets. It has often been used as a measure of
the degree of inequality between high- and low-income groups. Another com-
mon way to analyse personal income statistics is to construct a Lorenz curve (i.e.
a graph depicting the variance of the size distribution of income from perfect
equality). The Gini coefficient or Gini index (G) is another commonly used

measure of the relative degree of income inequality (Ahearn et al., 1985; Adams,
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1994; Keeney, 2000; Fang & Rizzo, 2011; Li et al.,, 2011; Ciliberti & Frascarelli,
2018; Jaitiang et al., 2021). There are various formulas that are used to calculate
the Gini coefficient. An example of these is presented in Equation (1) (Jaitiang et
al,, 2021).

Yi _yj| (1)

where, 7 represents the unit within a population of size n, y represents the farm
income of a farmer, and jis the total sum index.

The difference between Gini index (G) and Gini coefficient needs to be noted
here. The former (G), is the Gini coefficient expressed as a percentage, and is
equal to the Gini coefficient multiplied by 100. The Gini coefficient is equal to
half of the relative mean difference. In the context of the Lorenz curve diagram,
the Gini coefficient is defined as a ratio of the areas on this diagram. If the area
between the line of perfect equality and Lorenz curve is A, and the area under
the Lorenz curve is B, then the Gini coefficient is A/(A + B). Since A + B= 0.5,
the Gini coefficient, G=2A4 = 1 — 2B. Gini is therefore defined as the arithmetic
mean of the absolute values of differences between all pairs of incomes and it can

also be expressed as in Equation (2) (Sen, 1997).
1 2
G=1+ = o [y +2y, +--+ny,] ()

for y, >y, >---2y,, where |I is the mean income. McDonald et al. (2005),
following Stuart (1954) define the Gini coefficient in terms of covariances as ex-

pressed in Equation (3).

G- 2cov(y,F(y))
u

3)

where, y and [l are as defined in the previous equations, and F(y) is the
cumulative density function of income.

Other approaches related to linearization methods for estimating the standard
error of the Gini estimator are based on the influence function of the Gini index
(Cowell & Victoria-Feser, 2003; Langel & Till¢, 2013; Giorgi & Gigliarano, 2017)
and on estimating equations (Kovacevic & Yung, 1997). Linearization techniques
are aimed to obtain the asymptotic distribution of the Gini index (Hoeffding,
1992). Alternatively, estimation of the variance of the Gini coefficient can be
based on re-sampling methods, such as the bootstrap technique (Mills & Zand-
vakili, 1997; Biewen, 2000; Palmitesta et al., 2000; Biewen; 2002). Most of these
papers recommend the use of bootstrap rather than the asymptotic methods es-
pecially in applications where the sample size is not large. Several authors have
also recommended the use of JRR technique to estimate a standard error for the
Gini coefficient. By applying the JRR approach, it is possible to get less biased es-
timates than those obtained with traditional methods (Schechtman, 1991; Yitz-
haki, 1991; Ogwang, 2000; Giorgi & Gigliarano, 2017). The use of Gini decom-

position together with the concentration curve is also becoming popular in in-
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come-inequality studies. For example, a recent work by Nitta et al. (2020) uses
Gini decomposition and concentration curve to investigate the income-equaliz-
ing effect of direct payments on rice income in Japan. The study indicates that
the direct payments in Japan were highly concentrated but they nevertheless re-
duced rice income inequality. The findings also show that the equalizing effect of
direct payments was less than that in other countries because the Japanese
payments were linked to participation in an acreage reduction program and
were not fully decoupled. To pursue greater income equality, the study by Nitta
et al. (2020) recommend policymakers to decouple the payments and introduce
mechanisms to decrease or limit the amount of support to the largest beneficiar-
ies.

The Coefficient of variation (CV) of incomes is also widely used as a measure
of the degree of income inequality. It is one of the statistical parameters that
measure the diversification of characteristics distribution, which, in contrast to
the standard deviation (determining the non-relative diversification of a charac-
teristic), is a relative measure, dependent upon the arithmetic mean value (Bedeian
& Mossholder, 2000). The variance of a stochastic variable is estimated using the
deviation from the mean. Instead of using the absolute differences, these devia-
tions are squared. This has the result of accentuating the deviations that are fur-
ther away from the mean (Sen, 1997). The standard deviation is simply defined
as the square root of the variance. The latter can be estimated using the follow-
ing formula given in Equation (4):

n
Vel @
iz

From an inequality analysis point of view, an attractive feature of the variance
(or standard deviation) is that any transfer from a poorer person to a richer per-
son, ceteris paribus, will increase the variance and hence the inequality, thus sat-
isfying the Pigou-Dalton principle for inequality measures (Sen, 1997). However,
the variance depends on the mean income, and one distribution may show a
greater relative variation but have a lower variance if it has a smaller mean. The
variance is also not independent of the income scale. If all incomes are doubled,
the variance quadruples, thus violating the income scale independence axiom.
This is perhaps an “undesirable property” (see Litchfield, 1999). CV counters
this problem by concentrating on the relative variation. It is simply defined as
the standard deviation divided by the mean (Equation (5)). This inequality meas-
ure is a member of the Generalised Entropy measures. CV has the property that
it attaches equal weights to transfers at different levels of income. If a household
with income ytransfers some of its income to another with income (y—-d), the

impact is the same whatever the level of y(Sen, 1997).

W

CV=—- (5)
n

The second theory, theory of functional or factor share distribution of income,

attempts to explain the share of total national income that each of the factors of
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production (land, labour, and capital) receives (Francese & Mulas-Granados,
2015). Instead of looking at individuals as separate entities, the theory of func-
tional income distribution makes reference to the percentage that labour receives
as a whole and compares this with the percentages of total income distributed in
the form of rent, interest, and profit (i.e., the returns to land and financial and
physical capital) (ibid). Although specific individuals may receive income from
all these sources, that is not a matter of concern for the functional approach
(ibid). The theory attempts to explain the income of a factor of production by
the contribution that this factor makes to production assuming that supply and
demand curves determine the unit prices of each productive factor. When these
unit prices are multiplied by quantities employed on the assumption of efficient
(minimum-cost) factor utilization, then a measure of the total payment to each
factor is obtained. For example, the supply of and demand for labour are as-
sumed to determine its market wage. When this wage is multiplied by the total
level of employment, a measure of total wage payments, also sometimes called
the total wage bill, is obtained. It is a neat and logical theory in that each and
every factor gets paid only in accordance with what it contributes to national
output, no more and no less. This model of income distribution is at the core of
the Lewis theory of modern-sector growth based on the reinvestment of rising
capitalist profits (Pélabon et al., 2020). Unfortunately, the relevance of the func-
tional theory is greatly diminished by its failure to take into account the impor-
tant role and influence of nonmarket forces such as power in determining these
factor prices (Park et al., 2021).

In general, new approaches are emerging to make the results of income ine-
quality analysis more meaningful. Park et al. (2021) for example, have proposed
a new framework for measuring income inequality based on the unequally dis-
tributed (UD) incomes that are obtained by removing the equally distributed
parts from incomes. They then derive the normalized norm indexes from the
cumulative distribution function and the un-scaled Lorenz curve of the UD in-
comes. Using the example of income distributions and the Luxembourg Income
Study datasets, Park et al. (2021) show that, the normalized norm indexes evalu-
ated income inequality appropriately and solved the negative income problem.
Elsewhere in the Mediterranean countries, Benedetti et al. (2020) provide point
and variance estimates of two widely used income-poverty indicators, belonging
to the class of the Foster-Greer-Thorbecke (FGT), and two widely used income-
inequality indicators. They analyse the spatial distribution of poverty by con-
structing maps at territorial level. Their estimation results revealed that national
poverty indicators hide a high heterogeneity of poverty across regions within
each country. They adopted the Jackknife replication method because of its
convenient properties and they found that the uncertainty measure was influ-
enced by the reduced number of sampling units in each region. It should be
noted here that, the FGT class is preferred by some researchers for having cer-
tain advantages, including its simple structure based on powers of normalized

shortfalls, which facilitate communication with policymakers (Foster et al., 2010).
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Internal
Factors

Its axiomatic properties are also viewed as sound and include the helpful proper-
ties of additive decomposability and subgroup consistency, which allow poverty

to be evaluated across population subgroups in a coherent way (ibid).

2.2. Conceptual Framework

We constructed a conceptual framework (Figure 1) which shows that income
inequality and poverty in mountain areas, is a result of an array of both internal
and external factors. These factors vary depending on the nature and source of
inequality, such as, inequality in earnings of the working population, inequality

in earnings of the total population, as well as, household income inequality before

w
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Figure 1. Conceptual framework for the causes and nature of income inequality and poverty in mountain areas.
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and after redistribution, just to mention a few. Our framework shows that the
nature and level of income inequality is determined by four major characteristics
or forces namely; the household personal characteristics (e.g. age and sex of house-
hold head, education, household size, dependency ratio and type of household if
extended family or otherwise); farming characteristics (e.g. farmland size and loca-
tion); economic characteristics (e.g. access to credits, asset ownership, GDP per
capita, globalisation, types of technology used etc.); and existing transforming
structures and processes (e.g. public and private institutions, laws, policies, plans,
culture, provision of extension services, information and training, as well as, in-
teraction and social space in the community). Macro-economic characteristics
impact income inequality through economic growth (Kenworthy, 2011) as well
as, globalisation and technological change (Katz & Autor, 1999). Just as impor-
tant, age and dependency ratios can strongly impact labour supply and therefore
earnings from labour. Demographic factors can impact income redistribution
which in turn can affect demographic characteristics: for example, low income
redistribution can lead to the formation of extended families as an alternative
protection to poverty risks (see Bergh, 2005 for a detailed discussion on the im-
pact of redistribution). In the mountain areas context, we view income inequal-
ity as socially undesirable for three major reasons. Firstly, it affects the capacity
of less resource-endowed farmers to produce enough food for their families mak-
ing them more vulnerable to hunger and poverty. Secondly, it deteriorates not
only the farmers’ welfare but also the land resources and agro-ecologies of moun-
tain areas leading to increased loss of biodiversity. Thirdly, it is a major cause of
unsustainable use of mountain natural resource base which in turn accelerates
more income poverty and inequality in mountain areas (Kirui, 2016).

It is important to add that, the overall debate on the relationship between
inequality and economic growth seems to be quite polarized in the literature. On
one hand, there are scholars who argue that increases in inequality lead to lower
growth levels (see Galor & Zeira, 1993; Alesina & Rodrik, 1994; Alesina & Pe-
rotti, 1996; Benabou, 1996). Alesina and Rodrik (1994) for example, show that
taxation and redistributive government expenditures have negative effects on
capital accumulation, and therefore, they are negatively correlated with growth.
Using the socio-political instability approach, Alesina and Perotti (1996) argue
that individuals within highly unequal societies have incentives to engage in ac-
tivities such as crime that may destabilize the society. This approach also sug-
gests an inverse relationship between growth and income inequality. On the
other hand, some scholars suggest a positive association between inequality and
growth (Kaldor & Kaldor 1960; Mirrlees, 1971; Bourguignon, 1981; Forbes, 2000).
Kaldor and Kaldor (1960) for example, argue that the marginal propensity to
save of poor people is smaller than that of rich people. Then, if the saving rate is
positively associated with investment rate, and investment affects the growth
positively, the more unequal an economy is the faster it would grow. Mirrlees

(1971) also affirms that, pay compression structures that do not compensate for
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merit would lead societies to be more equal. Yet, they would also have an inverse
effect on individuals’ incentives, which are the decisive factors behind outstanding
achievements. Elsewhere, Bourguignon (1981) used a convex saving function to
show that the initial distribution has positive effects on the aggregate output. In
other words, the higher the initial distribution is, the higher the aggregate output
would be. Investment indivisibilities, is another argument that is used to show
the positive relationship between inequality and growth. Since a large amount of
money is needed for any new investment, and in the presence of ineffective
capital market that prevents pooling resources by small investors, wealth con-
centration would be the result that can lead to a faster growth. However, it is
worth noting that, some studies have indicated both negative and positive rela-
tionships (Castells-Quintana & Royuela, 2014; Neves & Silva, 2014; Griindler &
Scheuermeyer, 2015; Henderson et al., 2015; Kennedy et al., 2017; Barro, 2000;
Naguib, 2017). Barro (2000) for example, found a positive relationship between
growth and inequality for rich societies, but a negative relationship for poor so-

cieties.

3. Study Area and Methodology
3.1. Study Area

The study was conducted in Uluguru Mountains covering fourteen hamlets
(Figure 2) in the wards of Mlimani and Luhungo (Morogoro Municipality), and
Mzumbe (Mvomero district) in Morogoro, Tanzania. Located at altitudes of be-
tween 650 and 1400 metres above sea level, the study hamlets falls within the

mountains’ range. Geologists classify a mountain as a landform that rises at least
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Figure 2. Map showing the location of the study area and major land uses.
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300 meters or more above its surrounding (National Geographic Website, n.d.).
The Uluguru Mountains run approximately north-south with altitudes of up to
2630 metres above sea level at their highest point (EAMCSEF website, n.d) and
their range contains a nature reserve which constitutes the Uluguru North,
Uluguru Soutn and Bunduki Forest Reserves. About fifty villages border the
Uruguru Forestry Reserve with population of over 151,000 found within the
mountain area (ibid). Though harbour many endemic flora and fauna species,
the Uluguru Mountains, as for other mountain areas in the world, are generally
vulnerable to many natural and anthropogenic threats, including frequent fires,
land cover change and agricultural intensification, just to mention a few.

The vegetation of the area is extremely variable ranging from drier lowland
coastal forest to transitional rainforests, sub-montane, montane and upper mon-
tane forest types, as well as the afromontane grasslands on the Lukwangule pla-
teau. All these ecosystems are rich in endemic species making them of high con-
servation priority. However, land degradation in the area is rampant due to ex-
istence of unsustainable anthropologic activities (Yanda & Munishi, 2007; Wil-
liam, 2010; Harrison & Mdee, 2017; Massawe et al., 2019). The mountains also
serve as a water catchment and water source for populations living downstream
in Morogoro rural and Municipality as well as other residents in the Dar es Sa-
laam City and the Ruvu/Wami River Catchments. Thus, we purposefully se-
lected the study area not only for its importance as a water catchment, but also as
an enormous biodiversity hotspot which is encountered by the challenge of in-

creasing human activities that threaten biodiversity and environmental integrity.

3.2. Sampling and Data Collection

The study used the multi-stage sampling procedure to select the study villages
and sample households. In the first stage, fourteen hamlets were selected deci-
sively based on their participation in the previous agroforestry related projects.
In the second stage, households were stratified into strata according to wealth
ranks assigned by UMPWSP (WCST, 2010). This ranking exercise eventually
resulted in five types of wealth groups namely “very rich”, “rich” “medium”,
“poor” and “very poor”. The “very rich” and “rich” households were relatively a
small group, covering only about 13% of the total households. They were food
secure all year round and had a fairly secure livelihood base. The “medium”
wealth class constituted about 35% of the households, with a smaller base of as-
sets to draw on, but the majority of the households in this class were still food
secure all year round. The “poor” and “very poor” households (combined to-
gether) made up more than half of the total households (52%). The third stage
entailed the selection of sample households from each stratum using the propor-
tionate probability sampling procedure. The purpose of using wealth ranks,
apart from understanding the perceptions of communities in the study area about
poverty and wealth gained from the wealth ranking exercise, was to ensure that

the sample drawn and quantitative analyses represent the full range of livelihood
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circumstances in the study area, rather than being accidentally clustered around
the mode of range. The distribution of sample size by hamlets is given in Table
1.

The study used both primary and secondary data. Prior to commencement
of fieldwork, we hired six enumerators to assist during data collection. These
were trained on how to administer questionnaires and use other research tools
(checklists and guidelines). They were also reminded about the research ethics
they should comply with. The actual fieldwork started with a reconnaissance
survey to get an overview and understanding of the study area and applicability
of the questionnaire. During the reconnaissance survey the household question-
naire was pre-test to a small number of respondents before the actual fieldwork
to check for their relevance to the study area and objectives. This was followed
by the main survey which used different research tools and techniques, including
structured questionnaires, interviews with key informants (selected based on
their involvement in agroforestry-related initiatives) and Focus Group Discus-
sions (FGDs).

The FGDs were attended by at least 10 participants per village representing
different socioeconomic groups that existed in the area, including the rich, poor,
youth and women, men, abled and disabled people. In addition, direct observa-
tion served as a complementary tool. In selecting the key informants for inter-
view the snowball technique was used. The technique is particularly suitable
when the population of interest is hard to reach and compiling a list of the
population poses difficulties for the researcher (Etikan et al., 2016). It begins
with a convenience number of initial subject which serves as “seeds,” through
which wave 1 subject is identified; wave 1 subject, in turn, identifies wave 2 sub-

jects; and the number of interviewees consequently expands wave by wave-like a

Table 1. Distribution of sample sizes by sample hamlets.

Hamlets Households Sample size* %
Tangeni village (5 hamlets) 1030 66 32.8
Kilala 85 12 6.0
Mundu 145 15 7.5
Mambani 152 21 10.4
Kivaza 167 21 10.4
Mbete 22 9 4.5
Ruvuma 72 15 7.5
Choma 210 21 10.4
Kisosa 84 12 6.0
Tulo 42 9 4.5
TOTAL 2009 201 100

*The total sample size used in the final analysis (after data cleaning and removal of outliers) was 154 house-
holds.
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snowball growing in size as it rolls down a hill (Heckathorn, 2015).

3.3. Data Processing and Analysis

The results of qualitative analysis poverty using the wealth ranking results were
complemented with quantitative analysis of income inequality and drivers of in-
come inequality using the Gini coefficient and Lorenz curves, as well as, the co-
efficient of variation (CV) measure adapted from Adams (1994). The percentile
shares quantify the proportions of total outcome (for example, of total income)
that go to different groups defined in terms of their relative ranks in the distri-
bution (ibid). The approach provides more details about the processes that cause
the various distribution changes which may either increase or decrease the Gini
coefficient (Akee et al., 2017). The percentile shares approach is more useful in
cases where time series data is used but it also compliments the analysis of in-
come inequality using cross-sectional data. The approach addresses the inter-
pretation limitation inherent in specific values of the Gini coefficient (i.e., apart
from the minimum and the maximum, these specific values of these Gini coeffi-
cient are difficult to interpret in an absolute sense) (Jann, 2016).

Our analysis of income inequality using percentile shares followed the approach
presented by Jann (2016). The approach is also applied by many other scholars, in-
cluding Atkinson et al. (2011); Piketty & Saez (2014), and Piketty (2014). Accord-
ing to Jann (2016), a percentile share S =(p;, p,), with S =(p,, p,) is equal to
the proportion of total outcome falls into the quantile interval (QpllQpZ) or,
put differently, the proportion of total outcome relating to the population seg-
ment from relative rank p, to relative rank p, in the list of ordered outcomes.
This is equal to the difference between the Lorenz ordinates for p, and p, as

expressed in Equation (6).
S=(pup,)=L(p)-L(P) ()

In the finite population, Equation (6) can be rewritten as in Equation (7).
N

N N
;Yi IYi <Qp, ;Yi IYi <Qp ;Yi (Ivi <Qp, IYi <Qp )
S(pl’p2): ~ 7 == N

YV D >V,

i=1 i=1 i=1

(7)

In a simplified notation, we can rewrite Equation (7) by equating S (j to
S(P,4 P ),and s(p) to [S,S,--S,], the 1¥k vector of a disjunctive and
exhaustive set of percentile shares across the domain of p using cut-offs
P=[Po Py P with p,,<p, forall £=0,---,k and p,=0,and p,=1.
We then used the Lorenze curve and Gini index to measure income inequality
among households using the per capita income (PCI), comulative percent of
household size and cumulative percent of PCI.

As mentioned earlier, the Gini index is a widely used and favoured measure of
income inequality over other alternatives because this index can be applied to
both time series and cross-sectional data simultaneously (Sen, 1999; Todaro &
Smith, 2012). The value of the Gini Index ranges from 0 to 1. With the value 1,
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the Gini coefficient represents perfect unequal distribution of income, while with
the value 0, it represents perfect equality of income (Bastos et al., 2009). Links
with the Lorenz curve make the Gini coefficient an attractive statistic for the de-
composition by income components, as the Lorenz curve graphically represents
the Gini coefficient. The concentration coefficient of each income component
with respect to total income is obtained from a concentration curve (Pyatt et al.,
1980; Nitta et al., 2020). However, it should be noted here that, the Gini coeffi-
cient (or concentration coefficient) cannot be used to rank distributions if the
Lorenz curves (or concentration curves) intersect. It fails the decomposability
axiom if the sub-vectors of income overlap. According to Litchfield (1999), there
are alternative ways to decompose the Gini, however the component terms of
total inequality are not always intuitively or mathematically appealing. Notwith-
standing this concern the Gini coefficient still remains a popular inequality
measure of total inequality and as a decomposable measure.

Using the CV approach, we decomposed the total household incomes into three
major categories of income namely; income from crops, income from timber
products (TPs), and income from off-farm activities (including, transfers, wages,
salaries, retailing as well as the sale of non-farm products and other non-farm
incomes). We purposefully used CV to pinpoint the contribution of these three
categories of income sources to total income inequality. This is useful because
conventionally, most studies have often attempted to evaluate the distributional
impact of certain types of income by merely comparing the size of distribution
of that particular income with that of the total rural income as a whole. Because
it neglects the twin issues of income weights and covariance between income
sources, any approach, which solely compares the size distribution of one par-
ticular income with that of total income, is likely to arrive at erroneous conclu-
sions regarding the distributional impact of that particular income (Adams,
1994; Birthal & Singh, 1995). Corresponding to the CV, we applied the decom-

position formula presented in Equation (8).

Hi
W.C =W =—,
Z ivi i 0 (8)

G =pi [(Si /u )/(S/M)}

where, wC, is the factor inequality weight of the th source in overall inequal-

ity, ; is the mean income from the i-th source, ¢; is the relative concentra-

I
tion coefficient of the i-th source in overall inequality, p; is the correlation co-
efficient between the i-th source and the total income, and §, is the covariance
involving the /-th income source. We define the mean income, | as:

1 n

2V )
n

i=1

“':

where, Y, is the series of income from the /-th source, and n is the sample size.
We estimated total household income using the step by step multiple linear

regression model (Lovell & Prescott, 1970) as expressed in Equation (10).
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y =B, +BVHA+B,SFL + B,AHH +B,HHS +¢ (10)

where y~ is the dependent variable (estimated income); B, is the regression
coefficient of the i-th independent variable; The varable “ VHA” represents the
total value of household assets; “SFL” represents the size of farmland in acres,
“AHH’ represents the age of the hosehold head; “HHS” is the household size;
and € is the error term.

The incomes were estimated for both pooled and disaggregated samples. The
disaggregation was done based on selected personal household characteristics
(specifically the gender of hosehold head), farming characteristics (farmland lo-
cation), as well as, transforming structures and processes (access to extension ser-
vices and membership to community-based financial institutions such as SACCOS
and VICOBA).

4. Results and Discussion

4.1. Descriptive Statistics and Income Percentile Shares

The descriptive statistics and results of income percentile shares for the pooled
sample (N = 154) are summarised in Table 2 and Table 3 respectively. The

Table 2. Descriptive statistics for household income (TZS) (pooled sample, N= 154).

Statistic Std. Error
Mean 1,478,394.27 159,023.57
Lower Bound 1,164,228.84
95% CI for Mean
Upper Bound 1,792,559.70
5% Trimmed Mean 1,195,652.20
Median 814,609.00
Variance 3,894,428,529,082.80
Std. Deviation 1,973,430.65
Minimum 50,877.50
Maximum 16,100,000.00
Range 16,028,672.50
Interquartile Range 1,761,423.50
Skewness 3.66 0.20
Kurtosis 20.38 0.39
Table 3. Household income percentiles for pooled sample (N = 154).
Percentiles
5 10 25 50 75 90 95

Pooled sample (N = 154)

Weighted Average 107,516 131,289 229,686 814,609 1,991,109 3,342,022 5,448,219

Tukey’s Hinges 230,718 814,609 1,964,077
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income percentile shares for disaggregated samples are presented in Appendix
1. Our findings show that, the mean income and media for the pooled sample
were TZS 1,478,394 (USD 637.65) and TZS 814,609 (USD 351.35) respectively.
The interquartile range (IQR), also called the mid-spread, middle 50%, or
H-spread was TZS 1,761,424 (759.73). IQR is a measure of statistical dispersion
and is equal to the difference between 75% and 25% percentiles, or between upper
and lower quartiles. Put different, the IQR is the first quartile subtracted from
the third quartile. It is a trimmed estimator, defined as the 25% trimmed range,
and is a commonly used robust measure of scale. It is a measure of variability,
based on dividing a data set into quartiles. Quartiles divide a rank-ordered data
set into four equal parts. The values that separate these parts are called the first
quartile (Q1), second quartile (Q2), and the third quartile (Q3).

Our results (Table 3), indicate that 50% of the sample households in the
study area had incomes of less than the mean income (i.e. TZS 814,609 or USD
351.35). About 90% of the households had incomes of less than TZS 3,342,022
(USD 1441.46) and only 10% had income higher than this. These results suggest
existence of income inequality in the study area. At the 50 percentile, the mean
incomes for disaggregated analysis (Appendix 1) were the highest for farmers
with farmland located far from homestead (TZS 2,449,922 equivalent to USD
970.42), followed by those of farmers who accessed extension services during the
past two years (TZ 1,911,268 or USD 824.36) and farmers who were members of
community-based financial institutions (TZS 1,682,776 or USD 725.80). The
mean incomes were the lowest for female-headed households (TZS 478,123,
equivalent to USD 206.22), followed by farmers who did not access extension
services (TZS 576,018 or USD 248.44), and farmers with farmland located close
to homestead (TZS 582,370 or USD 251.18).

Farmlands located far from homestead were mostly found along the footsteps
of the mountains or lowland areas where landholdings were relatively larger al-
lowing for more intensification and crop revenues than the farmlands located in
the upper gradients. This relationship is common in mountain areas. Mountain
areas are considered as less favoured due to difficulties caused by short growing
seasons, steep slopes at lower altitudes, or by a combination of the two (Council
of the European Union, 2013, cited in Klima et al., 2020). Land holdings in high
altitudes of mountain areas are limiting the scale of economic activities performed
by farmers to increase farm income. Doucha et al. (2012), for example showed
that, farmers in in Czech less favoured areas could rarely grow permanent pas-
ture along with extensive cattle breeding or undertake any additional non-agri-
cultural activities on farm (Kata, 2009). In fact, Kata (2009) confirmed decreas-
ing value of income from operational farm activity toward higher altitude. In
this circumstance, farm incomes may remain insufficient for smallholder farm-
ers to undertake a profitable agricultural production. The influence of altitudinal
variation on crop production and animal husbandry is also reported by Zhang et

al. (2021) who investigated the response of altitudinal vegetation belts of the
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Tianshan Mountains of north-western China. They indicate that residents used
the natural advantage of this area (i.e. the rich grassland resources due to its
unique climatic conditions) to develop animal husbandry. However, the changes
in the montane steppe belt were seen to greatly affect the scale of animal hus-
bandry and the income of herdsmen (ibid). To address the challenges of agricul-
tural production in mountain areas, farmers who are relatively better-off, tend to

move along an altitude gradient—to the lowlands (Klima et al., 2020).

4.2. Income Inequality Using Gini Coefficient and Lorenz Curve

The results of analysis of income inequality using the Gini index and Lorenz
curves for income distribution are shown in Table 4 and Figure 3 respectively.
The Gini coefficient for the pooled sample was 0.97. The analysis of income data
disaggregated by farmland location, gender of household head, access to exten-
sion services, and membership to community-based financial institutions, re-
vealed that the latter (i.e. membership to community-based financial institu-
tions) had the most equalizing effect on income. The Gini coefficient for farmers
who were not members of any community-based was 0.77 implying that non-
membership to these institutions had a more inequalising effect on income. Im-
portantly, income inequality was the highest among farmers with farmland lo-
cated far from homestead (0.99). Overall, these findings support the argument
that the size of households, access to extension service, credit access, and mem-
bership to social groups determine income distribution (Ogundipe, et al., 2019).
Unexpectedly however, income inequality among farmers who accessed exten-
sion services was higher (G = 0.99) than that of their counterpart farmers who
did not access the services (G = 0.94). We attribute this to variations in personal
household characteristics (especially, age of the household head), and economic
characteristics (size of farmland and value of asset) as indicated in our results of
coefficients for the independent multiple linear regression models presented in

Appendix 3. The coefficients for age of household, size of farmed land, and value

Table 4. Values of Gini coefficients.

Gini Lorenz Curve

Variable (G (in Figure 3)
Pooled sample (N = 154) 0.97 a)
Farmers with farmland located close to homestead (V= 105) 0.98 b)
Farmers with farmland located far from homestead (V= 49) 0.99 c)
Female-headed households (N = 36) 0.94 d)
Male-headed households (N=118) 0.97 e)
Farmers without access to extension services for the past 2 years (N = 90) 0.94 f)
Farmers with access to extension services for the past 2 years (N = 64) 0.99 g)
Farmers without membership to SACCOS/VICOBA (N =111) 0.77 h)
Farmers with membership to SACCOS/VICOBA (N = 43) 0.00 i)
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Figure 3. Lorenz curves for income distributions in Uluguru Mountains.

of household assets in the model of farmers who accessed extension services sta-
tistically significantly determined household income with p-values of 0.001, 0.007,
and 0.000 respectively.

4.3. Income Inequality Using Coeffient of Variation (CV)

The results of analysis using CV for the pooled sample are presented in Table 5.
Crop production was the main source of income in the agroforestry systems of
the study area averaging at around TZS 1,101,401.60 (USD 475.05), followed by
timber products (TZS 203,517.97, equivalent to USD 87.70). The contribution
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Table 5. Results of income inequality for the pooled sample measured using CV (N =
154).

Parameter Crop income TPsincome Off-farm income Total income
18 1,101,401.57 203,517.97 173,474.73 1,478,394.27
wi= (/) 0.74 0.14 0.12
Corr(p;) = correl (yi y) 0.99 0.92 0.76
Sdev (o)) 1,419,060.66 266,455.56 431,969.26 1,973,430.65
¢ =p,*(c,/w)/(o/n) 0.95 0.90 1.42
WiCi 0.71 0.12 0.17 1.0

W> U = Mean income for i-th source and for total income; w; = (u/p) = Ratio of mean income from i-th
source to total mean income; Corr (p;) = Correlation coefficient of i-th source and total income; Sdev (o)) =
Covariance involving the ith source of income; ¢; = Relative concentration of /~th source of income in
overall inequality; wic;= Factor inequality weight of /-th source of income in overall inequality.

from non-farm activities (i.e other sources) was the lowest averaging at only TZS
173,474.73 (USD 74.84) but the major income-inequality increasing source with a
relative concentration in overall income which is greater than 1 (ie. ¢ =1.42).
Agroforestry production systems (crops and timber products, TPs) registered
relative concentration values which were slightly smaller than 1 (i.e. ¢; =0.95
and 0.90 respectively) which implies that these two categories of household earn-
ings were decreasing income-inequality among the smallholder farmers in the
study area.

These findings support the assertion that, compared to other farming sys-
tems, agroforestry plays an important role in enhancing livelihoods of farmers in
mountain areas (Neupane & Thapa, 2001; Hossain et al., 2005; Safa, 2005; Rah-
man et al., 2007; Rahman 2011; Hasanuzzaman et al., 2014; Kiyani et al., 2017;
Kadigi et al., 2021). In the Southern Province of Rwanda for example, Kiyani et
al. (2017) indicate significant income disparity between farmers who practised
agroforestry and those who did not practice it with mean annual income for the
former being significantly higher than that of the latter farmers. Elsewhere in the
Philippines and Nepal, Bugayong (2003) and Regmi (2003) also show similar
findings.

For disaggregated analysis (Appendix 2), crops were an income-inequality in-
creasing source for farmers with farmland located close to homestead
(¢, =1.33), farmers with farmland located far from homestead (¢, =1.32), and
female-headed households (¢, =1.40), and farmers who did not access extension
services (C; =1.05). Timber products (TPs) were income-inequality decreasing
sources for farmers with farmland located far from homestead (¢, =1.13 ), farmers
who did not access extension services (¢, =1.27) and farmers who were mem-
bers of community-based financial institutions (¢, =1.08 ). Other sources (non-
farm) were increasing income inequality for farmers with farmland located far
from homestead (¢, =2.83 ), male-headed households (¢, =1.55), farmers with

access to extension services (¢, =1.83), and farmers who were not members of
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community-based financial institutions (¢, =1.51). The remainder of disaggre-
gated inequality analysis results showed ¢; <1, implying that the respective items
were income-inequality decreasing sources. Crops for example, were decreasing
income-inequality for male-headed households (¢, =0.94), for farmers who ac-
cessed extension services (C, =0.91), and for both farmers who were not mem-
bers of community-based financial institutions (¢, =0.94 ), as well as, the farm-
ers who were members of these institutions (¢, =0.99 ). In addition, timber prod-
ucts constituted an income-inequality decreasing source among farmers with
farmland located close to homestead (¢, =0.76 ), for both female-headed house-
holds (0.00) and male-headed households (¢, =0.12 ), farmers who accessed ex-
tension services (C; =0.76), as well as, farmers who were members of commu-
nity-based financial institutions (¢, =0.94 ), and those who were not members
(¢, =0.94). Other sources (non-farm income generating activities) were decreas-
ing income-inequality among farmers with farmlands located close to homestead
(¢, =0.00 ), female-headed households (¢, =0.00 ), farmers who did not access
extension services (¢, =0.37 ), and farmers who were members of community-
based financial institutions (¢, =0.94 ). This suggested the need to promote di-
versification of income sources in less favoured mountain areas.

The benefits of diversification are extensively discussed in the literature (see
Ellis, 1998; Barrett et al., 2001; Lanjouw & Lanjouw, 2001; Author & Bryceson,
2002; Pattanayak et al., 2003; Kassie, 2017) with most of them revealing that
non-farm earnings account for a substantial share of farm household income.
The study by Kassie (2017) for example, shows that agroforestry and non-farm
sources of income mutually determine significant economic returns. As such,
Kassie (2017) recommended policy interventions that concurrently promote
agroforestry and non-farm income diversification activities as these could not
only enhance the sustainability of land management, but also maximise the farm
households’ economic returns. Non-farm income generating activities may in-
clude among others, wage labouring, property income, remittance, informal em-
ployment off-farm or non-agricultural activities on-farm, such as, weaving and

brewing.

4.4. Results of Step by Step Multiple Linear Regression Analysis

Before running our model to get the descriptive statistics such as mean, media,
range and interquantile range, we generated the P-P and histogram plots of re-
gression standardized residual against continuous predictor variables (Figure 4)
and used them to test the assumption of normality (i.e. if the plotted values vary
more from a straight line or not). Where they vary more from the straight line,
then the data could be considered to be not normally distributed, otherwise the
data were considered to be normally distributed (Mu, 2006). The P-P and histo-
gram plots add value to regression analysis as they can expose a biased model far
more effectively than the numeric output by displaying problematic patterns in

the residuals. If the model is biased then the results cannot be trusted. If the re-
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sidual plots look good, then the analyst can proceed with the assessment of
model statistics such as the adjusted R-squared (&), which is also called the co-
efficient of determination, or the coefficient of multiple determination for mul-
tiple regression. It is used to measure the model’s goodness-of-fit and it shows
the percentage of the dependent variable variation that a linear model explains.
Graphically, it evaluates the scatter of the data points around the fitted regres-
sion line (i.e. how well the model fits the data after fitting a linear regression
model). For the same data set, higher R* values represent small differences be-
tween the observed data and the fitted values. However, it is important to note
that high R* values are not necessarily good and small R* are not always a prob-
lem. Thus, before assessing numeric measures of goodness-of-fit, like & it is ad-
vised to evaluate the residual plots. As indicated in Figure 4, as expected, the P-P
plot and histogram of regression standardized residual against continuous pre-
dictor variables look good. We therefore continued with the analysis and the re-
sults for the pooled sample which are shown in Table 6. The R* values were
greater than 0.5 for all the four steps (models), which implies that our model fitted

Normal P-P Plot of Regression Standardized Residual Histogram
I:l)e(;):pendent Variable: Total household income (T2) Dependent Variable: Total household income (T2)
60 NiBey L 086°
N=154
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Figure 4. P-P plot and histogram of regression standardized residual against continuous predictor variables.

Table 6. Summary of a step by step multiple linear regression model for pooled sample
using estimated income as dependent variable (V= 154).

Model R R Square Adjusted R Square Std. Error of the Estimate
1 0.752°% 0.566 0.563 1,300,000
2 0.771° 0.595 0.589 1,260,000
3 0.789¢ 0.623 0.616 1,220,000
4 0.806¢ 0.649 0.640 1,180,000

2Predictors: (Constant), value of household assets (TZS); PPredictors: (Constant), value of household assets
(TZS), size of farmed land (acres); Predictors: (Constant), value of household assets (TZS), size of farmed
land (acres), age of household head; “Predictors: (Constant), value of household assets (TZS), size of farmed
land (acres), age of household head, household size.
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well the data.

The R values for models using disaggregated data by farmland location, gen-
der of household head, access to extension services, and membership to com-
munity-based financial institutions were also greater than 0.5 for all eight mod-
els (Table 7). The highest R values were registered for the models of farmers
who were not members of any community-based financial institution (0.714),
and for female-headed households (0.685). The smallest R values were regis-
tered for the models of farmers who were members of community-based finan-
cial institutions (0.500), and farmers who had access to extension services
(0.570).

We also used the F-ratio in the ANOVA (Table 8) to test whether our overall
regression model was a good fit for the data. The results show that the inde-
pendent variables statistically significantly predicted the dependent variable in
all our four models (p = 0.000) (i.e., the regression models were a good fit of the
data). The F-values in the first step (model 1) and second step (model 2) were F
(1, 152) = 198.09, p = 0.000; and F (2, 151) = 110.82, p = 0.000, respectively. In
the third and fourth steps the F-values were F (3, 150) = 82.66, p = 0.000; and F
(4, 149) = 69.02, p = 0.000 respectively.

We predicted total household income from value of household assets ( VHA),
size of farmland (SFL), age of household head (AHH), and household size (HHS).

This enabled us to test for the statistical significance of each of the independent

Table 7. Model summary with total household income as a dependent variable.

R R Square Adjusted R Square Std. Error of the Estimate

Farmers with farmland located close to homestead (V= 105)

0.832?% 0.692 0.679 579,130.59
Farmers with farmland located far from homestead (V= 49)

0.806* 0.65 0.618 1,714,641.87

Female headed households (V= 36)
0.849° 0.721 0.685 475,160.57
Male headed households (118)
0.806* 0.649 0.637 1,302,235.15
Farmers without access to extension over the past two years (N = 90)
0.835° 0.696 0.682 638,128.17
Farmers with access to extension over the past two years (N = 64)
0.773* 0.597 0.570 1,648,786.44
Farmers without membership to SACCOS/VICOBA (N=111)
0.851° 0.724 0.714 1,092,361.18
Farmers with membership to SACCOS/VICOBA (N = 43)

0.740° 0.548 0.500 1,206,961.55

*Predictors: (Constant), Value of household assets (TZS), Age of household head, Size of farmed land
(acres), Household size.
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Table 8. ANOVA results of a step by step multiple linear regression model for pooled
sample (N= 154).

Model * Sum of Squares df Mean Square F Sig.
1 Regression 3.37E+14 1 3.37E+14 198.085 0.000°
Residual 2.59E+14 152 1.70E+12
Total 5.96E+14 153
2 Regression 3.54E+14 2 1.77E+14 110.816 0.000°
Residual 2.41E+14 151 1.60E+12
Total 5.96E+14 153
3 Regression 3.71E+14 3 1.24E+14 82.664 0.000¢
Residual 2.25E+14 150 1.50E+12
Total 5.96E+14 153
4 Regression 3.87E+14 4 9.67E+13 69.015 0.000¢
Residual 2.09E+14 149 1.40E+12
Total 5.96E+14 153

“Dependent Variable: Total household income (TZ); *Predictors: (Constant), value of household assets
(TZS); “Predictors: (Constant), value of household assets (TZS), size of farmed land (acres); “Predictors:
(Constant), value of household assets (TZS), size of farmed land (acres), age of household head; “Predictors:
(Constant), value of household assets (TZS), size of farmed land (acres), age of household head, household

size.

variables (i.e. testing whether the unstandardized or standardized coefficients are
equal to 0 (zero) in the population, that is, if p < 0.05). It is important to note
here that, the unstandardized coefficients indicate how much the dependent
variable varies with an independent variable when all other independent vari-
ables are held constant. The results of coefficients are presented in Table 9.

From the results presented in Table 9, we conclude that the coefficients are
statistically significantly different from 0 (zero) and that the unstandardized co-
efficients for the four independent variables (as shown in the final or fourth
step) statistically significantly predicted household income, F (4, 149) = 69.02, p
= 0.000, R = 0.640. All our four variables added statistically to the prediction, p
< 0.05. Using the coefficients we obtained in Table 9, we therefore present our
general form of multiple linear regression equation to predict household income
(y") from the independent variables defined earlier and labelled as VHA, SFL,
AHH, and HHS in Equation (11).

y" =-1695006.90 +0.131VHA + 211073.5SFL5

11
+45190.58 AHH —168438.62HHS (an

The coefficients of independent multiple regression analysis of separate mod-
els disaggregated by farmland location, gender of household head, access to ex-
tension services and membership to community-based financial institutions are
presented in Appendix 3. The p-values are less than 0.05 for all coefficients,
except for age of household head (p = 0.058), household size (p = 0.684), and

size of farmland (p = 0.056) in the models of farmers with farmlands located
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Table 9. Coefficients of a step by step multiple linear regression model for pooled sample
using total household income as dependent variable (N = 154).

Unstandardized Coefficients Standardized

Model Coefficients (B)  (Std. Error Coefficients (Beta) t Sig.
1 (Constant) 81,189.330 144,593.382 0.562  0.575
VHA (TZS) 0.165 0.012 0.752 14.074 0.000

2 (Constant) —326,040.719 187,115.752 -1.742 0.083
VHA (TZS) 0.140 0.014 0.640 10.293  0.000

SFL (acres) 187,378.247 57,045.035 0.204 3.285 0.001

3 (Constant) —1,492,707.896 391,777.315 -3.810 0.000
VHA (TZS) 0.124 0.014 0.567 8.868  0.000

SFL (acres) 217,415.263 55,917.828 0.237 3.888  0.000

AHH (years) 25,185.916 7500.304 0.179 3.358  0.001

4 (Constant) -1,695,006.895 383,886.615 -4.415 0.000
VHA (TZS) 0.131 0.014 0.598 9.558  0.000

SFL (acres) 211,073.551 54,141.316 0.230 3.899  0.000

AHH (years) 45,190.576 9402.051 0.321 4.806  0.000

HHS —168,438.624 50,327.357 -0.223 -3.347 0.001

*Dependent Variable: Total household income (TZ).

close homestead; as well as, for model of female-headed households with p vlues
of 0.096, 0.762, and 0.850 respectively. The coeffients for household size also
yielded p - values of less than 0.05 in models of farmers with access to extension
services (p = 0.089) and farmers without membership to community-based fi-
nancial institutions (p = 0.093).

The coefficients of our step by step multiple linear regression model for the
pooled sample suggest that household assets, size of farmland, and age of house-
hold head positively influenced household income while the household size nega-
tively influenced the household income. These results can be compared with find-
ings of other previous studies. In Urban Ethiopia for example, Abebe (2020) em-
ployed Fields” (2003) regression based on decomposition technique to investi-
gate the factors influencing income inequality using cross-sectional analysis. The
study found age and household size to be negatively influencing expenditure and
household income contributing to widen income inequality. In Malaysia, Ayyash
and Sek (2020) found sex and age of household heads to be contributing nega-
tively to inequality and had inequality decreasing effects, with negative impact
on inequality. Elsewhere, in South Korea, Shin (2020) analysed data linking sur-
vey data with administrative data shows that wealth, employment status, family
size, and education were significant contributors of income inequality. Income
and loans were the two most significant factors contributing to wealth inequal-
ity. Shin (2020) indicated further that income derived from economic activity

and loans based on the leverage in the financial market exacerbated wealth ine-
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quality as higher income groups tended to utilize more loans in the monetised
economy, widening the gap between the rich and the poor.

As such, the mainstream literature on female-headed households and poverty
indicates that female-headed households constitute the “poorest of the poor”
(Chant, 2007; Liu & Trevifio, 2017), and several other studies have shown a link
between female-headed households with poverty and low socioeconomic status
(Goebel et al., 2010; Javed & Asif, 2011; Montoya & Teixeira, 2017). In 2019,
Lebni et al. (2020) conducted a qualitative study among female-headed house-
holds in Kermanshah, West of Iran. They collected data through semi-structured
interviews with female-headed households who were selected purposefully. They
analysed their data using conventional qualitative content analysis and they
found that female-headed households faced many challenges that could become

a big threat or an opportunity.

5. Conclusion and Policy Implication

A study was conducted to investigate the nature and determinants of income
inequality in mountain areas using the case of Uluguru Mountains in Tanzania.
Specifically, the study used the cross-sectional research design, income percen-
tile shares, Gini coefficient and Lorenz curves, as well as, the coefficient of varia-
tion (CV), to pinpoint the nature of income inequality in the study area using
both pooled and disaggregated data. The determinants of income inequality were
investigated using the step by step multiple linear regression model. The results
of analysis of income-inequality revealed existence of income inequality. At the
50 percentile, the mean incomes for disaggregated analysis were the highest for
farmers with farmland located far from homestead, followed by those of farmers
who accessed extension services during the past two years and farmers who were
members of community-based financial institutions. The mean incomes were
the lowest for female-headed households, followed by farmers who did not ac-
cess extension services as well as farmers with farmland located close to home-
stead. The farmlands located far from homestead were mostly found along the
footsteps of the mountains or lowland areas where landholdings were relatively
larger allowing for more intensification and crop revenues than the farmlands
located in the upper gradients. Membership to community-based financial in-
stitutions had the most equalizing effect on income. Income inequality was the
highest among farmers with farmland located far from homestead. Unexpectedly
however, income inequality amongst farmers who accessed extension services
was higher than that of their counterpart farmers who did not access the ser-
vices. We attribute this to variations in personal household characteristics (espe-
cially, age of the household head), and economic characteristics (size of farm-
land and value of asset).

Opverall, crop production was the main source of income in the agroforestry
systems of the study area, followed by timber products. The contribution of in-

come from non-farm income generating activities was the lowest but these sources
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constituted a major income-inequality increasing component in the pooled
sample. Agroforestry production systems (crops and timber) decreased income-
inequality in the study area. However, the results of disaggregated analysis showed
that “non-farm sources” were decreasing income-inequality for farmers with farm-
lands located close to homestead, for female-headed households, for farmers who
did not access extension services, and for farmers who were members of com-
munity-based financial institutions. This implies that diversification of income
sources is an important strategy for reducing income inequality in mountain ar-
eas. Accordingly, policies and initiatives that aim to promote diversification of
livelihoods are more likely to reduce income inequality in these areas and are
therefore recommended.

The values of coefficients in our step by step multiple linear regression model
suggested that household assets, size of farmland, and age of household head posi-
tively influenced household income and household size negatively influenced
household income. Our results also suggest that, gender disparity remains one of
the key issues to be addressed, and it should be taken into account in formulating
future policies, especially those aiming to reduce inequality among populations in
mountain areas and thus, improving living standards and well-being of small-
holder farmers in these areas. In addition to promoting livelihood diversification,
we therefore recommend tailor-made training and farm financing mechanism to
help the less resource endowed farmers, including the female-headed households

in mountain areas to raise their economic portfolios and social status.
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Appendix

Appendix 1. Household income percentiles disaggregated by gender of household, access
to extension, and membership to SACCOS/VICOBA.

Percentiles

5 10 25 50 75 90 95

Farmers with farmland located close to homestead (V= 105)
Weighted Average 102,538 118,597 178,800 582,370 1,111,620 2,142,928 2,998,539
Tukey’s Hinges 180,400 582,370 1,110,159
Farmers with farmland located far from homestead (V= 49)
Weighted Average 283,626 487,242 871,304 2,249,922 3,400,003 6,662,302 7,900,403
Tukey’s Hinges 884,206 2,249,922 3,349,616
Female-headed households (V= 36)
Weighted Average 55,559 118,183 163,612 478,123 1,091,352 2,185,851 3,079,231
Tukey’s Hinges 164,524 478,123 1,072,545
Male-headed households (N=118)
Weighted Average 108,452 148,660 361,453 902,287 2,312,913 3,544,039 6,041,347
Tukey’s Hinges 391,927 902,287 2,309,531
Farmers without access to extension services for the past 2 years (V= 90)
Weighted Average 98,341 115,995 182,144 576,018 1,007,076 1,678,653 2,781,898
Tukey’s Hinges 182,725 576,018 986,953
Farmers with access to extension services for the past 2 years (N = 64)
Weighted Average 133,824 163,204 775,614 1,911,268 3,226,777 4,559,515 7,345,674
Tukey’s Hinges 803,210 1,911,268 3,205,972
Farmers without membership to SACCOS/VICOBA (N =111)
Weighted Average 103,593 125,942 182,734 719,386 1,432,730 3,140,022 4,413,236
Tukey’s Hinges 185,292 719,386 1,431,493
Farmers with membership to SACCOS/VICOBA (N = 43)
Weighted Average 127,800 174,720 554,630 1,682,776 2,717,642 4,698,901 5,738,188

Tukey’s Hinges 674,680 1,682,776 2,713,368

Appendix 2. Results of income inequality disaggregated by gender of household head,
access to extension, and membership to SACCOS/VICOBA.

Parameter Crop income TPsincome Non-farm income Total income

Farmers with farmland located close to homestead (V= 105)

18 69,145,476.00 12,180,004.00 11,326,654.50 92,652,134.50
wi = (i) 0.75 0.13 0.12
Corr (p)) = correl (yi y) 0.99 0.95 0.38
Sdev (o)) 827,929.85 162,103.24 131,328.28 1,022,601.42
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Continued
¢ =p, *(o,/u)/(o/1) 1.33 0.01 0.00
WiCi 0.99 0.00 0.00 1.0
Farmers with farmland located far from homestead (N = 49)
Uil 2,050,415.62 391,056.41 314,050.08 2,755,522.11
wi = (i) 0.74 0.14 0.11
Corr (p)) = correl (yi y) 0.98 0.89 0.84
Sdev (o)) 1,893,450.39 341,635.97 726,514.52 2,775,918.84
¢ =p,*(o,/u,)/(c/n) 1.32 1.13 2.83
WiCi 0.98 0.16 0.32 1.0
Female-headed households (V= 36)
M1 554995.68 99556.33 106439.81 760991.82
wi = (ui/) 0.73 0.13 0.14
Corr (pj) = correl (yi y) 0.99 0.97 0.1
Sdev (0r) 704,439.47 143,972.59 113,465.73 846,610.65
¢, =p, *(o,/1,)/(c/n) 1.40 0.0 0.0
WiCi 0.99 0.0 0.0 1.0
Male-headed households (N=118)
Uil 1,268,101.67 235,235.08 193,926.06 1,697,262.82
wi = (W) 0.75 0.14 0.11
Corr (p)) = correl (yi y) 0.99 0.91 0.79
Sdev (o)) 1,537,857.65 286,885.77 488,217.37 2,161,395.44
¢ =p, *(o,/1;)/(c/n) 0.94 0.88 1.55
wic; 0.7 0.12 0.18 1.0

Farmers without access to extension services over the past two years (N = 90)

Uil 642328.4 112570.8333 102003.6 856902.8333
wi = (W) 0.75 0.13 0.12
Corr (p)) = correl (yi y) 0.99 0.97 0.39
Sdev (i) 901,231.62 195,836.76 126,505.64 1,131,852.71
¢ =p,*(o,/n,)/(c/n) 1.05 1.27 0.37
WiCi 0.79 0.17 0.04 1.0

Farmers with access to extension services over the past two years (N = 64)

V8 1,746,973.21 331,412.39 273,981.01 2,352,366.61
wi = (i) 0.74 0.14 0.12
Corr (p)) = correl (yi y) 0.98 0.9 0.84
Sdev (o)) 1,737,420.01 299,687.09 642,648.96 2,514,033.29
¢ =p, *(o,/u,)/(o/1) 0.91 0.76 1.83
WiCi 0.68 0.11 0.21 1.0
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Continued
Farmers without membership to SACCOS/VICOBA (N=111)
V8 952,635.81 171,474.97 161,863.44 1,285,974.22
wi = (/) 0.74 0.13 0.13
Corr (p)) = correl (yi y) 0.99 0.92 0.8
Sdev (o)) 1,442,153.21 254,444.49 481,132.14 2,042,176.98
¢, =p,*(c,/m)/(c/n) 0.94 0.86 1.51
WiCi 0.7 0.11 0.19 1.0
Farmers with membership to SACCOS/VICOBA (N = 43)
Uil 1,485,424.81 286,233.63 203,448.07 1,975,106.51
wi = (i) 0.75 0.14 0.1
Corr (p)) = correl (yi y) 0.98 0.95 0.61
Sdev (0r) 1,295,822.80 281,703.59 268,688.04 1,706,954.24
¢ =p *(o,/1,)/(o/1) 0.99 1.08 0.94
WiCi 0.75 0.16 0.1 1.0

W, i = Mean income for i-th source and for total income; w; = (/1) = Ratio of mean income from i-th
source to total mean income; Corr (p;) = Correlation coefficient of i-th source and total income; Sdev (0,) =
Covariance involving the ith source of income; ¢ = Relative concentration of i~th source of income in
overall inequality; wic; = Factor inequality weight of /-th source of income in overall inequality

Appendix 3. Coefficients of independent multiple regression models.

Unstandardized Coefficients Standardized Coefficients
Predictors t Sig.
B Std. Error Beta

Farmland Located Close to Homestead Coefficients (V= 105)*

(Constant) —-514,367.565 227,484.178 -2.261 0.026
AHH (years) 10,848.024 5648.014 0.143 1.921 0.058
HHS —-13,495.205 33,054.4 -0.031 —-0.408 0.684
SFL (acres) 90,008.578 46,621.945 0.129 1.931 0.056
VHA (TZS) 0.127 0.012 0.732 10.834 0.000
Farmland located far from homestead Coefficients (N = 49)*
(Constant) —-4,607,047.607 1,216,775.668 -3.786 0.000
AHH (years) 115,959.309 24,155.536 0.635 4.801 0.000
HHS —420,853.603 111,078.017 -0.478 -3.789 0.000
SFL (acres) 401,363.274 148,280.435 0.255 2.707 0.010
VHA (TZS) 0.114 0.026 0.476 4.361 0.000
Female headed households (N = 36)*
(Constant) —-720,370.441 359,887.871 -2.002 0.054
AHH (years) 19,541.823 11,387.503 0.283 1.716  0.096
HHS -20,278.312 66,257.596 -0.049 -0.306 0.762
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SFL (acres) —-12,747.086 66,879.772 -0.024 -0.191 0.850
VHA (TZS) 0.125 0.022 0.755 5.760 0.000
Male headed households (N=118)*
(Constant) -1,937,485.378 472,314.517 -4.102 0.000
AHH (years) 51,423.763 11,184.583 0.347 4.598 0.000
HHS —198,002.550 58,655.420 -0.254 —-3.376 0.001
SFL (acres) 248,508.926 64,859.026 0.253 3.832  0.000
VHA (TZS) 0.130 0.016 0.583 8.254 0.000
Farmers without access to extension over the past two years (N = 90)*
(Constant) -557,865.662 300,840.561 -1.854 0.067
AHH (years) 26,163.083 7234.497 0.288 3.616 0.001
HHS -164,293.575 37,156.247 -0.360 -4.422 0.000
SFL (acres) 100,782.514 40,329.021 0.172 2.499 0.014
VHA (TZS) 0.126 0.012 0.738 10.655 0.000
Farmers with access to extension over the past two years (V= 64)*
(Constant) -2,604,921.770 769,805.687 -3.384 0.001
AHH (years) 61,639.762 19,010.114 0.391 3.242  0.002
HHS —-181,626.316 105,110.216 -0.201 -1.728 0.089
SFL (acres) 318,707.189 113,497.797 0.274 2.808 0.007
VHA (TZS) 0.115 0.028 0.452 4.194 0.000
Farmers without membership to SACCOS/VICOBA (N = 111)*
(Constant) -1,619,612.513 398,075.004 -4.069 0.000
AHH (years) 37,626.584 9735.760 0.275 3.865 0.000
HHS -92,796.971 54,718.207 -0.118 -1.696 0.093
SFL (acres) 132,868.757 66,452.625 0.121 1.999 0.048
VHA (TZS) 0.154 0.014 0.696 10.666 0.000
Farmers with membership to SACCOS/VICOBA (N = 43)*

(Constant) —4,607,047.607 1,216,775.668 -3.786 0.000
AHH (years) 115,959.309 24,155.536 0.635 4.801 0.000
HHS —420,853.603 111,078.017 -0.478 -3.789 0.000
SFL (acres) 401,363.274 148,280.435 0.255 2.707 0.010
VHA (TZS) 0.114 0.026 0.476 4.361 0.000

*Dependent Variable: Total household income (TZ).
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