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Abstract: Recognizing the diversity of farmers is crucial for the success of agricultural, rural,
or environmental programs and policies aimed at the sustainable use of natural resources. In this
study, based on survey data collected in the Kilombero Valley Floodplain (KVF) in Tanzania, we design
a typology of farmers to describe the range of farm types and farming systems systematically,
and to understand their livelihood and land use behavior. The KVF is the largest, low-altitude,
seasonally-flooded, freshwater wetland in East Africa. Despite its values, KVF is a very fragile
ecosystem threatened by current and future human interventions. We apply multivariate statistical
analysis (a combination of principal component analysis and cluster analysis) to identify farm groups
that are homogenous within and heterogeneous between groups. Three farm types were identified:
“Monocrop rice producer”, “Diversifier”, and “Agropastoralist”. Monocrop rice producers are the
dominant farm types, accounting for 65 percent of the farm households in the valley, characterized
by more than 80 percent of the land allocated to rice, showing strong market participation and high
utilization of labor. Diversifiers, on the other hand, allocate more land to maize and vegetables.
Agropastoralists account for 7 percent of the surveyed farmers and differ from the other two groups
by, on average, larger land ownership, a combination of livestock and crop production, and larger
household sizes. This typology represents the diversity of farmers in KVF concerning their land use
and livelihood strategy, and will allow to target policy interventions. Besides, it may also inform
further research about the diverse landscape of floodplain farming, through the classification and
interpretation of different socio-economic positions of farm households.

Keywords: Kilombero Valley; Tanzania; farmer typology; principal component analysis; hierarchical
clustering; farmer diversity

1. Introduction

The Kilombero Valley Floodplain (KVF) in Tanzania is the largest, low-altitude, seasonally-flooded,
freshwater wetland in East Africa. The valley was designated as a Ramsar site in 2002, due to its
international, national and regional importance for a wide array of ecosystem services: waterflow
regulation, fisheries, dry-season grazing, tourism, and hunting. Besides, it is part of the “Southern
Agricultural Growth Corridor”, an area earmarked for future investments in agricultural development [1,2].

Despite its values, KVF is a very fragile ecosystem, which is threatened by human interventions.
Conversion to cropland and excessive exploitation by improperly planned development activities in
the valley is having, and will continue to have, severe, adverse, and irreversible impacts on its capacity
to provide services in the future [2]. In both neighboring districts (Ulanga and Kilombero), population
density has been increasing steadily. As a result, productive agricultural land is scarce, and clearing
wetland vegetation for crop farming is impossible. The problem is further aggravated by intense
competition between smallholder farmers, migrating pastorals, large scale commercial ventures,

Sustainability 2020, 12, 7114; doi:10.3390/su12177114 www.mdpi.com/journal/sustainability

http://www.mdpi.com/journal/sustainability
http://www.mdpi.com
http://dx.doi.org/10.3390/su12177114
http://www.mdpi.com/journal/sustainability
https://www.mdpi.com/2071-1050/12/17/7114?type=check_update&version=2


Sustainability 2020, 12, 7114 2 of 21

governmental and non-governmental conservation groups [1,3–6]. Many studies have provided
evidence for the perilous situation the smallholders are in, from the degradation of ecosystems
to the fragility of their livelihoods [1,7–10], characterized by persistant food insecurity and high
inequality. The government of Tanzania has recognized the need for increasing smallholder welfare
and the achievement of economic growth and poverty reduction through sustainable intensification
pathways [2,11,12]. Backed by international donors (DFID, USAID, UNDP, FAO, Norwegian Embassy)
and multinational companies (Bayer CropScience, Monsanto, Syngenta, Yara, Unilever, Nestle,
SAB Miller, and others), the government has shown renewed interest to invest in both large scale
and smallholder farmers in KVF [13]. Efforts have been made to remove critical obstacles through
increasing supply and efficiency of input use, training and capacity building, finance, infrastructure,
value-chains, and markets [1,11,14,15].

However, there are many different types of farm households in KVF, which differ in terms of
the available natural resource base, the dominant pattern of farm activities, household livelihoods
and the way that they allocate household resources (labor, land, fertilizers, machinery, technology,
etc.) to agricultural production [5,16,17]. Diversity among farmer households, in terms of resource
endowment, land size, and household characteristics, will have an implication on how they will
respond and benefit from policies and investments.

Such diversity among farmers, has received increased interest from the public and private sector
in recent years. The latter especially became aware of Sub-Saharan Africa (SSA), where the majority of
the population is rural, and agriculture is considered the engine of growth. Generally, SSA’s farming
systems are highly heterogeneous and are driven by a complex set of socio-economic and biophysical
factors [18–20]. Such heterogeneity has important policy implications, as [21] (p. 51) argues that,
“the diversity of farming systems in Africa is greater than in any other part of the world . . . and generic
policy assessments related to resource management or production are usually inappropriate and are
often downright misleading”. Yet, initial efforts to understand the diversity of farmers in the SSA are
based on distinct points of polarization, including crop production vs. livestock breeding, food crops
vs. cash crops, subsistence farming vs. market-oriented [17], rather than on more contextualized
typologies. As a result, international development programs and national policymakers have struggled
to “reconcile their recognition of heterogeneity and complex systems, with the reductionist inclinations
that come with a focus on large scale, or even on global priorities” [22] (p. 6). This struggle can possibly
be resolved by adding more contextualized types from case study research to the empirical wealth on
farmer diversity, upon which more profound and largescale generalizations can be built in the future.

The case is not different in KVF, where blanket policies and interventions are implemented.
For example, [23] reported that a large-scale agricultural investment (LSAI) scheme, as promoted by
the SACGOT initiative, exhibits a negative association with the welfare of female-headed households,
and they recommend specific targeting of potential beneficiaries. Similarly, [24] denotes considerable
heterogeneity among households in terms of benefits from the effect of out-grower schemes under
SAGCOT. Land rich outgrowers benefit more than land-poor ones, and farmers under sugarcane
outgrower schemes are benefiting more than those under rice outgrower schemes. Moreover, land poor
and landless households are benefiting more from wage employment than from outgrower projects.
A case study from a program initiated by Kilombero Plantation Limited (KPL) and “Feed the Future
Tanzania NAFAKA” on sustainable rice intensification (SRI) also shows that farm households with
higher labor supply were able to increase their income due to the implementation of SRI [25].

To this end, understanding farmer diversity through typologies is now considered as
a ‘requirement’ and a ‘tool’ in the analysis of farm households capacity to increase output and
yields in an environmentally sustainable manner, while taking into account economically viable
pathways [17,26,27]. Generating a typology means “reducing the assumed or known variety of different
types of farm households concerning their sources of livelihood and their ‘socio-economic status’
into a reasonably small number of groups which — in some respect — can be treated as a unit” [27]
(p. 262–263).
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There is a vast number of studies conducted to characterize farmers through typologies. The aims
of these studies vary, and determine the type of methodological approach, the variable selection,
and the characterization of the identified groups. Typologies are constructed to generally understand
the farming systems [28,29], explore land use and intensification [26,30–33], technology adoption [34],
livelihood strategy [35–38], vulnerability to climate change and environmental assessment [39–43].
Although there are attempts to provide an international typology of farmers (see) [17], it is often
constructed for a specific case study site (country or region). Moreover, [44,45] provide a comprehensive
review of the development of farming system typologies, illustrate those that include environmental
aspects, and consider their broader setting.

In this paper, we develop a typology of farmers in KVF that captures their heterogeneity and elicits the
diversity of farm-households that might be expected to exhibit different land-use behavior and livelihood
strategies. By combining principal component analysis (PCA) and clustering [46–48], we classify farm
households into homogenous groups facing similar constraints, incentives, and other exogenous
factors. The reasons why the characterization of farm households through a robust typology in KVF is
appealing are threefold: (1) Despite the aforementioned renewed interest for agricultural intensification
in KVF by the government, there is no concise classification scheme (except the smallholder farmer
vs. large-scale commercial ventures narrative) that would form the basis to understanding how
different farm households are likely to respond to changes in policy and environment. (2) The different
types of farm households identified also shed light on current agricultural practices and provide vital
information needed for targeted interventions per farm type [17,49]. (3) The resulting farm types can
be subsequently used in further research as a basis for building prototype farms [49] as case study
objects and to parameterize agent-based models, similar to those of [33,40,50,51]. Besides, our paper
provides two methodological contributions. First, we use a combination of hierarchical clustering
and K-means clustering to elicit better and robust clusters [48]. This will avoid the problem of local
minima associated with K-means clustering. Second, based on independent data, we validate the
stability of the groups we identified. Thus, we contribute methodologically by outlining a quantitively
more rigorous way to construct typologies. The remaining paper is structured as follows. Section 2
introduces the study site, data, and variable selection, and the methodological approach used in the
construction of farm typologies. Section 3 presents the results and the validation exercise and section 4
provides discussion in relation to the current policy landscape. Section 5 concludes the paper.

2. Material and Method

2.1. Study Site

Location: The valley is positioned at the foot of the Great Escarpment of East Africa in the
southern half of Tanzania, about 300 km from the coast [5,6], and lies between longitudes 34.563◦ and
37.797◦ E and latitudes 7.654◦ and 10.023◦ S (See Figure 1) [52]. It covers an area of about 11,600 km2,
with a total length of 250 km and a width of up to 65 km. The floodplain is surrounded by the
Udzungwa mountains in the northwest and the Mbarika Mountains and Mahenge Highlands in the
southwestern parts [53]. The peak elevation drops from an altitude of more than 1800 mamsl to about
300 mamsl in a few kilometers. Generally, the floodplain is humid with high temperatures ranging
from 26 ◦C to 32 ◦C. While the relative humidity in the mountains is between 70–87%, the lowlands
experience 58–85% humidity with average potential evaporation of 1800 mm [52]. KVF is a typical
fertile alluvial floodplain with loamy, clay, clay loamy and sandy soils and is an essential source of
nutrients and sediment [1,6].
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Figure 1. Location of study site.

Hydrology: The Kilombero Valley forms one of the four principal sub-basins of the Rufiji River
Basin and comprises a myriad of rivers and seasonally flooded marshes and swamps [4]. The valley
receives annual precipitation between 1200 and 1400 mm. The rainy season spans between December
and April, while the dry season is between June and September [52]. The seasonal hydrological
variation is substantial. The plain becomes inundated during the wet season, while it dries up during
the dry season, except for the rivers and river margins, as well as for areas with permanent swamps
and water bodies [5,54].

Conservation: The KVF is of global, regional and national importance in terms of ecology and
biodiversity. The valley contains a diverse flora of around 350 species of plants, including both endemic
and threatened species [4,6]. Since 1956, the Kilombero floodplain and adjacent areas of woodland
have been designated as a Game Controlled Area (GCA), and since 2002, as a RAMSAR site [55].
Due to the low enforcement of protection zoning [56], the Kilombero GCA has been managed by the
Belgium Tanzania Corporation (BTC) and the European Union, in partnership with the SAGCOT [57].
Efforts are underway to redefine the borders of the GCA and to create wildlife management areas [58].
One of the main tradeoffs of conservation areas in the valley is that the reserved land for tourist
hunting is not used directly or indirectly by villagers [58].

Population and livelihood: According to the 2012 national census, the floodplain is home to more
than 673,000 thousand people [59]. The majority of the population lives in rural areas with low
population density. Mang’ula and Ifakara are the two most populated divisions in Kilombero,
with a population density of 22 persons/km2. The high population density is attributed to being
a district capital and large-scale sugar cane plantation, respectively [2]. Immigration into the valley has
increased dramatically due to the perceived availability of high quality and cheap farmland. Conflicts
between pastoralists and farmers over land use are a chronic and widespread problem, which has
resulted in injury and litigation disputes [6,60].

The KVF has a diverse ethnic profile. Ndamba, Mbunga, and Pogoro are considered native to
the valley and arrived in the early 19th century from Malawi. Other groups who migrated to the
valley include the Sagara (central Tanzania), Hehe (Iringa), Ndedeule (Zambia), Sukuma (Mwanza),
Ngoni (Southern Tanzania), Ngindo (Rufiji), and Chaga (Kilimanjaro) [2].



Sustainability 2020, 12, 7114 5 of 21

Within the floodplain, socio-economic drivers generate a multitude of productive activities,
primarily for farming [5,52]. Important activities include agriculture and forestry, urbanization and
transport, flood protection, hydropower production, navigation, and recreation, that all, but in different
ways, add pressure to the floodplain ecosystem [52]. In recent years, a rapid increase in agricultural
land use has been observed [61]. According to the 2007 Agriculture sample survey, most of the district’s
land in Ulanga and Kilombero was used for the temporary annual crop planted in monoculture,
with paddy and maize being the dominant ones. The valley contributed close to 70 percent of the
regional planted area under paddy rice. Livestock production has notably increased in the valley
since 2006. The natives generally do not keep livestock, and most of the livestock are owned by either
pastoralists or agropastoralists who migrated into the valley [2].

2.2. Data and Variable Selection

The data used in the current study were collected using a household survey in 21 villages in
two districts of the Kilombero Valley, Ulanga and Kilombero. In total, 304 farm households were
interviewed using a structured questionnaire with an extensive set of questions that were selected to
discover the farming system in terms of resources, land use, and sources of livelihoods. The selection
of households to be interviewed was based on a multi-stage sampling strategy. In the first stage,
12 wards were purposively selected based on the occurence of floodplain farming. In the second stage,
21 villages were randomly selected within the wards. In the final stage, households were randomly
selected from the list provided by each village’s leader. The number of interviewees per village ranges
from 5 in smaller villages to 15 in the biggest. A GIS coverage incorporating the land use map form
GLC30 [62], the administrative boundary and the 2012 census data [59] from the Tanzania statistics
office was used to estimate the boundaries and total population size in the study area. From the sample
survey, we selected those variables considered most relevant to explain the livelihood strategy and
land use of farmers in KVF. Using the sustainable livelihood framework [63], we selected 12 variables
(that can be mapped into human, physical, natural, and financial capital) considered to shape people’s
livelihood strategies. Besides, we added three variables for farmer’s land use decision and crop choices
(percentage of the total cultivated land allocated for rice, maize, and vegetables). The descriptive
statistics of the key variables used for the typology are presented in Table 1.

Table 1. Descriptive statistics for the variables included in typology constructions.

Variable Description Unit Mean

(SD)
CV

Age The age of the household head years
46.53

(12.92)
0.28

Household size Number of individuals in the household number
5.12

(2.15)
0.42

Share of rice
Percentage of the total cultivated

land allocated to rice
%

78.77

(23.93)
0.3

Share of maize
Percentage of the total cultivated

land allocated to maize
%

13.92

(21.19)
1.52

Farm size The size of farm land owned ha
2.61

(2.78)
1.06

TLU Total Tropical livestock unit TLU
1.46

(6.56)
4.49

Percent hired Share of labor hired %
37.25

(33.21)
0.89
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Table 1. Cont.

Variable Description Unit Mean

(SD)
CV

Commercialization index An index of commercialization index
47.05

(24.8)
0.53

Expenditure on Agro-inputs
Overall input intensity, measured as

the total value of inputs (Fertilizer, seed

and agro-chemicals) (ha−1)

TSh
64,984.41

(349,645.18)
5.38

Distance river Distance from plot to the nearest river km
2.61

(3.68)
1.41

Off Farm income
Percentage of Income from non-farm

sources
%

9.78

(21.74)
2.22

Share of Vegetable
Percentage of the total cultivated

land allocated to vegetables
%

3.8

(11.92)
3.14

Per capita income Per capita income per year TSh (000)
516.37

(1124.84)
2.18

Total labor person days Total labor use in the farm (ha−1) Man-days
317.36

(337.07)
1.06

Years of schooling Total number of years in school years
6.37

(2.56)
0.4

Note: SD = Standard Deviation; CV = Coefficient of Variation; TSh = Tanzanian shilling; ha−1 = per hectare; n = 300.

2.3. Methods of Typology Construction

There are two broader strands of methodologies that can be used to construct a typology. The first
category comprises qualitative constructions of typologies, also known as subjective methods of
classification [29]. They rely on literature and on the knowledge and judgment of the researcher in
interpreting patterns to define the specific partition of different groups [17,37,64]. Although they
are more descriptive than explanatory [29], qualitative methods provide a fast determination of
relevant farm types based on a small number of characteristics. Examples of studies in this category
include [33,39,40,65]. The most notable statistical approaches applied include principle component
analysis (PCA), multi-dimensional scaling (MDS), multiple-correspondence analysis (MCA), and factor
analysis for dimension reduction and hierarchical or non-hierarchical clustering. Some of the studies
that apply a quantitative approach include [29,66,67] and [26,30,31,36–38,42,64,67,68]. On the other
hand, [31,46,69], provide a comparison and discuss the complementarity of quantitative and qualitative
approaches. A multivariate approach that combines principal component analysis (PCA) and both
hierarchical and partitioning clustering is used in this study. PCA is a multivariate statistical technique
that linearly transforms a large number of independent variables into smaller, conceptually more
coherent set of variables called principal components [70]. Components account for decreasing
proportions of the total variance of the original variables. The first component being the best linear
combination of variables that accounts for the highest share of the variance in the data than any other
linear combination. The second component is then the second-best linear combination of variables from
the residual variance subject to the constraint that its orthogonal to the first component. The process
continues to extract components until all of the variances are accounted for [71].

Performing PCA involves several steps. (1) We check the validity of our sample data for PCA using
Bartlett’s test of sphericity to test the statistical significance that the correlation matrix has significant
correlations among at least some of the variables [71]. (2) Variables are then standardized (converted to
z scores) to avoid an inappropriately strong influence of variables with large variance [48]. (3) The next
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specifies similarities between two different observations using Euclidean distance [48]. (4) Using the
commonly employed latent root criterion (Kaiser’s–Guttman Rule), we extract components having
eigenvalues greater than 1 [70,71]. We use the PCA to separate signal and noise in the original
dataset. Maintaining the extracted components representing the essential information and applying
the clustering on the PCA without the noise leads to a stable and more precise cluster [72].

In order to support the aim of combining strong heterogeneity between the types while showing
homogeneity within a group, we perform the cluster analysis on the retained components from the
PCA. Cluster analysis, also called Q analysis, typology construction, unsupervised pattern recognition,
or numerical taxonomy, is a group of multivariate techniques whose primary purpose is to segment
objects based on the characteristics they possess [71,73]. The two most commonly used clustering
methods are hierarchical clustering and partitioning. Hierarchical clustering consists of a series of
partitions which proceed either by a series of successive subdivisions (divisive hierarchical method)
or mergers of observations into groups (agglomerative hierarchical approach). The agglomerative
hierarchical approach starts with as many clusters as observations. In each subsequent step,
the two most similar clusters are combined to build a new aggregate cluster [71]. A divisive hierarchical
method, on the other hand, starts with an initial single group of observations and successively dividing
into sub-groups, such that objects in one group are dissimilar to objects in the other group [71,74].
In contrast to hierarchical methods, partitioning clustering does not involve the treelike construction
process. Instead, they work by portioning the data into a user-specified number of clusters and then
iteratively reassigning observations to clusters until some numerical criterion is met [48,71,73].

In this study, we combined agglomerative hierarchical clustering and K-means clustering.
The rationale for combining the two methods is discussed in detail in [48,71,72]. The agglomerative
hierarchical clustering is used to select the number of clusters and profile cluster centers using Ward’s
minimum-variance method. This method allows us to decompose the total inertia (total variance) in
between and within-group variance. The total inertia can be decomposed [72] (p. 4):

K

∑
k=1

Q

∑
q=1

Iq

∑
i=1

(xiqk − xk)
2 =

K

∑
k=1

Q

∑
q=1

Iq(xqk − xk)
2 +

K

∑
k=1

Q

∑
q=1

Iq

∑
i=1

(xiqk − xqk)
2 (1)

with xiqk the value of the variable k for the individual i of the cluster q, xqk the mean of the variable k
for cluster q, xk the overall mean of variable k and Iq the number of individuals in cluster q.

A division into N clusters is made when the increase of between-inertia between N−1 and N
clusters is much higher than the one between N and N + 1 clusters. In the next step, K-means clustering
is performed, using the seed points and number of clusters from the hierarchical tree to provide more
accurate and improved cluster memberships. Both the PCA and clustering methods are implemented
using FactoMineR: A Package for Multivariate Analysis [75] and Factoextra: Extract and Visualize the
Results of Multivariate Data Analyses [76] in R statistical software [77].

3. Results

Based on the methodology outlined in Section 2, a cluster analysis on the principal components
was performed to understand the diversity of farm households in KVF, based on their livelihood
strategy and land use. In the following section, a descriptive analysis of the variables in the cluster
analysis is presented.

3.1. Descriptive Statistics

The average household size in our sample was 5 (SD = 2.15, n = 300), with a minimum of
2 members and a maximum of 11 members. Forty-four percent of respondents have a family size
of fewer than four members, which can be considered as a small family. Furthermore, 41% are
medium-sized with 5–8 members. Moreover, 12% of households in the sample are extended families,
with more than eight members. Most of the households in the surveyed villages obtain their livelihood
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from agriculture. Crop production, mainly rice and maize, are the essential crops both for home
consumption and income generation. Some households also integrate crop production with livestock
rearing. Although income from farming is the dominant livelihood strategy for the majority of the
farmers, 26% of the households have received some form of non-farm income, accounting for close
to 10% of their total annual income. The most common sources for non-farm income in the area
include remittances, rental of land, brick selling, and small business shops. The amount of land to
which a household has access and the terms on which it utilizes that land are factors that influence its
decisions on how to use the land resources to earn a livelihood. The average farm size in the valley is
2.6 hectares (sd = 2.8). Farmers typically own multiple parcels, with 62% of them holding two or more
parcels. Usually, one large parcel is located in the seasonally flooded area which is used for rice and
maize production and the smaller plots are often in proximity of the homesteads. Households plant
some vegetables for home consumption on the latter.

Paddy rice is the dominant crop cultivated in the area, usually prioritized both for its local
consumption and income-generating potential. On average, farmers allocate 80% of their land
for rice production, 13% to maize. Additionally, some farmers also produce vegetables, cassava,
and other permanent crops and fruits. Farmers market different proportions of their crops for cash.
The survey result shows that, on average, 60% of the rice and maize cultivated is sold for cash
and that the remaining 40% is retained for home consumption. Farmer commercialization index,
which is a composite index of farmer’s total crop sales to total crop cultivation, is 46% in the valley.
The marketing channel is characterized by a large number of small traders operating between the
farmer and the rice mills or maize market located in Ifakara (the district market center). The local
traders buy small quantities directly from farmers and transport them to mills where it is milled and
the rice sold to inter-regional traders, local retailers or directly to consumers.

Having sufficient labor is a key factor for the livelihood of households in the valley. Labor is
provided either by household members or hired from the local labor pool. The result shows that hiring
and exchanging labor occur frequently in the area. Overall, 94% of surveyed households have hired
laborers to help with different stages of cultivation, the majority being hired during land preparation
and cultivation stages. On average, 63% of the total man-day is provided by family labor, and the
remaining 37% is from hired labor.

3.2. Principal Component Analysis

Once the variables are standardized, and outliers are identified and removed, we checked the
validity of our sample data for PCA using Bartlett’s test of sphericity. The significant value of the test
[Chi-Square = 1060.663, p = 0.0] shows that the correlation matrix has significant correlations among at
least some of the variables [71] and we can proceed to PCA.

In total, 15 variables were included in the PCA, and based on the latent root criterion
(eigenvalue greater than 1), we extracted six components as input for the cluster analysis (Table 2).
The six components together account for 66.56% of the total variance in the original data set. Table 2
also shows the correlation between the variables and each component. The bold values identify the top
three strongly correlated variables with the respective PC. The first component (PC1) accounts for 16%
of the variance, and it is positively correlated with farm household size, farm size in ha, and tropical
livestock unit owned by the household. Hence, the PC1 represents the resource endowment of the
household. The second component, which accounts for 14.4% of the total variance, is positively
correlated with the share of land allocated to rice and the size of the farm owned by the household.
Moreover, it is negatively correlated with the share of land allocated to maize and vegetables. Generally,
the second component represents the land use decision of the farm household. PC3 explains 11.23%
of the variance, and it is strongly correlated with per capita income, percentage of income from
non-farm activity, and percentage of labor hired. Hence, PC3 represents the financial capital of the
farm household. PC4, on the other hand, explains 9.17% of the variance in the original data, and it is
correlated with total expenditure on agrochemical inputs, access to the river, and the percentage of
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land allocated to vegetables. PC5 and PC6 account for 8.5% and 7.2% of the total variance, respectively.
While PC5 is highly correlated with age of the household head, years of schooling, and share of land
allocated for vegetables, PC6 is associated with per capita income, market participation, and distance
from the river. These six components were used in subsequent cluster analysis.

Table 2. Six principal components with loading, eigenvalues and cumulative explained variance.

Variables
Correlation between a Variable and a Principal Component

PC1 PC2 PC3 PC4 PC5 PC6

Age of household head 0.4087 0.0818 −0.2588 0.0385 −0.6458 −0.1076

Household size 0.5634 0.3491 0.0777 0.1578 0.2715 −0.1077

Share of land allocated to rice −0.4839 0.7854 −0.3324 0.016 0.0316 0.0328

Share of land allocated to maize 0.5246 −0.6634 0.2328 −0.2004 0.2237 0.1673

Farm size owned in Ha 0.5328 0.432 0.4265 0.0602 0.1217 −0.1854

Tropical livestock unit 0.5591 0.3199 0.0082 0.29 0.3321 0.0207

Share of hired labor −0.4772 0.1536 0.4861 0.054 −0.1049 −0.2018

Commercialization index −0.4606 −0.1168 0.0823 0.3672 0.2311 −0.3844

Total expenditure in agro-inputs (000 Tsh) −0.2082 0.0056 0.2158 0.628 0.0495 0.2937

Distance from the nearest river in Km 0.0882 −0.0691 0.1854 0.5091 −0.0691 0.4159

Share of Off farm income −0.1143 0.1656 0.4908 −0.2506 −0.2908 0.2696

Share of land allocated to vegetables −0.0153 −0.3791 0.3349 0.4172 −0.394 −0.3816

Income per capita −0.078 0.2869 0.5297 −0.1394 −0.1602 0.4079

Total labor person days per year −0.3336 −0.2853 −0.4229 0.1884 0.1535 0.3579

Years of schooling −0.4332 −0.1294 0.4455 −0.2871 0.3907 −0.1092

Eigenvalues 2.23 2.01 1.57 1.28 1.19 1.02

Cumulative explained variance 16 30.33 41.56 50.72 59.27 66.56

Note: The bold values identify the top three strongly correlated variables with the respective PC.

3.3. Cluster Analysis

Using the hierarchical and k-means clustering, a three-cluster solution was obtained.
Figure 2 provides the tree-based representation of the observation, also known as a dendrogram.
Moreover, partitioning in three clusters is represented on the scatter plot produced by the first
two principal components, and the dots (representing farmers) are colored according to their cluster
group Figure 3. The cluster dendrogram shows explicitly three different farm groups identified by the
cluster analysis. Table A1 presents the variables that discriminate each cluster group.
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Figure 2. Dendrogram of three farm types in KVF. Note: The cluster dendrogram is the standard ways
of representing the hierarchical relations and allocation of samples in to groups. The cluster is based on
agglomerative hierarchical clustering with Euclidean distance as the similarity measure and Ward’s
linkage strategy (n = 300).

Cluster I accounts for 68.4% of the farm households in KVF. Share of rice, share of hired labor
and the household commercialization index are significantly and positively associated with the first
cluster. Given the importance of these variables, we labeled the first cluster as “Monocrop rice
producers” (MCRPs), with almost 92 percent of their land allocated to rice (compared to 79% for
all farmers). Considering the main crop, they tend to have a larger share of hired labor and higher
input intensity. Almost 50 percent of their rice harvests are sold to the market to cover the costs of
inputs and basic household needs. In terms of livelihood, they are dependent on farm income without
livestock integration. They own less land, with an average of 1.97 hectares compared to an average of
2.5 hectares in the study site. Although there is limited off-farm income opportunity, monocrop rice
producers also receive income from non-farming activities.

Cluster II accounts for 25.2% of the sampled farm households. Share of land allocated to maize,
rice, and vegetables as well as share or hired labor are most significantly associated with cluster two.
Hence, we labeled the second cluster of farmers as “Diversifiers”. Diversifiers are different from the
other two groups, mainly in terms of their land-use decision. Although the highest share of land is
allocated to rice (47%), they also produce maize (40%) and vegetables (10%). Households in this group
mainly rely on family labor, with only 24% of the labor provided by wage labor.

Cluster III comprises 6.4% of the farm households. The third cluster is strongly associated with
farm size, TLU, household size, and per capita income. Given the mix of farming and livestock
keeping, we labeled it as “Agropastoralists”. The Agropastoralists own relatively more land and TLU,
have larger household sizes, and earn larger per capita income relative to their peers in the valley.
Moreover, they are characterized by lower market participation (crop) and lower labor person-days
per year per hectare. Agropastoralists are recently migrated farmers from other parts of the country
who have cleared new land for cultivation of crops and livestock keeping. One possible explanation
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for the lower market participation (commercialization index of 31 compared to the overall average 47)
is the large household size, which might require them to keep a significant portion of their output for
home consumption.

Figure 3. Distribution of the farmer household in three groups projected on the one and two
dimensional plane. Note: Principal component 1 and 2 are the first two components from PCA
that capture 30.33% of the variation.

Figure 4 provides the box plots for the characterization of the three farm groups. To test if there
is a significant difference between the groups, a pairwise mean comparison is conducted. As shown
in the plots, there is a significant difference between the Agropastoralist and Diversifier types in
terms of farm size (Figure 4A), land allocated to crops (Figure 4B–D), household size (Figure 4F),
TLU (Figure 4H) and per capita income (Figure 4J). Similarly, the results show a significant difference
between Agropastoralists and MCRP in terms of farm size (Figure 4A), land allocated to crops
(Figure 4B–D), commercialization index (Figure 4E), household size (Figure 4F), share of hired labor
(Figure 4G), TLU (Figure 4H) and per capita income (Figure 4J). Looking at the difference between
MCRP and diversifiers, there is a significant difference between the two farm groups in farm size
(Figure 4A), land allocated to crops (Figure 4B–D), commercialization index (Figure 4E), the share of
hired labor (Figure 4G) and age of the household head (Figure 4I).
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Figure 4. Box plots of farmer characterization in KVF by main variables. Note: The horizontal
lines between the box plots shows if there is significant differences in mean of a particular variable
between groups (pairwise mean comparison) at different significant levels [ns: p > 0.05] [*: p <= 0.05]
[**: p <= 0.01] [***: p <= 0.001] [****: p <= 0.0001]. Kruskal–Wallis test is a non-parametric test to compare
samples from two or more groups of independent observations, p < 0.05 is considered as significant.
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3.4. Validation of Typology

In order to check the validity and stability of the clusters identified above, we conduct a validation
exercise using the 2007 Agriculture Sample Survey (ASS) of Tanzania [78]. The data contain
810 observations across 54 villages in the Kilombero and Ulanga districts. The selection of the variables
and algorithms are the same as in the above analysis (however, the ASS data miss two important
variables: per capita income and amount of labor used in crop production). The typology from
the new dataset reveals the same pattern as the one we found from our survey. The same number
of clusters are identified(Figure 5), and the main variables that discriminate the clusters are the
same (Figure A1). Besides, the typology from the 2007 agricultural sample survey also shows other
interesting differences between farm types. For example, the distance of the main farmer field from
the river is significantly higher for diversifiers relative to their peers of Monocrop rice producers and
Agropastoralists. This might explain why diversifiers can allocate a relatively larger share of land
to maize.

Figure 5. Dendrogram of three farm types in KVF (validation data). Note: The cluster is based on
agglomerative hierarchical clustering with Euclidean distance as the similarity measure and Ward’s
linkage strategy. The validation is based on data from Agriculture Sample Survey (2007) [78] (n = 800).

4. Discussion

The results presented above provide insight into the heterogeneity among farm households in
the KVF. The diversity is observed not only in terms of livelihood and land use but also with respect
to resource endowments and market participation. Understanding the diversity of the farmers and
how the current policies and strategies are shaping the livelihood of smallholder farmers is key for
several reasons: (1) KVF is one of the hotspot areas for agricultural intensification, and interventions
from both state and aid funded projects will likely continue to grow. (2) It is an ecologically sensitive
area that provides a range of ecosystem services and its sustainable use will have both national and
regional benefits [52]. (3) It is one of the largest rice-growing areas in East Africa and rice is one of
the vital commodities targeted by both the government and aid agencies for food security and export
earnings [5]. (4) Despite the government’s efforts to implement different policy instruments, objectives
have not been fully met, and impacts are minimal so far [79].
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The current agricultural policy of Tanzania is addressed in several government strategies and
policy documents, including the Agriculture Sector Development Programme-II (ASDS-II), KILIMO
KWANZA Resolve, the Tanzania Food Security Investment Plan and the Southern Agriculture Growth
Corridor of Tanzania (SAGCOT) [2]. ASDS-II and SAGCOT are two agricultural programs with
direct implications for KVF. Although the two policy interventions represent different priorities
(smallholder farmers and large scale commercial ventures, respectively), both policies envision to
increase agricultural production and reduce rural poverty through training and information on
agricultural technology by extension services, building infrastructure including small-scale irrigation,
road and warehouses, and integration of smallholder farmers into value chains [79].

To date, these policies have tended to ignore the diversity of smallholder farmers, their needs,
and constraints [57,80,81]. Effective development strategies and plans seeking to harmonize future
food production and environmental sustainability in KVF should be systematically targeted and
thus need to take into consideration the challenges and opportunities associated with different
farm types. The variety of farm households identified through our typology can form a basis
for prioritizing existing policies and for targeting future intervention to a specific farming system.
For instance, the ASDS-II has vowed to increase access to agricultural mechanization services,
including tractors, power tillers, weeder, and harvesters, etc., in collaboration with the private
sector [79] (p. 71). The monocrop rice producer could benefit from such interventions that prioritize
access to labor-saving technologies and innovations, as they use significantly more family and wage
labor for land preparation, weeding, and harvesting of rice. Although the adoption of more diverse
cropping systems depends fundamentally on the hydrological regime of a particular farm, Monocrop
rice producers and Agropastoralists could benefit from policies and interventions, targeting a transition
towards agroecology through temporal and spatial diversification of cropping practices (rotation,
multiple cropping, and intercropping) accompanied by water management practices. This will help
them to spread production and income risk over a broader range of crops and to reduce vulnerability
to exogenous shocks. Both Monocrop rice producers and Diversifiers earn their income mainly
from a single source (crop production). Thus, they could also benefit from efforts towards income
diversification into non and off-farm activities and from increased credit access for investing in
diversified production systems. Since all the farmers still use traditional farming practices, they could
benefit from access to low cost, environmentally friendly, and improved farming technologies,
as envisioned in both ASDS-II and SAGCOT [2,82]. This will allow them to increase their productivity,
which might in turn reduce the speed and scale of the current transformation of natural ecosystems
into agricultural production. Finally, the Agropastoralists have not been actively engaged in the current
policy landscape [83] and they require additional attention. Poor infrastructure and insecurity increase
the costs and risks of commercialization for Agropastoralists located in remote areas. They are less
able to respond to terms of trade and sell less of their surplus production. Interventions through
road infrastructure (especially between the isolated settlements and the main road) as envisioned in
SAGCOT [84] (p. 19) might benefit Agropastoralists. As conflicts between the Agropastoralist and
the crop farmers are increasing in recent years [85], sustainable rangeland management that ensures
mobility and connectivity to key natural resources and takes into account the carrying capacity of the
floodplain (as foreseen in ASDS-II [82] (p. 21)) might benefit both the farmers and the environment.

5. Conclusions

In this study, we attempted the first classification and characterization of farm households in KVF
using cross-sectional data collected in 2015. By combining principal component analysis, hierarchical
clustering, and K-means clustering, we segment farmers by a purely data-driven approach into groups
exhibiting similarity within and differences between them, based on their livelihood and land use.
Moreover, we provide an inductive generalization [27] through a concise characterization of the groups,
and assign appropriate meanings to them.



Sustainability 2020, 12, 7114 15 of 21

Our result shows an easily comprehensible typology with three representative farm types that
capture the main aspects of the heterogeneity. The majority of the farmers in the valley are Monocrop
rice producers who are characterized by their higher land allocation to rice, market participation,
and labor use. The second farm type identified is called Diversifier. Households in this group are
similar to the Monocrop rice producers in some respect, but show a significant difference in terms
of using relevant acreage for maize and vegetables in addition to rice. More so, the share of hired
labor is relatively small, due to less emphasis on labor-intensive rice production. The third group
of farmers is identified as Agropastoralists. Households in this group pursue their livelihood by
combining crop production with livestock keeping. Furthermore, they also own significantly more
land and have a higher per capita income. Our validation based on a completely independent dataset
shows a similar classification and characterization of farmers, which indicates that a combination of
PCA, hierarchical, and K-means clustering provides stable clusters. Understanding the diversity of
farmers in KVF is essential for any effort geared towards increasing production and the reduction
of poverty in the region. Recognition of this diversity may avoid a lack of success and unintended
consequences of policy measures caused by ignoring the specific constraints and circumstances of each
farm type. Besides, the farm typology will help us to define particular agent types and to appropriately
parameterize behavioral models for future research of land use and intensification in KVF.
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Appendix A

Appendix A.1. Table of Discramintory Variables

Table A1. Cluster description by main discriminatory variables.

Cluster Mean Overall Mean Cluster SD Overall SD p Value

Cluster I [ Monocrop Rice Producers] [68.4%]

Share of land allocated to rice 91.47 79.18 11.02 23.91 0.00
Percent of labor hired 43.41 36.80 33.66 33.13 0.00

Commercialization index 49.87 47.05 23.45 24.75 0.00
Total labor person-days (ha−1year−1) 322.11 297.39 259.15 241.17 0.01

Total expenditure on
Agro-inputs (000 Tsh) (ha−1)

36.358 29.998 92.565 79.086 0.05

Household size 4.81 5.05 1.64 1.98 0.00
Share of land allocated to vegetables 1.42 3.53 5.22 11.51 0.00

Farm size in Ha 1.97 2.37 1.51 2.17 0.00
TLU 0.23 0.68 0.67 2.24 0.00

Share of land allocated to maize 3.41 13.85 7.41 21.37 0.00

Cluster II [Diversifier] [25.2%]

Share of land allocated to maize 39.66 13.85 24.43 21.37 0.00
Share of land allocated to vegetables 9.98 3.53 19.84 11.51 0.00

Percent of labor Hired 24.41 36.80 27.43 33.13 0.00
Share of land allocated to rice 47.00 79.18 19.87 23.91 0.00

Cluster III [Agropastoralist] [6.4%]

TLU 7.07 0.68 5.36 2.24 0.00
Farm size in Ha 7.67 2.37 3.06 2.17 0.00
Household size 8.44 5.05 2.22 1.98 0.00

Share of land allocated to maize 23.99 13.85 17.67 21.37 0.04
Total labor person-days (ha−1year−1) 151.53 297.39 121.15 241.17 0.01

Years of schooling 4.89 6.44 3.45 2.47 0.01
Commercialization index 31.09 47.05 23.95 24.75 0.00

Percent of labor hired 14.81 36.80 22.86 33.13 0.00
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Appendix A.2. Box Plot of Validation Cluster

Figure A1. Box plots of main variables by farm type from the validation study (based on the 2007
agricultural Sample census [78]. [n = 800]).
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