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ABSTRACT
The mechanisms linking growth and inequality are critical for poverty 
reduction, yet they remain poorly understood at the micro level, as 
current knowledge is dominated by country-wide studies. This article 
evaluates farm income growth and changes in inequality among five 
smallholder irrigation communities in Mozambique, Tanzania and 
Zimbabwe. Over the period of study, the poorest sections of the 
population became better-off. Over an income growth spell, at low 
levels of growth, relative inequality increases, but it starts to drop as 
growth rises beyond a certain rate. Thus, careful design is required to 
ensure that pro-growth strategies also become inequality-reducing.
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Introduction

The 2015 Sustainable Development Goals (UN, 2015b) identify poverty, growth and inequality 
as three key areas of intervention towards the UN’s 2030 Agenda for human well-being and 
environmental sustainability. The Sustainable Development Goals constitute an integrated 
strategy, in which individual goals are interlinked. Importantly, the interconnection between 
poverty, growth and inequality (PGI) is grounded on long-lasting economic theory and 
numerous empirical studies (Adelman, 1973; Ahluwalia, 1976; Atkinson et al., 2009; 
Bourguignon, 2004; Dollar & Kraay, 2002; Ferreira & Ravallion, 2008; Fosu, 2017; Kanbur, 
2005; Kuznets, 1955; Ram, 1988; Ravallion, 1997, 2014; Sen, 1973). As Bourguignon (2004, p. 
2) explains, such linkages are captured in the PGI triangle, given that ‘poverty reduction in a 
given country and at a given time is fully determined by the rate of growth of the mean 
income of the population and the changes in the distribution of income’.

According to the latest comprehensive data on global poverty, 736 million people 
(10% of the global population) lived in extreme poverty in 2015, down from 1.85 billion 
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(35%) in 1990 (World Bank, 2018b). Extreme poverty is defined as average daily con
sumption of USD 1.90 (purchasing power parity, PPP) or less, and means living on the 
edge of subsistence (World Bank, 2019a). Although poverty rates have declined across 
all regions, progress was uneven and mainly driven by China, Indonesia and India. In 
sub-Saharan Africa (SSA), extreme poverty dropped from 56% in 1990 to 41% in 2015. 
But with the doubling of the subcontinent’s population, the absolute number of 
extreme poor increased by 9 million, to 413 million. Today, over 50% of the world’s 
extreme poor live in SSA, a proportion expected to rise to 90% by 2030 (World Bank, 
2018b).

Over the last three decades (1990–2017), SSA’s annual GDP has grown by an average of 
3.7% (World Bank, 2019a). Although sustained growth has reduced the poverty head
count, growth spells are often accompanied by rising inequality (Ravallion, 2001, 2014). 
Today, not only do two in five sub-Saharan Africans live in extreme poverty, they do so 
amid some of the world’s starkest wealth and income inequality (World Bank, 2019b). 
Economic inequality remains a matter of concern due to its links to extreme poverty 
(Ravallion, 1997), corruption (Khagram, 2005), political stability (Alesina, 1996) and social 
mobility (Rothman, 2015).

According to data from the World Bank (2019b), the world’s eight most unequal 
countries (by Gini coefficient) are in southern Africa, with South Africa (0.63), Botswana 
(0.61) and Namibia (0.59) heading the list. Mozambique (0.54), Tanzania (0.38) and 
Zimbabwe (0.43) rank, sixth, 64th and 34th, respectively, out of 146 countries. These 
three countries also score among the world’s lowest on the Human Development Index, a 
composite of average life expectancy, education and income (UNDP, 2017). On a scale 
from 0 to 1, the 2017 scores were Mozambique 0.44, Tanzania 0.54 and Zimbabwe 0.56, 
putting them 180th, 154th and 156th out of 189 countries (UNDP, 2017).

The associations between poverty, growth and inequality are particularly important in 
rural areas, where poverty is most prevalent, typically above 70%, and where agriculture is 
the principal source of income (World Bank, 2019b). Agriculture-driven economic growth 
can become a vector for poverty reduction if it is not accompanied by extreme inequality, 
including in income and land (FAO, 2003). Importantly, (rural) populations may become 
worse-off during growth spells, even if poverty falls as a national average (Manero, 2018; 
Ravallion, 2001).

Despite the specific importance of poverty, growth and inequality for rural develop
ment, much of the empirical literature is dominated by macroeconomic studies (Atkinson 
& Lugo, 2010; Dartanto & Patunru, 2015; Ferreira & Ravallion, 2008; Fosu, 2017; Go et al., 
2007; Hartmann et al., 2016; James et al., 2005; Kabubo-Mariara et al., 2012; De Silva & 
Sumarto, 2014; Thorbecke, 2015; Virtanen & Ehrenpreis, 2007), which are facilitated by 
readily available national and international statistics (CIA, 2019; UNDP, 2019; World Bank, 
2019b). However, growth and distributional change at small scales remains under-studied 
(Ferreira & Ravallion, 2008), partially due to the difficulty in collecting the required data. As 
Ravallion (2001, p. 1803) explains, only through micro-empirical work will we ‘have a firm 
basis for identifying the specific policies and programs that are needed to complement 
growth-oriented policies’. Hence, studies in SSA have emerged that demonstrate how 
inequality within agricultural groups can be the main driver of total inequality (Cogneau et 
al., 2007), and that the impact of growth on inequality may vary widely across villages and 
over time (Takane & Gono, 2017).
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The purpose of this study is to contribute to the literature on growth and inequality at 
the micro scale in SSA. We use data from five irrigation communities in Mozambique, 
Tanzania and Zimbabwe, collected through two rounds of household surveys in 2014 and 
2017, as part of an overarching research-for-development project. The study evaluates 
distributional changes in land use, crop production and farm incomes, and how they 
relate to agricultural development interventions during this period. Further, the study 
seeks to understand whether growth and inequality dynamics previously observed at the 
macro scale are also verified at the local level.

Literature review

The importance of economic inequality in rural development

In the context of international development, a key concern is the well-being of the 
population, which depends on a variety of social, political and economic factors, such 
as health, education, freedom and security (Van Phan & O’Brien, 2019). To capture these, a 
number of composite indices have been formulated (Booysen, 2002). A limitation of these 
indices is that they require a wide range of data often unavailable at subnational levels (e. 
g. regions or villages). Thus, straightforward indicators such as levels of poverty, inequality 
and growth are often used.

Economic inequality, whether in terms of income, expenditure or wealth, has long been 
recognized as a major obstacle to poverty reduction at global, continental and national 
scales (Ravallion, 2014). Kuznets (1955) theorized that, over time, economic growth and 
inequality follow an inverted-U curve, whereby inequality rises with growth in the short 
term, but trickle-down effects will narrow the gap in the long term. Early empirical studies of 
rising inequality in developing countries supported this hypothesis (Ahluwalia, 1976; 
Ahluwalia et al., 1979; Robinson, 1976; Srinivasan, 1977). But in an initial review of growth 
and social equity in developing countries, Adelman (1973) raised concerns about increasing 
relative and absolute poverty; the lack of evidence of trickle-down effects; and the impor
tance of relationships among income groups as a determinant of income distribution. Ram 
(1988) later argued that the internationally observed inverted-U relationship was due to 
structural differences between developed and developing countries, and that such a 
pattern was not replicated in samples of developing countries only.

As more data became available in the 1990s, further empirical studies emerged that 
analyzed the PGI nexus across countries and over time. Two important determinants of how 
much the poor benefited from economic development were the level of initial inequality, 
and changes in inequality during growth spells (Bourguignon, 2004; Ravallion, 2001; 
Ravallion & Chen, 2003). The PGI triangle explains that at any positive rate of growth, the 
greater the initial inequality, the slower income-poverty falls. Moreover, with very high 
inequality, it is possible for growth to result in greater poverty (Ravallion & Chen, 2003).

Analyzing data from 130 countries over 25 years, Ferreira and Ravallion (2008) found a 
clear negative association, globally, between inequality and development. In a compara
tive analysis of PGI across developing countries, Fosu (2009) found that the greater the 
initial inequality, the lesser the impact of GDP growth on poverty reduction. Importantly, 
the responsiveness of poverty reduction to growth was substantially lower in SSA than in 
other developing regions. Further, analyzing PGI links across 123 developing countries 
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from 1997 to 2007, Fosu (2017) identified average income growth as the main driver of 
poverty reduction; but inequality, both at the start of and during the growth period, 
played a decisive role in determining how much poverty declined. Fosu’s studies highlight 
the need for policy makers to look beyond averages and consider country-specific drivers 
of PGI.

In Tanzania, between 1983 and 1991, agricultural reforms brought higher commodity 
prices and incomes for some farmers, who could then escape poverty. However, less 
advanced farmers were left behind, resulting in a 40% increase in income inequality 
(Ferreira, 1996). If income distribution had not changed during this period, then assuming 
the same growth, poverty reduction would have been much greater: 39% instead of the 
actual 14%. More recently, a study analyzing the 2000–2007 growth spell in Tanzania 
concluded that greater poverty reduction could have been achieved if the absolute increases 
in real income had been more evenly spread (Atkinson & Lugo, 2010). Similarly, between 1995 
and 2002 in Mozambique, incomes rose in rural areas a result of higher food prices. But then 
60% of rural households, who were net grain buyers, were hurt by declining purchasing 
power and eroded welfare levels (Boughton et al., 2006). Economic inequality in Zimbabwe is 
partly due to its agrarian socio-economic situation, still reflecting the legacy of the colonial era, 
the civil war and the reforms of the late twentieth century. Throughout the 1980s and 1990s, 
Zimbabweans’ livelihoods deteriorated significantly, as a result of recurrent droughts and 
issues associated with land reform (Kinsey, 2010; Mazingi & Kamidza, 2011).

While the literature on PGI is predominantly based at the macroeconomic level, there is 
a need to understand growth and distributional change at the micro (local) scale 
(Ravallion, 2001). In a review of studies across SSA, Thorbecke (2012) explains that the 
interconnection between growth and inequality may lead many households to remain 
trapped in vicious circles of poor education, health and livelihoods. In the context of rural 
development, particularly that of smallholders, irrigation is often suggested as an effective 
strategy for welfare and development (De Bont & Veldwisch, 2020; Kannan & Anandhi, 
2020; Nonvide, 2018), yet a growing body of literature raises fundamental questions 
regarding its implications for equity and social justice (Giordano & De Fraiture, 2014; 
Gorantiwar & Smout, 2005; Lefore et al., 2019; Van den Berg & Ruben, 2006). As noted by 
Lipton et al. (2003, p. 414), ‘the poor are not a homogenous group’, and thus irrigation 
may impact them differently. Kanbur (2005, p. 229) points out that, while common 
analyses focus on the rich–poor gap, poverty reduction polices can ‘pit some poor against 
other poor’ as a result of aggravated disparities among them. Studies among rural 
communities in developing countries have found that the largest driver of total inequality 
is inequality within groups of households having agricultural and non-agricultural 
incomes, rather than disparities between groups (Cogneau et al., 2007; Manero, 2017). 
Importantly, the level of impact and direction (increasing or reducing) of inequality drivers 
may vary considerably across locations and time (Takane & Gono, 2017).

Measures of inequality

Many different measures exist of economic inequality, although monetary figures (i.e. 
income or consumption) are the most common (McKay, 2002; Sahn & Stifel, 2003). 
Typically, international inequality figures are based on household income, including 
those of the World Bank (2018a), UNDP (2019), and CIA (2019). The Gini (1912) coefficient 

INTERNATIONAL JOURNAL OF WATER RESOURCES DEVELOPMENT S227



is the most popular inequality measure, given its relative ease of calculation and compar
ison across countries and population sizes (Bellù & Liberati, 2006; Manero, 2017). It 
measures the degree to which the distribution of income (or any other metric) differs 
from a perfectly equal distribution across all individuals in a group (World Bank, 2011). Its 
value ranges from 0 to 1 (from total inequality to total equality). The coefficient can also 
be decomposed by source (Lerman & Yitzhaki, 1985), which provides an understanding of 
which sources of income (or consumption) are the strongest drivers of total inequality. 
Hence, it remains the most commonly used measure of inequality, including in the PGI 
literature (Atkinson et al., 2009; Biancotti, 2006; Bourguignon, 2004; Dollar & Kraay, 2002; 
Ram, 1988; Ravallion, 2014). However, it also has important limitations, notably its diffi
culties in handling negative values (Chen et al., 1982; Manero, 2016; Raffinetti et al., 
2014b), its not being decomposable by population subgroups (Bourguignon, 1979), and 
its high sensitivity to inequality in the middle of the income distribution (De Maio, 2007).

Another easy-to-interpret measure of inequality across populations of different sizes is 
the decile dispersion ratio or inter-decile ratio (UN, 2015a). These are based on the extreme 
ends of the distribution: they compare the average income (or income share) of the top x% 
to the bottom x% of the population. Two of these, often used, are the income quintile ratio 
and the Palma ratio. The income quintile ratio (or 20:20 ratio) is the average income of the 
top 20% over the average income of the poorest 20% (UNDP, 2013). The Palma ratio 
(Cobham & Sumner, 2013; Palma, 2011) compares the top 10% to the bottom 40% and 
has been used in the Global Monitoring Report (World Bank & IMF, 2016).

Materials and methods

Study sites

This study is part of the Research for Development project Transforming Small-Scale 
Irrigation in Southern Africa and focuses on the changes that occurred over the course 
of the project, from 2013 through 2017. The project covers six smallholder irrigation 
schemes, two in each of Mozambique, Tanzania and Zimbabwe. These three countries 
were selected following a scoping survey of nine countries, evaluating a range of factors, 
including national institutions, research capacity, irrigation development, and the poten
tial to increase food production (Bjornlund et al., 2019; Wheeler et al., 2017). The six 
schemes were selected based on their potential to improve agricultural practices, acces
sibility, institutional capacity and collaboration with local agencies. In the three smallest 
schemes – Mkoba (Zimbabwe), 25 de Setembro and Khanimambo (Mozambique) – all 
households in the irrigation community were targeted, although some farmers were 
absent or chose not to participate. In Silalatshani (Zimbabwe), Kiwere and Magozi 
(Tanzania), the population was stratified based on gender and wealth category (poor, 
medium or well-resourced), and then 100 were randomly sampled (Manero, 2017). During 
a severe flooding in 2015 at the Khanimambo scheme, the pump and infrastructure were 
damaged, and irrigation largely stopped, so it was removed from this study.

The project carried out two major interventions in the schemes. One of them facilitated 
famer learning around soil-water-nutrients dynamics, though the use of soil moisture and 
nutrient monitoring tools (Stirzaker et al., 2017). Except for Magozi, where rice is flood- 
irrigated, the monitoring tools provide farmers with data about the crop’s water and 
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nutrient availability, enabling more effective irrigation and fertilizer application. The other 
key intervention was the establishment of ‘agricultural innovation platforms’ to help 
farmers and their communities overcome barriers to higher productivity and profitability. 
For a discussion of these interventions and their outcomes, see Moyo et al. (2020) for 
Zimbabwe, Mdemu et al. (2020) for Tanzania, and Chilundo et al. (2020) for Mozambique.

The five schemes vary in size and type of irrigated crops (Table 1). Poverty rates within 
the Zimbabwean and Tanzanian schemes are considerably higher than their respective 
national levels, which in 2011 were 21% in Zimbabwe and 49% in Tanzania (World Bank, 
2019a, 2019b). By contrast, Mozambique’s national poverty rate of 62% in 2014 (World 
Bank, 2019a) is well above the 39% in 25 de Setembro. As detailed in Manero (2017), 
income inequality across all schemes exceeds those at national scales.

Data

Data were collected twice: a baseline survey in May and June 2014 and an-end-of-project 
survey between March and May 2017, re-interviewing the same participants as in 2014. 
However, as some irrigators were unable to participate in the second survey, the 2017 
sample was smaller (Table 1). The loss of participants over time can result in attrition bias 
(Miller & Hollist, 2007) if individuals dropping out have unique characteristics (Hausman & 
Wise, 1979) – a common phenomenon in studies of farming communities across Africa 
(Sheahan et al., 2013; Verkaart et al., 2018). Non-parametric tests of statistical significance 
(Wilcoxon-rank sum and Kolmogorov-Smirnov, Table A1) were applied to detect differ
ences between dropped and retained households (Kolmogorov, 1933; Wilcoxon, 1945). 
No statistically significant differences were identified in relation to the variables of this 
study, although attrition could be due to unobservable variables, such as migration or 
change in livelihood activities.

To allow comparison, this study uses a panel data set-up, which only includes house
holds with data from both 2014 and 2017 surveys. The surveys used a combination of 
quantitative and qualitative questions, collecting information on family structure and 
characteristics, farm characteristics, revenues and expenses, agricultural production and 
sale prices (Manero, 2017).

This study uses gross income to measure inequality as it is a common approach across 
developed and developing countries. Accounting for expenses would result in negative 
farm incomes, which poses serious obstacles for the study of inequality (Chen et al., 1982; 
Manero, 2017; Raffinetti et al., 2014a). Gross income was computed as the cash received 
from the sale of irrigated and rainfed crops and livestock over the 12-month period prior 
to each survey. Income calculations could not include agricultural production used for 
self-consumption, such as chickens, maize, groundnuts or sugar beans, (Bjornlund et al., 
2019; Moyo et al., 2017), because famers did not keep such records. While excluding self- 
consumption may lead to an underestimation of incomes, it is understood that variations 
across households due to crop self-consumption would be minor compared to income 
disparities from cash crops. Outliers were identified using summary statistics and graphi
cal methods (Manero, 2018; Manero et al., 2019). After thorough verification of the data 
sets and consultation with expert in-country researchers, four observations were dropped 
from the overall sample, as their veracity could not be confirmed.
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In order to compare incomes between the start and end of the project, baseline survey 
figures were adjusted by the Consumer Price Index. Between May 2014 and March 2017, 
the changes in the index in Zimbabwe, Tanzania and Mozambique were −4%, 17% and 
40%, respectively (Trading Economics, 2018). Given that the purpose of this study is to 
analyze changes in production, income and inequality within schemes, rather than 
between, monetary figures are kept in the local currencies.

Hypothesis

This study seeks to understand growth and inequality dynamics at small scales, i.e. within 
smallholder irrigation schemes. This includes changes in landholdings, crop production 
and incomes. Regarding the latter, a key question is whether dynamics observed at large 
(national) scales are also verified at small (local) scales. Therefore, departing from results 
from cross-country studies (Bourguignon, 2004; Ferreira & Ravallion, 2008; Ravallion, 
2014), the following hypotheses were formulated, to be tested at the scale of small 
irrigation schemes: 

H1: Over an income growth spell, initially high levels of income inequality are associated 
with lower growth rates (i.e. initial inequality hinders growth).
H2: Over an income growth spell, higher income growth rates are associated with greater 
declines in income inequality.

Inequality calculations

In this study, the Gini coefficient is used to calculate inequality in cultivated areas and 
farm household incomes by source. For comparison, income quintile (20:20) and Palma 
(10:40) ratios are also calculated on gross farm incomes.

This study adapts Ravallion and Chen’s (2003) approach to calculate the growth rate of 
farm income mean by quintiles (ranked by income), in order to understand the growth 

Table 1. Characteristics of the irrigation schemes and surveys undertaken in 2014 and 2017.
Survey 

participants

Country Scheme Major crops

Total irrigated 
area in the 

scheme (ha)

Poverty in 
2013/ 
2014†

Irrigator 
population 2014

Retained 
in 2017

Zimbabwe Mkoba Maize, vegetables 10 81% 75 68 54
Silalatshani Maize, wheat, sugar 

beans
110 95% 212 100 72

Tanzania Kiwere Tomatoes, onions, leafy 
vegetables, green 
maize, rice

194 64% 168 100 60

Magozi Rice 939 53% 512 100 77
Mozambique 25 de 

Setembro
Vegetables (cabbage, 

green beans, 
tomatoes), maize

40 39% 38 25 19

†Percentage of households with average daily consumption of less than $1.90 PPP per adult equivalent. Source: Adapted 
from Mwamakamba et al. (2017) and authors’ calculations.
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rates among the poorest section of the population, and how they compare to those at the 
upper end of the distribution (the richest). Thus, population subgroups were defined by 
their economic status, based on total gross household income as a proxy. Using baseline 
data for 2013/2014, population samples in each scheme were divided into quintiles, 
where the first quintile is that of the poorest households, and the fifth quintile represents 
the top economic level. Then changes in farm incomes by quintile from 2013/2014 to 
2016/2017 were calculated in absolute terms (local currency in 2017 prices) and in relative 
terms (change as a percentage relative to 2013/2014).

Differences between 2013/2014 and 2016/2017, by household, in cultivated areas, farm 
incomes and crop productivity (Tables 2–4) were tested using the Wilcoxon signed-rank 
test (Wilcoxon, 1945). This is the nonparametric equivalent of the paired t-test and checks 
whether two related samples originate from populations with the same distribution 
(Harris & Hardin, 2013). In this study, non-parametric tests were used because the data 
follow non-normal distributions and no assumptions can be made about the parameters 
characterizing the populations’ distributions. Although the 25 Setembro scheme, in 
Mozambique, does not have enough observations for statistical tests to be robust, its 
results are reported for consistency across all schemes.

Results

Cultivated areas

Over the course of the project (2013/2014 to 2016/2017), when analyzing the data across 
both years, the changes in average area cultivated by household (irrigated, rainfed and total) 
are significantly positive across most schemes (Figure 1 and Table 2). In Zimbabwe, the 
average area irrigated per household more than doubled, while rainfed land grew by only 
one-third. In Tanzania, the expansion in rainfed area was the greatest of the three countries, 
whereas the increase in irrigated land was relatively modest. Magozi was the only scheme to 
see a decline in any of its average cultivated areas by household – a 9% drop in irrigated 
land. Magozi’s significant increase in dry-land farming contrasts with the drop in irrigated 
area. In Mozambique’s 25 Setembro, irrigated and rainfed areas contributed in approxi
mately equal parts to the overall area increase per household. Detailed inequality statistics 
of cultivated areas are reported in Table A2 in the supplementary online materials.

The distribution of cultivated area among the population changed in all the schemes 
over the course of the project. However, half of these variations were only marginal, with 
the Gini coefficient of land distribution changing by less than 10%. In Tanzania, large 
expansions of rainfed land (51% and 140%) were accompanied by notable declines in 
inequality (−44% and −22%). Contrastingly, in Silalatshani, the mean irrigated area per 
household grew 1.5-fold, but distribution became more unequal (by over two-thirds), and 
50% of the newly irrigated area was concentrated in 15% of the households.

Farm incomes by source

Changes in average farm income per household were mostly positive and statistically sig
nificant across schemes and sources (Table 3). Across the five schemes and both years, irrigated 
crops were the largest contributor to farm incomes, well above rainfed crops and livestock.
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The Zimbabwean schemes (Mkoba and Silalatshani) experienced the largest relative 
gains, close to a three-fold increase between 2013/2014 and 2016/2017 (Table 3), presum
ably reflecting the significant increase in the area under irrigation (Table 2). In Tanzania, the 
Kiwere scheme saw farm incomes rise across the three sources. In Mkoba, Silalatshani and 
Kiwere, income increases from irrigated and rainfed crops are consistent with directional 
changes in cultivated area (Table 2). By contrast, in Magozi the only income rise in our panel 
data set was from livestock, while irrigate-crop incomes dropped by one-quarter. On 
average, Magozi’s farm incomes fell by over one-tenth, although the differences are not 
statistically significant. Magozi was the only scheme experiencing a decrease in income from 
irrigation, reflecting a decrease in land under irrigation. In 2016/2017, farmers in 25 
Setembro mostly grew rainfed crops for their own consumption, but not for sale. Irrigated 
income saw an absolute increase of about 17%, but this is not significant.

Table 2. Change in cultivated area per household between 2013/2014 and 2016/2017 in five irrigation 
schemes.

Absolute change in mean cultivated 
area (ha)

Percentage change in mean cul
tivated area

Gini coefficient of total culti
vated area

Scheme Irrigated Rainfed Total Irrigated Rainfed Total 2013/2014 2016/2017

Mkoba 0.19*** 0.24** 0.43*** 112% 38% 54% 0.39 0.34
Silalatshani 0.65*** 0.23 0.88*** 150% 31% 74% 0.34 0.32
Kiwere 0.26** 0.50*** 0.81*** 24% 51% 37% 0.40 0.31**
Magozi −0.10 0.47*** 0.23* −9% 140% 25% 0.42 0.42
25 Setembro 0.24** 0.25 0.49* 23% 38% 28% 0.33 0.35

***1%, **5%, *10% significance.

Table 3. Mean annual gross farm incomes per household by source in 2013/2014 and 2016/2017, at 
2017 prices, in local currencies.

2013/2014, at 2017 prices 2016/2017

Scheme† Irrigated Rainfed Livestock Total Irrigated Rainfed Livestock Total

Mkoba 110 32 99 241 404*** 97* 295*** 796***
Silalatshani 231 78 127 436 854*** 71 364*** 1289***
Kiwere 1168 537 155 1861 1877*** 992** 269*** 3138**
Magozi 2,030 230 128 2389 1520* 194 417*** 2131
25 Setembro 68,799 3021 8215 80,035 80,832 - 30* 80,862

† Mkoba, Silalatshani in USD; Kiwere, Magozi in TZS thousands; 25 de Setembro in MZN. 
***1%, **5%, *10% significance.

Table 4. Mean crop productivity (in local currencies) in 2013/2014 and 2016/2017, at 
2017 prices.

2013/2014 (2017 prices) 2016/2017

Scheme† Irrigated Rainfed Irrigated Rainfed

Mkoba 636 64 1344** 127
Silalatshani 537 93 854 133
Kiwere 1487 886 1663** 541
Magozi 1828 791 1549 181***
25 Setembro 71,586 8750 53,323 -

† Mkoba, Silalatshani in USD; Kiwere, Magozi in TZS thousands; 25 de Setembro in MZN. 
***1%, **5%, *10% significance.
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Across all schemes and in both years, crop productivity – defined as crop income per 
cultivated area – was notably higher for irrigated than for rainfed crops (Table 4). Mkoba 
exhibits the biggest difference, with irrigated exceeding rainfed by a factor of 10. In 2016/ 
2017, crop productivity in Mkoba was close to twice that of 2013/2014, though the changes 
are only statistically significant for irrigated crops. Irrigated and rainfed productivity in 
Silalatshani also rose (around 1.5-fold), although these were not statistically significant at 
the 10% level. In Tanzania in 2013/2014, income per hectare of irrigated crops was close to 
twice that of rainfed crops. By 2016/2017, the difference had widened, as a result of a sharp 
decline in rainfed productivity. Notably, the two Tanzanian schemes had comparable 
irrigated productivity, despite growing completely different crops. In Kiwere, a large variety 
of horticultural crops are cultivated year round, whereas Magozi operates as a one-season, 
rice monoculture scheme. In Mozambique (25 Setembro), irrigated productivity dropped by 
over 25%. Chilundo et al. (2020) report, based on detailed farmers’ field book records of a 
subset of farmers growing green maize each season in 25 de Setembro scheme, significant 
yield and income increases for those farmers and that crop.

Farm income inequality

Measures of inequality and growth
Except for Mkoba, initial levels of farm income inequality were very similar (0.54–0.58) 
across the schemes. However, growth and inequality changes over time appear to be 
considerably different. The Gini coefficient and inter-decile ratios (Table 5) show an 
increase in farm income inequality between 2013/2014 and 2016/2017 in three schemes, 
though it is only statically significant in Mkoba (p = 0.019). In Zimbabwe and Tanzania, 
schemes within the same country experienced opposite directional changes in inequality. 
Farm income inequality dropped in Mkoba and Kiwere (−17% and −8%, respectively, in 
Gini coefficients), while it rose in Silalatshani and Magozi (3% and 9%, respectively). The 
greatest increase occurred in 25 Setembro (Mozambique), where the Gini coefficient grew 
by over one-tenth and inter-decile ratios more than doubled during the study period. 
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Figure 1. Average cultivated area per household in 2013/2014 and 2016/2017 in five irrigation 
schemes of Zimbabwe (Mkoba and Silalatshani), Tanzania (Kiwere and Magozi) and Mozambique 
(25 de Setembro).
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Across all the schemes, the directional changes in the income quintile and Palma ratios 
are consistent with those observed in the Gini coefficient. Income inequality by source of 
farm income is reported in Table A3 in the supplementary online materials.

Regarding a possible negative effect of initial inequality on growth, Figure 2 displays 
2013/2014 farm income Gini coefficients (Y axis) against annual growth rates (X axis). 
There is a positive association between growth rates and initial inequality (R2 = 0.43), 
contrary to H1 (that initial inequality hinders growth). This suggests that, within the 
schemes of study, initial levels of inequality do not hinder future growth – contrary to 
trends shown by studies at national levels. It should be noted that the results are based 
only on five points, and that the Zimbabwean schemes (Mkoba and Silalatshani) may be 
considered outliers. To test for the influence of each individual scheme, sensitivity tests 
were conducted (Figure A1 in the supplementary online materials). While the results 
cannot be automatically generalized for other locations across the developing world, 
this evidence suggests a positive association between initial inequality and growth rates.

To test H2 (faster income growth is associated with greater declines in inequality), changes 
in farm income inequality (points in the Gini coefficients per year on the Y axis) were plotted 
against farm income annual growth rates (X axis in Figure 3). The data seem to display an 
association between higher growth rates and falling inequality. Remarkably, the two 
Zimbabwean schemes had similar annual growth rates, but a sharp contrast in inequality. 
Over the three-year period, Mkoba’s farm income Gini coefficient fell by 13 points, whereas in 
Silalatshani it increased three points. In Magozi and 25 Setembro, not only did incomes fall 
(negative growth), the resulting income distribution was more unequal (higher Gini 
coefficient).

Changes in household farm income by income quintile
Changes to farm incomes of the first quintile (poorest 20%) were positive and statistically 
significant (Figure 4) and represented the largest income gains, both in absolute (local 
currency) and relative (percentage) terms – except for Mkoba, which came third in dollar 
terms. Detailed statistics of changes in farm incomes from 2013/2014 to 2016/2017 by 
quintile are reported in Tables A4–A6 in the supplementary online materials.

In Tanzania, the second quintiles were the second-largest beneficiaries, by absolute and 
relative measures, whereas the fourth and fifth quintiles perceived the smallest gains, and 
even losses in most cases – albeit without statistical significance. Kiwere’s three bottom 
quintiles increased their average farm incomes by close to TZS 2 million per year, equivalent 
to the 2017 national average GDP per capita (National Bureau of Statistics, 2018).

Table 5. Measures of inequality in total gross farm income between 2013/2014 and 2016/2017.
Gini coefficient Income quintile ratio (20:20) Palma ratio (10:40)

Scheme
2013/ 
2014

2016/ 
2017

2013/ 
2014

2016/ 
2017

2013/ 
2014

2016/ 
2017

Mkoba 0.73 0.61 n/a† 71 n/a† 7.6
Silalatshani 0.55 0.57 n/a† 36 0.8 5.1
Kiwere 0.57 0.53 62 26 5.3 4.2
Magozi 0.56 0.61 27 35 4.2 6.3
25 Setembro 0.56 0.63 8 16 5.4 10.9

Note: In 2013/2014 in Zimbabwe, the 20:20 ratio and the Palma ratio were by definition infinite, as the bottom quantile 
reported nil farm incomes.
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Figure 2. Initial farm income inequality and annual farm income growth (averaged over the three-year 
period) across five schemes.
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Figure 3. Annual farm income growth and changes in income inequality (averaged over the three-year 
period) across five schemes.
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Contrasting with Tanzania and Mozambique, all quintiles in Zimbabwe saw their 
average farm income rise between 2013/2014 and 2016/2017. In Mkoba, the largest 
gains, in USD, were those of the third and fifth quintiles, whose mean annual farm 
incomes rose five-fold and three-fold, respectively. In relative terms, incomes of the first 
quintiles in Mkoba and Silalatshani grew 40-fold and 13-fold, respectively. In general, the 
households who in 2013/2014 were at the bottom of the income distribution seemed to 
have experienced the largest increases in farm income.

Discussion

The micro-level results on income and inequality in this study highlight notable within- 
country differences. While in our household panel data analysis irrigators in Zimbabwean 
schemes shared comparable levels of farm income growth (a four-fold increase over three 
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years), inequality (measured by Gini coefficient) in Mkoba dropped by 12%, while it rose 
by 3% in Silalatshani. In Tanzania, Kiwere’s average farm income rose and inequality 
declined, while the trends were reversed in Magozi (negative growth and growing 
inequality). Growing Gini coefficients in Silalatshani, Magozi and 25 Setemebro were 
also reflected in rises in income quintile and Palma ratios. A stark dichotomy between 
the ‘top’ and ‘bottom’ echelons of the irrigation communities may have important 
implications for social dynamics, such as perpetuation of local political elites who control 
shared water resources (Manero, 2018).

The observed differences between irrigation schemes located within the same country 
may be due to a range of local factors, including access to markets, barriers to land 
expansion, or farmers’ re-investment strategies (Takane & Gono, 2017). In fact, previous 
research in the study areas (Bjornlund & Pittock, 2017; Bjornlund et al., 2017) found two 
main types of barriers to productivity and profitability: those associated with technical 
aspects and infrastructure, and those linked to markets, knowledge and governance. Such 
anthropogenic barriers may be associated with the observed high economic inequality. In 
small communities in rural, developing areas, it is often the well-resourced who gain 
preferential access to extension services, education and local decision-making institutions 
(Agarwal, 2015). Hence, future project interventions should maintain a focus on inclusive 
growth, bringing benefits to all members of the farming community, particularly at the 
bottom of the income distribution.

Across the five schemes, the bottom quintile experienced the largest farm income rises, 
in both absolute terms (except for Mkoba) and relative terms. In this regard, it can be 
argued that the growth over the three years was pro-poor, as it benefited the poor more 
than anyone else. As the project progresses (2017–2021), it would be of value to monitor 
further changes in incomes and inequality, particularly to check whether (and to what 
extent) sustained growth leads to a narrowing income gap. Further, even during pro-poor 
growth spells, it will be critical to understand how the social ramifications of economic 
inequality (e.g. access to education or farming resources) affect the poor’s overall well- 
being.

Hypotheses testing on the association between growth and inequality provides impor
tant insights on the dynamics of distributional change at small scales. Initially high 
inequality is shown to be associated with higher growth rates, contrary to trends 
observed at national levels, where high inequality can slow future growth (Ferreira & 
Ravallion, 2008; Ravallion, 2014). Because of the data limitations of this study, it is not 
possible to draw affirmative conclusions from the comparison between results at local 
and national scales. Nonetheless, the different dynamics observed in this study suggest 
that communities within the same country or region may respond differently to similar 
interventions. Such heterogeneity calls for careful consideration of growth and inequality 
interactions at the local level, to developed context-specific programmes, as opposed to 
broadly defined national or regional strategies.

The household results suggest that higher growth may be accompanied by larger 
declines in inequality. However, the reverse is also true: lower growth rates are associated 
with smaller declines in inequality – up to a point where inequality starts to rise. In other 
words, there is a growth rate threshold (in this case, 20% per year) below which inequality 
tends to rise and above which inequality will drop. An important interpretation is that, for 
a given intervention to be successful in reducing inequality – a typically favourable 
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development outcome – a minimum level of growth may be required. Although one of 
the main limitations of the analysis in this article is that it is based on only five data points 
at the micro scale and over a relatively short period of three years, the direction of the 
growth–inequality association is consistent with previous studies at the macro scale. 
Using data from 100 countries over 20 years, Ravallion (2014) found that the growth 
threshold marking the shift from increasing to decreasing inequality was around 2% 
annual growth. In addition to using more extensive and higher-quality data, it should 
be noted that Ravallion (2014) reports on both absolute and relative measures of inequal
ity, while this study refers exclusively to the latter.

Micro-empirical studies (such as this one) typically require a good understanding of 
local contexts, which means that the researchers carrying out primary data collection are 
often limited to a small number of locations. Small samples constrain wide-reaching 
interpretation and extrapolation of results. Thus, to corroborate our observations, we 
note that the results of this study could be used as secondary data in a future meta- 
analysis investigating growth and inequality across multiple small communities in differ
ent countries. We also suggest that future research conducted as part of this project 
includes poverty analysis, which was omitted here because the 2016/2017 data did not 
include off-farm income or expenses. In addition, future studies covering a longer time 
period will allow observation of how the impacts of the project interventions flow 
through to the slow adopters of the new, improved production practices.

Conclusion

It is well recognized that growth and inequality play critical roles in poverty reduction, 
particularly in rural, developing areas. However, studies on poverty, growth and inequality 
are dominated by analyses of nationwide statistics; an important knowledge gap remains 
at the local level. In recent times, development interventions have shifted from a top- 
down to a bottom-up approach, which calls for an evaluation of whether the dynamics 
observed at the macro level are indeed relevant to the micro (local) scale. Filling this 
knowledge gap is paramount to be able to better design pro-growth strategies that will 
avoid unfavourable inequality outcomes in local communities. Based on a small number 
of observations, this study suggests that initial high levels of inequality at the small scales 
do not necessarily hinder future growth. Instead, our results suggest that what is impor
tant is the change in inequality over a growth spell, rather than its initial level. Importantly, 
in smallholder farming communities, growth and inequality can be affected by a combi
nation of factors, both internal and external to farmers’ control. On the one hand, crop 
selection and improved agronomic practices can boost yields, leading to higher incomes. 
On the other hand, availability of water supply and sharp fluctuations in international crop 
prices can easily destabilize the livelihoods of entire communities. In summary, for local 
development interventions to be most effective, the microeconomic dynamics of poverty, 
growth and inequality need to be well understood, along with how they differ between 
communities and compared to the macro level.

S238 A. MANERO ET AL.



Acknowledgments

This research was part of the projects Increasing Irrigation Water Productivity in Mozambique, 
Tanzania and Zimbabwe through On-Farm Monitoring, Adaptive Management and Agricultural 
Innovation Platforms (FSC-2013-006) and Transforming Smallholder Irrigation into Profitable and 
Self-Sustaining Systems in Southern Africa (LWR/2016/137), both funded by the Australian Centre 
for International Agricultural Research and participating organizations. It was also partly supported 
by the Australian Research Council (FT140100773). The authors are grateful to constructive com
ments received by two reviewers.

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

This work was supported by the Australian Centre for International Agricultural Research [FSC-2013- 
006,LWR/2016/137]; Australian Research Council [FT140100773].

ORCID

A. Manero http://orcid.org/0000-0002-3636-9534
H. Bjornlund http://orcid.org/0000-0003-3341-5635
S. Wheeler http://orcid.org/0000-0002-6073-3172
A. Zuo http://orcid.org/0000-0003-0425-4633
M. Mdemu http://orcid.org/0000-0002-8110-8456
A. Van Rooyen http://orcid.org/0000-0003-2035-049X
M. Chilundo http://orcid.org/0000-0002-1381-0761

References

Adelman, I. (1973). Economic growth and social equity in developing countries. Stanford University 
Press.

Agarwal, B. (2015). Food security, productivity, and gender inequality. In R. J. Herring (Ed.), The 
Oxford handbook of food, politics, and society (pp. 273–303). Oxford University Press.

Ahluwalia, M. S. (1976). Inequality, poverty and development. Journal of Development Economics, 3 
(4), 307–342. https://doi.org/10.1016/0304-3878(76)90027-4

Ahluwalia, M. S., Carter, N. G., & Chenery, H. B. (1979). Growth and poverty in developing countries. 
Journal of Development Economics, 6(3), 299–341. https://doi.org/10.1016/0304-3878(79)90020-8

Alesina, A. (1996). Income distribution, political instability, and investment. European Economic 
Review, 40(6), 1203–1228. https://doi.org/10.1016/0014-2921(95)00030-5

Atkinson, A. B., & Lugo, M. A. (2010). Growth, poverty and distribution in Tanzania. International 
Growth Centre Working Paper Series, 10/0831. International Growth Centre,  London School of 
Economics and Political Science. Retrieved 8 March 2018 from http://eprints.lse.ac.uk/36376/

Atkinson, A. B., Piketty, T., & Saez, E. (2009). Top incomes in the long run of history. NBER Working 
Paper Series 15408. Retrieved 7 July 2014 from http://www.nber.org/papers/w15408

Bellù, L. G., & Liberati, P. (2006). Inequality analysis: The Gini index. EASYPol Series, 040. FAO. Retrieved 
25 May 2020 from http://www.fao.org/3/a-am352e.pdf%20

Biancotti, C. (2006). A polarization of inequality? The distribution of national Gini coefficients 1970– 
1996. Journal of Economic Inequality, 4(1), 1–32. https://doi.org/10.1007/s10888-005-4889-7

INTERNATIONAL JOURNAL OF WATER RESOURCES DEVELOPMENT S239

https://doi.org/10.1016/0304-3878(76)90027-4
https://doi.org/10.1016/0304-3878(79)90020-8
https://doi.org/10.1016/0014-2921(95)00030-5
http://eprints.lse.ac.uk/36376/
http://www.nber.org/papers/w15408
http://www.fao.org/3/a-am352e.pdf%20
https://doi.org/10.1007/s10888-005-4889-7


Bjornlund, H., & Pittock, J. (2017). Exploring the productivity and profitability of small-scale com
munal irrigation systems in Sub-Saharan Africa. International Journal of Water Resources 
Development, 33(5), 685–689. https://doi.org/10.1080/07900627.2017.1326881

Bjornlund, H., Van Rooyen, A., & Stirzaker, R. (2017). Profitability and productivity barriers and 
opportunities in small-scale irrigation schemes. International Journal of Water Resources 
Development, 33(5), 690–704. https://doi.org/10.1080/07900627.2016.1263552

Bjornlund, H., Zuo, A., Wheeler, S. A., Parry, K., Pittock, J., Mdemu, M., & Moyo, M. (2019). The 
dynamics of the relationship between household decision-making and farm household income 
in small-scale irrigation schemes in southern Africa. Agricultural Water Management, 213, 135– 
145. https://doi.org/10.1016/j.agwat.2018.10.002

Booysen, F. (2002). An overview and evaluation of composite indices of development. Social 
Indicators Research, 59(2), 115–151. https://doi.org/10.1023/A:1016275505152

Boughton, D., Mather, D., Tschirley, D. L., Walker, T. S., Cunguara, B., & Payongayong, E. M. (2006). 
Changes in rural household income patterns in Mozambique, 1996-2002, and implications for 
agriculture’s contribution to poverty reduction. Republic of Mozambique. Retrieved 1 July 2020 
from http://ageconsearch.umn.edu/bitstream/56066/2/wps61e.pdf

Bourguignon, F. (1979). Decomposable income inequality measures. Econometrica, 47(4), 901–920. 
https://doi.org/10.2307/1914138

Bourguignon, F. (2004). The poverty-growth-inequality triangle [Paper presentation]. Indian Council 
for Research on International Economic Relations, New Delhi, India. https://doi.org/http://cite 
seerx.ist.psu.edu/viewdoc/download?doi=10.1.1.58.469&rep=rep1&type=pdf

Chen, C.-N., Tsaur, T.-W., & Rhai, T.-S. (1982). The Gini coefficient and negative income. Oxford 
Economic Papers, 34(3), 473–478. Retrieved 26 March 2015, from http://www.jstor.org/stable/ 
2662589

Chilundo, M., Sousa, W., Christen, E., Faduco, J., Bjornlund, H., Cheveia, E., Munguambe, P., Jorge, F., 
Stirzaker, R., & Van Rooyen, A. F. (2020). Do agricultural innovation platforms and soil moisture 
and nutrient monitoring tools improve the production and livelihood of smallholder irrigators in 
Mozambique? International Journal of Water Resources Development, 1–21. https://doi.org/10. 
1080/07900627.2020.1760799

CIA. (2019). The world factbook. Central Intelligence Agency. Retrieved 8 January 2020 from https:// 
www.cia.gov/library/publications/the-world-factbook/rankorder/2172rank.html

Cobham, A., & Sumner, A. (2013). Is it all about the tails? The Palma measure of income inequality. 
Center for Global Development Working Paper 343. https://doi.org/10.2139/ssrn.2366974

Cogneau, D., Bossuroy, T., Vreyer, P. D.,Guénard, C., Hiller, V., Leite, P., Mesplé-Somps, S., Pasquier- 
Doumer, L.. & Torelli, C. (2007). Inequalities and equity in Africa. Agence Française de 
Développement - Research Department. Retrieved 28 March 2014 from http://www.afd.fr/web 
dav/site/afd/shared/PUBLICATIONS/RECHERCHE/Archives/Notes-et-documents/31-notes-docu 
ments-VA.pdf

Dartanto, T., & Patunru, A. A. (2015). Examining the nexus of the poverty–growth–inequality triangle 
in Indonesia: Empirical evidence from province-level data. In S. Otsubo (Ed.), Globalization and 
development volume II: Country experiences (Vol. 2, pp. 96–115). Routledge.

De Bont, C., & Veldwisch, G. J. (2020). State engagement with farmer-led irrigation development: 
Symbolic irrigation modernisation and disturbed development trajectories in Tanzania. Journal of 
Development Studies, 1–15. https://doi.org/10.1080/00220388.2020.1746278

De Maio, F. G. (2007). Income inequality measures. Journal of Epidemiology and Community Health, 
61(10), 849–852. https://doi.org/10.1136/jech.2006.052969

De Silva, I., & Sumarto, S. (2014). Does economic growth really benefit the poor? Income distribution 
dynamics and pro-poor growth in Indonesia. Bulletin of Indonesian Economic Studies, 50(2), 227– 
242. https://doi.org/10.1080/00074918.2014.938405

Dollar, D., & Kraay, A. (2002). Growth is good for the poor. Journal of Economic Growth, 7(3), 195–225. 
https://doi.org/10.1023/A:1020139631000

FAO. (2003). Agriculture in poverty alleviation and economic development. In J. Bruinsma (Ed.), 
World agriculture: Towards 2015/2030: An FAO perspective (pp. 212–231). Earthscan.

S240 A. MANERO ET AL.

https://doi.org/10.1080/07900627.2017.1326881
https://doi.org/10.1080/07900627.2016.1263552
https://doi.org/10.1016/j.agwat.2018.10.002
https://doi.org/10.1023/A:1016275505152
http://ageconsearch.umn.edu/bitstream/56066/2/wps61e.pdf
https://doi.org/10.2307/1914138
https://doi.org/http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.58.469%26rep=rep1%26type=pdf
https://doi.org/http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.58.469%26rep=rep1%26type=pdf
http://www.jstor.org/stable/2662589
http://www.jstor.org/stable/2662589
https://doi.org/10.1080/07900627.2020.1760799
https://doi.org/10.1080/07900627.2020.1760799
https://www.cia.gov/library/publications/the-world-factbook/rankorder/2172rank.html
https://www.cia.gov/library/publications/the-world-factbook/rankorder/2172rank.html
https://doi.org/10.2139/ssrn.2366974
http://www.afd.fr/webdav/site/afd/shared/PUBLICATIONS/RECHERCHE/Archives/Notes-et-documents/31-notes-documents-VA.pdf
http://www.afd.fr/webdav/site/afd/shared/PUBLICATIONS/RECHERCHE/Archives/Notes-et-documents/31-notes-documents-VA.pdf
http://www.afd.fr/webdav/site/afd/shared/PUBLICATIONS/RECHERCHE/Archives/Notes-et-documents/31-notes-documents-VA.pdf
https://doi.org/10.1080/00220388.2020.1746278
https://doi.org/10.1136/jech.2006.052969
https://doi.org/10.1080/00074918.2014.938405
https://doi.org/10.1023/A:1020139631000


Ferreira, F., & Ravallion, M. (2008). Global poverty and inequality: A review of the evidence. World Bank 
Policy Research Working Paper Series, 4623. Retrieved 26 March 2015 from http://documents. 
worldbank.org/curated/en/801061468138860309/pdf/wps4623.pdf

Ferreira, L. (1996). Poverty and inequality during structural adjustment in rural Tanzania. World Bank 
Policy Research Working Paper Series, 1641. Retrieved 25 May 2020 from http://www-wds. 
worldbank.org/servlet/WDSContentServer/WDSP/IB/1996/08/01/000009265_3961019224817/ 
Rendered/PDF/multi0page.pdf

Fosu, A. K. (2009). Inequality and the impact of growth on poverty: Comparative evidence for Sub- 
Saharan Africa. Journal of Development Studies, 45(5), 726. https://doi.org/10.1080/ 
00220380802663633

Fosu, A. K. (2017). Growth, inequality, and poverty reduction in developing countries: Recent global 
evidence. Research in Economics, 71(2), 306–336. https://doi.org/10.1016/j.rie.2016.05.005

Gini, C. (1912). Variabilità e mutabilità. Contributo allo studio delle distribuzioni e delle relazioni 
statistiche (Vol. 1). Tipografia di Cuppini.

Giordano, M., & De Fraiture, C. (2014). Small private irrigation: Enhancing benefits and managing 
trade-offs. Agricultural Water Management, 131, 175–182. https://doi.org/10.1016/j.agwat.2013. 
07.003

Go, D., Nikitin, D., Wang, X., & Zou, H.-F. (2007). Poverty and inequality in Sub-Saharan Africa: 
Literature survey and empirical assessment. Annals of Economics and Finance, 8(2), 251–304. 
http://www.aeconf.com/Articles/Nov2007/aef080203.pdf

Gorantiwar, S. D., & Smout, I. K. (2005). Performance assessment of irrigation water management of 
heterogeneous irrigation schemes: 1. A framework for evaluation. Irrigation and Drainage 
Systems, 19(1), 1–36. https://doi.org/10.1007/s10795-005-2970-9

Harris, T., & Hardin, J. W. (2013). Exact Wilcoxon signed-rank and Wilcoxon Mann–Whitney Ranksum 
tests. Stata Journal, 13(2), 337–343. https://doi.org/10.1177/1536867X1301300208

Hartmann, D., Jara-Figueroa, C., Guevara, M., Simoes, A., & Hidalgo, C. A. (2016). The structural 
constraints of income inequality in Latin America. Integration & Trade Journal, 40, 70–85. https:// 
arxiv.org/abs/1701.03770 

Hausman, J. A., & Wise, D. A. (1979). Attrition bias in experimental and panel data: The Gary income 
maintenance experiment. Econometrica, 47(2), 455–473. https://doi.org/10.2307/1914193

James, R. C., Arndt, C., & Simler, K. R. (2005). Has economic growth in Mozambique been pro-poor?. IFRI 
Food Consumption and Nutrition Division Discussion Paper Series, 202. Retrieved 22 March 2014 
from http://www.ifpri.org/sites/default/files/publications/fcnbr202.pdf

Kabubo-Mariara, J., Mwabu, D., & Ndeng’e, G. (2012). Institutions, pro-poor growth and inequality in 
Kenya [Paper presentation]. CSAE 2012 Conference on Economic Development in Africa, Oxford, 
UK.  https : / /edi tor ia lexpress .com/cgi -b in/conference/download.cgi?db_name= 
CSAE2012&paper_id=281

Kanbur, R. (2005). Growth, inequality and poverty: Some hard questions. Journal of International 
Affairs, 58(2), 223. https://doi.org/10.2307/24358274

Kannan, N., & Anandhi, A. (2020). Water management for sustainable food production. Water 
(Switzerland), 12(3), 1–7. https://doi.org/10.3390/w12030778

Khagram, S. (2005). A comparative study of inequality and corruption. American Sociological Review, 
70(1), 136–157. https://doi.org/10.1177/000312240507000107

Kinsey, B. (2010). Poverty dynamics in rural Zimbabwe: The 30 years (lost) ‘war against poverty’ [Paper 
presentation]. Conference, Ten Years of ‘War against Poverty’: What Have We Learned since 2000 
and What Should We Do 2010-2020?, Manchester, UK.

Kolmogorov, A. (1933). Sulla determinazione empirica di una lgge di distribuzione. Istituto Italiano 
degli Attuari, 4, 83–91. https://ci.nii.ac.jp/naid/10010480527/

Kuznets, S. (1955). Economic growth and income inequality. American Economic Review, 45(1), 1–28. 
https://doi.org/10.2307/1811581

Lefore, N., Giordano, M., Ringler, C., & Barron, J. (2019). Sustainable and equitable growth in farmer- 
led irrigation in Sub-Saharan Africa: What will it take? Water Alternatives, 12(1), 156–168. http:// 
www.water-alternatives.org/index.php/alldoc/for-authors/484-a12-1-10/file 

INTERNATIONAL JOURNAL OF WATER RESOURCES DEVELOPMENT S241

http://documents.worldbank.org/curated/en/801061468138860309/pdf/wps4623.pdf
http://documents.worldbank.org/curated/en/801061468138860309/pdf/wps4623.pdf
http://www-wds.worldbank.org/servlet/WDSContentServer/WDSP/IB/1996/08/01/000009265_3961019224817/Rendered/PDF/multi0page.pdf
http://www-wds.worldbank.org/servlet/WDSContentServer/WDSP/IB/1996/08/01/000009265_3961019224817/Rendered/PDF/multi0page.pdf
http://www-wds.worldbank.org/servlet/WDSContentServer/WDSP/IB/1996/08/01/000009265_3961019224817/Rendered/PDF/multi0page.pdf
https://doi.org/10.1080/00220380802663633
https://doi.org/10.1080/00220380802663633
https://doi.org/10.1016/j.rie.2016.05.005
https://doi.org/10.1016/j.agwat.2013.07.003
https://doi.org/10.1016/j.agwat.2013.07.003
http://www.aeconf.com/Articles/Nov2007/aef080203.pdf
https://doi.org/10.1007/s10795-005-2970-9
https://doi.org/10.1177/1536867X1301300208
https://arxiv.org/abs/1701.03770%A0
https://arxiv.org/abs/1701.03770%A0
https://doi.org/10.2307/1914193
http://www.ifpri.org/sites/default/files/publications/fcnbr202.pdf
https://editorialexpress.com/cgi-bin/conference/download.cgi?db_name=CSAE2012%26paper_id=281
https://editorialexpress.com/cgi-bin/conference/download.cgi?db_name=CSAE2012%26paper_id=281
https://doi.org/10.2307/24358274
https://doi.org/10.3390/w12030778
https://doi.org/10.1177/000312240507000107
https://ci.nii.ac.jp/naid/10010480527/
https://doi.org/10.2307/1811581
http://www.water-alternatives.org/index.php/alldoc/for-authors/484-a12-1-10/file%A0
http://www.water-alternatives.org/index.php/alldoc/for-authors/484-a12-1-10/file%A0


Lerman, R. I., & Yitzhaki, S. (1985). Income inequality effects by Income source: a new approach and 
applications to the United States. The Review of Economics and Statistics, 67(1), 151–156. https:// 
doi.org/doi:10.2307/1928447

Lipton, M., Litchfield, J., & Faurès, J.-M. (2003). The effects of irrigation on poverty: A framework for 
analysis. Water Policy, 5(5–6), 413–427. https://doi.org/10.2166/wp.2003.0026

Manero, A. (2016). The limitations of negative incomes in the Gini coefficient decomposition by 
source. Applied Economics Letters, 24(14), 977–981. https://doi.org/10.1080/13504851.2016. 
1245828

Manero, A. (2017). Income inequality within smallholder irrigation schemes in Sub-Saharan Africa. 
International Journal of Water Resources Development, 33(5), 770–787. https://doi.org/10.1080/ 
07900627.2016.1152461

Manero, A. (2018). Water distribution within smallholder irrigation schemes in Tanzania and its 
implications for economic inequality [Doctoral thesis]. Australian National University, Canberra. 
https://openresearch-repository.anu.edu.au/bitstream/1885/142347/1/Manero%20Thesis% 
202018.pdf

Manero, A., Wheeler, S. A., Zuo, A., & Mdemu, M. (2019). Exploring the head versus tail-end 
dichotomy on yield and farm incomes in smallholder irrigation schemes in Tanzania. Water 
Resources Research, 55(5), 4322–4342. https://doi.org/10.1029/2018wr023483

Mazingi, L., & Kamidza, R. (2011). Inequality in Zimbabwe. In H. Jauch & D. Muchena (Eds.), Tearing us 
apart: Inequalities in Southern Africa (pp. 322–383). Open Society Initiative for Southern Africa.

McKay, A. (2002). Defining and measuring inequality. Overseas Development Institute.
Mdemu, M., Kissoly, L., Bjornlund, H., Kimaro, E., Christen, E., Van Rooyen, A., Stirzaker, R., & Ramshaw, 

P. (2020). The role of soil water monitoring tools and agricultural innovation platforms in 
improving food security and income of farmers in smallholder irrigation schemes in Tanzania. 
International Journal of Water Resources Development, 1–23. https://doi.org/10.1080/07900627. 
2020.1765746

Miller, R. B., & Hollist, C. S. (2007). Attrition bias. In N. J. Salkind (Ed.), Encyclopedia of measurement 
and statistics (Vol. 1, pp. 57–60). Sage.

Moyo, M., Van Rooyen, A., Bjornlund, H., Parry, K., Stirzaker, R., Dube, T., & Maya, M. (2020). The 
dynamics between irrigation frequency and soil nutrient management: Transitioning smallholder 
irrigation towards more profitable and sustainable systems in Zimbabwe. International Journal of 
Water Resources Development, 1–25. https://doi.org/10.1080/07900627.2020.1739513

Moyo, M., Van Rooyen, A., Moyo, M., Chivenge, P., & Bjornlund, H. (2017). Irrigation development in 
Zimbabwe: Understanding productivity barriers and opportunities at Mkoba and Silalatshani 
irrigation schemes. International Journal of Water Resources Development, 33(5), 740–754. https:// 
doi.org/10.1080/07900627.2016.1175339

Mwamakamba, S. N., Sibanda, L. M., Pittock, J., Stirzaker, R., Bjornlund, H., Van Rooyen, A., 
Munguambe, P., Mdemu, M. V., & Kashaigili, J. J. (2017). Irrigating Africa: Policy barriers and 
opportunities for enhanced productivity of smallholder farmers. International Journal of Water 
Resources Development, 33(5), 824–838. https://doi.org/10.1080/07900627.2017.1321531

National Bureau of Statistics. (2018). Gross domestic product 2017. Government of Tanzania. 
Retrieved 21 February 2019 from https://nbs.go.tz/nbs/takwimu/na/GDP_Jan_Dec_2017.pdf

Nonvide, G. M. A. (2018). Irrigation adoption: A potential avenue for reducing food insecurity among 
rice farmers in Benin. Water Resources and Economics, 24, 40–52. https://doi.org/10.1016/j.wre. 
2018.05.002

Palma, J. G. (2011). Homogeneous middles vs. heterogeneous tails, and the end of the ‘Inverted-U’: 
It’s all about the share of the rich. Development and Change, 42(1), 87–153. https://doi.org/10. 
1111/j.1467-7660.2011.01694.x

Raffinetti, E., Siletti, E., & Vernizzi, A. (2014a, 10-14 June). Inequality measures and the issue of 
negative income [Paper presentation]. 47th Scientific Meeting of the Italian Statistical Society, 
Cagliari, Italy.

Raffinetti, E., Siletti, E., & Vernizzi, A. (2014b). On the Gini coefficient normalization when attributes 
with negative values are considered. Statistical Methods & Applications, 24(3), 507–521. https:// 
doi.org/10.1007/s10260-014-0293-4

S242 A. MANERO ET AL.

https://doi.org/doi:10.2307/1928447
https://doi.org/doi:10.2307/1928447
https://doi.org/10.2166/wp.2003.0026
https://doi.org/10.1080/13504851.2016.1245828
https://doi.org/10.1080/13504851.2016.1245828
https://doi.org/10.1080/07900627.2016.1152461
https://doi.org/10.1080/07900627.2016.1152461
https://openresearch-repository.anu.edu.au/bitstream/1885/142347/1/Manero%20Thesis%202018.pdf
https://openresearch-repository.anu.edu.au/bitstream/1885/142347/1/Manero%20Thesis%202018.pdf
https://doi.org/10.1029/2018wr023483
https://doi.org/10.1080/07900627.2020.1765746
https://doi.org/10.1080/07900627.2020.1765746
https://doi.org/10.1080/07900627.2020.1739513
https://doi.org/10.1080/07900627.2016.1175339
https://doi.org/10.1080/07900627.2016.1175339
https://doi.org/10.1080/07900627.2017.1321531
https://nbs.go.tz/nbs/takwimu/na/GDP_Jan_Dec_2017.pdf
https://doi.org/10.1016/j.wre.2018.05.002
https://doi.org/10.1016/j.wre.2018.05.002
https://doi.org/10.1111/j.1467-7660.2011.01694.x
https://doi.org/10.1111/j.1467-7660.2011.01694.x
https://doi.org/10.1007/s10260-014-0293-4
https://doi.org/10.1007/s10260-014-0293-4


Ram, R. (1988). Economic development and income inequality: Further evidence on the U-curve 
hypothesis. World Development, 16(11), 1371–1376. https://doi.org/10.1016/0305-750X(88)90211-2

Ravallion, M. (1997). Can high-inequality developing countries escape absolute poverty? Economics 
Letters, 56(1), 51–57. https://doi.org/10.1016/S0165-1765(97)00117-1

Ravallion, M. (2001). Growth, inequality and poverty: Looking beyond averages. World Development, 
29(11), 1803–1815. https://doi.org/10.1016/S0305-750X(01)00072-9

Ravallion, M. (2014). Income inequality in the developing world. Science, 344(6186), 851–855. https:// 
doi.org/10.1126/science.1251875

Ravallion, M., & Chen, S. (2003). Measuring pro-poor growth. Economics Letters, 78(1), 93–99. https:// 
doi.org/10.1016/S0165-1765(02)00205-7

Robinson, S. (1976). A note on the U hypothesis relating income inequality and economic develop
ment. American Economic Review, 66(3), 437–440.

Rothman, R. A. (2015). Inequality and stratification: Race, class, and gender. Routledge. https://doi. 
org/doi.10.4324/9781315662794

Sahn, D. E., & Stifel, D. (2003). Exploring alternative measures of welfare in the absence of expen
diture data. Review of Income and Wealth, 49(4), 463–489. https://doi.org/10.1111/j.0034-6586. 
2003.00100.x

Sen, A. (1973). On economic inequality, J. E. Foster & A. Sen (Eds.). https://doi.org/10.1093/ 
0198281935.001.0001

Sheahan, M., Black, R., & Jayne, T. S. (2013). Are Kenyan farmers under-utilizing fertilizer? Implications 
for input intensification strategies and research. Food Policy, 41, 39–52. https://doi.org/10.1016/j. 
foodpol.2013.04.008

Srinivasan, T. N. (1977).Development, poverty, and basic human needs: Some issues. Food Research 
Institute Studies, 16, 11–28.. https://doi.org/10.22004/ag.econ.135545.

Stirzaker, R., Mbakwe, I., & Mziray, N. R. (2017). A soil water and solute learning system for small-scale 
irrigators in Africa. International Journal of Water Resources Development, 33(5), 788–803. https:// 
doi.org/10.1080/07900627.2017.1320981

Takane, T., & Gono, H. (2017). Smallholder livelihood diversification and income inequality in rural 
Malawi. Advances in Social Sciences Research Journal, 4(13), 40–53. https://doi.org/10.14738/assrj. 
413.3447

Thorbecke, E. (2012). The interrelationship linking growth, inequality and poverty in Sub-Saharan 
Africa. Journal of African Economies, 22 (suppl 1), i15–i48. https://doi.org/10.1093/jae/ejs028

Thorbecke, E. (2015). The anatomy of growth and development in Sub Saharan Africa. In A. McKay & 
E. Thorbecke (Eds.), Economic growth and poverty reduction in Sub-Saharan Africa: Current and 
emerging issues. Oxford University Press (pp. 20-53). https://doi.org/10.1093/acprof:oso/ 
9780198728450.003.0002

Trading Economics. (2018). Consumer price index. Retrieved 10 June 2018 from https://tradingeco 
nomics.com/tanzania/consumer-price-index-cpi

UN. (2015a). Inequality measurement: Development issues no. 2. United Nations, Development 
Strategy and Policy Analysis Unit. Retrieved 12 March 2019 from http://www.un.org/en/develop 
ment/desa/policy/wess/wess_dev_issues/dsp_policy_02.pdf

UN. (2015b). Sustainable development goals. United Nations, Department of Economic and Social 
Affairs. Retrieved 16 July 2017 from https://sustainabledevelopment.un.org/sdg10

UNDP. (2013). Human development reports: Income quintile ratio. Retrieved 13 March 2019 from 
http://hdr.undp.org/en/content/income-quintile-ratio

UNDP. (2017). Human development data (1990-2017). Retrieved 26 October 2019 from http://hdr. 
undp.org/en/data#

UNDP. (2019). Human development data (1990-2017). Retrieved 25 May 2020 from http://hdr.undp. 
org/en/data

Van den Berg, M., & Ruben, R. (2006). Small-Scale irrigation and income distribution in Ethiopia. 
Journal of Development Studies, 42(5), 868–880. https://doi.org/10.1080/00220380600742142

Van Phan, P., & O’Brien, M. (2019). Multidimensional wellbeing inequality in a developing country: A 
case study of Vietnam. Social Indicators Research, 145(1), 157–183. https://doi.org/10.1007/ 
s11205-019-02104-0

INTERNATIONAL JOURNAL OF WATER RESOURCES DEVELOPMENT S243

https://doi.org/10.1016/0305-750X(88)90211-2
https://doi.org/10.1016/S0165-1765(97)00117-1
https://doi.org/10.1016/S0305-750X(01)00072-9
https://doi.org/10.1126/science.1251875
https://doi.org/10.1126/science.1251875
https://doi.org/10.1016/S0165-1765(02)00205-7
https://doi.org/10.1016/S0165-1765(02)00205-7
https://doi.org/doi.10.4324/9781315662794
https://doi.org/doi.10.4324/9781315662794
https://doi.org/10.1111/j.0034-6586.2003.00100.x
https://doi.org/10.1111/j.0034-6586.2003.00100.x
https://doi.org/10.1093/0198281935.001.0001
https://doi.org/10.1093/0198281935.001.0001
https://doi.org/10.1016/j.foodpol.2013.04.008
https://doi.org/10.1016/j.foodpol.2013.04.008
https://doi.org/10.22004/ag.econ.135545
https://doi.org/10.1080/07900627.2017.1320981
https://doi.org/10.1080/07900627.2017.1320981
https://doi.org/10.14738/assrj.413.3447
https://doi.org/10.14738/assrj.413.3447
https://doi.org/10.1093/jae/ejs028
https://doi.org/10.1093/acprof:oso/9780198728450.003.0002
https://doi.org/10.1093/acprof:oso/9780198728450.003.0002
https://tradingeconomics.com/tanzania/consumer-price-index-cpi
https://tradingeconomics.com/tanzania/consumer-price-index-cpi
http://www.un.org/en/development/desa/policy/wess/wess_dev_issues/dsp_policy_02.pdf
http://www.un.org/en/development/desa/policy/wess/wess_dev_issues/dsp_policy_02.pdf
https://sustainabledevelopment.un.org/sdg10
http://hdr.undp.org/en/content/income-quintile-ratio
http://hdr.undp.org/en/data#
http://hdr.undp.org/en/data#
http://hdr.undp.org/en/data
http://hdr.undp.org/en/data
https://doi.org/10.1080/00220380600742142
https://doi.org/10.1007/s11205-019-02104-0
https://doi.org/10.1007/s11205-019-02104-0


Verkaart, S., Mausch, K., & Harris, D. (2018). Who are those people we call farmers? Rural Kenyan 
aspirations and realities. Development in Practice, 28(4), 468–479. https://doi.org/10.1080/ 
09614524.2018.1446909

Virtanen, P., & Ehrenpreis, D. (2007). Growth, poverty and inequality in Mozambique. International 
Poverty Centre Country Study, 10. Retrieved 23 March 2014 from http://www.ipc-undp.org/pub/ 
IPCCountryStudy10.pdf

Wheeler, S. A., Zuo, A., Bjornlund, H., Mdemu, M. V., Van Rooyen, A., & Munguambe, P. (2017). An 
overview of extension use in irrigated agriculture and case studies in south-eastern Africa. 
International Journal of Water Resources Development, 33(5), 755–769. https://doi.org/10.1080/ 
07900627.2016.1225570

Wilcoxon, F. (1945). Individual comparisons by ranking methods. Biometrics Bulletin, 1(6), 80–83. 
https://doi.org/10.2307/3001968

World Bank. (2011). Analyzing inequality. Poverty reduction & equity. Retrieved 16 March 2014 from 
http://go.worldbank.org/5PI4DL3WD1

World Bank. (2018a). Gini index. Retrieved 5 October 2018 from https://data.worldbank.org/indica 
tor/SI.POV.GINI?locations=TZ

World Bank. (2018b). Understanding poverty. Retrieved 27 March 2019 from http://www.worldbank. 
org/en/topic/poverty/overview

World Bank. (2019a). Open data. Retrieved 27 March 2019 from https://data.worldbank.org
World Bank. (2019b). World development indicators. DataBank. Retrieved 8 February 2019 from 

https://databank.worldbank.org/data/reports.aspx?source=2&series=SI.POV.GINI&country=#
World Bank, & IMF. (2016). Global monitoring report. Retrieved 12 March 2019 from http://www. 

worldbank.org/en/publication/global-monitoring-report

S244 A. MANERO ET AL.

https://doi.org/10.1080/09614524.2018.1446909
https://doi.org/10.1080/09614524.2018.1446909
http://www.ipc-undp.org/pub/IPCCountryStudy10.pdf
http://www.ipc-undp.org/pub/IPCCountryStudy10.pdf
https://doi.org/10.1080/07900627.2016.1225570
https://doi.org/10.1080/07900627.2016.1225570
https://doi.org/10.2307/3001968
http://go.worldbank.org/5PI4DL3WD1
https://data.worldbank.org/indicator/SI.POV.GINI?locations=TZ
https://data.worldbank.org/indicator/SI.POV.GINI?locations=TZ
http://www.worldbank.org/en/topic/poverty/overview
http://www.worldbank.org/en/topic/poverty/overview
https://data.worldbank.org
https://databank.worldbank.org/data/reports.aspx?source=2%26series=SI.POV.GINI%26country=#
http://www.worldbank.org/en/publication/global-monitoring-report
http://www.worldbank.org/en/publication/global-monitoring-report


Appendix

Silalatshani 
Kiwere 

Magozi 

25 Setembro

R² = 0.036

0.40

0.45

0.50

0.55

0.60

0.65

0.70

0.75

-20% 0% 20% 40% 60% 80% 100%

Fa
rm

 in
co

m
e 

G
in

i 2
01

3/
20

14

Growth rate in farm income (% per annum)

Mkoba 

Silalatshani 

Magozi 

25 Setembro

R² = 0.4186

0.40

0.45

0.50

0.55

0.60

0.65

0.70

0.75

-20% 0% 20% 40% 60% 80% 100%

Fa
rm

 in
co

m
e 

G
in

i 2
01

3/
20

14

Growth rate in farm income (% per annum)

Mkoba 

Silalatshani 
Kiwere 

Magozi 

R² = 0.3902

0.40

0.45

0.50

0.55

0.60

0.65

0.70

0.75

-20% 0% 20% 40% 60% 80% 100%

Fa
rm

 in
co

m
e 

G
in

i 2
01

3/
20

14

Growth rate in farm income (% per annum)

Mkoba 

Kiwere 
Magozi 

25 Setembro

R² = 0.9475

0.40

0.45

0.50

0.55

0.60

0.65

0.70

0.75

-20% 0% 20% 40% 60% 80% 100%

Fa
rm

 in
co

m
e 

G
in

i 2
01

3/
20

14

Growth rate in farm income (% per annum)

Mkoba 

Silalatshani 
Kiwere 

25 Setembro

R² = 0.3911

0.40

0.45

0.50

0.55

0.60

0.65

0.70

0.75

-20% 0% 20% 40% 60% 80% 100%

Fa
rm

 in
co

m
e 

G
in

i 2
01

3/
20

14

Growth rate in farm income (% per annum)

Figure A1. Sensitivity tests on initial inequality and growth rates.
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