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ABSTRACT We examine spillovers from agricultural estates to Malawian smallholders within an econometric
counterfactual framework. We consider economic spillovers such as income, as well as agrarian spillovers
such as yields, harvests, and crop diversity. We identify long-run effects of large agricultural investments on
small-scale farmers. For the location of large estates, we use a novel OpenStreetMap dataset, while data on
smallholder’s stems from a household survey. We provide evidence for the importance of the distance thresh-
old for spillovers, and explore multiple thresholds. In proximity to estates we find higher groundnut and
pigeon pea yields and increased crop diversity. In very close proximity, incomes are also higher. Area under
cultivation in total and for maize are smaller for nearby households, while maize yields are not significantly
different. Overall, our results suggest that policies should aim to leverage the increased crop diversity and
groundnut yields while mitigating potential detrimental effects arising from reduced cultivated land.

1. Introduction

Questions around the interplay of smallholder farmers and large-scale agricultural estates have
received substantial attention in the past (e.g. Deininger & Byerlee, 2011). Theoretical and
empirical insights contribute to the importance of these questions. On the theoretical side, it
has been argued that positive spillovers from large investments to smallholders mainly occur
through the transfer of technologies. Additionally, income effects and lower supply of product-
ive land can play a role. Thus, we empirically test these main channels for spillovers from
estates to smallholders in Malawi with a new data source.
Malawi has undergone substantial investments in agriculture but empirical evidence on spill-

overs related to those investments remains inconclusive, mainly due to of scarcity of data. The
only comprehensive, country-wide study covering the long-term performance of a set of estates
in Malawi was conducted by Deininger and Xia (2018) but is based on a dataset which is
reported to be unreliable due to overlapping claims in land registers and insufficient coverage in
the number of smallholder outcomes possibly affected by spillovers. They find significant
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negative impacts of distance to agricultural estates of any size and lease status, including
overlapping claims, on the absolute value of agricultural output of smallholders. In the
Malawian context additional empirical insights are available only for specific sugarcane estates
(Herrmann & Grote, 2015). Studies from other countries in Eastern and Southern Africa (Ali,
Deininger, & Harris, 2017, 2019; Deininger & Xia, 2016; Glover & Jones, 2019; Lay, Nolte, &
Sipangule, 2021) reach partly contrasting results for some of the key spillover outcomes, show-
ing the limited transferability of results from one country to another and underpinning the need
for a separate analysis of the Malawian context.
In this paper, we aim to fill this research gap by examining the long-run spillovers of estates to

nearby smallholders in Malawi using a novel estate dataset coupled with inverse probability weighting
and propensity scoring approaches. Through aggregating existing literature, employing a new dataset
of estates in Malawi and examining spillover channels through related indicators in a counterfactual
framework, this study produces a detailed picture of the various ramifications of estates on the small-
holders neighbouring them. Specifically, we aim to differentiate between positive spillovers, contri-
buting to increases in productivity, production and income, and negative spillovers concerning
land tenure security and increasing poverty (see e.g. De Schutter, 2011; Kleemann & Thiele, 2015).
Our study contributes to the existing literature along three important dimensions. First, data

on estates and their locations is difficult to obtain and use. We address this issue by introducing
publicly available OpenStreetMap (OSM) as a source of data for large estate locations. In con-
trast to comparable studies it can contain estates of all dates of establishment. Hence it is helpful
for identifying long run effects. Second, econometric methods used in this article extend those
previously employed by using a counterfactual framework. Third, the variation of spillovers for
varying crops is addressed and complemented with the use of an extensive set of outcome varia-
bles. Outcome variables in our model include absolute quantities harvested, yields and field sizes
separate for three major crops, as well as per household indicators for income from multiple
sources, assets and crop diversity. Additionally, we discuss in detail the importance of the dis-
tance threshold up to which spillovers from estates to smallholders occur. The household data
we utilise allow for a previously underappreciated discussion of a sensible cutoff for this distance
threshold. Similar to the long-run approach of former studies, we do not restrict the date of
setup of estates as opposed to many country-level studies using panel data for very short periods
of time only. While it was not possible to obtain specific dates of setup for each estate using the
OSM data, a substantial part especially of the tea estates around Mulanje and Thyolo are known
to date to Colonial times and reaching their current size as early as the 1930s (Chinig�o, 2016).
The rest of the paper is structured as follows. Section 2 of the paper states hypothesis for spillover

channels derived from theoretical and empirical literature. Section 3 presents our dataset for
Malawi, including the novel OpenStreetMap data on large-scale estates. In Section 4 the economet-
ric framework is discussed. Section 5 and 6 contain results and discussion, and Section 7 concludes.

2. Large-scale agricultural investments in Malawi and Sub-Saharan Africa

This section discusses the relevance of the estate sector in Sub-Saharan Africa (SSA) and in
Malawi and potential channels through which they could cause spillovers to smallholders.
Theoretical and empirical observations on channels for spillovers are considered. On the empir-
ical side we focus on previous country-level studies of Malawi and its neighbouring countries.1

2.1. The relevance of estates in Malawi over time

In this research we focus on a set of larger estates of at least 50 ha because these have the largest
potential to generate spillovers. Also, Deininger and Xia (2018) in their study of consequences
of transfer of land rights to small estates of 10–30 ha in the 1980s and 1990s conclude that
many of these are non-operational or claims in official registers are overlapping. More than

2 J. Joseph et al.



two thirds of the estates in our sample are tea estates. These estates where set up in favourable
high-altitude areas, often already as early as the 1930s under the colonial regime (Chinig�o,
2016). Chinigo summarises that while there were attempts to provide settlements and liveli-
hoods for estate workers starting under colonial rule, this did only in rare occasions succeed
and many estate workers and surrounding households remain smallholder farmers. This has
also produced conflict and other adverse effects because in many occasions estates utilise the
most productive land. Hence the focus of this paper on smallholder welfare and potential chan-
nels influencing it. While agronomic conditions are somewhat different for other crops (e.g.
high water requirements for sugar cane), the methodology used in this paper attempts to iden-
tify comparable smallholders for smallholders close to each of these large estates.

2.2. Transmission channels for spillovers

The economic welfare of smallholders can be impacted through various channels. Here, we
focus on the two central economic outcomes, namely income and assets. This section lays out
which mechanism can potentially be at work when spillovers are transmitted. In addition, the
analysis considers two important intermediary outcomes that are essential to the size and vola-
tility of income and assets. First, technology spillovers are examined by examining productivity
and diversity of crops. Second, the land holdings of agricultural households are compared to
analyse whether any dynamics in this realm have the potential to influence farmers’ economic
outcomes. In the following we discuss these potential transmission channels, their theoretical
foundations, empirical evidence and how we test for them in the data for Malawian smallhold-
ers and estates.

2.2.1. Income. Theoretical implications of proximity of smallholders to estates can be derived
from Kleemann and Thiele (2015) who provide a theoretical model for large-scale agricultural
investments. They explicitly model the labour market for smallholders supplemented with a
model of smallholder yields subject to budget constraints, with analogous equations for estates.
The model and its stylised facts foundations address the most important notions for discussion
of rural welfare implications of large-scale investments. In the model estate establishments
affect their surrounding smallholders through two major spillover channels: compensation pay-
ments and technology spillovers, which are subdivided into improvements in farming infrastruc-
ture and knowledge transfer. The former is explicitly modelled as lower input prices. Both
would induce increased income from farming activities. Income then enters wealth of the farm-
ers which is composed of both types of incomes plus compensations for displacement. The
model predicts lowered prices of inputs and subsequently rising smallholder production and
income. Overall effects on smallholder economic outcomes depend on several factors: the pres-
ence and characteristics of spillovers, the level of wages, and food prices. In conclusion, if the
aforementioned characteristics are met, income is increasing.
Nolte and Ostermeier (2017) put forth an additional theoretical source of spillovers. In the

case of labour creation, which can be assumed to significantly affect a number of outcomes
such as income, assets and possibly productivity, spillovers might occur when labour is indir-
ectly created through the operation of an estate but not the estate itself. The presence and size
of spillovers at the same time depend on the crops grown by the investor, as well as their stra-
tegic intentions.
Empirical research has shown that indeed, the income channel is affected differently in differ-

ent settings. Both positive and negative overall income effects of recent large-scale investments
on smallholders have been found in the literature for Malawi and neighbouring countries
(Herrmann, 2017; Herrmann & Grote, 2015; Osabuohien, Efobi, Herrmann, & Gitau, 2019).
The overall effects were found to vary according to smallholder characteristics such as gender
and according to the influence of estates on income components such as agricultural
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production. Wages were found to increase in some settings in estate proximity but not necessar-
ily for individuals directly employed by them. An important lever to increase income in this
respect has been found to be outgrower contracts (Herrmann, Jumbe, Bruentrup, &
Osabuohien, 2018; Herrmann & Grote, 2015). Wage labour on estates on the contrary can be
associated with lower income than producing export crops reducing income for those who shift
from the former to the latter activity (Schuenemann, Thurlow, & Zeller, 2017). Overall how-
ever, empirical evidence from SSA suggest only very limited effects of estates on overall labour
demand in a region (Ali et al., 2017, 2019), hence the importance of the wage labour channel is
also limited.
The empirical section thus analyzes treatment effects on two types of income: wage income

and total smallholder income. Wages could be influenced either directly or indirectly as outlined
above. Total income is a composite of wages, agricultural income and any other type. Given
the mixed previous evidence we rely on the cited theoretical model for the tested hypothesis,
namely increased income of smallholders. As an indicator for past income, treatment effects for
assets are analysed. While this method is a first attempt to look into estimates beyond the
cross-sectional data, more research will be needed to quantify these effects in more detail.

2.2.2. Technology spillovers. An appealing feature of estate investments and foreign direct
investments for policymakers in host and origin countries and other stakeholders is their poten-
tial for knowledge transfers. If these materialise from the estates to surrounding farmers tech-
nology could spread, thereby raising productivity.
On the macro side Dhahri and Omri (2020) found positive effects of FDI inflows on agricul-

tural production in a panel of 50 developing countries. Ben Slimane, Huchet-Bourdon, and
Zitouna (2016) however estimates zero effects of FDI in agriculture on agricultural production
but instead pointed at a significant increase in food security from these agricultural investments
in a sample of 55 developing countries. The drivers and the effects of large-scale farming invest-
ments have been shown to vary across countries in the region in a study in Ethiopia, Ghana
and Tanzania by Cotula et al. (2014) calling for micro-level evidence. We therefore examine
spillovers to yields which are an indicator for productivity of smallholders.

2.2.2.1. Yields. In case knowledge spillovers occur, these would entail the transfer of technol-
ogy which can lead to increased productivity. For two of the three major crops included in the
empirical analysis, groundnuts and pigeon peas, agricultural extension is sometimes delivered
through or in collaboration with estates in Malawi (Tsusaka, Msere, Siambi, Mazvimavi, &
Okori, 2016). We therefore hypothesise that especially in these crops productivity is higher for
smallholders closer to estates. Increased productivity could in turn directly contribute to higher
incomes if prices and cultivated areas do not fall.
Empirical evidence from neighbouring Mozambique suggests no short-run productivity spill-

overs (Deininger & Xia, 2016). In the longer run, these are however more likely to occur
through observed increased access to improved inputs delivered by some estates (Glover &
Jones, 2019). In Zambia, a recent study (Lay et al., 2021) finds significantly higher in maize
yields for smallholders close to estates. A potential reason for this differential, however, could
be not a rise in productivity but a less steep decrease in these areas as opposed to areas further
away from estates as smallholders expand area for maize cultivation. Their results are in line
with the proposition that land-rich households are found to be more often positively affected
than land-poor (Herrmann, 2017; West & Haug, 2017).
The inverse relationship hypothesis (i.e. the negative relationship of farm size and productiv-

ity) has been confirmed for Malawian smallholders (Julien, Bravo-Ureta, & Rada, 2019). This
implies limited possibility for smallholders with small field sizes to increase yields because no
yield gap to be closed exists between smallholders and estates (Ali et al., 2019). The varying
contributions of the different crops grown are important and are considered in our empirical
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analysis. Similarly productivity and poverty have been shown to be inversely related at a low
magnitude in Malawian agriculture (Darko, Palacios-Lopez, Kilic, & Ricker-Gilbert, 2018).
Regarding income and assets this would lead to an observable reduction in poverty in our
empirical results only if large productivity increases for a significant number of crops
is observed.
Given the dynamics and the studies on the channels influencing yields we test the hypothesis

that yields are on average significantly higher in proximity to estates. For cash crops this could
be more pronounced than for the Malawian staple crop maize where results might depend more
strongly on cultivated area.

2.2.2.2. Crop diversity. If increased private extension via estates and subsequent productivity
gains appear, these can lead to more knowledge of a wide range of crops and corresponding
cultivation techniques. In the opposite direction depending on the impact of estates on small-
holders’ land availability, crop diversity could decrease if farmers shift from cash crops or vege-
tables to staple crops to maintain food security.
One of the few studies discussing shifts in the crop portfolio is Lay et al. (2021). The authors

argue that resource allocation could be shifted from cultivation of other crops to maize. In line
with the previous argument this would reduce crop diversity. Hence, the expected treatment
effect for the impact of estate proximity on crop diversity is negative.

2.2.3. Area under cultivation. The final outcome under investigation, area under cultivation by
smallholders is interrelated with all previously described channels. The hypothesis for total cul-
tivated area is a lowered field size close to estate given the lower supply of land after accounting
for land holdings by the estate. This relates directly to the debate on loss of access to land and
land rights which was one of the most controversial themes in past research (Oberlack, Tejada,
Messerli, Rist, & Giger, 2016).
Given the large size of estates under study, tenure security and availability of land with suffi-

ciently high quality are two of the main driving factors of area cultivated by smallholders and
potentially influenced by estate proximity. The establishment of large farms could negatively
impact small-scale agriculture in Malawi because land rights are often insecure. The exclusion
from land (rental) markets caused by the insecurity of land tenure tends to harm the most vul-
nerable land poor households (Deininger, Savastano, & Xia, 2017; Deininger, Xia, & Holden,
2019) which would reduce their cultivated area since they rent less land (Ali & Deininger, 2022).
Given the nature of the registration of customary land encompassed in the 2016 Malawi
Customary Act the detrimental effects of insecure land tenure could be reinforced as Zuka
(2019) found. Additionally, the reduced perceived and possibly actual tenure insecurity in areas
where estates are established leads to lower conservation efforts especially for soils which is
likely to lead to lowered productivity in the long run (Lovo, 2016).
An important interaction between area, income and yields is via the wages and compensation

payments. In the theoretical model of Kleemann and Thiele (2015), farmers give up their farms
if compensation payments or wages exceed a minimum threshold. Importantly, this threshold is
higher than the pure compensation payments for foregone farming profits if the land was given
up. In addition, in cases where wages on estates go beyond a defined threshold it also becomes
more profitable for the smallholder to shift to wage labour and cultivate less land.

3. Data

Reliable data often remain the most limiting factor in the study of agricultural investments in
SSA. This study uses a novel way of identifying large agricultural estates by using data from
OpenStreetMap (OSM) and combines it with one of the largest available surveys for individual
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farmers, the World Bank’s Living Standard Measurement Surveys - Integrated Surveys on
Agriculture (LSMS-ISA).

3.1. Smallholder farmer data

The LSMS-ISA is a large survey specifically targeted at smallholder farmers in Malawi which is
implemented as part of the Integrated Household Survey (IHS) of the Malawi National
Statistics Office with support from the World Bank and other international donors. For the
purpose of studying the long-run effects of estates we used the cross-section survey data from
the 2016/2017 growing season which includes 12,480 households. The resulting data is represen-
tative at district, regional and national level when used as a whole but cannot be guaranteed to
remain representative when it is split for instances close and far away from estates. It includes
geo-locations of all households interviewed with a maximum offset of 5 km which is important
to consider when calculating the distance from estates.
All outcomes assessed in the empirical part of this paper are calculated from the LSMS-ISA

sample. Harvests in kg are calculated by converting harvested volumes for each crop and each
measurement unit into kg. Field sizes are calculated by transforming all other units into hec-
tares for each crop. To compute the area for each crop, total area of a plot is multiplied with
the share of that plot under the specific crop. Farm size or total area of the farm is the sum of
fields for all crops. Yields are harvested quantities in kg divided by the hectarage for a specific
crop. Wages are summed up over the whole year for daily, weekly or monthly payments. Total
income in addition includes wage income, casual ‘ganyu’ labour income and value of agricul-
tural production over the course of a whole year. Assets are measured in tropical livestock units
(TLU) as is common in the region because most smallholders hold the majority of their assets
in livestock (Sauer, Mason, Maredia, & Mofya-Mukuka, 2018; Smale & Mason, 2014). We
supplement the analysis with measures for the number and concentration of crops grown. This
includes a count of the number of different crops grown and a concentration index. It is
calculated for each smallholder as a Shannon index.2

Inter-group differences in descriptive statistics (supplemental Tables A3 and A2 in appendix)
in crop yields and other household level variables of close-by and distant to estate groups are
not easily attributable only to the presence of the estate investor. These descriptive results have
only limited meaning because estates are likely to be located in superior areas where smallhold-
ers could then not maintain their farming operations. Therefore outcomes need to be analyzed
in a setup accounting for several control variables which is described in the next section.

3.2. Large-farm data

For this study we used a novel approach to create a database with the location of large estates
based on information from the OpenStreetMap (OSM) project. OSM was founded in the
United Kingdom in 2004 and aims to create a free, worldwide geographic dataset (www.open-
streetmap.org). It mainly relies on data collected by volunteers, which are entered into the cen-
tral database with support of specialised editors. To create the database, we processed raw
OSM data and combined it with several other sources for cross-referencing and validation
(detailed description in Annex).
We used OSM to identify the location and main crop of large farms in Malawi. This is a

novel data source, that hitherto has not been used by other studies to analyse spillovers from
large farms to smallholders. After processing, cross-referencing and validation, OSM data pro-
vide detailed and open information on the location of estates that resembles high-resolution
land use maps in Google Earth. Such information is largely unavailable for most countries,
which makes OSM a potential interesting source for the study of large farms.
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Three different data sources were used to study the behaviour of large firms in the literature.
First, an alternative open data source that resembles OSM is the Land Matrix (https://landma-
trix.org), which also offers information on commercial farms. However, it mostly contains data
on foreign direct investment and in most cases the geodata is limited to regions or centroids of
investment sites.
A second source of information is nationally representative large-farmer surveys, in most

cases organised by the national statistical agency. Such surveys do not exist for Malawi but
were analyzed by Ali et al. (2019) for Ethiopia and by Deininger and Xia (2016) for
Mozambique, and offer a very comprehensive and detailed picture of the large-farm sector in
both countries. Nonetheless, a severe weakness of these datasets is that they are not in the pub-
lic domain and therefore cannot be accessed and validated by most researchers.
Finally, official land registers are yet another source that were explored to investigate large-

farm behaviour. Unfortunately, also this type of data is not publicly accessible, which makes it
of limited use for scientific research. Moreover, several studies have questioned the reliability of
land registers in developing countries. Deininger and Xia (2018) extensively discuss the use of
agricultural estate data from official land registers in the case of Malawi but concluded that
there was a substantial overlap in many of the registered land claims and that there was high
uncertainty in regard to whether the land claims are actually used for farming.
OSM data offers an interesting fourth type of information that can be used to identify the

location of large estates and assess spillovers from these estates to smallholders. The main
advantage of OSM over several other sources is that access to it is open and free.
In line with comparable literature ( Deininger & Xia, 2016; e.g. Glover & Jones, 2019) we

assume estates to have a minimum size of 50 ha. This resulted in a database with in total 59
estates distributed over all three regions of Malawi (Figure 2). A large share (41) of the estates
are tea estates followed by 3 maize, 5 sugarcane and 5 tobacco estates. A small number of
estates produce coffee, soybeans and wheat. Most farms are in the Southern Region and include
nearly all tea estates and some of the largest sugar growers. A much smaller number of farms
are located in the Central and Northern regions, including a variety of crops. A comparison
between satellite imagery from Google Earth and OSM polygon information shows strong
resemblance. Figure 1 shows data for four selected estates that were listed in the LSMS-ISA
survey as employer of smallholders or their relatives (see below). A comparison with harvested
area from FAOSTAT indicates that the database covers all sugar estates and nearly all tea
estates, the two crops for which production is dominated by large farms. For the other crops,
which also involve smallholder production, we are unable to validate the coverage.

3.3. Combining data on estates and smallholders

The map in Figure 2 displays all estates and a 20 km buffer around them as well as all locations
of smallholders available in the LSMS-ISA sample. It shows that many estates are clustered in
certain areas which can be suspected to be especially suitable for agricultural production.
Smallholders are distributed within and outside the proximity of estates and thus deliver
enough possibilities for comparison of both groups. 36.8% of smallholders are within the 20 km
range in the sample used for analysis.
With a mean size of 862 ha and the median at 385 ha, the estates mainly represent the busi-

nesses of large, partly owned by foreign companies. Additionally the sizes of the estates contrib-
ute to a homogeneous sample which is used to address the analysis of the interplay of estates
with very large land holdings in the Malawian context to smallholders with small land holdings.
The distance thresholds up until which spillovers are considered is not a priori known. Most

previous studies discussed in the literature section solve this by either setting a single threshold
without further justification or varying the threshold and analysing the differences in the result-
ing estimates. We complement the variation approach by deriving a novel indicator for the
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distance until which possible spillovers might occur from the distance of estate workers to the
nearest estates. These are the group receiving wages from estates and possibly benefiting from
their establishment through this wage channel. Workers on the estates can be identified in the
LSMS-ISA data through the occupation and employer questions matched with the correspond-
ing estate name in the OSM data. In cases where the estate name is not mentioned but workers
are known to work on a tea or sugar estate they are matched to the nearest estate in our sam-
ple. Figure 3 shows the cumulative distribution of distances of the 167 estate workers in the
sample. It shows that 90% of estate workers are within 20 km of the estate employing them. All
cut-offs, which are considered in the empirical part, are shown as dashed lines in Figure 3. We
use 5, 10 and 20 km thresholds to examine outcomes very proximate to estates and within the
threshold found for estates workers. Additionally we analyse a 25-km threshold which to see
how robust results from the 20 km cutoff are. The 50-km threshold is included as a comparison
to previous studies (e.g. Ali et al., 2019) but is potentially too large in the Malawian context as
evidenced by the distance of estate workers.
A limitation of the LSMS-ISA data is the offset in the geolocation of smallholders which is

introduced to ensure confidentiality. To ensure that there is no overlap between the nearby and
distant smallholders we use distance thresholds around estates to identify those nearby, exclude
all farmers in between the distance threshold and 10 km from the threshold and only use those
10 km plus the distance threshold away from the estate as control group distant from the estate.

4. Econometric methods

Yields and individual economic outcomes were observed to vary strongly in-between nearby
and distant groups for some crops but with varying directions in descriptive statistics. But all of
these variables need not necessarily differ as a result of the proximity to estates. Another pos-
sible explanation could be the self-selection of estates into superior regions for example in terms
of water availability or lower productivity of smallholders. Scholars have identified resource
availability as the most important driver (Schoneveld, 2014). For example Kareem (2018) indi-
cates positive effects of the availability of arable land and negative effects of the level of cereal

Figure 1. (A) location of large farms in Malawi and main crop based on OSM information and (B) com-
parison between Google Earth satellite images and OSM polygon for four selected estates that were listed
in the LSMS-ISA survey as employer of smallholders or their relatives. Symbols to locate tea estates in
(A) represent multiple clustered estates to improve visualisation. All Google Earth images are dated 28

October 2010 apart from Mimosa tea estate, which is dated 27 December 2009.
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yields on the size of investments per African country. Within countries estates are in areas with
superior agroecological conditions (Julien et al., 2019). Availability of water has been found to
be a major important driving factor in location choice for large-scale land investments in agri-
culture in SSA (Hirsch, Krisztin, & See, 2020; Lay & Nolte, 2018; Mazzocchi, Salvan, Orsi, &
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Sali, 2018). At the same time lower variability in rainfall attracts migration of farmers from
areas with high variability in rainfall and high probabilities of droughts (Lewin, Fisher, &
Weber, 2012). Finally, variations in soil quality and elevation are important for decision
making of estate owners when setting up their location and for smallholder farming
simultaneously.
Therefore, suitable methods of analysis take this possibility of two-way causality into

account. The use of counterfactuals is one suitable approach to do so. It identifies compar-
able smallholders within and outside a buffer around estates to estimate the outcomes a
farmer close to an estate would have had if the estate had not been there. Within this
framework the variables identified as drivers in the literature inform the selection for our
matching and weighting. After matching covariates should be balanced across treatment
and control groups.
In this study, we use a variant of propensity score matching (PSM) to identify the counterfac-

tual (Rosenbaum & Rubin, 1983) as well as Inverse Probability Weighted (IPW) regressions
(Imbens & Wooldridge, 2009). Similar matching techniques have been applied among others by
Osabuohien et al. (2019) and Herrmann (2017). The IPW method is comparable to the methods
used by Glover and Jones (2019). The comparison of the results of both techniques is useful to
identify the dependence of estimated effects on the chosen method.
The propensity score can be used to match individual instances on several continuous varia-

bles and is commonly estimated using a logistic regression (Caliendo & Kopeinig, 2008). The
propensity score then reflects the estimated propensity of an estate locating in a certain area
given a control vector. Matching is conducted on the fitted values for the propensity p of prox-
imity of an estate to a smallholder. I.e. calculated scores are used to match a smallholder close
to an estate to the distant smallholder(s) which have the most similar propensity score. We use
Nearest Neighbour Matching with a calliper. The introduction of a calliper of one standard
deviation of the propensity score for matching farmers ensures that farmers who are too differ-
ent are not matched to each other. This is ensured by dropping all instances where the matched
nearest neighbors have a difference in propensity scores larger than one standard deviation.
The calliper can alternatively be interpreted as a tool to establish Common Support of the pro-
pensity score. Where Common Support is not strictly met in this case, meaning that close by
and distant farmers can have propensity scores at ends of the distribution which are not
matched in the other group but distances between groups are not allowed to grow beyond the
caliper threshold. Instances of close-to-estates locations households for whom this is not pos-
sible are dropped from the corresponding analysis.
The constructed matched dataset is then used to calculate the Average Treatment Effects on

the Treated (ATT):

ATT ¼ E Yið1ÞjDi ¼ 1½ � � E Yið0ÞjDi ¼ 1½ � (1)

where Yið1Þ is the value of an outcome variable for a farmer if he is close to an estate, Yið0Þ is
the outcome for distant smallholders and Di is the actually realised treatment (i.e. whether a
smallholder is close to an estate). Hence in the equation first term on the right-hand side of the
equation is the observed outcome of a nearby farmer and the second expectation is the value of
that outcome he would have realised had he been far away from any estate. The last term is
replaced by the counterfactual we create through matching; meaning a distant farming house-
hold in our sample which best resembles the estate-neighbouring smallholder. This term is add-
itionally bias adjusted by replacing the outcome Yið0Þ for distant smallholder i with the
regression adjusted term

bYið0Þ ¼ aþ b0cXið0Þ þ �i (2)
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where the Xið0Þ are an additional set of control variables for the distant smallholder, b0c are the
regression coefficients. (Abadie & Imbens, 2006, 2011). So, the ATT formula using the fitted
values bYið0Þ from the above regression becomes:

ATT ¼ E Yið1ÞjDi ¼ 1½ � � E bYið0ÞjDi ¼ 1
h i

(3)

We report the results for one-to-three matching, meaning that each smallholder in the thresh-
old distance around an estate is paired with the three individuals distant from the estate. This is
especially useful for the very large or very small distance thresholds (5 or 50 km) where group
sizes are much smaller for one of the groups (Caliendo & Kopeinig, 2008; Smith, 1997).
Matches were excluded from the analysis if there were less than 100 nearby smallholders grow-
ing a specific crop within the defined distance threshold. Finally, standard errors are calculated
according to Abadie and Imbens (2006).
A second approach to estimating ATTs is Inverse Probability Weighting. Here the propensity

score is used to generate weights for regressions. The regressions without weights have the
form:

Y ¼ b0 þ b1Dþ b2X þ � (4)

where Y are vectors of the respective outcome variables, b0 is a constant term, D is a dummy
vector for estate proximity with parameter b1 and X is a matrix containing a set of vectors of
control variables with parameters b2: We then introduce weights for the regression to compute
b1 as an estimate for the ATT. The individual weights wi are:

wi ¼
1 if Di ¼ 1bpi
1� bpi if Di ¼ 0

8<
: (5)

where the bpi is the estimated propensity which is used to calculate the weights wi and employ
them for all individuals distant from estates i.e. with Di ¼ 0: I.e. the regression is weighted by a
vector w with element i equal to wi:
Using weights in a regression instead of matching on the propensity score can be interpreted

as heavier punishing for control (distant) cases with low propensity scores. If both specifications
produce statistically significant results, those are strong indicators for overall significant effects.
Both methods are applied to a range of dependent variables separately and estimated for

each of five varying distance thresholds. First, we estimate all models for variables which need
to be separated by crop which are yields, harvests and area the crop is grown on. Then income,
assets and crop diversity variables which are aggregated at household level are used as outcome
variables in the latter model specifications for both methods.
The number of treatment effects estimated becomes very large given the number of outcome

variables and distance thresholds. To account for the possibility that significant effects show up
by chance when testing the resulting hypothesis across specifications, the analysis is extended
by adjusting p-values for false discovery rates (FDR). For FDR control we use the standard
method of Benjamini and Hochberg (1995) which adjusts p-values for the number of tested
hypothesis. This method orders and reweights p-values to adjust them for the expected propor-
tion of hypothesis rejections which are type I errors (Anderson, 2008).

5. Empirical results

For matching methods it is important to assess the quality of the matches. Meaning the results
of the matching need to show similar characteristics of the variables matched on in both control
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and treatment groups. These results are described below, followed by the presentation of results
for both matching and inverse probability weighted regression estimates.

5.1. Propensity score estimation and balance

The estimation of the propensity score is based on a rich set of features available from the
LSMS-ISA survey data. Established factors in literature that affect productivity of Malawian
farms are Human Capital, quality of input markets, climatic and agroecological conditions as
well as infrastructure (Julien et al., 2019). Recent research has confirmed these factors and
extended them to other welfare outcomes such as income and assets. For example Bezu, Kassie,
Shiferaw, and Ricker-Gilbert (2014) show the dependence of income and assets on deviations in
rainfall, household size and farm size. These variables are captured in the LSMS-ISA sample
and introduced into the econometric framework.
Controls include: average 12-months rainfall between 2001 and 2016, several average tem-

perature indicators, precipitation averages for the wettest quarter and month, population dens-
ity, elevation, several indicators for soil quality and distances to the next road, population
centre, ADMARC (Agricultural Development and Marketing Corporation), auction, boma
(district government office), border post and agricultural market. Table shows results of an
example regression for setting the distance threshold at 20 km from which the fitted values of
the propensity score are used for matching. The limiting assumption when using the propensity
score for matching is the selection on observables which must be assumed to make causal infer-
ence. It has been argued that the most credible way to achieve this is to carefully choose the
variables included according to theory as reflected here in the drivers of investments section of
the literature review. Additionally, the consensus among researchers is to include as many vari-
ables as possible and needed to explain selection, in this case of investment locations (Caliendo
& Kopeinig, 2008).
For assessing the quality of matches, the most important feature is the reduction in deviance

of controls in treatment and control groups, meaning close-by and distant smallholders.
Figure 4 shows the reduction of standardised mean differences of matching variables at differ-
ent distance thresholds from estates. All included variables achieve significant reductions in
standardised mean differences after matching. Matching variables are varied in the analysis to
avoid identifying effects which occur only at certain predefined thresholds.
To control for variation in smallholder outcomes which do not influence the location deci-

sions of estates, additional regression bias adjustments are introduced into the calculation of
the ATT using the matched sample as described above. The variables included vary depending
on the outcome variable under examination. The full set includes: number of children, old and
adults in the household, gender, age and education of household head, days of hired labour,
dummies for ploughing, inter-cropping and irrigation, quantities of organic and inorganic fertil-
iser as well as herbicide used, total farm size and number of coupons received from government
or other sources for agricultural inputs. Likewise, the same sets are part of the corresponding
IPW regressions as covariates.

5.2. Spillover effects from estates to smallholders

All hypotheses for potential spillover channels discussed in Section 2 are tested empirically. All
household level outcomes are summarised as ATTs in percent for both estimation methods and
at all distance thresholds in Figure 5. Treatment effects for outcome indicators which are fur-
ther subdivided into three major crops are reported in Figure 6.
First, income is used as an outcome variable in the econometric model. Wage income is sig-

nificantly higher in both PSM and IPW specifications but only in close proximity to the estate.
At any distance threshold beyond 5 km the large effects of a magnitude of 67% (IPW) loose
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their significance. This also translates to a significant increase in total income but at a lower
magnitude, which is feasible given that wage income is commonly only one component of total
income besides farming and other household income sources. In the long run, income increases
cannot be observed to also go along with higher assets. Except for one outlier, all specifications
here show insignificant treatment effects for proximity to estates.
Splitting the sample of estates into those growing cash crops and those growing staple crops

(maize) is predicted to increase wage incomes for smallholders nearby cash crop estates by
Kleemann and Thiele (2015) in their theoretical model. Additional empirical evidence discussed
in the literature review section suggest varying impacts for sugarcane and tea estates. In our
sample there is very little common support of the propensity scores of the distant and nearby
smallholder groups in the split sample. This is caused by substantial differences between the
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Figure 4. Standardised differences in means of control variables before and after matching at varying dis-
tance thresholds (5–50 km ranges around estates).
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groups in many of the variables used to construct the scores. Therefore it is not possible to
match sufficiently high numbers of farmers in this setting which means we cannot obtain results
to test the hypothesis of stronger income effects for certain estate crops.3

To examine spillovers in agricultural productivity yields for three major crops are used as
outcomes. For maize with the exception of a single outlier, no evidence is found for any signifi-
cant spillovers. For Pigeon pea and groundnut there is some indication for increased yields in
proximity to estates, especially in a range of up to 10 km. These statistically significant increases
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range at magnitudes of 30–40%. For groundnut IPW results are confirmed by PSM while this is
not the case for pigeon pea. Examination of the two components of yields, area and harvests
shows which of the two drives the results for each crop. Areas are found to be significantly
lower for pigeon pea up to 5 km from estates but not for groundnut. Combined with no signifi-
cant increase in harvested quantities for pigeon pea, increased yields are a result of similar har-
vests but using less land. The contrary is true for groundnut. Here, yields increase because more
is harvested on areas that are not significantly different. The area and harvest results show that
while yields do not differ significantly, smallholders in ranges up to 10 km of estates harvest sig-
nificantly less maize on significantly less land than their distant counterparts.
Knowledge spillovers could also occur if smallholders close to estates learn about or have

access to a wider variety of crops. We therefore test whether the number of crops grown and
crop concentration differ. Both variables exhibit small but significant increases of 8–13% in the
number of crops grown and 8–17% in crop concentration. These results are persistent across
several specifications of the distance threshold and estimation method.
Finally, area under cultivation is an important measure for the availability of land for small-

holders and is also directly linked to agricultural production. The estimates for ATTs of total
crop area under cultivation show a reduction of 16–17% (IPW, higher for PSM) for smallhold-
ers residing within 10 km distance from an estate. This is in line with the results for a reduced
area of the main crop for most farmers which is maize.

6. Discussion

Here, we first discuss empirical results and link them to previously outlined channels for spill-
overs. Second, we discuss the novel use of OSM data for spillover analysis in terms of its advan-
tages and disadvantages for this study and future studies.

6.1. Observed transmission channels for spillovers

For income, the hypothesis of increases in wages and as a result total income is found to hold
when households are within a range of 5 km to estates. This reiterates the findings from the ana-
lysis of distance of estate workers to the next estate. In our sample the median distance of
worker location to the estate polygon is only 2.52 km and two-thirds are within a distance of
5.09 km. These results can help explain why previous literature such as Ali et al. (2019) or
Glover and Jones (2019) did not find positive wage employment or wage income effects of agri-
cultural investment sites. The occurrence of these spillovers is limited to close geographical
proximity. Even for households close enough to estates wage employment only benefits a subset
of smallholders who are employed on the farm. The much lower increase in total income than
wage income is a result of the fact that total income is composed of several other components
beyond wage income. Income generation, in line with previous studies therefore is only a benefit
of estates for a small fraction of smallholders.
One reason income could potentially increase is because agricultural technology spills over

from a large farm to surrounding small farms. This could increase yields and therefore harvests
and income from agriculture. By using the yields of three major crops as outcome indicators we
tested whether technology improvements materialise as increased productivity. Higher yields
observed for groundnut are driven by larger harvests on not significantly larger fields. A pos-
sible explanation is offered by better access to extension services sometimes delivered privately
(Tsusaka et al., 2016). This is because the lack of extension services and access to improved
inputs are major limiting factors for productivity in groundnut production in Malawi (Owusu
& Bravo-Ureta, 2022). If estates cooperate with input dealers this could also lead to higher
availability of improved seeds which are more productive. This explanation is also in line with
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the arguments put forward by Kleemann and Thiele (2015) who theoretically derive a boost in
agricultural production via reduced prices of higher inputs.
In the case of maize, in contrast to a recent analysis in Zambia (Lay et al., 2021), we do not

observe significant treatment effects of proximity to estates on yields. However, both compo-
nents area and harvests are somewhat lower. A reason for limited yield improvements could be
the lack of a yield gap which Ali et al. (2019) argue to hinder productivity spillovers in the case
of maize in Ethiopia. But given the focus of the analysed estates on cash crops this explanation
only has limited explanatory power. It is more likely that this mismatch in estate and small-
holder crops which was not the case in the sample of Lay et al. (2021) limits the potential for
any spillovers. Given the differential effects across crops the hypothesis of technological spill-
overs can only be confirmed partly.
Moderate positive ATTs are significant for the number of crops grown and crop concentra-

tion. This also hints toward the explanations found for increases in groundnut and pigeon pea
cultivation, namely better access to extension services and inputs. If these are more readily
available farmers can diversify their crops. An important area for future research is to investi-
gate the effect of higher crop diversity on income volatility and resilience in the context of spill-
overs from estates. While crop diversification commonly has a positive effect on income
(Pellegrini & Tasciotti, 2014), the effects on its volatility are less researched, especially in the
spillover context.
The hypothesis of reduced land holding sizes by smallholders is confirmed in our analysis.

This could be the case because many of the estates are located in hilly or mountainous areas or
next to lakes where expansion of smallholder land is not easily possible. Three other factors
could be relevant: a shift of labour from agriculture to employment (on estates), out-migration
from the treatment site or productivity spillovers leading to lower land requirements (Williams
et al., 2021). While we cannot test for out-migration with the data used here, there is some evi-
dence for both spillovers and more wage labour. Thus, both latter channels are likely contribu-
tors to the lower area for crop cultivation associated with proximity to estates.
In summary, household income is higher in close proximity to estates. Drivers for this result

are productivity spillovers, shifts of labour and different crops grown. In closest proximity
matched smallholders work significantly more for wages than distant counterfac-
tual households.
An additional result of the empirical part is the dependence of many of the estimated effects

and significance on the distance threshold. Therefore we argue that it is important to not arbi-
trarily set a single distance threshold but instead use other methods such as estimating treat-
ment effects with a variety of cut-offs. FDR adjustment can help mitigate the problem of
multiple testing in this case.

6.2. Potential and drawbacks of the OSM database

OSM data are available at the global level so it can potentially also be used to assess spillovers
in other countries. Given the various unique advantages and its freely accessible nature outlined
in the data section above, the research presented here demonstrates its previously unexploited
potential for research in this field.
However, at the moment it is unclear if OSM data for other (African) countries contains rele-

vant information on large farmers. To evaluate the use of OSM as a structural source of infor-
mation on large commercial farms more research is needed. One way forward would be to
conduct a systematic comparison between OSM-based database of large estates and the data in
a nationally representative large farm surveys and national land registers.
A potential drawback of the OSM database is that it is difficult to assess its coverage of large

farms in a country. If crop production is dominated by large farms (e.g. sugarcane and tea), a
comparison with secondary sources, such as FAOSTAT, offers a solution (see additional OSM
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Appendix). However, we were not able to evaluate the coverage for sectors that also feature a
substantial share of smallholders. If our database does not include all, or the majority of large
farms, this might bias the results, perhaps partly explaining why we find mixed or insignifi-
cant results.
Another limitation of the OSM data, which also holds for other large-scale farm data sour-

ces, is the lack of information on the capital inflow into each of the investments which can be
an important proxy for the activity on a certain site. This would allow for further disaggrega-
tion of effects uncovered in this paper. The focus on land-size of investments has been criticised
for example by Schoneveld (2014) in favor of capital used at each estate. The focus on large
investments this study, however comes with two large advantages. First, the estates are not too
heterogeneous as all of them are known to be of large size above 50 ha. Our data can secondly
help mitigate some of the problems other datasets face in terms of limitation of the estates to
those established in a certain time period. Time since investment in other studies, which use
short panels of up to five years is often considered too short to unfold most of their potential
effects (Glover & Jones, 2019). In contrast in the OSM data estates might not be limited back-
wards regarding their date of establishment – however, this remains speculative since dates are
not captured in the OSM data.

7. Conclusion

In this paper we analyse the differences in economic outcomes of smallholder farmers closeby
and distant from large estates using a data source (OSM) previously unexplored in this context.
These are related to a key set of potential spillover channels. We find significant treatment
effects for (wage) income in closest proximity, yields of groundnut and pigeon pea, crop diver-
sity and cultivated area.
The OpenStreetMap data are validated and captures many of the major cash crop estates,

especially tea and sugar estates in Malawi. While it is not a universal tool for the analysis of
spillovers, it is a promising source for future studies requiring locations of estates and examin-
ing spillovers. The advantage of the dataset is that it provides polygons instead of only cent-
roids and almost all polygons also list the crop grown on the estate. As in most datasets
validation for example by remote sensing as proposed by Williams et al. (2021) is an important
part of any research involving such data.
The channels found to be most important for long-run spillovers from estates to surrounding

households are technology, wage employment and pressure on land. On the beneficial side,
some individuals who live in closest proximity (<5 km) away from estates experience higher
wages than distant counterfactual households. Differences associated with knowledge spillovers
are observed within even larger distance thresholds. Here, yields of two cash crops promoted by
some agricultural investors (groundnut and pigeon pea) are higher. The positive treatment
effect in land allocated to groundnut cultivation and other crops also leads to higher crop diver-
sity. These results point towards positive effects for at least a subset of smallholders and indi-
cate at least some knowledge spillovers and wage generation from estates.
On the downside however, the analysis confirms the pressure on land hypothesis leading to

less cultivated area in general and less area cultivated with the main food crop maize. This is
especially important since these effects are observable even beyond the threshold until which
wage spillovers occur. Therefore, households who are either too far away or for other reasons
do not benefit from income increases associated with estates could be left with less land to culti-
vate crops for own consumption. This is especially important because production of maize,
which constitutes a large share of the diet of rural Malawian households is significantly lower
in estate proximity. These results must be viewed in combination with the notion that out-
growers and employees on estates benefit from estates while other smallholder households do
not (Herrmann & Grote, 2015).
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In summary, the econometric analysis of OSM and survey data shows potential beneficial
and adverse spillover effects from estates to surrounding small-scale farmers. Any policy and
research focusing on this relationship should carefully evaluate which households are subject to
which types of spillovers. This includes compensation or other types of support for households
negatively affected by the estate. OSM data can be an important tool for identification of
such estates.

Notes

1. A tabular overview including additional studies of a land reform in Malawi (Mendola & Simtowe, 2015) and a
mixed methods study on effects of large-scale agricultural investments on smallholder in Kenya (Zaehringer
et al., 2018) is provided in supplemental Table A1.

2. A standard definition of a Shannon index (S) is:

S ¼ �
Xn
j¼1

ajPn
j0¼1aj0

� �
� ln

ajPn
j0¼1aj0

� �� �

where aj is the area used for production of crop j (with aj, aj0 ¼ 1, :::, nÞ).
3. Supplemental Tables S16 and S17 Show the divergence in explanatory variables for the propensity score

construction and the logit model outcomes for its estimation. Supplemental Figure S2 depicts a histogram of
estimated propensity scores separate by group, indicating that there is very little overlap i.e. common support
between them.
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