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Abstract
What was the effect of the agricultural settlement of European
farmers in Africa during the colonial period? On the one hand, white
immigrants imported skills and capital but, on the other, they took
control of local resources. By looking at the short-term effect of Italian farming in colonial Libya, I study the relative impact of these two
mechanisms. Through regression analysis on a novel village database
I show that - in 1939 - proximity to Italian farms was linked to a significant drop in land productivity in Libyan villages within a 50 km
radius. Placebo and an IV tests, based on the timing of Italian settlement show that the relationship is causal. Lower land productivity
can be explained by the adoption of land-extensive strategies, implemented by indigenous cultivators to counteract a labour and livestock
(camels) drain operated by Italian farms. White clusters show significantly higher levels of land productivity compared to their Libyan
neighbours.
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Introduction

Settler farming is arguably the most extractive form of European colonialism
in Africa: affected regions developed dual economies and unprecedented
levels of economic and social inequality. In Kenya, Southern Rhodesia, South
Africa and Algeria, for instance, white farming elites seized large shares of
fertile land and set up political systems intended to keep African peasants
in a subordinated position, while importing advanced technologies, capital
and skills to boost their own productivity. Despite the importance of this
phenomenon in shaping long-term patterns of inequality and growth, little
empirical evidence exists on the effect of white farming on the indigenous
agricultural sector in Africa and, more specifically, on how to reconcile the
positive and negative effects that the literature theorises.
On the one hand, migrations of skilled workers, especially if coupled
with substantial inflows of capital and skills, are thought to be beneficial for
the receiving regions. High-skilled labourers raise productivity by adopting
more efficient technologies and through interpersonal skills transfers (Hornung, 2014; Fourie and Von Fintel, 2014; Peri, 2012; Bharadwaj and Mirza,
2016). Furthermore, the literature posits positive agricultural technological
spillovers among neighbours (Parman, 2012; Conley and Udry, 2010; Foster and Rosenzweig, 1995). On the other hand, settler economies in Africa
were extractive in nature: in Kenya, Southern Rhodesia and South Africa,
for instance, Europeans actively tried to seize the most fertile lands, thus
pushing most African producers below subsistence level and in turn hampering African productivity (Arrighi and Saul, 1973; Mosley, 1983; Feinstein,
2005). To the best of my knowledge, only few contributions have studied the
relative importance of these counteracting forces and none has convincingly
identified causal links.
By looking at the case study of Italian agricultural settlement in colonial
Libya, which took place between 1922 and 1940, this paper aims to take
a first step towards solving this puzzle. At the same time, it wants to
add empirical evidence on the dynamics that affect patterns of agricultural
production in a dual economy. Roughly 40,000 Italian farmers settled in
what was called the “fourth shore” between 1911 and 1940. These colonists,
who relied mostly on private capital until 1934, and increasingly on statefinanced projects thereafter, formed a small European farming elite, capable
of deploying substantially lager amounts of capital and newer technologies,
compared to indigenous farmers. However, they were only allowed to settle
on land that was not under permanent cultivation before their arrival, which
cut them out of the most fertile coastal and pre-desert oases. In practice, this
meant they were only able to farm around pre-existing areas of permanent
agriculture. Italians were then expelled from the eastern region of Cyrenaica
as early as 1942, after the definitive British occupation, and subsequently
from Tripolitania in 1970.
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This series of events constitutes an ideal case study to explore the impact
of European agricultural settlement on traditional North-Saharan agriculture: the peculiar historical process of land selection makes the issue of the
endogenous location of European farmers less problematic, while the short
duration of the Italian occupation renders the identification of the impact
of white farming easier. I start by asking the question of what impact white
settlement had on productivity and nominal agricultural output in 1939,
at the end of the colonial period, in both Italian villages and neighbouring
Libyan ones. Secondly, I explore the mechanisms that drive this effect.
I create a spatially-explicit, village-level dataset, by geo-referencing the
locations contained in the 1938-9 unpublished governmental Agricultural
Survey for cereal production. This provides information on cultivated land
and total output for barley and wheat - the two main crops at the time for both Libyan and Italian farmers (182 villages). I match these data with
the unpublished firm-level agricultural census of Italian farms from 1937,
which provides rich and geo-coded information on factors of production,
such as size and composition of the workforce, types of cultivation, irrigation
facilities, machinery and livestock, for the 839 Italian farms operating in
Libya in 1937. Thirdly, I collect village level data from the 1936 population
census of Libya.
Firstly, I run an OLS regression analysis to test the effect of proximity to
Italian villages in 1938 (dummy 0-50 km from a location affected by white
farming) on Libyan productivity and nominal output in 1939 (measured as
yields and produced value per hectare) and the correlation between Italian
presence and land productivity. I find a strong and negative effect of Italian presence on Libyan productivity in the surrounding villages, which witnessed an average drop of roughly 68% compared to more distant locations.
By contrast and maybe less surprisingly, the estimates show a positive and
statistically significant effect of Italian presence on land productivity and
nominal output at the village level in 1939 (86% more productive that their
Libyan neighbours). The correlations are robust to a variety of geographical, pre-colonial & colonial controls, to different sets of fixed effects and to
restrictions of the sample size.
Contrary to the literature, my estimates show that the observed negative
effect is not driven by an expropriation of the best lands and a relocation
of indigenous farmers to marginal areas with little market access, but was
rather due to a diversion of the available local workforce towards waged
labour for Italian landowners. This forced the indigenous population in
neighbouring villages to adopt land-extensive cultivation strategies as captured by the land-to-population ratio. Although the data do not allow the
exploration of this mechanism in full, additional estimates provide evidence
that labour drain took place in combination with the depletion of the available stock of camels, which constituted the main source of animal power for
the locals. This might have pushed the Libyans into wage work due to the
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impossibility to farm intensively.
Nevertheless, the availability of cereals per capita does not decrease with
lower output per hectare, which questions whether Libyan living standards
actually suffered due to lower yields. In terms of land productivity, Italians
did not outperform Libyan producers located in more remote areas and who
employed more labour-intensive cultivation techniques however, they did
consistently overtake their indigenous neighbours within 50 km. This positive localised association between Italian presence and higher yields is also
largely explained by higher labour intensity, which in combination with proximity to transport infrastructure, such as paved roads, provided a productive
advantage to white settlers. In other words, the empirical evidence suggests
that, in a dual economy characterised by resource extraction, labour scarcity
and relative land-abundance, the short run equilibrium leads to a decrease
in land productivity in villages surrounding centres of European farming.
White farmers did achieve relatively high yields, but only at the cost of
reducing indigenous productivity and through draining local resources.
The main concern about the validity of these results relates to potential
omitted variable bias: Italians might have simply chosen locations that were
already more productive in the pre-colonial period and that were historically
draining resources from the surrounding areas. Despite the historical narrative not supporting this view, in fact, Italians might have been able to select
areas that were initially better due to unobservables. To tackle this problem, I start by running a falsification exercise that compares the estimated
effects with those generated by locations affected by Italian agricultural settlement only after 1938. Secondly, I instrument proximity to Italian farms
with a 0-40 km cut-off distance from the centroids of the first Italian coastal
strongholds, that were in firm control of the colonial army before military
operations on a larger scale started in 1922. The intuition is that, due
to an element of randomness in military events with respect to land productivity, proximity to areas which were historically under stronger Italian
control can only affect agricultural productivity through settlement of Italian cultivators, who preferred these locations due to more security. Finally,
I implement a Nearest Neighbour Matching test, which compares villages
with similar scores with respect to population, market potential and land
suitability. All these exercises provide evidence of the causal link existing
between Italian farming and agricultural productivity.
This paper contributes to the literature that has looked at the effect of
migrations, skill transfer and technological adoption on receiving countries’
productivity. By testing the effect of white agricultural settlement in Africa,
I add to the works of Hornung (2014), Fourie and Von Fintel (2014) and Peri
(2012), who have instead focused on the short and long-term spillovers in
industry and services, along the same lines of a small but growing literature
that has looked at agricultural migrations (Bharadwaj and Mirza, 2016; Dell
and Olken, 2017). Furthermore, this article sheds new light on the mecha4

nisms of skills transfer and technological diffusion in agriculture (Parman,
2012; Conley and Udry, 2010; Foster and Rosenzweig, 1995) by showing how,
in a dual extractive economy, the potential positive technological spillovers
are offset, at least initially, by the unequal distribution of the factors of
production, that can undermine indigenous productivity in the short run. I
show that in a very unequal agricultural economy, the settlement of capitalendowed and technologically more advanced farming elites imposes initial
negative externalities on the primary sector thorough a drain on resources,
which can have negative spatial spillovers in terms of land productivity.
With respect to the literature that specifically deals with the impact of
settler farming and land policies on the African agricultural sector (Sartre,
1964; Mosley, 1982; Feinstein, 2005; Frankema, Green, and Hillbom, 2014),
I contribute, on the one hand, by employing micro-level data that allow
for an empirical quantitative analysis of the direct impact and the spatial
spillovers of white farming. Although the estimates also pinpoint a temporary negative effect on indigenous agriculture, consistent with the seminal
works of Arrighi (1967) and Mosley (1983), this effect is explained by the
extraction of mobile resources (camels and workers, as opposed to seizure
of land of better quality) and shows an active adaptation of local farmers
through extensive farming techniques.
By measuring the local effect of Italian farming in Libya, my findings
also supplement the literature which has looked at the economic and social
changes triggered by Italian agricultural policies in Africa (Larebo, 1994;
Segrè, 1974). The observed localised drop in Libyan productivity is in line
with the “exploitation” theory proposed by Cresti (2011), but preliminary
results on the geographically heterogeneous availability of cereals per capita
across Libya in 1939 question whether there was an actual drop in living
standards, during the Italian occupation, in areas affected by white settlement. Finally, this paper also relates more generally to the debate on the impact of colonialism on development (Bruhn and Gallego, 2012; Woodberry,
2012): my estimates emphasise that it is crucial to consider the micro-level
impact of colonial activities and underline the importance of agricultural
and land policies for the primary sector in colonial territories.
The remainder of the paper is organised as follows. Section 2 outlines
the historical context and the most salient facts regarding Italian farming
in Libya. Section 3 presents the database. Sections 4 and 5 explain the
identification strategy and the main results, respectively. Section 6 reports
the main robustness checks. Parts 7 and 8 explore the mechanisms. Section
9 concludes.
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2
2.1

Historical context
The occupation of Libya, 1911-1931

The Italian occupation of Libya dates back to the Italian-Turkish war of
1911-12. Local resistance, combined with the sudden outbreak of WWI
(Italy joined the Allies in 1915) and the consequential allocation of resources
to the Austrian front, hampered the attempt of imposing an effective territorial control over the colony. By 1922, the year of Mussolini’s rise to
power, only coastal cities and a few strongholds were under stable Italian
control. The Eastern region of Cyrenaica was ruled indirectly, through the
services of the Emir Idris As-Senussi (who became, in 1951, the first king
of the United Kingdom of Libya under the name of Idris I), supported by a
council of notables. Virtually no Italian farmer moved to Libya before 1922,
with only a few pioneering attempts in the area surrounding Tripoli (Cresti,
2011).
Fascisms changed the rules of the game. Under Governor Volpi (19215), the army undertook the comprehensive conquest of Tripolitania, which
was followed by the rapid subjugation of the Southern region of Fezzan and
the occupation of Cyrenaica, which was only achieved in 1931 despite the
largesse of the employed means. The fierce local resistance was orchestrated
by the religious Senussyya movement which did not recognise the Italian
authority.

2.2

Main features of the agricultural settlement

Linked to the military conquest of the region was an ambitious plan to divert part of Italian economic emigration to Libya: traditionally, Italy had
been a net supplier of low skilled workers to a variety of countries, including
Argentina, Belgium and the US. Mussolini’s Fascist government aimed at reducing this outflow. Fostering agricultural settlement in what started to be
called "Quarta sponda" (Fourth shore) was seen as the ideal economic integration between labour-rich Italy and the supposedly land-abundant colony.
An innovative, yet highly controversial, land reform was implemented in
1923: according this decree, all land that was not cultivated or that had not
been farmed in the previous 3 years was considered public and available for
allotment, rent and purchase for Italian farmers. By 1937, roughly 840,000
hectares were made available thanks to this system, 240,000 of which in
Tripolitania and 600,000 in Cyrenaica (Ballico, 1939). Although the impact
of this radical decision on the traditional Libyan subsistence sector has not
been properly quantified, anecdotal evidence suggests it was extremely important. Most of the land that fell into the category of “unused”, was part of
a perhaps old fashioned, but complex tribal customary system based upon
shifting cultivations and migrant herding, both activities that were severely
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Figure 1: Tripolitania: Italian occupation and settlement in 1939

Note: Villages are from the Agricultural Survey of Libya 1938-9, ACS. Roads, Railroads
and territorial changes from Piccioli (1934)

affected by the decree (Cresti, 2011). Yet the land that was intensively
farmed by Libyans was left virtually untouched.
This peculiar compromise on land allocation that aimed to strike a balance between the colonial government’s ambitious settlement plan and the
traditional farming patterns of the local population led to a unique situation.
As shown in map 3, Italians were, in fact, only allowed to farm marginal
lands outside of Libyan oases. Land pertaining to oases tended to be more
fertile and had easier access to water compared to the land available to Italian settlers outside the main Libyan farming clusters. This characteristic is
very important for the empirical analysis as it makes endogeneity less problematic: As white farmers were not able to secure the best land, I expect the
OLS estimates to be downward-biased when estimating the localised effect
of Italian farming and upward-biased when measuring the spatial spillovers
in the surrounding area.
Also for these reasons, Italian farmers started receiving financial support
from a specifically designed agricultural bank, the Cassa di Risparmio di
Tripoli (founded in 1923), which provided credit at subsidised interest rates.
The combination of easier access to credit and technical assistance from
governmental agricultural institutes facilitated white settlement. However,
despite an exponential increase over the period, the total number of Italian
holdings only reached the modest number of 839 farms by the end of the
7

Figure 2: Cyrenaica: Italian occupation and settlement in 1939

Note: Villages are from the Agricultural Survey of Libya 1938-9, ACS. Roads, Railroads
and territorial changes from Piccioli (1934)

decade.1
In fact, even though these incentives facilitated settlement, the establishment of white farms in the colony was far from unconstrained. Not only
Italian cultivators had to face severe climatic challenges, such as scarce precipitations, high temperatures and strong dry wind from the desert (Ghibli):
as outlined above, the complete control over the region was not fully accomplished until 1931 and, although governor Badoglio declared the colony
“pacified” in 1932, peripheral zones remained out of the Italian control until the end of the 1930s. This insecurity forced Italian farmers to select,
especially between 1922 and 1937, more “civilised” locations: this initially
meant settling close to Tripoli and Benghazi and, subsequently, to spread
out progressively, following the expansion of the governmental control over
the peripheral regions. This process can be observed in figures 1 and 2,
which highlight the clustering of Italian settlements in locations that had
been under governmental control for longer. These political constraints,
together with the impossibility of expropriating the land that was under
permanent Libyan cultivation, translated into a pattern of settlement that
was only marginally influenced by the suitability of the soil. In other words,
Italian farmers were only capable to select the best land within a limited
1

Those reported in the 1937 census
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Figure 3: Example of agricultural settlement in the Zavia area

Note: Patterns of agricultural settlement from the map “Zona Occidentale”, belonging to
the incomplete cadastral cartographic survey of Tripolitania at the historical archive of
the “Istituto Agricolo d’Oltremare”. Villages are from the Agricultural Survey of Libya
1938-9, ACS. Roads and Railroads from Piccioli (1934)

sub-sample, composed by those areas that were under stable control of the
Italian government and that were not already under Libyan cultivation.
This makes the identification of the effect of Italian settlement easier, as
endogeneity problems are less likely to arise.
The period between 1922 and 1932 is defined by the sources as “capitalistic settlement”, as opposed to the “intensive demographic settlement”
implemented from 1932 onwards (Piccioli, 1934). These expressions define
two different approaches taken by the Fascist government, the former relying
on the use of private capital and minor public subsidies, and the latter one
characterised by direct state-led initiatives, aimed at creating widespread
smallholding farming in Libya.
Through the direct intervention of the public pensions and insurances
fund (INFPS) and the creation of a specific state corporation (Ente Colonizzazione Libia, ECL) 24 agricultural villages were built between 1932 and
1940 in Tripolitania and Cyrenaica. The event received large coverage by
both Italian and foreign media, especially as it coincided with the most famous mass migration waves of the period, with 20,000 farmers shipped to
Libya in 1938 (“I Ventimila”), followed by an additional 11,000 in 1939. My
analysis mostly focuses on the first capitalistic wave, as the sources only cap9

ture the embryonic attempts of state-led settlement. Villages of the second
phase are only used as counterfactual locations in a falsification exercise.

3

A new database on colonial Libya

To address the described questions, I assembled a novel village level database,
with information on cereal production for both Italians and Libyans at the
end of the colonial period. Table 1 summarises the main sources and their
coverage, while table 2 presents the descriptive statistics for the variables
employed in the empirical estimations.
Table 1: Main Data Sources and Coverage
Data
Source
Agricultural
Survey of
Libya

Year

Information

Coverage

Location

19381939

Agricultural
Census of
Libya

1937,
(Up
to
April
1937)

Total of 256 villages.
Land
productivity
could be calculated
for 182 with matching
inputs and outputs
Total of 839 Farms (All
Italian farms in Libya),
distributed across 89
villages

Population
Census of
Libya

1936

Cultivated land (Ha)
and produced cereals
(cwt) for both Libyan
and Italian farmers by
village
Labour (number of employees and managers),
capital (buildings, irrigation facilities, animals, machinery) endowments and cultivation techniques by farm
Number of Libyans,
Italians and foreigners
living in each village by
gender

Archivio
centrale
dello stato
(ACS)
Rome.
Archivio
Storico
dell’Istituto
Agricolo
d’Oltremare
(IAO) Florence
Istat online
archive

Piccioli,
1934
Angelo,
(1934) La
nuova Italia
d’Oltremare:
l’opera
del
fascismo nelle
colonie, 2
vol., Milan
FAO2000
GAEZ

Year of occupation of
each village by the
Italian army, historical land suitability,
transport infrastructure
(cartographic material)

Land suitability for barley and wheat

Total of 337 villages
and towns, of which 170
were matched with the
agricultural survey’s observations. (129 for the
land productivity subsample)
All villages

Suitability is available
for the entire sample.

Material
type
Archival

Archival

Archival

na

Published

na

Online

The coordinates of each village have been identified by geo-localising
the names reported in the Agricultural Survey of 1938-9, which informs on
the extension of cultivated land with barley and wheat for both Libyan and
Italian farmers, as well as the harvested quantities of each crops. The survey
is unpublished at the village level. For each surveyed location, 4 different
sheets exist: 2 for Italians and 2 for Libyans farmers, one for sowing and one
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for harvesting. A total of 256 villages are reported, however, excluding those
for which matching harvest and sowing was not possible, only 182 villages
remain. Nevertheless, this sub-sample is evenly distributed across Libya and
reports all important centres of agricultural production. The distribution
of the villages largely reflects the distribution of the population at the time
which, similarly to the present, was concentrated along the coast (see map
8 in the appendix).
Table 2: Summary statistics
VARIABLES

(1)
mean

(2)
sd

(3)
min

(4)
max

(5)
N

Productivity, 1939
Cer $/Ha, 1939
Dist IT Village, 0-50km
IT Dummy 1938
Land use, pre-1930
Population, 1900
Dist 1884 tracks
Dist Tripoli, km
Dist Benghazi, km
Dist wells, km
Interpolated population, 1936
Barley suit
Dist coast, km
Dist waterways, km
Altitude
Temperature av 1950-2000
Rainfall av 1950-2000
Longitude
Latitude
IV dummy first occupation, 0-50km
Dummy 0-40 km, after 1939
Market Potential
Tripoli
Benghazi
Misurata
Darna
Hun

3.076
13.28
0.643
0.330
5.341
3,781
10.71
372.9
470.9
16.75
3,661
4,533
52.20
33.97
185.1
19.62
18.33
15.81
30.91
0.610
0.440
41,224
0.374
0.209
0.258
0.126
0.0330

2.860
12.66
0.480
0.471
1.582
10,647
19.10
335.8
252.0
60.70
9,301
217.1
118.3
48.61
237.6
1.552
8.795
4.685
5.399
0.489
0.498
127,566
0.485
0.408
0.439
0.333
0.179

0.0667
0.233
0
0
0
10
0
0.100
4.686
0.217
10
4,125
0
0.0191
-6
14.23
0
0
0
0
0
71.41
0
0
0
0
0

15.49
79.94
1
1
7
66,498
156.4
1,382
1,249
627.2
99,884
5,218
896.9
474.5
821
24.84
49.25
25.09
32.93
1
1
1.325e+06
1
1
1
1
1

182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182
182

The second key source for this paper is the 1937 Agricultural Census
of Italian farms in Libya, which reports detailed information on the 839
white farms that existed in Tripolitania and Cyrenaica at the time. This
source informs, among other things, about the number of Italian and Libyan
workers, the size of the buildings, the irrigation facilities and the machinery
& animal stocks on each holding. I aggregate farms at the Agricultural
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Survey’s village level, which yields a total of 60 villages with complete data
on grain productivity and factors of production for Italian farmers.
Thirdly, in order to obtain reliable data on population size and gender
ratios, the Population Census from 1936 has also been digitised. This informs about total number of Libyan and Italian residents in each center by
sex. Due to the sometimes different administrative levels of data collection, only 129 of the 182 villages employed in the empirical analysis could
be matched successfully. These data were therefore interpolated with the
reconstructed population estimates from the HYDE project, which brings
the number of data points for which population size is available up to 182.
Fourthly, the location of colonial paved roads, lorry & unpaved track, railroads, administrative districts and wells were digitised from different maps
by Piccioli (1934). Finally, land suitability for barley and wheat was added
from the FAO-GAEZ database (FAO-GAEZ, 2000).
The archival nature of the bulk of my data presents both advantages
and disadvantages: the 1939 agricultural survey is often handwritten and
patchy. It is sometimes difficult to determine whether missing sheets and
reported zeros were due to negligible agricultural production in those locations, imprecise data collection in the field or bad preservation of the
materials. Furthermore, this is subject to errors of the Italian civil servants
in charge, who had often other main jobs, limited knowledge of the territory
and of Libyan farming strategies. Yet, despite these caveats, the level of
detail is impressive for the region and the period, which makes is the best
(and only) source to investigate agricultural dynamics in colonial Libya at
such a disaggregate level. The fact that this has remained unpublished and
for ministerial use only gives me confidence that, at least, no systematic
attempt was made by the authorities to alter the reported figures, unlike in
case of other publications used for propagandistic purposes.

4

Identification

I start by running regression analysis on this newly assembled village-level
dataset to identify the impact that the settlement of Italian farmers had
on the Libyan agricultural sector. In order to estimate the direct effect of
the Italian presence on agricultural productivity and, at the same time, to
capture potential spatial spillovers in the surrounding villages, I estimate
equation 1 through OLS:
lnyi,1939 = α + β1 DIT f arm0−50km,i,1938
+β2 DIT f armi,1938
+x0i γ

(1)

+ δp + i,t

The left-hand side variable yi,t measures agricultural productivity in village i. Both land productivity (hundredweights/hectare) and nominal out12

put per hectare ($) in 1939 are employed. I apply a logarithmic transformation to smooth the right-skewed distribution of my dependent variables
(See figure 6 in the appendix). DIT f arm0−50km,i,1938 is the main explanatory variable of interest and equals 1 if a village is positioned within a 50km
cut-off from a location where Italian farming took place in 1938 (I consider
sowing to calculate proximity as crop failure would potentially alter treatment). I expect β1 , whose variable is designed to capture spatial spillover
effects of white farming, to be positive (β1 > 0) if Italian presence increased
land productivity in surrounding areas; conversely, it will be smaller than 0
(β1 < 0) if negative spatial externalities are in place. The former hypothesis
would be consistent with the idea of Parman (2012) and Conley & Udry
(2010), who postulate positive spillovers from more advanced farming centres. In the latter case, by contrast, the result would point towards a process
of resource drain more in line with the literature on European farming in
settler economies (Arrighi and Saul, 1973; Bruhn and Gallego, 2012).
DIT f armi,1938 , the second explanatory variable of interest, is a dummy
that equals 1 if the 1938-9 Agricultural Survey reports any amount of land
being under Italian cultivation. I expect this coefficient to be larger than 0
(β2 > 0) if Italian presence is positively correlated with land productivity,
negative otherwise. In practice, this is a sub-category of the main explanatory variable of interest as this dummy equals 1 if a village is located within
the 50km cut-off and was directly affected by Italian farming. Thus, its coefficient will capture the average productivity in Italian villages with respect
to Libyan agricultural centres within the 50km radius.
x0i is a vector of time-invariant geographical, pre-colonial and colonial
controls. All specifications include those variables that the literature has
depicted as important in determining the performance of Libyan agriculture:
latitude, longitude, land suitability (intermediate inputs irrigated barley),
distance to the coast, altitude, average annual temperature, monthly precipitations and distance from waterways. Pre-colonial data are scarce, but in
all specifications I also control for the logarithm of reconstructed population
in 1900, distance from 19th century caravan tracks and pre-1930 land-use, in
the attempt to capture the effect of potentially relevant characteristics from
the pre-Italian era. Finally, in order to control for other colonial factors, I
also add a set of variables that includes distance from Tripoli and Benghazi
(the two main cities and markets in the colonial period), distance from 1941
wells and the logarithm of population in 1936.
To capture the effect of unobservables, all specifications include a set
of provincial fixed effects (δp ) (the 5 Italian provinces in which Libya was
partitioned in the 1930s). Finally, as I am also concerned that, due to
the archival nature of the 1939 survey, the data might show systematic
measurement error at the municipal level (the level of data collection), I
cluster my error term (i,t ) for the 27 municipalities in which Italian Libya
was divided under colonial rule. This approach also effectively accounts for
13

potential spatial correlation.
Due to data limitations and, in particular, to the unavailability of comprehensive productivity estimates at the village level before the settlement
of the Italian farmers, the problem of spurious correlations driven by an
omitted variable bias is likely to occur. In order to estimate the causal effect of Italian agricultural settlement on Libyan grain productivity, I run
a series of robustness checks, focusing on DIT f arm0−50km,i,1938 my main
explanatory variable of interest.
Firstly, I implement a falsification exercise based on the period of arrival of Italian settlers: several additional projects of state-led intensive (or
“demographic”) colonisation were launched between 1938 and 1939 and became operational only in 1939 and 1940, after my period of observation. I use
these as placebo locations to test causality in a counterfactual framework:
if the measured effect is mirroring pre-colonial patterns of production (the
settlement of Italian farmers was endogenous), a similar correlation should
be observed between post-1938 settlement and land productivity. Although
one might argue that later agricultural villages were not comparable to earlier capitalistic settlements, the time difference is so limited that, once the
full set of baseline controls is introduced, the falsification exercise will give
sufficient evidence of the causal link between Italian presence and changes
in yields per hectare.
Secondly, I run an instrumental variable exercise that exploits the political constraints to white agricultural settlement. The strategy relies on
the idea that the location of Italian farms was exogenous with respect to
pre-colonial farming patterns and, instead, rather dependent on the unique
political conditions created by the progressive occupation of Libya during
the 1920s and 1930s. As discussed in section 2, Italian farmers were unable
to settle in the best available land, due to the scattered control that the
state had on the Libyan hinterland and, by contrast, had to select areas
under stable governmental control to mitigate risk. Hence, I instrument
proximity to Italian villages with a binary variable that equals 1 if a village
is located within a 40km cut-off from the centroid of those areas that were
permanently under Italian control before the beginning of the process of
re-conquest started by Mussolini in the 1920s. These include areas under
Italian control in 1921 and 1922 in Tripolitania and Cyrenaica, respectively.
Figure 5 in the appendix shows the spatial correlation between Italian
farming and early territorial occupation, which emerges as very strong. For
the exclusion restrictions to hold, my instrument has to be a good predictor of Italian agricultural settlement while, at the same time, proximity to
the first occupied areas should affect productivity patterns through Italian
farming only. As permanently occupied areas generally (but not always)
coincided with the main coastal towns, market access could be an obvious
violation (Martinelli, 2014). To address this issue, I make my estimates conditional on market potential, which I calculate as size of the closest market
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(in terms of total population), weighted by the linear distance from each
observation.
Finally, I run a Nearest Neighbour Matching test. The average treatment
effect is estimated by comparing pairs of treated and untreated observations
having similar scores with respect to market potential, pre-colonial land use
before 1930 (Piccioli, 1934) and population density, which are three key
variables in determining productivity differentials in agriculture (Kopsidis
and Wolf, 2012; Mosley, 1982; Cresti, 2011).

5

Main Results

Table 3 reports the main set of results for 1939. In columns 1 to 4, the
dependent variable is the natural logarithm of total land productivity, which
is measured as quantity of harvested cereal crops (cwt) divided by cultivated
land (Ha) and includes both Italian and Libyan productions. Column 5
shows results for the logarithmic nominal value ($) of harvested cereals per
hectare.
The estimates highlight a counteracting effect of Italian farming. On
the one hand, villages located within a 50km radius from Italian farms in
1939 were significantly less productive. On the other, Italian locations show
large productivity advantage compared to nearby Libyan ones. The unrestricted model in column 1, for instance, shows a sizeable gap between the
two groups. The simple elasticity of the logarithm does not tell much about
the effect of Italian presence and, given the size of the coefficient, the standard approximation in percentage points would be severely biased: however,
having applied the appropriate conversion2 , it is possible to see how proximity to Italian farms resulted in a 62% reduction compared to Libyan villages
located farther away from white clusters. At the same time, European villages were, on average, roughly 113% more productive compared to their
Libyan neighbours. In other words, it appears that Italian settlers were relatively successful locally, but were also reducing the output per hectare for
local farmers in surrounding locations.
These results are not only robust to the introduction of the full set of
geographical controls in column 2: The restricted model even performs more
efficiently, as the increase in magnitude of the main coefficient of interest
pinpoints, which in turn suggests an attenuation bias in column 1. This
arguably mirrors the fact that the surroundings of Italian clusters were the
areas with the highest land suitability for barley and hence, given their
agricultural potential, the reduction in productivity triggered by Italian settlement was even stronger than the unconditional estimates would suggest
(See map 3 and section 2).
2

100 ∗ [expβ − 1]
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Table 3: The effect of Italian farming in 1939

VARIABLES
Dist IT Village, 0-50km
IT Dummy 1938

(1)
Log Productivity
1939

(2)
Log Productivity
1939

(3)
Log Productivity
1939

(4)
Log Productivity
1939

(5)
Log Cer $/Ha
1939

-0.988***
(0.236)
0.760***
(0.230)

-1.320***
(0.253)
0.681**
(0.251)
-0.000
(0.001)
-0.001
(0.002)
0.003*
(0.002)
0.001
(0.001)
0.066
(0.138)
0.037**
(0.017)
-0.079
(0.069)
0.025
(0.038)

-1.447***
(0.253)
0.653**
(0.240)
-0.000
(0.001)
-0.002
(0.002)
0.005***
(0.001)
0.001*
(0.001)
0.138
(0.120)
0.025
(0.017)
-0.081
(0.070)
0.032
(0.038)
0.022
(0.033)
0.094***
(0.028)
-0.004
(0.004)

-1.471***
(0.229)
0.676**
(0.278)
-0.000
(0.001)
-0.001
(0.003)
0.008***
(0.003)
0.001
(0.001)
0.102
(0.146)
0.006
(0.019)
-0.062
(0.145)
0.023
(0.078)
0.033
(0.033)
0.092**
(0.037)
-0.000
(0.005)
-0.002
(0.002)
-0.002
(0.001)
0.003**
(0.001)
0.027
(0.055)

-1.500***
(0.245)
0.817***
(0.270)
-0.000
(0.001)
-0.002
(0.003)
0.009***
(0.002)
0.001
(0.001)
0.036
(0.150)
0.011
(0.019)
-0.089
(0.142)
0.037
(0.077)
0.028
(0.036)
0.091**
(0.039)
-0.000
(0.005)
-0.001
(0.002)
-0.002
(0.001)
0.004**
(0.002)
0.026
(0.059)

182
0.33
YES
NO
NO
NO

182
0.40
YES
YES
NO
NO

182
0.43
YES
YES
YES
NO

182
0.44
YES
YES
YES
YES

182
0.46
YES
YES
YES
YES

Barley suit
Dist coast, km
Dist waterways, km
Altitude
Temperature av 1950-2000
Rainfall av 1950-2000
Longitude
Latitude
Land use, pre-1930
Log Population, 1900
Dist 1884 tracks
Dist Tripoli, km
Dist Benghazi, km
Dist wells, km
Log population, 1936

Observations
R-squared
Provincial FE
Geographical Controls
Precolonial Controls
Colonial Controls

OLS regressions in columns 1 to 5 with logarithmic output in hundredweights per hectare as dependent variable. Robust
standard errors clustered for 27 municipalities in brackets. Provincial fixed effects for the 5 provinces in which Italian Libya
was divided are added in each specification. Geographical controls include: longitude, latitude and altitude, average annual
temperature, average rainfall, intermediate input barley suitability, distance from the coast and distance from the closest
river. Pre-colonial controls include: land use before 1930 (Piccioli, 1934), logarithmic reconstructed population from 1900
(HYDE) and distance from 1884 tracks. Colonial controls include: distances from Tripoli and Benghazi, distance from
reported wells in 1941 and logarithmic population in 1936 (population census and HYDE) *** p<0.01, ** p<0.05, * p<0.1

The coefficients remain large and significant when pre-colonial and colonial controls are introduced in columns 3 and 4, respectively. The fully
specified model, in column 4, still pinpoints a 86% local gap between Italian and Libyan cultivators, together with a 68% lower average productivity
of treated Libyan villages with respect to more remote indigenous farming. The local productive gap is consistent with the information provided
by Italian and British sources which, during the period of British military
administration (1942-1951), reported 1.5 and 5 points difference between
Libyan and Italian farming in barley and wheat productivity in the early
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post-war period, respectively.3 By contrast, the qualitative sources seem to
miss the productivity gulf between areas of white farming and the rest of the
country, which practically implies a lower average output of about 3.2 cwt
per hectare (See table 7 in the Appendix for summary statistics by group).
A similar picture emerges if one looks at the effect of Italian farming on
logarithmic nominal value of harvested grains per hectare (column 5): The
same pattern can be observed when looking at the 0-50 km dummy, which
shows that Libyan villages surrounding Italian ones not only experienced
lower yields, but also that this productive gap was not compensated through
the cultivation of more valuable crops. On average, Libyans cultivators in
the proximity of Italian settlements were able to produce roughly 70% less
nominal output per hectare compared to their more remote counterparts.
By contrast, Italian locations maintained a statistically significant and large
local advantage in nominal value of harvested crops per hectare, with a 112%
higher produced value.
These negative spillovers contradict various models of positive externalities from more productive agricultural centres towards surrounding areas
(Conley and Udry, 2010; Parman, 2012). Although this could be consistent
with extraction mechanisms highlighted for other settler economies (Arrighi,
1967; Feinstein, 2005), the Italian case study presents some characteristics
that make it unique: as opposed to other colonies - where the reduction in
productivity observed on indigenous lands is often explained with restricted
access to high quality lands or with the designation of peripheral areas far
from modern infrastructure to indigenous farming - in Italian Libya, local
cultivators were allowed to keep their holdings, provided that those had
been continuously farmed before 1923. This suggests the explanation for
the observed effect lies elsewhere.
Moreover, even if one might think the absolute reduction in land access as
detrimental to the Libyan primary sector (for instance due to the necessity
to concentrate grazing and farming on scarcer land), the theory suggests
that Boserupian dynamics linked to reduced land per capita ratios should
increase yields per hectare rather than reduce them (Mosley, 1982). This
peculiar spatial equilibrium, therefore, calls for further analysis.
It is also important to stress how - in contrast to DIT f arm0−50km,i,1938 ,
the main coefficient of interest that should be considered in comparison
with Libyan villages located farther than 50km away from Italian farms my Italian dummy is a subcategory of the binary variable for proximity
to Italian farms and should therefore be compared to the average productivity of treated Libyan villages. This is a key point, as it implies that
Italian farmers were only able to out-compete their immediate neighbours,
but the average productivity of their villages remained well below (at least
3
Military Administration British (1945). Survey of Land Resources in Tripolitania,
pp. 129-30
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in the years immediately following their settlement) the output per hectare
in Libyan areas located further away from Italian farming.
To sum up, these findings suggest the following: the areas of land farmed
by Italian settlers enjoyed higher land productivity and nominal output in
1939 compared with adjacent areas cultivated by Libyan farmers. Lower
average productivity for Libyan farmers, instead, was associated with proximity to Italian farms: compared to the average Libyan cluster located more
than 50km away from Italian settlements, this group of villages shows 68%
lower productivity with respect to the average of the comparison group.

6

Robustness

Despite the robustness of the observed correlation to the introduction of
relevant controls and provincial fixed effects, there are potential key threats
to the identification of the causal effect of proximity to Italian villages. The
main challenge lies in the potential endogenous placement of Italian farms:
productivity patterns in place before 1922 might have shaped the modes and
the location of colonial farming and differences in productivity levels might
be due to unobservable characteristics that pre-dated Italian settlement. If
this was the case, my estimates would merely reflect the persistence of precolonial agriculture. In order to tackle endogeneity, which is particularly
problematic in this context due to the impossibility to control for pre-1939
productivity, I rely on three main strategies.
As a first step, I re-run the baseline regression, this time employing distance from placebo locations that only received Italian settlers between 1939
and 1940, after my period of observation. The intuition behind this exercise
is that if Italian settlement causally determined the described reduction in
Libyan productivity in the surrounding areas we would expect to observe
no effect of later settlement clusters. The estimates from this exercise are
reported in column 2 of table 4 and are reassuring: Libyan villages located
within a 50km radius from placebo locations that received Italian migrants
after 1938 are not different from the control group in terms of productivity.
Placebo locations themselves even show a small and negative (although statistically insignificant) gap compared to their surroundings. This strongly
suggests that the observed differences in output were causally determined
by Italian settlement.
Secondly, I run an IV estimation, which exploits the peculiar pattern of
Italian military occupation of Libya: settlement possibilities for farmers were
limited by the extent to which the government was effectively in control of
the different parts of the territory. Italian farming presence, therefore, was
inversely related to distance from the strongholds controlled in 1921 and
1922 by the Italian army before more comprehensive military operations
were launched to regain control over Tripolitania and Cyrenaica. Arguably,
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even after the full occupation of the hinterland, the original areas of settlement and their immediate surroundings remained safer. Although the
strategic decisions made by the Italian army about which strongholds to
defend up to 1922 depended on specific local economic factors and were by
no means random, pre-colonial agricultural productivity was arguably irrelevant for strategic military choices that were rather influenced by the relative importance of urban centres and strategic geographic features (Mounds,
ports...)
Table 4: Robustness checks for 1939
(1)

(2)

Estimations:

Baseline

Placebo

Dist IT Village, 0-50km

-1.471***
(0.229)
0.676**
(0.278)

IT Dummy 1938
Dummy 0-50 km, after 1939

(3)
IV 1
unconditional

(4)
IV 2
conditional MP

-1.779***
(0.340)
0.692***
(0.260)

-1.779***
(0.352)
0.692***
(0.263)

Nmatch

0.097
(0.288)
-0.789
(1.126)

IT Dummy 1940
SATT

Observations
R-squared
cdf
rkf
Provincial FE
Geographical Controls
Precolonial controls

(5)

-0.724***
(0.186)
182
0.44
.
.
YES
YES
YES

182
0.30
.
.
YES
YES
YES

182
0.44
89.94
12.58
YES
YES
YES

182
0.44
91.36
14.04
YES
YES
YES

182
.
.
.
NO
NO
NO

Robustness check for the baseline equation (column 1) are reported in columns 2 to 5. All specifications in columns 1 to 4 include the same controls as for the baseline. In column 2 estimates
from placebo villages that received Italian migrants only after 1938 are reported. Columns 3 and 4
report the estimates from a 2SLS exercise which instruments proximity to Italian enclaves with a
dummy for being located within 40km from a military stronghold before 1922. In column 4, estimates of Market Potential are included as controls. Column 5 shows the estimate from a Nearest
Neighbour Score Matching exercise based on Market Potential, Population and pre-1930 land use.
Robust standard errors clustered for 27 municipalities in brackets. Provincial fixed effects for the 5
provinces in which Italian Libya was divided are added in each specification. Geographical controls
include: longitude, latitude and altitude, average annual temperature, average rainfall, intermediate
input barley suitability, distance from the coast and distance from the closest river. Pre-colonial
controls include: land use before 1930 (Piccioli, 1934), logarithmic reconstructed population from
1900 (HYDE) and distance from 1884 tracks. Colonial controls include: distances from Tripoli
and Benghazi, distance from reported wells in 1941 and logarithmic population in 1936 (population
census and HYDE) *** p<0.01, ** p<0.05, * p<0.1

I implement this strategy by instrumenting proximity to Italian villages
with a dummy variable that equals 1 if a village was located inside the
territory of the oldest Italian military strongholds (Those that were under
Italian control in 1922) or within a 40km radius from the polygons’ cen19

troids. The correlation between the instrumented variable and the selected
instrument are shown in figure 6 from the appendix. The instrumented coefficient in column 3 (Table 4) is large, negative and statistically significant
at the 1% level. Its size is very similar to the OLS baseline, but moderately larger which suggests a attenuation bias in the OLS estimates, in line
with the described historical pattern of land distribution, which led Italian
farmers to take unused land around centers of traditionally intense farming. In column 4, the IV model is made conditional upon market potential
P opulation
(M Pi = (2 ∗ P opulationi + Distancej j )): access to markets, in fact, could be
a possible violation of the exclusion restrictions, as coastal areas were also
located next to the biggest agricultural markets. Both estimations yield
reassuring first-stage F-statistics, which are well above the Stock and Yogo
test’s threshold.
Finally, I implement a Nearest Neighbour Matching estimation which
compares pairs of treated (located nearby villages that experienced Italian farming) and untreated villages with similar scores in terms of market
potential, population size and pre-1934 land use. Results are displayed in
column 5: these show that similar villages only differing in proximity to
Italian farms have a statistically significant gap in land productivity.
Columns 1 to 4 in table 8 from the appendix report additional tests that
verify that the results are not driven by different institutional settings at the
tribal level or by systematic differences in yield differentials in Saharan and
pre-desert oases. In column 1, I introduce a set of ethnic fixed effects from
Murdock’s map (Murdock, 1967): although the available qualitative sources
underline how enforcement of property rights and risk management at the
tribal level did make a significant difference in agricultural productivity,
ethnic fixed effects do not alter the magnitude and significance of the two
coefficients of interest. In column 2, the Saharan province (Hun) is excluded
from the sample, while in columns 3 and 4 the analysis is limited to villages
located within 100km and 50km from the coast respectively. Despite these
sample’s restrictions, the coefficients of interest remain significant, which in
turn provides further evidence that the estimates are not merely mirroring a
persistence of pre-colonial patterns of production in colonial dynamics, but
rather a negative spatial effect triggered by the settlement of Italian farmers.
All together, these findings provide strong evidence of the causal link
between proximity to Italian farms and lower Libyan productivity, the main
effect of Italian agricultural settlement. Far from being conclusive, these estimates raise two key and interlinked questions: Why did productivity decline
in Libyan villages neighbouring Italian ones? and, related to this question,
What made Italian villages more productive locally? The remainder of the
paper discusses the mechanisms.
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7

Explaining the negative spillovers

The literature posits positive spillovers from centres experiencing innovative market-oriented farming to more backward neighbours (Parman, 2012;
Conley and Udry, 2010; Foster and Rosenzweig, 2016). Therefore, Libyan
cultivators in proximity of Italian farms should have been, for instance, more
inclined to adopt wheat as a main crop, mechanised farming techniques and
better irrigation facilities. Certainly, a collapse in grain yields is completely
incompatible with this model.
Furthermore, the peculiar spatial pattern of agricultural productivity in
the Libyan context represents a novelty also with respect to the body of
literature on settler economies, which explains the reduction in productive
capacity as a function of political choices that either pushed the indigenous
farmers into less fertile lands, or marginal ones where the necessary market
incentives were absent (markets and transport infrastructure) (Feinstein,
2005; Arrighi, 1967). As described above, neither of these two conditions
materialised in the Italian case in Libya due to the initial settlement of
white colonisers in peripheral plots located around Libyan clusters with the
highest agricultural potential in terms of land suitability and access to markets. A small but recent literature has underlined the success of indigenous
farming elites who responded to market access incentives through increasing
productivity in proximity to areas of white settlers, for instance in colonial
Southern Rhodesia (Shutt, 2002; Frankema, Green, and Hillbom, 2014), a
model which is also incompatible with the described empirical results.
For all these reasons, it is particularly important to understand the mechanisms behind the collapse in yields for Libyan farmers that were more
exposed to European agricultural activity in the Libyan context. As the
sources do not provide micro-level information on Libyan factors of production, I will be able to explore the mechanisms behind this effect only
indirectly by either testing relationships between demography and productivity gaps, or by comparing the characteristics of Italian farming in the
closest white village with output per hectare in the surrounding area. I will
focus on the sub-sample of Libyan villages that did not receive Italian settlers, which leaves me with 122 observations with complete information on
population and productivity.
As a first step, I explore the relationship between levels of Libyan productivity and land to population ratio, which provides an indication of farming
intensity on indigenous land. Especially in the African context, the selection of intensive versus extensive farming played a key role within the
survival strategies of different ethnic groups and often depended on local
factor endowments, such as labour scarcity and land abundance (Austin,
2008). Could the observed collapse in output per hectare be linked to extensive farming? In figure 4, I plot the logarithms of land productivity (y
axis) against land to population ratio (x axis), which I use as a proxy for
21

Figure 4: Libyan productivity and land per capita

farming intensity. This exercise shows a clear negative relationship between
productivity and farming intensity.
In table 5, I test this channel more formally by introducing cultivated
land per capita as a control in the baseline equation (limiting the sample to those villages that did not experience Italian settlement). Column
2 underscores how the negative effect of proximity to Italian enclaves is
fully captured by the land to population ratio: the coefficient of interest,
in fact, halves in size and loses significance. Thus, these estimates clearly
indicate that land-extensive cultivation determined a drop in land productivity. This dynamic, which has been identified in different African contexts
as a form of risk mitigation and profit maximisation in situations of relative labour scarcity and land abundance (Austin, 2014; Shutt, 2002; Austin,
2008; Fenske, 2012) calls for further analysis: on the one hand, as opposed
to other African countries, highly fertile farm land is limited in Libya, especially in absence of sophisticated and comprehensive irrigation facilities
that were mostly unavailable to Libyan farmers during the colonial period.
This made intensive cultivation that exploited the scarce water resources
more rational, especially in the coastal areas where the Italians settled more
intensively. On the other hand, only cultivators who were farming close
to white settlers adopted land extensive techniques systematically, which
emphatically suggests that this phenomenon was linked to white farming
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Figure 5: Land per head and labour extraction

activities.
In other words, the question of why proximity to Italian farms triggered a
transition towards land extensive cultivation and lower yields remains. What
did the Italians do to push the Libyans to shift from intensive to extensive
cultivation? The available data are not ideal to answer this question, as the
sources do not report factors of production on Libyan farms. Nevertheless, I
can exploit the variation in Libyan productivity together with heterogeneity
in Italian farming practices to explore the possible mechanisms. Do farming
strategies adopted differently across the country on European farms significantly correlate with the extremely unequal land to population ratios? In
order to address this issue, I create an index of labour extraction that - for
each Libyan village - incorporates the number of indigenous labourers employed in the closest Italian village, the distance between the two villages (as
a weight) and a proxy of the available workforce, for which I use population
in 1936:
P opi,1936
100/
LjLib /Kmij

!

(2)

Where P opi,1936 is the total (male and female population) in village i,
LjLib is the number of Libyan workers employed in the closest Italian village
j and Kmij is the linear distance in Kilometres between village i and j.
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The computed index is then transformed in logarithms to make estimations
consistent across specifications and easy to interpret. The index intuitively
provides an approximation of the amount of labour employed in the closest
cluster of white farms, relative to the potentially available stock. Important
simplifying assumptions lie behind this index, such as the fact that labour
migration only took place between each Libyan village and the closest Italian
one and that linear distance is the only factor that mattered in this choice.
Nevertheless, given the described data constraints, this strategy allows to
shed some light on the relationship between proximity to white farming and
adoption of land-extensive farming strategies.
Figure 5 plots the logarithms of land to population ratio against the
index of labour extraction. As one can see, the two measures strongly and
positively correlate. This suggests that the labour extraction channel could
be important to explain the observed drop in land productivity. At the same
time, the qualitative evidence suggests that Italian farming activity could
affect Libyan agriculture through channels other than labour. Increasing
competition for other local resources, such as livestock (camels were the
main source of animal power, but horses and cows were also important for
the indigenous primary sector) (Wheatley, 1951, p. 33) and water (which was
employed for irrigation on Italian farms) could also play a role in diminishing
yields per hectare by pushing Libyans to adopt land-extensive practices.
Therefore, following the same procedure as in equation 2, I calculate the
same index of resource extraction for these variables.
To measure the effect of resource extraction on the land to population
ratio, I estimate equation (1) with cultivated land per capita as the dependent variable. In columns 3 to 7 of table 5, I introduce the different measures
of resource extraction. To correctly identify the effect of the extraction and
differentiate between the latter and other weights incorporated in the index, I introduce the logarithmic distance from the closest Italian village as
a control. The model will therefore hold distance from closest village and
population constant.
From this exercise it is clear how - ceteris paribus - a higher land-topopulation ratio was associated with the extraction of specific resources,
such as Libyan workers and camels. The estimates advocate that increased
pressure on strategic resources in areas of white farming is a key channel
to explain the different levels of farming intensity and, in turn, land productivity. Column 3, for instance, suggests that to a 1% increase in labour
extraction corresponds a 0.2% growth in the land to population ratio. Similarly, if one looks at column 4, an increase of 1% in camel extraction is
linked to a 0.3 jump in the left-hand side term. By contrast, other measures
of resource extraction, such as those for horses, cows and water (in columns
5 to 7) do not show any statistically significant association with farming
intensity and have smaller and even negative coefficients.
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122
0.50
YES
YES
YES
YES

0.026
(0.070)

-1.509***
(0.309)

122
0.55
YES
YES
YES
YES

-0.174
(0.116)

-0.843
(0.526)
-0.301**
(0.143)

122
0.71
YES
YES
YES
YES

-0.483***
(0.085)
-0.456**
(0.191)

0.214**
(0.094)

Log land/population

(3)

122
0.72
YES
YES
YES
YES

-0.422***
(0.097)
-0.336
(0.206)

0.309***
(0.093)

Log land/population

(4)

(5)

122
0.70
YES
YES
YES
YES

-0.728***
(0.143)
-0.714***
(0.240)

-0.067
(0.078)

Log land/population

Table 5: Explaining spillovers on Libyan productivity in 1939
(2)
Log Productivity
1939

122
0.71
YES
YES
YES
YES

-0.530***
(0.129)
-0.489**
(0.230)

0.152
(0.136)

Log land/population

(6)

122
0.70
YES
YES
YES
YES

-0.118
(0.171)
-0.767***
(0.181)
-0.775**
(0.297)

Log land/population

(7)

OLS regression analysis estimates for the sub-sample of 122 Libyan villages reported in columns 1 to 7. Robust standard errors clustered for 27 municipalities in brackets. Provincial
fixed effects for the 5 provinces in which Italian Libya was divided are added in each specification. Geographical controls include: longitude, latitude and altitude, average annual
temperature, average rainfall, intermediate input barley suitability, distance from the coast and distance from the closest river. Pre-colonial controls include: land use before 1930
(Piccioli, 1934), logarithmic reconstructed population from 1900 (HYDE) and distance from 1884 tracks. Colonial controls include: distances from Tripoli and Benghazi, distance
from reported wells in 1941 and logarithmic population in 1936 (population census and HYDE) *** p<0.01, ** p<0.05, * p<0.1

Observations
R-squared
Provincial FE
Geographical Controls
Precolonial Controls
Colonial Controls

Log dist IT village,km

Log population, 1936

Log water extraction

Log horses extraction

Log cows extraction

Log camels extraction

Log labour extraction

Log land/population

Dist IT Village, 0-50km

VARIABLES

(1)
Log Productivity
1939

As reverse causality is not an issue - ie. my robustness checks showed
that Italian settlement influenced Libyan farming and not vice-versa - we
can interpret these findings as strong evidence that Italian cultivators using
more substantial amounts of indigenous labour and camels for local farming pushed their Libyan neighbours to adopt land extensive cultivation to
maximise food availability and minimise labour and capital inputs.
Due to the collinearity between the variables (concentration of workers
and camels), it is at this stage impossible to explore the link between labour
and camel extraction any further. Yet, the hypothesis that the two processes
could be interlinked is not far-fetched: On the one hand, considering that
the supply of camels was relatively inelastic and that these beasts were the
main source of animal power for the Libyans (Wheatley, 1951), it possible
that in areas where Italian bought a high number of them, Libyan cultivators
would have struggled to implement intensive farming (whether that meant
pulling the plough, or operating water pumps). On the other hand, higher
camel concentration on Italian farms could be a simple side effect or even
a consequence of more labourers moving into waged labour for European
employers: If lower labour availability on Libyan lands prevented intensive
cultivation in any case, camels might have become cheaper and therefore
could have been purchased in larger numbers by Italian entrepreneurs, who
probably employed Libyan labour and camels as complements.
These results provide compelling evidence to reject the mainstream hypothesis according to which the negative effects of white farming came about
through land expropriation and, instead, advocate a different explanation,
associating them with the drain caused on the available factors of production. Camels and workers arguably played an important role in determining
this peculiar geographical pattern with markedly lower levels of land productivity in the proximity of Italian farms.

7.1

Implications for indigenous living standards

At the same time, one should bear in mind that the performed analysis only
allows for capturing certain aspects of the transformations occurred in the
Libyan primary sector that coincided with the migration and settlement of
Italian farmers. For instance, it has not been possible to address the dynamics behind resource extraction, whether these happened through wage and
price differentials or through specific political decisions aimed at extracting
these resources more easily to the benefit of the white population. Similarly, a thorough discussion of what this meant for the Libyan population
has not been included: were the Libyans able to better their living standards
through waged labour on Italian farms and remittances, or did they suffer
a collapse in living standards proportionally to the decline in productivity?
A partial answer to this latter question comes from an evaluation of the
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grain output per capita in proximity to Italian clusters, a proxy of calories
availability from agriculture. As one can see in column 3 from table 9 in
the appendix, proximity to Italian farms is associated with a statistically insignificant but positive coefficient. This coefficient becomes even larger and
significant when productivity is included as a control in the equation in column 5, which suggests that, assuming that the entire cereal production was
available for local consumption, land extensive farmers were actually better
off than their counterparts employing intensive farming methods. Hence a
successful adaptation of indigenous farmers seems to have taken place in
coincidence with the changes in factor endowments brought about by the
migration of Italian settlers. Many aspects are neglected here, such as the
importance of grazing for the availability of calories, the marketing of the
crops and the actual impact of remittances, therefore this should be taken
only as indicative evidence that calls for further research.
To sum up, regression analysis has shown how Italian settlers made
neighbouring villages less productive by diverting significant parts of the
available labour and animal stocks away from Libyan rural centres, which in
turn responded by fostering land-extensive cultivation strategies. The extent
to which the land-extensive farming was successful (and driven by market
forces) is debatable, but quantitative evidence suggests that living standards
might have not declined as a consequence, as suggested by a measure of the
availability of grains per person.

8

Accounting for Italian productivity in 1939

If land extensive cultivation linked to resource extraction explains the gap in
productivity between Libyan villages in treated and untreated areas (areas
that were affected by Italian settlement and more remote locations), does
the same explanation hold for the gap between Italian enclaves and nearby
indigenous ones? In other words, what are the drivers of the difference
between white and Libyan villages within the 50km cut-off? In spite of substantially lower productivity levels compared to remote indigenous farmers,
in fact, Italian settlers managed to keep higher outputs per hectare than
their Libyan neighbours, which calls for further explanations. As mentioned
above, due to data constraints it is not possible for me to compare Libyan
and Italian production strategies in a systematic way, but I can approach
this question from two distinct angles. Firstly, I will compare land to population ratios (my proxy for farming intensity) to verify whether these explain
the productivity gap within the sub-sample of 117 villages located within
the 50km radius. Secondly, I can explore the mechanisms further by testing
what production strategies significantly correlate with higher yields for the
sub-sample of 60 Italian villages for which I have more detailed information,
to check whether results from this sub-sample confirm the broader findings
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on farming intensity.
Although it might seem intuitive that the import of capital and modern
agricultural techniques should guarantee a substantial productive advantage
to white farmers, this has proved wrong in other African contexts. A simple
look at the unsuccessful attempts of the “groundnut scheme” in Tanzania
(Havinden and Meredith, 1993), or at the relative performances of white
settlers and black peasants in various countries (Frankema, Green, and Hillbom, 2016; Shutt, 2002) demonstrates how difficult it was, for white farmers,
to select and adopt the best farming practices. The Libyan case is a very
particular one, as European farmers managed to outperform local producers
within a certain radius around their settlements, but lagged behind - at least
during the first years after settlement and with respect to land productivity
only - compared to more distant areas.
Different reports from both the colonial and early post-colonial period
generally acknowledge the localised higher productivity of Italian farmers,4
but fail to provide a clear explanation of what factors account for this advantage. Italian publications, typically politically biased towards Fascism,
generally emphasise the “enlightened action” of the government, as well as
the heroic activity of the settlers, often pictured as modern Roman soldiers
bravely fighting for the glory of the motherland against the hardship of the
North African weather (Pace, 1935; Ballico, 1939). Fascist authors, when
attempting to take a more scientific approach, tend to list the many “virtuous” characteristics of Italian farming, from the employment of modern
tractors to the construction of sophisticated wells, from the rotation of the
crops, to the selection of better plants (Piccioli, 1926; Piccioli, 1934). These
type of contributions, although very informative for the purpose of this analysis, do not provide an explicit explanation of which factors mattered the
most.
In table 6, I tackle these questions empirically. Firstly, in column 1, I rerun equation 1 for the sub-sample of 117 Libyan and Italian villages located
within the 50km radius from white agricultural settlements. In order to
test the different levels of land productivity between the two groups, I drop
the 0-50km binary variable and only keep the dummy for Italian presence.
Similarly to table 2, this shows a positive a significant (just below the 10%
threshold) association with land productivity. Also in this case, farming
intensity seems to be the key driver of different agricultural productivity
levels: when the logarithm of the land to population ratio is introduced in
column 2, in fact, the coefficient of interest halves in size.
4

Military Administration British (1945). Survey of Land Resources in Tripolitania;
Military Administration British (1947). Handbook on Tripolitania
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117
0.35
YES
YES
YES
YES

0.025
(0.074)

0.588
(0.340)

117
0.46
YES
YES
YES
YES

0.330
(0.253)
-0.213***
(0.066)
-0.114
(0.069)

(2)
Log Productivity
1939

60
0.50
YES
YES
YES
YES

0.021
(0.060)
0.011
(0.011)

60
0.49
YES
YES
YES
YES

-0.000
(0.000)

0.031
(0.057)

(4)
Log Productivity
1939

60
0.49
YES
YES
YES
YES

-0.111
(0.360)

0.032
(0.057)

(5)
Log Productivity
1939

60
0.51
YES
YES
YES
YES

0.182*
(0.100)

0.045
(0.058)

(6)
Log Productivity
1939

Table 6: Explaining differences in Italian productivity
(3)
Log Productivity
1939

60
0.54
YES
YES
YES
YES

0.604
(0.382)
-0.048
(0.156)

0.057
(0.056)

(7)
Log Productivity
1939

60
0.49
YES
YES
YES
YES

-0.507
(1.084)
0.093
(0.295)

0.048
(0.068)

(8)
Log Productivity
1939

60
0.40
YES
YES
YES
YES

0.230
(0.289)
-0.095**
(0.039)

0.053
(0.059)

(9)
Log Productivity
1939

60
0.48
YES
YES
YES
YES

-0.443
(0.574)
0.820***
(0.154)
0.254
(0.277)
0.059
(0.322)

0.037
(0.063)

(10)
Log Productivity
1939

OLS regression analysis estimates for the sub-sample of 117 Italian and Libyan villages within the 50km cut-off in columns 1 and 2. Columns 3 to 10 report OLS estimates for the sub-sample of 60 villages affected by Italian agricultural
settlement. Robust standard errors clustered for 27 municipalities in brackets. Provincial fixed effects for the 5 provinces in which Italian Libya was divided are added in each specification. Geographical controls include: longitude,
latitude and altitude, average annual temperature, average rainfall, intermediate input barley suitability, distance from the coast and distance from the closest river. Pre-colonial controls include: land use before 1930 (Piccioli, 1934),
logarithmic reconstructed population from 1900 (HYDE) and distance from 1884 tracks. Colonial controls include: distances from Tripoli and Benghazi, distance from reported wells in 1941 and logarithmic population in 1936 (population
census and HYDE) *** p<0.01, ** p<0.05, * p<0.1

Observations
R-squared
Provincial FE
Geographical Controls
Precolonial Controls
Colonial Controls

D Track 1934, 0-10km

D Lorry 1934, 0-10km

D Road 1934, 0-10km

D Rail 1934, 0-10km

Irr+sem area/IT cult land (Ha)

No Wells/IT cult land (Ha)

No old machines/IT cult land (Ha)

No new machines/IT cult land (Ha)

No LB workers/IT cult land (Ha)

No IT workers/IT cult land (Ha)

Tot workers/Ha

No IT managers/IT cult land (Ha)

Average farm size (Ha)

Month from IT occupation

Log population, 1936

Log IT and LB land PC

IT Dummy 1938

VARIABLES

(1)
Log Productivity
1939

As discussed above, land to population ratio is a very imperfect measure of farming intensity as it does not distinguish between employment
structure across observations: this is certainly problematic for Libyan rural
villages, where a significant number of locals could be employed in pastoralism (which would artificially reduce my proxy for farming intensity) and for
larger Italian villages and towns, where more employment in services and
trade would bias my estimates upward.
Luckily, the extensive data provided by the 1937 agricultural census of
Italian farms, allows for testing this hypothesis more convincingly within the
sub-sample of 60 Italian villages. This, in fact, provides precise information
on the number of Italian and Libyan agricultural workers employed on each
farm. A positive association between labour intensity and land productivity
for this sub-group would add strong evidence to the suggested labour channel
in explaining productivity differences across the country. By contrast, if
other channels seemed to matter more, this would question my working
hypothesis, at least for areas of white settlement.
In columns 3 to 10, I run regression analysis with the same controls as in
equation 1 for the sub-sample of 60 Italian villages. In each column, I add
variables capturing the different factors that might explain productivity levels, following the potential explanations suggested by the qualitative sources
(Piccioli, 1934). A first element is the progressive adaptation of Italian farming techniques to local conditions: villages with higher productivity levels
might be those where Italians had settled earlier and where settlers had
been able to refine their cultivation strategies to cope with local constraints
(Frankema, Green, and Hillbom, 2014). As adaptation to local conditions
requires time, a measure that proxies the duration of agricultural settlement
would pin this effect down: the 1937 census does not provide information
about when each farm was created, but I can proxy length of settlement by
months of Italian occupation, as the two dynamics were strongly interlinked
(as my IV strategy suggests). This variable does not significantly correlate
with productivity.
A second hypothesis is that economies of scale might have been important, especially for dry farming techniques, which are particularly relevant
for grain cultivation in frontier regions (Libecap and Hansen, 2002; Hansen
and Libecap, 2004). In order to capture this potential mechanism, I introduce average farm size in column 4, which does not show any meaningful
correlation with output per hectare.
In order to explore skill, labour, capital and transport infrastructure
channels, instead, I focus on five possible mechanisms. Firstly, agricultural
skills imported by Italians, proxied by number of Italian farm managers per
hectare, might account for higher local productivity. Secondly, labour in-
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tensity could play a role in driving productivity. Thirdly, the availability of
more machinery could have been of pivotal importance for increasing land
productivity, either through higher concentration of traditional machinery
(for instance animal ploughs), or due to modern machinery equipment (mechanic ploughs and tractors). Fourthly, the observed advantage might derive
from better irrigation facilities: cheaper and more abundant water might
have allowed higher yields, especially in a region characterised by extremely
low precipitations. Finally, proximity to transport infrastructure might have
also played a role through market access and cheaper input goods, which
might have in turn influenced cultivation techniques and concentration of
factors of production (Jedwab and Moradi, 2015).5
I test these different channels in columns 5 to 10. Most variables are
insignificant and have small coefficients: for instance, Italian managers per
hectare do not seem to drive differences in productivity at the village level
(column 5), similarly to machinery stock (Column 8) and water availability
per hectare (column 9).
By contrast and consistently with my labour intensity hypothesis, column 6 shows a positive and significant association between workers per
hectare and land productivity, which further emphasises how labour intensity was key to achieve high yields in the Libyan context. When I decompose
the coefficient between Italian and Libyan labourers (column 7) the effect
seems to be driven by concentration of white workers. Furthermore, column
10 provides evidence of the importance of proximity to transport infrastructure for agricultural productivity: the binary variable for being located
within 10km from a paved road shows a large, positive and statistically
significant coefficient.
The small number of observations and the high degree of collinearity
between the variables certainly make the analysis of the causal links problematic. Nevertheless table 6 provides convincing additional evidence on the
importance of labour intensity in running highly productive farms in Libya
during the colonial period. Proximity to transport infrastructure and market access also seems to have played a role in this context, possibly through
the labour channel (ie. cultivators strategically located next to better infrastructure implemented more labour-intensive farming). Causation could
run in both directions, with most profit-driven farmers purchasing more expensive land next to pre-existing infrastructure and hiring more workers or,
vice-versa, with the government building more and (possibly) better roads
in locations with more intensive settlement and thus giving the incentives
to boost output per hectare by hiring more labour. Probably, both dynamics are in place, with private and public investments interacting with each
5

Use of inorganic fertilizer might have also played a role, but the data do not allow to
test this explicitly. This said, farms endowed with high capital stocks are also more likely
to use this technique, so this should be - at least partially - captured by machinery stock
and presence of white managers.
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differently across the country.

9

Conclusion

In this paper, I have studied the settlement of Italian farmers in colonial
Libya to shed light on the effect of white agricultural farming on the indigenous agriculture in a dual economy.
The results have highlighted how, during the colonial period, white settlement triggered a substantial drop in land productivity and nominal output in neighbouring villages due to a drain on labour and livestock. This
relocation of resources forced indigenous farmers to adopt land-extensive
cultivation. Locations that were affected by Italian farming in the 1930s
managed to maintain higher productivity and nominal output compared to
their Libyan neighbours. In 1939, superior yields per hectare on Italian
farms were associated with proximity to transport infrastructure and higher
concentrations of labour per hectare.
These results add to the related literature in two main ways. First, contrary to the traditional understanding of the economic dynamics shaping
agricultural production in African settler colonies (Arrighi and Saul, 1973;
Mosley, 1983; Feinstein, 2005), the Libyan case study shows that land grabbing by the white elite played little role in reducing indigenous productivity,
which was rather hindered by a drain on labour and livestock caused by Italian settlers. Moreover, as opposed to the model of technological diffusion
presented by the literature (Parman, 2012; Conley and Udry, 2010; Foster
and Rosenzweig, 1995), in the short run, I could not find evidence of positive
spatial effects in villages surrounding centres that employed more advanced
techniques.
Additional research is needed to understand the effect of resource drain
on the living standards of Libyan farmers, as this could go in two opposite
directions: Libyans could be negatively affected by the drop in yields due to
lower food availability, but could also benefit from remittances. Suggestive
evidence from output per capita calculations does not show a lower availability of food per head in proximity to Italian settlements, which points to
the former hypothesis. Additionally, it would be important to understand
the mechanisms behind agricultural labour migration, whether this could
be explained by wage-pull effects, or forced coercion. Finally, it would be
important to understand how Libyan agriculture interacted with white settlements in the medium and long-run or, in other words, whether Italian
farming in the colonial period persistently changed patterns of production,
or only caused a temporary shock. These questions, however, fall beyond
the scope of this paper.
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Appendix
Table 7: Summary statistics by treatment groups
Obs

Mean

Std. Dev.

Min

Max

0-50km
Productivity, 1939
LB land/population

57
52

1.432293
6.370342

1.293159
19.12823

.071826
.0143979

5.084091
88.35934

Italian Dummy
Productivity, 1939
LB land/population

60
59

2.722317
.582434

1.901592
1.817106

.2818352
0

8.5
9.346939

> 50km
Productivity, 1939
LB land/population

65
52

4.842619
.2892378

3.555317
.5255242

.0666667
.0143979

15.49394
3.781437
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Table 8: Additional robustness checks

Dist IT Village, 0-50km
IT Dummy 1938
Barley suit
Dist coast, km
Dist waterways, km
Altitude
Temperature av 1950-2000
Rainfall av 1950-2000
Longitude
Latitude
Land use, pre-1930
Log Population, 1900
Dist 1884 tracks
Dist Tripoli, km
Dist Benghazi, km
Dist wells, km
Log population, 1936

Observations
R-squared
Provincial FE
Geographical Controls
Precolonial controls

(1)
Ethnic FE

(2)
Coastal provinces

(3)
< 100km coast

(4)
< 50km coast

-1.519***
(0.202)
0.901***
(0.257)
-0.000
(0.001)
-0.001
(0.002)
0.008***
(0.002)
0.002***
(0.001)
0.238*
(0.124)
-0.007
(0.016)
-0.076
(0.122)
0.031
(0.066)
0.009
(0.038)
0.072**
(0.032)
0.000
(0.006)
-0.001
(0.001)
-0.003**
(0.001)
0.003*
(0.002)
0.042
(0.055)

-1.522***
(0.256)
0.683**
(0.285)
-0.000
(0.001)
-0.003
(0.003)
0.008***
(0.003)
0.001
(0.001)
0.119
(0.160)
-0.001
(0.020)
-0.054
(0.147)
0.018
(0.079)
0.027
(0.036)
0.090**
(0.041)
-0.002
(0.005)
-0.002
(0.002)
-0.002
(0.001)
-0.002
(0.005)
0.036
(0.059)

-1.835***
(0.282)
0.699**
(0.287)
0.000
(0.001)
-0.004
(0.004)
0.007**
(0.003)
0.002
(0.001)
0.177
(0.153)
0.002
(0.024)
-0.213
(0.147)
0.107
(0.080)
0.044
(0.044)
0.081*
(0.042)
-0.003
(0.006)
-0.001
(0.002)
-0.002
(0.002)
0.003
(0.010)
0.047
(0.062)

-2.492***
(0.356)
0.734**
(0.303)
0.000
(0.001)
0.019**
(0.009)
0.004
(0.003)
-0.004*
(0.002)
-0.386
(0.268)
0.019
(0.026)
-0.240
(0.186)
0.126
(0.101)
0.047
(0.051)
0.075
(0.051)
0.001
(0.008)
-0.004*
(0.002)
-0.002
(0.002)
0.003
(0.012)
0.064
(0.062)

182
0.47
YES
YES
YES

176
0.41
YES
YES
YES

161
0.43
YES
YES
YES

144
0.45
YES
YES
YES

OLS regression analysis in columns 1 to 4. Robust standard errors clustered for 27 municipalities
in brackets. Provincial fixed effects for the 5 provinces in which Italian Libya was divided are
added in each specification. Geographical controls include: average annual temperature; average
rainfall; land suitability; altitude; distance from the coast in km and from the closest river, ***
p<0.01, ** p<0.05, * p<0.1
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Figure 6: IV, distance from pre-1922 territories

Table 9: Living standards

Log dist IT village,km

(1)
Log Productivity
1939

(2)
Log Productivity
1939

0.386***
(0.097)

0.150
(0.139)
-0.372***
(0.120)

Log land/population
Dist IT Village, 0-50km

(3)

(4)

(5)

Log LB grain/population

Log LB grain/population

Log LB grain/population

0.448***
(0.090)

1.674***
(0.358)
0.645***
(0.076)

122
0.72
YES
YES
YES
YES

122
0.77
YES
YES
YES
YES

0.700
(0.436)

Log Productivity, 1939

Observations
R-squared
Provincial FE
Geographical Controls
Precolonial Controls
Colonial Controls

122
0.43
YES
YES
YES
YES

122
0.53
YES
YES
YES
YES

122
0.68
YES
YES
YES
YES

OLS regression analysis in columns 1 to 5 for the sub-sample of 122 Libyan villages. Robust standard errors clustered for 27 municipalities in brackets.
Provincial fixed effects for the 5 provinces in which Italian Libya was divided are added in each specification. Geographical controls include: average
annual temperature; average rainfall; land suitability; altitude; distance from the coast in km and from the closest river, *** p<0.01, ** p<0.05, *
p<0.1
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Figure 7: Kernel density distribution of total land productivity
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Figure 8: Libyan barley production in 1939

Note: Villages are from the Agricultural Survey of Libya 1938-9, ACS. The scale is in
hundredweights (100kg). Boundaries represent the 5 provinces in which the country was
divided during the colonial period and that are employed as fixed effects in the regression
analysis.

40

