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Abstract

This paper examines both the correlates of land conflict and the effects of this conflict
on crop yields, farmers’ investments in permanent trees and crops. The productivity
effects of land conflict are estimated at the town-level, taking into account the
endogeneity of conflict. We use data from the Household Income Expenditure Survey
(HIES) of Liberia and from the Innovations for Poverty Action (IPA) baseline survey for
the same year. The main findings reveal that gender, distance from the farm to home
ortheroad, soil quality, slope of the farmland, marital status, soil erosion, government
extension services and age of the farmers are all significantly correlated with land
conflict. We find that land conflict increases investments in permanent trees relative
to non-tree crops. Three policy implications of the study stand out. First, farm yields
in Liberia can be increased by implementing comprehensive soil erosion reduction
strategies thatinvolve building of gabions, terraces, reforestation schemes, as well as
mass education of farmers on proper agricultural practices, including, ploughing along
the contours or planting cover crops in areas with massive soil erosion or mass wasting
of cropland. The second policy revelation of the study is that measures to avoid land
conflicts should be designed and implemented as a matter of urgency because there
is strong statistical evidence that conflicts drive farm productivity practically to zero.
The third policy implication is that government extension services and the opening
up of remote areas via construction of access roads have large positive effects on
agricultural productivity.

Key words: Land conflict; Investments in permanent trees; Productivity; Liberia.

JEL Codes: Q18; D74.



1. Introduction

Previous research shows that conflict over land! induces sub-optimal and inefficient
land use (Feder and Feeny, 1991; Wick and Bulte, 2006; De-Oliveira, 2008; Alston and
Mueller, 2010). Beyond changing the composition of crops and livestock, land conflict
canreduce the returns associated with particular portfolio allocations? (Deininger and
Castagnini, 2006). For example, within agriculture sector, yields may decrease for a
variety of reasons such as premature harvesting to reduce the risk of pillage, decreased
fertilizer use that may result in lower soil quality and the inability to fallow fields in
extreme conflict cases (Vlassenroot and Raeymaekers, 2008). Further, its presencein
agriculture has greatly had a significant negative effect on farm productivity either
directly or through influencing the behaviour of the farmer investment decisions
(Place, 2009).

Conflict over land remains a sensitive matter that threatens the peaceful co-
existence of communities in sub-Saharan Africa and has been associated with unrest
and negative economic effects (Laird, 2004). Female farmers are the worst affected by
this type of conflict as both African culture and customs in some countries with weak
land rights continue to support male inheritance rights to land. The female gender,
for a long time, has been regarded as strangers both in their natal home and marital
clan, and as such, their fathers continue to transfer land to sons or wives. However,
the wife’sinheritance rights are not enforceable especially when they become widows,
since there has been rising cases of dispossessing them by their in-laws and rendering
them homeless (Hellum and Derman, 2004; Bennett et al, 2006; Anyanwu, 2014).

Further, the wife’s rights to husband’s land are not guaranteed by formal
institutions in sub-Sahara Africa. In the modern context, the adjudication and land
titling process in most post-war nations is being conducted in favour of the already
established male inheritance patterns, thereby denying female their share in family
land. In some instances, female’s land rights continue to be determined by their
marital status and by laws of inheritance, succession and divorce, and as such, they
have limited economic resourcesin their hands and also lack decision making power
at the household level to buy land independently of their spouses.

Incidence of land conflict are high in countries characterized by weak institutions
and fragile political systems and which risk being thrown into cycles of economic
backwardness if resounding resolutions are not put in place. In most countries in
Africa, property rights, such as rights on land, are protected using informal rules,
practices and norms (Zhang et al, 2012). However, the imperfections associated with
informal rules® have led to high incidence of land conflict (Blattman et al, 2014). Such
land conflict has a negative welfare implication both at the household and the national
level as well as on the general stability of the economy.

1
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In this regard, this study sought to examine three specific questions: First, what
household and farm characteristics influence land conflict among Liberian farmers?
Second, what effect does land conflict have on crop productivity among farmers in
Liberia? Lastly, what impact does land conflict have on farmer investment decisions
on permanent trees? Little is known about the channels through which land conflicts
affect agricultural investment behaviour and productivity. Though the impact of land
conflicts on farm productivity may seem trivial, the channels through which its effects
are transmitted are not known. Equally, there can be heterogeneous effects of land
conflict on different types of investments based on farmer characteristics. Forexample,
the rich may be more affected than the poor for long-term investments. Similarly, the
effects may vary along gender dimensions as well as on spatial dimension.

This study, therefore, seeks to explore the heterogeneous effects along two
dimensions; gender and spatial/regional. Results from these explorations will help
policy makers understand and appreciate the heterogeneity and channels through
which land conflict affects investment behaviour and agricultural productivity. In this
paper, we use the case of Liberia; a fragile and post-conflict state which, in addition to
having had a long history of conflicts over land access has recently begun to undertake
far-reaching reforms to develop a proper land governance and administration system.
For example, in the recent past, there has been approval and issuing of tribal land
certificates that give consent of the community to the sale or transfer of their land
under customary arrangements. However, these tribal certificates have largely failed
to materialize given that they heavily relied on anecdotal evidence.

This paper, therefore, contributes to the literature on the impact of land conflict
on agriculturalinvestment by seeking to bridge the gap in the literature by providing
first account documentation of agricultural investment in the face of land conflicts
in Liberia. In doing so, it extends the existing literature as follows. First, unlike
previous studies that look at land tenure, titling and land insecurity and agricultural
productivity, this study adds to the scant literature of the impact of land conflict on
agricultural investment behaviour by households and more on the composition of
portfolios (i.e., the choice of crops).

Second, we extended previous studies by analysing the impact of land conflict on
land productivity through various channels (such as gender and spatial). For example,
the gender channel informs us of the impact of land conflict if the household head is
afemale. By taking into account possible heterogeneity on the impact of land conflict
on agricultural production, for which previous empirical works have largely ignored,
the findings will provide policy recommendations so as to serve as a basis for policy
makers to understand and appreciate the heterogeneity and channels through which
conflict affects investment behaviour and agricultural productivity.
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Agriculture, agrarian policy and land conflict triggers in
Liberia

Inthe global context, there are about 1.8 million agricultural producers, accounting for
22% of the global agricultural value chain (Deininger and Castagnini, 2006). However,
the uneven distribution of land and its resources has exacerbated land conflict for
over 50 years which, according to Sekeris (2010) and Wily (2011), land-related conflict
stands at 48% globally. In sub-Saharan African countries, land is a fundamental
resource and itis approximated there are 630 million hectares of arable land suitable
for subsistence and commercial agriculture (Rukuni and Kambanje, 2011). Land
remains important in achieving food security, poverty eradication, income stability,
aswellasa means of accumulating wealth and undertaking intergenerational wealth
transfer, thus enabling them to evade human insecurity. Given the central role of land
as aresource, secure access remains a top priority for the African continent (Yamano
and Deininger, 2005). The desire to possess and have control over land, especially in
an environment of deficit of proper property rights, triggers conflict over it.

According to UN-Habitat 2016 report, land conflict is an ordinary problem in
almost all societies of the world, and it does not erupt without a cause (Kent, 2016).
It is either inherently motivated or is anchored on the socioeconomic profile of the
society, societal injustices and political patronage (Richards, 2005). Further, the USAID
2016 report highlights that the rapid population explosion in some countries, coupled
with environmental problems such as land degradation, has increased pressure on
land use and control escalating land conflict (Lombard and Rakodi, 2016).

Aside from environmental hazards, the global food crisis of 2007-2008 has
been seen as a major factor motivating agribusiness investors to grab land in least
developed countries, as land in poor countriesis cheaper and is not covered by strong
legal system (Christensen et al, 2018). In most instances, land conflict may arise due
to contending views involving parties over issues such as decision making, equitable
land distribution, and holding of land rights (Van Suu, 2007). When the justice system
of a nation is paralysed and does not act in the interest of the people of that nation,
they (the people) tend to resolve disputes in their own way, mostly through violence.
Additionally, when land is given to concession companies for investment purposes,
at times those companies fail to perform their social corporate responsibilities. This
leads to landowners reacting through violent means.

Despite all the efforts for peace advocated by various governments and other
relevant bodies to resolve the civil conflict in Liberia, the prevalence of conflicts
especially on land remains high* (Hartman, 2010). Source of this conflict mainly lies
intheinsecure customary land tenure system in which the state has not endowed the
traditional leaders with any authority to govern land-related issues. As such, there is
always a conflicting claim given that the state considers customary tenure as mere
“occupants” or “squatter” of the land (Unruh, 2009).

An estimated 90% of civil court cases in Liberia are related to land conflicts.®
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Additionally, as many as 63% of violent cases in Liberia have their roots in land rights
issues with the main causes of land conflictin Liberia being five-fold®as indicated in the
USAID 2016 report. As such, land conflicts have serious repercussions on agricultural
investment decisions, agricultural productivity as well as on food security.

Context and historical background of land governance in
Liberia

Land remains the main source of livelihood and cultural heritage for many citizens in
Liberia, especially those in rural areas. However, effort to harness maximum benefit is
constrained by frequent land conflicts, and particularly the catastrophic effect of the
civil war that spanned over almost a decade and a half (1989-2003) and resulted in
loss of property and labour (i.e., approximately 200,000 people lost their lives). Since
then, the Accra Peace agreement, entered in 2003, has seen over a million people—
eitherinternally or externally displaced returned home or resettled (Hartman, 2010).

In Liberia, the land is under customary land tenure system and thus claims over
land — either seasonally or permanently through a larger group claim — is by virtue
of being family members or sharing a common town. This form of ownership was,
however, changed with the establishment of the Land Commission of Liberia” (LC).
The Land Commissionisintended to provide policy recommendations and draft laws
addressing how land rights categories should be used, managed and administered. As
an autonomous body of government in the administration of land and land-related
issues, the Land Commission, through the land rights policy, has introduced land
rights clusters which are sub-divided into four basic categories.t Currently, strategies
to convert public land into private land are under way. However, the process of
conversion is very long and tedious and can take over seven years, which is linked
to land conflict as most people only attained the tribal certificate and not the public
land sale deed (Government of Liberia, 2012).

Access, ownership, rights to and use of land are widely considered to be structural
causes of both past conflicts and current tensions in Liberia. Effort to resolve land
disputes is complicated by many factors. A central problem is the relationship
between traditional land ownership systems and statutory laws. Formal records
have limited value in rural areas, where the traditional law is strong. In urban areas,
specific problems include: limited formal records of ownership (and the destruction
of deeds during the war); incomplete land registry and ownership systems; disputes
over ownership of land following movement of people during the wars; growing
competition for land; and environmental degradation (Paczynska, 2010). Conflicts
occurinagricultural, urban and forested areas. They involve local communities, local
and national government actors, and increasingly business investors.

In some areas, land disputes are as a result of long-standing conflicts within
communities (e.g., between the Mandingo and the Gio and Mano tribes in Nimba
County) (Paczynska, 2010). New land disputes have also emerged: during the civil
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war, the land was often taken by squatters, or armed groups who would give them
as rewards to their supporters (Paczynska, 2010). Since the end of the war, many
displaced people have returned to reclaim their land, and conflict has ensued. These
tensions are often exacerbated by the fact that those that took the land often belong to
different ethnic or regional groups and may have been rivals during the war. In more
unstable areas, such as the border with Guinea’s Forestiere region, land disputes are
potentially more dangerous (Adolfo, 2010).

The rest of this paper is structured as follows. Section 2 presents an overview
of previous literature, including the theoretical and empirical literature. Section 3
discusses the data and methods of the study. It further discusses the sources of data
used, theoretical framework and the econometric modelling adopted. Section 4
presents the data analysis and interpretation, while section 5 presents the conclusion
and policy recommendation of the study.



2. Literature review

Theoretical literature

The economic literature of rural households on the risk of conflict can be grouped
into two.® However, they do not address the potential heterogeneity of the risk of
violence on household agriculturalinvestment behaviour. On extending these strands
of literature, we hypothesize that households with no land conflicts reported are more
willing to make medium- to long-term investments on their land than those who have
reported the existence of land conflicts. These conflicts, even if small-scale in nature,
may have a considerable impact on the incentive to invest in agricultural inputs (i.e.,
it may constrain farmer’s crop choice and input use). It also affects the propensity of
households to pledge the asset as collateral as they seek to secure credit.

Theoretically, three transmission mechanisms/channels through which conflict
over land disincentivizes investment—whether short-term, long-term or both—and
production are put forth. First, conflicts over land are subsumed to be associated with
the uncertainty of reaping the full reward of any investment (assurance channel) and,
thus, a farmer considering investing in a farm has to weigh the costs and expected
future benefits to be generated by the investment under consideration. This channel
has received a lot of traction among policy makers and scholars in developing
countries. The second channelis that land conflict erodes the credit market power. In
the credit market, land can be pledged as collateral and thus be able to access credit
from formal financial institutions for investment. But when there is conflict, thisis not
possible. Thirdly, it erodes the market for land, which would have given the owner the
freedom to sell or rent out the land or make substantive investments in their parcels.

Equally, according to the theory of the risk-averse peasant, small-scale farmers
may not be efficient in terms of profit maximization as they make sub-optimal
decisions given a variety of risks that they face. However, with the little information
they have at hand to make decisions and take actions that are rational in economic
terms, the theory argues that the allocation of scarce household resources is based
on the principle of ‘safety first’ Resources are allocated in such a way that risks are
minimized, and, therefore, subjectively expected utility is maximized on balance over
a longer period.
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Empirical literature

One strand of the literature has focused on land tenure and titling on agricultural
productivity!® and reveals that land ownership security positively impacts land
productivity. These studies, however, do not explicitly model the impact of land
conflict on agricultural productivity and investment decisions. Heterogeneity in
the empirical literature on the relationship between property rights on land and
agricultural productivity implies that policy makers must pay attention to both local
context and the macro conditions within the area in question (Place, 2009). On the
other hand, Jacoby and Minten (2007) found an insignificant relationship between
land titling and land productivity in Madagascar. However, besides looking at the
land security-productivity nexus, there has been increasing attention on the impact
of conflict on agricultural investments, especially in post-conflict states. Alston et al
(1996) argues that, land titling is a necessary condition for resolving land conflict;
however, land titling has not had enough evidence to serve as a model in mitigating
land crises in sub-Saharan Africa and thus leading to high yield.

In addition, Vlassenroot and Raeymaekers (2008), in the Democratic Republic
of Congo, document a reduction of 12% in general food production but a greater
reduction in the production of vegetables and cereals by 42% and 33%, respectively,
asaresult of land conflict. In Uganda, Mwesigye and Matsumoto (2013), using a linear
probability model, found that land conflicts are more likely to occur in regions with
diversities of tribes. Additionally, they found that there is an inverse relationship
between land conflict and agricultural productivity, with eviction conflict accounting
formore lossin agricultural output than boundary and inheritance conflicts. However,
linear probability models applied in their study has been over-criticized: (i) assumption
of non-normality of the error term in the model which implies that both t-test and
F-test are invalid, making hypothesis testing a challenging task, (ii) assumption that
the errorterm is heteroscedastic, implying that the Classical Linear Regression Model
(CLRM) may not be efficient, and (iii) it may give nonsensical conditional probability
that are outside the traditional probability range of [0,1].

The current study stands in contrast with the substantial literature on land tenure
and titling on agricultural productivity but closely related to the studies on agricultural
production under uncertainty. For example, Finnstrom (2003) in Northern Uganda,
McKay and Loveridge (2005) in Rwanda and Vlassenroot and Raeymaekers (2008)
in the Democratic Republic of Congo, find evidence consistent with households
increasing the share of low-risk, low-return activities in the face of risk. According to
Vlassenroot and Raeymaekers (2008), periods of insecurity among rural households
are associated with an investment in crops whose harvest could be delayed, difficult
to loot or those that require little attention.

Despite burgeoning studies on conflict, investment behaviour and productivity,
evidence on this subjectis still scanty. In addition, some studies establish the existence
of a link between conflict, investment, and productivity, which stands in contrast
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with substantial literature that finds no or subtle impacts on investment behaviour
and productivity. Similarly, the evidence of how the exposure to perceived land
conflict affects the land conflict-agricultural productivity nexus is scanty, and has
not examined the heterogeneity across male and female-headed households. Lastly,
despite these wide acknowledgements of the relationship between land conflict and
land productivity, there exists a vacuum on the magnitude and extent to which land
conflict has influenced investment decisions and agricultural productivity in Liberia.



3. Data and methods

Data Sources

To explore the impact of land conflicts on farmers’ investment decisions and
agricultural productivity in Liberia, we rely on two sources of data. The first is drawn
from the Household Income and Expenditure Survey (HIES') of Liberia. The second
data was obtained from Yale University, and the Innovations for Poverty Action (IPA)
baseline survey conducted in Liberia in 2009-2010 in counties of Lofa, Nimba and
Grand Gedeh. The analysis is done at the town-level. To construct the analytic sample,
we first identified and summed up farm-related conflicts in each town in the IPA data
set; second, we assigned each household in the production data set (HIES) to a town;
and third, we constructed farm productivity variable (proxied by crop yield per acre
in local currency). Additionally, we created farm input investment variables (number
of permanent trees planted in a farm) at the town-level. Land conflict was proxied by
the number of farm households associated with land conflicts in each town.

Empirical methodology

Theoretical framework

In modelling land conflict, Mwesigye and Matsumoto (2013) indicate that land conflict
isan outcome of two main factors: land tension and tension threshold level. To them,
land conflict occurs if:

acy=(}  maTA
0 otherwise (1)

Where, (LC;) is land conflict, LT;is land tension'? and T 4;is land tension threshold.
Equation 1 indicates that we are likely to observe land conflict in a given plot if the
land tension is greater than the tension threshold (some latent variable). We assume
that land tension is an increasing function of the demand for land and is determined
by other factors.” The tension threshold level (TA), on the other hand, is mainly
determined by the land institutions and heterogeneity of the community.** In general,
land conflict enters land productivity in three ways'®: security of tenure, ownership
transfer and incentive to improve soil quality. In order to examine the links between
land conflict and investment decisions and agricultural productivity, we assume an
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autarkic farmerwho, in each period, decides whether to invest in perennial or seasonal
crops and how much to invest, whether to irve<t in manure, fertilizers, to reduce or
increase the land under production, etc. Let p,, be the probability of the household
suffering from a land-related conflict and that it is exogenously determined. As a
result of this shock, the farmer can invest in two types of assets: short-term and long-
term. The long-term asset requires a fixed cost in time t and then no investment is
required for the next T years; where T is the expected time horizon for the long-term
asset. Short-term investment is more flexible as the farmer can change his investment
level every season. Also, the farmer reduces his investment if the probahility of being
affected by land conflict at least or~= in a given time period exceeds p,, which is a
function of his outside option, say w;,.
Assume that;

p_!{wir:] <0 (2)

This implies that, as the outside option becomes more attractive, it reduces
the threshold level below which the farmer invests in agricultural equipment. The
probability of being affected by a land conflict at least once in n period is therefore
equal to:

[1— (1- pirjn] (3)

The farmer will, therefore, invest in short-term assets if:

P = p_!{:wir:] (4)

Similarly, the farmer will invest in long-term assets if:

1-— (1 - PEE)T < TTE(W:':} (5)

Additionally, a farmer will also invest in short-term assets if Equation 4 holds for
the short-term assets but will not invest in long-term assets if (4) holds but (5) does
not. Therefore, the decision to invest in longer-term assets will be more sensitive to
the probability of being affected by a land conflict. There are several points to keep
in mind while understanding the conceptual framework above. First, it assumes that
there are no complementarities between short-term and long-term investments. In
making these decisions, they consider the likelihood of being faced with a conflict.
As such, we assume that the violent shock enters the agricultural production model
multiplicatively. The uncertainty caused by land conflict is included through the
belief that farmers have about the distribution of the shocks. The model predicts
that farmers prefer to investin seasonal crops, use fertilizer and manure when facing
more negative violent shocks.
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Specification
Baseline regressions to compute the causal effect of conflicts are of the form:

y; = a + B(Land_conflict) + 9X, + wD, + &, (6)

Where, y; is the outcome variable that includes crop yield per acre, investmantin
narmanent trees as well as investment in non-tree crops by household i, and X; and
D. are household- and community-level control variables. The household variables

(X;) could be the gender, age, marital status and accessibility of the farm (i.e,,
distance to the plot or time taken to the farm). The community variables(D,) could
be the distance to the roads, and the distance to the farm. Land conflict is proxied by
tha number of farm households associated with land conflicts in each town. The term

g; captures the idiosyncratic shocks to yields. We are interested in the estimate of 8
which would give us the effect of land conflicts on our outcome variables.

Heterogeneous effects

As suggested in the conceptual framework, the impact of land conflicts on investment
is likely to vary by the wealth of farmer, spatially and along gender dimensions. If
the absolute risk aversion channel dominates other channels, we should observe
richer farmers showing less fall in long-term investment relative to poorer farmers.
Equally, along with spatial and gender dimensions, we are likely to observe a change
in investment patterns due to the differing risk aversions among them. To account
for heterogeneity, this could be tested by a measure of land conflict interacting with
a dummy for gender and spatial heterogeneities (Equation 7). The coefficient gives
the effect of the presence of land conflict along two dimensions (i.e., gender and
regions). The empirical specification for testing heterogeneous effects is as follows:

v; = a + f(Land_conflict,) + ¢(Land_conflict, * gender;)
+ 8(Land_conflict; * region;) + ¥ (gender) + a (region) + 0X;
+ wD; + ¢ (7)

The coefficient ¢ tells us by how much additional investment is affected by land
conflict if the farmer is a female rather than male, while & tells us by how much
additional investment is affected by land conflict if the farmer is from a given region
as opposed to other regions under consideration.



4. Results

Summary statistics

The descriptive statistics of the data used for the empirical analysis is presented in
Table 1 based on the Household Income Expenditure Survey of Liberia (HIES*) and
IPAY data sets. It is worth noting that, due to data limitation at the household or farm-
level, analysis of this paper was done at town-level, and that only three out of the
15 counties in Liberia (i.e., Lofa, Nimba and Grand Gedeh in which land conflict data
was available) were considered. Town-level analysis was conducted in three main
steps: first, we identified and summed up farm-related conflicts in each town in the
IPA data set; second, we assigned each household in the production data set (HIES)
to atown; and third, we constructed farm productivity variable (proxied by crop yield
peracreinlocal currency), farm inputinvestment variables (here we used the number
of permanent trees) at the town-level. Land conflict was measured by the number of
farm households associated with land conflicts in each town.

From the study findings, on average, each town in the counties of Lofa, Grand
Gedeh and Nimba experienced approximately 906 farm-related conflicts with a large
standard deviation of 941. This relatively large standard deviation can be interpreted
that some towns, in the area of study, had higher incidence of farm-related conflicts
than others. The average distance between farmer’s home and their farm was
slightly more than half-an-hour (37.5 minutes) walk with a standard deviation of
34.70 minutes (implying that some farms are much farther from home). Equally, on
average, farmers walked more than three-quarters of an hour (46.85 minutes) from
the farm to the nearest road with a standard deviation of 74.62 minutes (implying that
some farms were more than an hour's walk to the road). About 5.34% of the farms
in the study area received government extension services while 16% of the farms
had good soil quality with a standard deviation of 36.71%. The result further reveals
that approximately 31.21% of the farms were located in sloppy slopes while 29.57%
of the farms reported to have been affected by soil erosion. On average, 58.32% of
the farmers were married and the average age of the farmers in the study was 38.05
years with a standard deviation of 15.07 years. Further, the study reveals that farmers
planted about 468 permanent trees and 117 permanent crops with a respective
standard deviation of 934 trees and 487 crops (which imply that some farmers planted
more permanent trees and permanent crops in their farms than others). Equally, the
study reveals that approximately 3.29% of the farmers used improved seed variety
and less that 1% of the farmers used organic fertilizer in their farms. Lastly, the study

12
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shows that, on average, the crop yield productivity of each farm was approximately
13,197.46 Liberian dollars (about US$66.15) with a standard deviation of 34,574.1
Liberian dollars (approximately US$174.86, implying that some farms were highly
productive than others).

Table 1: Descriptive statistics of the variables used in the analysis

Variable Mean Std. Dev.
Land_conflict (acreage affected) 906.4333 941.3737
Crop yield in Liberian dollar! 13197.46 34574.1
Time to walk from the farm to home (in minutes)  37.46817 34.69506
Time to walk from the farm to road (in minutes) 46.85421 74.62373
Government extension services

Yes (1/0) .0533881 2250373
Soil quality

Bad (1/0) .1601643 3671355
Slope

Sloppy (1/0) 312115 4638329
Soil erosion

No (1/0) 12956879 4568206
Marital status

Married (1/0) 5831622 4935425
AGE, years 38.04514 15.06668
Gender

Male (1/0) 5112936 .5003864
Number of permanent trees 467.7926 933.9451
Number permanent crops 117.0267 486.5762
Seed type

Improved (1/0) .0328542 .1784382

Use of organic fertilizer
Yes (1/0) .0082136 .0903485

Regression results

Four regression results were carried out. The first responds to the second specific
question that sought to investigate the impact of land conflict on crop productivity.
The second regression responds to our first specific question on the factors influencing
land conflictamongLiberian farmers, while the third and fourth regression investigates
theinfluence of land conflict on farmer’s decision in investing in permanent trees and
permanent crops, respectively.

Impacts of land conflict on crop yield

Theoretically, itis possible that land conflict can lower farm productivity while higher
farm productivity can accelerate the likelihood of a farm experiencing land conflict
(Mwesigye and Matsumoto, 2016). This led us to suspect an existence of bi-causal
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relationship (potential for endogeneity) between land conflict and crop yield per acre.
To account for this endogeneity in the estimation of effects of land conflict on yields
per acre and farm investments, we use the two-stage least squares (2SLS) approach.
In the first stage, we regressed the land conflict model (Equation 6) and predicted the
residuals, which we believe are endogenous (see Table 2, model 1).

Inthe second stage, we use two instrumental variables: distance walked from road
to farm and distance walked from farm to home. Although farmers decide whether to
walk these distances, the stretch of the geographic space that must be covered is fixed
(exogenous), and this tract dictates the number of minutes the farmers must walk.
Excessive ‘journeys to work in the farm’ may influence the quantity and the quality
of agricultural labour inputs but not yield. Equally, existing literature postulates that
distance enters crop productivity through negatively influencing the input usagein a
farm (Birch,2018). However, distance to the farm may influence land conflict through
itsinfluence on the incidence of surveillance and monitoring of the farm. That is, closer
farms to home or road could ease surveillance and monitoring than far away farms.
In this respect, we hypothesize that distance to the farm influences land conflict but
notyield, and as such, they are appropriate instrumental variables.

The result in Table 2 reveals that land conflict was an endogenous variable.
However, we found crop yield per acre to be an exogenous variable in the land conflict
model.

Table 2: Results for the first and second stages of 2SLS model
First stage (OLS) Model Two (2SLS)

Land_conflict Ln_Crop Yield _LD

Time to walk from the farm to home (in minutes) 0.000133™ -
(0.0000111)

Time to walk from the farm to road (in minutes) ~ -0.0000409™"
(0.00000727)

Government extension services

Yes (1/0) 0.0250™ 0.524™
(0.000998) (0.0394)

Soil quality

Bad (1/0) -0.0137™ -0.252°"
(0.000728) (0.0228)

Slope

Sloppy (1/0) -0.00942" -0.235™
(0.000562) (0.0162)

Soil erosion

Yes (1/0) -0.0196™ -0.0000229
(0.000590) (0.0277)

Marital status

Married (1/0) 0.0224™ -0.0298
(0.000782) (0.0323)

Age 0.0643"" 0.665""
(0.000415) (0.0874)
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Age squared -0.000558"" -0.00601™"
(0.00000452) (0.000760)
Gender
Male (1/0) 0.0204" 0.165™
(0.000905) (0.0312)
Married men (1/0) 0.00200 0.446™
(0.00107) (0.0176)
Male conflict -0.0000172" -0.000632"
(0.000000566) (0.0000246)
Regional conflict 0.00000830™" 0.000234™
(0.000000196) (0.0000118)
County 0.384™" 5535
(0.00153) (0.524)
Land conflict (endogenous regressor) - -11.46™
(1.360)
Predicted residuals of endogenous regressor 10.38
(1.361)
Constant -2.113™ -17.05™
(0.00648) (2.868)
Observations 487 487
Adjusted R* 0.883 0.049
F-Statistic (p-value) 155.7 572.6
(.000) (.000)

Model2in Table 2 reveals that high incidences of land conflict significantly reduce
farm productivity. The value of crop yield per acre (in Liberian dollars) is lower
by 99.99%?¢ on farms that experienced land conflicts. The high level of the loss in
crop productivity could mean that in the presence of land conflict, it was irrational
for farmers to invest in crops. Farmlands with poor soil quality were 22.28% less
productive than those with good soil quality, while farms located in sloppy slopes
were 20.94% less productive than those located in gentle slopes. In regard to gender,
being a male farmerincreased crop yield productivity by about 17.94% as compared
to female farmers in Liberia. However, an interaction between gender and land
conflict interestingly reveals that being male farmer significantly declined crop yield
productivity by approximately 0.06% when faced with land conflict, as compared to
the female farmers. This implies that, men were more sensitive to land conflict than
their female counterparts. Evidence point out that age had a nonlinear®® relationship
with cropyield productivity among the Liberian farmers. Findings show that crop yield
per acre will increase with an increase in age for the cohort 17-55 years. Beyond 55
years, crop yield per acre will be declining significantly with increase in age. Existing
literature is inconclusive on the relationship between the age of the farmer and crop
yield. For example, some have found a cyclical relationship (Loomis, 1983; Long,
1950) while others have revealed that farmers first display an increasing and then
a decreasing productivity with age (Tauer, 1995). Tauer (1995) found that the most
productive age was 35-44 years. Lastly, the study reveals that receiving government
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extension services significantly increases crop yield per acre by approximately
27.12%. This implies that technical assistance is vital for the farmers in improving
crop productivity among the Liberian farmers.

Analysis of land conflict in Liberia

Table 3 reveals that an extra minute walk from home to the farm triples the incidence
of experiencing land conflict in the farm. Intuitively, this evidence could mean that
thereis more surveillance and monitoring of the farmlands closer to home than those
faraway (translatinginto less incidence of land conflict for closer farms). Interestingly,
farms that were closer to the roads had low incidence of land conflict contrary to our
expectation. Thatis, an additional minute walk from the road to the farm doubles the
incidence of experiencing land conflictin the farm, suggesting that farm owners close
tothe road were more likely to investin securing their farms as well as establishing or
strengthening monitoring mechanisms for securing their farms than those far away
from the road, which translated into less incidence of land conflict. Farmlands with
bad soil quality reduce the incidence of experiencing land conflict as compared to
those with good quality soils. Intuitively, good soil quality increases crop productivity
whichin turnincreases demand for such farms. In countries such as Liberia, where the
land governance is weak, we expect the increase in demand for these farmlands to
accelerate the incidence of land conflict as every family member wants to use them.

On average, towns that had experienced soil erosion were less likely to experience
land conflict, while being a married farmer increased the likelihood of experiencing
land conflict than being unmarried. This was interesting given that we expected
incidence of land conflict to be lower for the married farmers. The interaction of gender
and marriage revealed that married men were more likely to experience land conflict
by about 300 incidents than their female counterparts. This loosely means that men
had more energy to engage in conflict than women. The study revealed that age had a
nonlinear relationship with the incidence of land conflict. In particular, incidences of
land conflict increased at a decreasing rate for the cohorts 17-44 years while beyond
44 years, incidence of land conflict decreased with increase in age. This could mean
either the older farmers had secured their farms, or the younger farmers had the
energy to engage in conflict than the older farmers.

Table 3: Analysis of factors influencing land conflict among Liberian farmers
Model Three (OLS Results)

Land Conflict_
Time to walk from the farm to home 3.108™
(0.0960)
Time to walk from the farm to road 2322
(0.0629)
Government extension services -16.72
(8.581)
Soil erosion 277.8™

Good (1/0) (6.289)
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Slope -129.5™
Sloppy (1/0) (4.886)
Soil erosion -78.64
Yes (1/0) (5.109)
Marital status 294.8™
Married (1/0) (6.783)
Age 82.09™
(2.799)
Age squared -0.900™"
(0.0321)
Gender 30.43™
Male (1/0) (7.129)
Number of permanent trees 0.0107"
(0.00384)
Number of permanent crops 0.173™
(0.0115)
Seed type 763.4™
Improved (1/0) (14.02)
Use of organic fertilizer 1478.0™
(109.3)
Married men -180.0""
(9.358)
Constant -1115.8"™
(52.92)
Observations 154090
Adjusted R? 0.090
F 1015.4
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Notes: Standard errors in parentheses; *p<0.05, **p<0.01, ™ p<0.001.

Impact of land conflict on investment in number of permanent trees

Model four, in Table 4, reveals that our main variable of interest, land conflict, was
found to have a significant and positive influence on the number of permanent trees
planted among Liberian farmers. That is, farms with high incidence of land conflict
were more likely to increase the farmer’s decision in investing in permanent trees
marginally by two trees. This finding confirms the theoretical strategic behaviour
of economic agents in arbitration game set-up. That is, in customary dominated
land governance, arbitration® is the order of the day in solving grievances related to
landownership. Literature shows that anticipation of arbitration tomorrow makes
involved parties more belligerent today (as a strategic behaviour) whichisin line with
Nash (1953) theory of rational threat. And as such, land conflict could be inducing
planting of permanent trees, that later act as an advantage to the status quo among
Liberian farmers.

Conversely, farmers who reported receiving government extension services, on
average, had asignificantand positiveimpact oninvesting in the number of permanent
treesin their farms. Receiving government extension services in a given town increased
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the number of permanent trees planted by approximately 1,195 trees. The implication
hereisthat, these government extension services were tailored toward investment in
permanent treesin the study area. Equally, the study reveals that farms with poor soil
quality decreased the number of permanent trees invested by about 127 trees while
farmlands with sloppy slopes reduced investment of permanent trees by about 858
trees. Farmlands affected by soil erosion reduced investment in permanent trees by
about 1,626 trees. However, we found that sloppy eroded soils were more likely to
induce investment in permanent trees by about 1,965 trees.

Married farmers were found to have a positive and significantimpact on investing
inthe number of permanent trees. For example, being married increased the number
of permanent trees invested by about 436 trees as compared to unmarried farmers.
Likewise, being a married man increased the investment in the number of permanent
trees by about 743 trees, indicating that married men were more likely to invest in
permanent trees than their female counterparts. However, the study shows that
male farmers were more sensitive to land conflict than the female farmers. In the
presence of land conflict, the male farmers were more likely to reduce investment
in permanent trees by about 54.6% as compared to their female counterparts facing
the same circumstance. The finding further reveals that investment in permanent
trees was found to vary spatially. The study established that being located in Nimba
County reduced the likelihood of investing in permanent trees by about 3,499 trees
while being located in Grand Gedeh County increased investment in permanent trees
by about 27,665 trees as compared to those farmlands located in Lofa County. Lastly,
the study reveals that the relationship between age of the farmers and the number of
permanent trees invested was nonlinear. Beingin the cohort of 17-49 years increased
the likelihood of investing in permanent trees by 3,479 trees, while above the age of
49 years, investment in permanent trees decreased by about 35 trees.

Table 4: Impacts of land conflict on farmer’s investment in permanent trees
and crops

First stage Model four First stage Model six
(OLS) (25LS) (OLS) (2SLS)
Land conflict  Investment  Land conflict Investment
in permanent in
trees permanent
crops
Time to walk from the farm to home  0.0000179 -- 0.0000179
(0.00000924) (0.00000924)
Time to walk from the farm to road 0.0000218***  -- 0.0000218***

(0.00000606) (0.00000606)
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Government extension services 0.0254*** 1195.9*** 0.0254*** 1270.6***
Yes (1/0) (0.000833) (221.3) (0.000833) (204.6)
Soil quality -0.00161** -127.1%% -0.00161** -76.90**
Bad (1/0) (0.000608) (26.30) (0.000608) (24.31)
Slope -0.0187*** -858.4*** -0.0187*** -903.2***
Sloppy (1/0) (0.000565) (146.6) (0.000565) (135.5)
Soil erosion -0.0359*** -1626.8*** -0.0359™*** -1853.4***
Yes (1/0) (0.000725) (326.5) (0.000725) (301.9)
Marital status 0.0124*** 436.4*** 0.0124*** 493.9***
Married (1/0) (0.000656) (100.7) (0.000656) (93.13)
Age 0.0735*** 3478.9*** 0.0735*** 3344.2***
(0.000348) (570.9) (0.000348) (527.8)
Age squared -0.000745***  -35.16*** -0.000745*** -33.68***
(0.00000383)  (5.742) (0.00000383)  (5.308)
Gender 0.0108*** 527.9*** 0.0108*** 639.4***
Male (1/0) (0.000755) (122.1) (0.000755) (112.9)
Eroded sloppy farmlands 0.0449*** 1956.0*** 0.0449*** -2258.2***
(0.000979) (392.2) (0.000979) (362.6)
Married men 0.00904*** 742.8*** 0.00904*** 583.6***
(0.000893) (80.00) (0.000893) (73.95)
Men conflict -0.00000797*** -0.546*** -0.00000797*** -0.619***
(0.000000474) (0.103) (0.000000474)  (0.0950)
Regional conflict 0.00000274*** -0.613 0.00000274***  -1.808***
(0.000000165) (0.376) (0.000000165)  (0.347)
Region -0.0981*** -3498.9*** -0.0981*** -2355.8***
Nimba (1/0) (0.00228) (356.6) (0.00228) (329.6)
Grand Gedeh (1/0) 0.541*** 27664.5***  0.541*** 30478.0***
(0.00270) (5458.8) (0.00270) (5046.2)
Land conflict (endogenous regressor)  -- 2.010** - -4.296***
(0.801) (0.807)
Predicted residuals of endogenous regressor -47594.47 -
(Model 4) - (8333.8)
Predicted residuals of endogenous regressor - - -47947.9™
(Model 6) (7704.0)
Constant -1.354™" -64942.8"™ -1.354™ -63943.5"
0.00615) (11003.6) (0.00615) (10171.9)
Observations 154090 154090 154090 154090
Adjusted R* 0.913 -0.065 0.913 -7.049
F-Statistics (p-value) 1011419 409.5 101141.9 86.65
(.000) (.000) (.000) (.000)

Notes: Standard errors in parentheses; p<0.05, "p<0.01, " p<0.001.

Impacts of land conflict on the investment in permanent crops

From Table 4, model six, results indicate that land conflict has a significant and
negative effect on the number of permanent crops invested by Liberian farmers. That
is, farms with high incidence of land conflict were more likely to reduce the farmer’s
decision in investing in permanent crops marginally by four crops. Conversely,
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farmland that received government extension services, on average, had a significant
and positive effect on investing in permanent crops in their farm. For example,
receiving government extension services in a farmland increased the number of
permanent crops planted by approximately 1,271 crops, indicating that the technical
assistance from these extension services was on encouraging permanent crop
production. Equally, the study reveals that farms with poor soil quality decreased
the likelihood of investing in permanent crops by about 77 crops while sloppy slopes
reduced investment of permanent crops by about 903 crops. Further, eroded farmlands
reduced investing in permanent crops by about 1,853 crops. The effect was greater
in eroded sloppy soils which reduced investment in permanent crops by 2,258 crops.

Married farmers were found to have a positive and significant effect on investing
in permanent crops. For example, farmers that were married increased the number
of permanent crops by about 494 crops than the unmarried. Likewise, married men
increased the investment in the number of permanent crops by 583 crops. This
implies that married men were more likely to invest in permanent crops than their
female counterparts. Interestingly, in presence of land conflict, male farmers were
more likely to reduce investment in permanent crops by about one crop than their
married female counterparts facing land conflict.

Conversely, investment in permanent crops was found to vary spatially. For
example, farms that were located in towns of Nimba County were likely to reduce
investmentin permanent crops by about 2,356 crops as compared to those located in
the county of Lofa. Equally, farms that were located in the towns of Grand Gedeh were
likely to increase the likelihood of planting permanent crops by 30,478 crops. Lastly,
the study reveals that the relationship between age of the farmers and number of
permanent cropsinvested was nonlinear. Beingin the cohort of 17-50 years increased
the likelihood of investing in permanent crops by 3344 crops, while above the age of
50 years decreased it by about 34 crops.



5. Conclusion and policy
recommendations

Land conflict, even if small-scale in nature, may have considerable effect (impact) on
incentive to invest in land productivity. With incidence of land conflict significantly
increasing in post-war states of SSA, in places facing stiff demand of land resource
as a result of population pressure as well as weak land governance, there is a need
to deviate from policies driven by anecdotal evidence to that of empirical evidence.
In this regard, this study sought to provide evidence for the channels through which
land conflicts affect agricultural productivity in Liberia. Firstly, it sought to establish
the household and farm characteristics influencing land conflict in post-war Liberia.
Second, it sought to investigate the impact of land conflict on crop productivity and
last, how presence of land conflict influenced a farmer’s decision on investing in
permanent trees and non-tree cropsin Liberia. Two econometric estimations (OLS and
2SLS) are utilized. The key results from the analysis are discussed from the perspective
of the pathway through which incidence of land conflict influence crop productivity
and farm investment decisions.

The first pathway is through soil erosion. We found that eroded farms were less
likely to experience land conflict but had a declining effect on farm productivity in
Liberia. Intuitively, erosion was leading to relative scarcity of productive farms and
thus increasing the demand for the scarce un-eroded productive farms. The policy
response for this observation could be an elaborate intervention mechanism by either
the government or development partners to reduce soil erosion in Liberia farming
areas. This will certainly lead to a double desirable impact of reduced land conflict as
well asimproved farm productivity. Thereis need for a technical assistance to farmers
to help them reduce soil erosion.

The second pathway is through distance from the farm to home or road. Farms with
longer walking distance from farm to home or from farm to the road were more likely
to experience land conflict, but had a counter effect on farm productivity. Intuitively,
improving road connectivity in the farming areas either through all-weather roads or
feeder roads would likely reduce land conflict orimprove crop productivity in Liberia.

The third pathway is through soil quality: We observed that farms with good soil
quality were more likely to experience land conflict but increased farm productivity
than those that had degenerated soil quality. Intuitively, improving soil quality across
all the farming areas could both reduce land conflict and increase crop productivity.
We therefore suggest technical assistance to farmers on how to improve soil quality
(say through practising good agricultural practices or manuring their farms) by either
the government or any development partners.

21
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The fourth pathway is through government extension services. Interestingly,
farms that reported having received government extension services were less likely
to experience land conflict. Equally, evidence suggests that government extension
servicesincreased farm productivity. We recommend that the government extension
services should be expanded to all parts of Liberia. There would be a need for non-
state actors such as NGOs and development partners to increase extension services
to Liberian farmers.

Lastly, we also found that less sloppy areas (gentle slopes) were likely to accelerate
land conflictamong Liberian farmers. Equally, less steep slopes led to animprovement
in farm productivity among the Liberian farmers. This could result from the fact that
steep slopes by nature are susceptive to mass wasting and mass movement leading
to thin soils that cannot support crop production well. Intuitively, reducing the rate
of mass wasting and mass movement through building terraces could reduce land
conflict and increase crop productivity in Liberia.

Conclusion

Land conflict remains a sensitive matter that, not only threatens the peaceful co-
existence of communities in fragile sub-Saharan Africa, but also has potential to result
in negative economic effects. Evidence from this study suggests that, land conflict
has a potential to drive crop yield practically to zero. This is a concern especially in
Liberia which is a netimporter of food, with figures from the World Food Programme
indicating that in about one-quarter of Liberian households, food accounts for 65%
of their total expenditures. There is thus an urgency to tackle the correlates of land
conflict.

Policy recommendations

To achieve the key pathways mentioned above with the aim of reducing land conflict
and increasing crop productivity in Liberia, we recommend the following strategies
to the government, NGOs, CBOs, and any other key stakeholder in this area:

e Comprehensive soil erosion reduction strategies that involve building of gabions,
terraces, reforestation schemes as well as mass education on proper agricultural
practices to the farmers such as “plough along the contours” or planting cover
crops in areas with massive erosion or mass wasting through public media,
community outreach or government extension services, should be promoted;

e Opening remote areas through building of all-weather roads or feeder roads,
especially in the farming areas to increase accessibility of far farms; and

e Increase the government extension services to all towns of Liberia farming areas
with technical assistance designed to improve soil quality, control soil erosion as
well as improvement in farm productivity.



Notes

1 Itisoften caused by improperly defined property rights which either lack security or
enforceability.

2 Forexample, returns to labour may decline as more remunerative permanent employ-
ment opportunities give way to casual labour.

3 Such as biasedness towards the powerful in the community and information asymme-
try that leads to costly negotiations.

4 Forexample, a baseline survey conducted by the Yale University and Innovations for
Poverty Action in 2010 carried out in three rural counties of Liberia (Grand Gedeh,
Nimba and Lofa) reveals that boundary conflict has a lion's share in the cause of land
conflict followed closely by conflict arising from land taken during the civil war. The
survey further reveals that one out of every three most significant conflicts in the three
counties was land-driven.

5 Arising either from the resale of land, encroachment by neighbours or lack of conces-
sion companies to treat locals fairly.

6 Improper transfer of land under the customary land tenure system; inadequate docu-
mentation of land transfers/sale to prove and protect claims; distrust among different
stakeholders; large-scale concession of land previously under customary land tenure to
private companies, as well as unclear and contested land boundaries.

7 The overall mandate and purpose of the Land Commission are to propose, advocate
and coordinate reforms of land policy, laws and programmes in Liberia. Over the years,
the Land Commission has instituted several reform clusters covering areas such as:
land rights, land administration, land use/management, and land dispute resolution.
These clusters have their own role, though they are all intertwined.

8 These are (i) public land; land which is not presently used by government for its opera-
tion and is neither private nor customary lands, (ii) government land; land owned by
the government, including land on which are located offices of government function-
aries and is owned by the Republic of Liberia. This land is to be conserved and man-
aged for the common good of all Liberians. Areas such as national parks, beaches, and
monumental sites, etc., make up the Government Protected Areas, (iii) customary land;
land owned by a community and used or managed in accordance with customary prac-
tices and norms. This includes wetlands, communal forestlands, and fallow lands, and
(iv) private land; land owned by private individuals. An additional sub-category of land
right is also embedded in the policy reforms of the Land Commission.

9 Thefirst strand of the literature attempts to disentangle the impact of conflict on in-
vestment decisions (Deininger, 2003; Singh, et al, 2011). The second strand documents
and describes the effects of conflict on crop, livestock and asset portfolios with the
findings indicating that risk of conflict/violence changes the structure of agricultural
asset portfolios (Finnstrém, 2003; Bundervoet, 2006; McKay and Loveridge, 2005; Vlas-
senroot and Raeymaekers, 2008).
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See studies by Feder and Onchan (1987); Barrows and Roth (1990); Migot-Adholla et al
(1991); Place and Hazell (1993); Pinckney and Kimuyu (1994); Gavian and Fafchamps
(1996); Alston et al (1996); Place and Otsuka (2002); Smith (2004); Deininger and Jin
(2006); Jacoby and Minten (2007); Place (2009); Mwesigye and Matsumoto (2013).

This data was administered to a sample of 8,350 randomly selected households
between January 2016 and January 2017 by the Liberia Institute for Statistics and Geo-
Information Services with support from the Government of Liberia, the World Bank,
the European Union, the Swedish International Development Corporation Agency, the
United States Agency for International Development, and the African Development
Bank. The survey was nationally representative and collected detailed information at
the household level on the following topics: education, health, employment, water and
sanitary practices, household resources, grants, crime, conflicts and recent shocks to
household wealth.

By land tensions, we imply a sort of opposing views on who is eligible to use the plot of
land between different members of the community at a given period.

Such as the population density, urban growth as well as soil quality of the land. Thus,
in general, land tension is mainly influenced by the population density of an area,
remoteness of a given area as well as several tribes in a given area.

For example, in places with many tribes (ethnic groups), the customary tenure system
seems to fail to resolve land conflicts as different tribes have different customs.

(1) In absence of land conflict and where landowners are entitled to the piece of land,
the security of tenure of the owners can enhance farm investments (both medium-term
and long-term). (2) Where entitlement exists and ownership is transparent, the farm
title can be used as collateral especially in poor remote areas to access credit for agri-
cultural investments. (3) Stability and land entitlement may stimulate the transfer of
land from less productive farmers to more productive ones thus raising aggregate land
productivity. The more people feel secure about their lands, the more willing and able
they are to develop or improve those lands.

Household Income Expenditure Survey (HIES) of Liberia which was administered to a
sample of 8,350 randomly selected households between January 2016 and January
2017 by the Liberia Institute for Statistics and Geo-Information Services with support
from the Government of Liberia, the World Bank, the European Union, the Swedish
International Development Corporation Agency, the United States Agency for Inter-
national Development and the African Development Bank. The survey was nationally
representative and collected detailed information at the household-level on the follow-
ing topics: education, health, employment, water and sanitary practices, household
resources, grants, crime, conflicts and recent shocks to household wealth.

This was a joint work of Yale University and Innovations for Poverty Action baseline
survey in Liberia in 2009-2010 on the causes of land conflict at a household-level in the
counties of Lofa, Nimba and Grand Gedeh.

Given a semi logarithmic equation of the form:

Incrop_yield,.,_acre = ay + X; a, X; + X; a,D;+e;, in which a set of X; are continuous
variables and D; are a set of dummy variables, the interpretation of dummy coefficient a- is

given as:
a; =In(l +g)

CFOp_YI8id per_GCTE)—CTOP_YVIFId por GETE
Where, g = = = ;

crop_yieldper_acreg
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crop_yieldy.,_acre; and crop_yield,,,_acre, are the values of the dependent when
dummy variable is equal to one and zero, respectively.

Therefore, g=exp {(a2)-1} and the percentage effect on the dependent variable is given as:
100*g=100 *{exp(c) -1}, where c is the estimated coefficient.

Dummy variable a g
Government extension services 0.524 0.2712
Soil quality -0.252 -0.22275
Slope -0.235 -0.20942
Gender 0.165 0.17939
Married men 0.446 0.56205
Male conflict -0.000632 -0.0000632
Land conflict -11.46 -99.99

See Halvorsen and Palmquist (1980)

19 Thatis, holding all other factors constant, the crop yield per acre - age equation from
the regression Table 2 is given by:

Crop_veild,.,. = age + —age -
That s,
Crop_veild,.,. = 0.665%age + —0.00601age *

Taking derivative both side of age yields
0=0.665age + 2 = (—0.00601)0.665age + 2 + (—0.00601) age
0.665 =2 = (0.00601) age

0.56S
Age=—"T—
8¢~ sorzoz

Thus, the turning point is when age = 55.407 or approximately 55 years.

20 Theory predicts that the model of arbitration bargaining may lead to a ‘chilling effect’
where players who anticipate a future arbitration process, that would use the current
status quo as a benchmark to determine equitable recommendation, sees a positive
incentive to harm the other party in order to secure a relative advantage in the status
quo.
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Appendix 2: First stage OLS regression for land conflict
model

Source SS df MS Number of obs = 154,090

F (14, 154075) = 76597.99

Model 10785.7318 14 770.409412 Prob > F = 0.0000

Residual 1549.65986 154,075 .010057828 R-squared = 0.8744

Adj R-squared = 0.8744

Total 12335.3916 154,089 .080053681  Root MSE = .10029
Land Conflict Coef. Std. Err. t P>t [95% Conf. Interval
Farm to_ Home .0001328  .0000111 11.98  0.000 .0001111 .0001546
Farm_to_Road -.0000409 7.27e-06 -5.62  0.000 -.0000551  -.0000266

Govt_extension_serv

Yes .0249671  .0009983 25.01  0.000 .0230103 .0269238
soil qlty
Bad -.0136825 .0007276  -18.80  0.000 -.0151086  -.0122565
Slope
Slope -.0094164 .0005624  -16.74  0.000 -.0105186  -.0083141

Soil erosion
Yes -.0196314  .0005895 -33.30  0.000 -.0207869  -.0184759

Marital status

Married .0223702  .0007821 28.60  0.000 .0208373 .0239031
AGE .0643002  .0004152  154.87  0.000 .0634865 .065114
AgeSquare -.0005584  4.52e-06 -123.65 0.000 -.0005673  -.0005496
Gender
Male 0204144 .0009046 22.57 0.000 0186413 .0221874
Interaction Marriage Gender .0019997  .0010722 1.86  0.062 -.0001019 .0041012
Inter_Gender Conf -.0000172  5.66e-07 -30.46  0.000 -.0000184  -.0000161
Inter_Region_Conf 8.30e-06  1.96e-07 42.46  0.000 7.92e-06 8.69e-06
county .3841022  .0015344  250.33  0.000 .3810949 .3871095
_cons -2.112644  .0064756 -326.25 0.000 -2.125336  -2.099952
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Appendix 3: 2SLS results for crop yield model

IV (2SLS) estimation

Estimates efficient for homoskedasticity

only

Statistics consistent for homoskedasticity only

Number of obs 154090
F( 14,154075) 577.00
Prob > F 0.0000
Total (centered) SS = 437608.5203 Centered R2 0.0498
Total (uncentered) SS = 9616525.072 Uncentered R2 0.9568
Residual SS = 415808.2858 Root MSE 1.643
Ln_Crop_Yield Value in LD Coef. Std. Err. z P>|z]| [95% Conf. Interval
Land Conflict -11.45826 1.3603 -8.42 0.000 -14.1244  -8.792124
ResidualR 10.37582 1.36094 7.62 0.000 7.708423 13.04321
Govt_extension_serv
Yes .523803 .0394218 13.29  0.000 .4465377 .6010683
soil_glty
Bad -.252409 .0227874 -11.08 0.000 -.2970715 -.2077464
Slope
Slope -.2353586 .0161752  -14.55 0.000 -.2670614  -.2036558
Soil_erosion
Yes -.0000229 .0276654 -0.00 0.999 -.0542461 .0542004
Marital status
Married -.0297707 .0323225 -0.92 0.357 -.0931217 .0335802
AGE .6651022 .0874186 7.61 0.000 .4937648 .8364395
AgeSquare -.0060076 .0007596 -7.91 0.000 -.0074964 -.0045188
Gender
Male .1646943 .0312336 5.27 0.000 .1034776 .225911
Interaction Marriage Gender .4458689 .0176473 25.27  0.000 .4112809 .4804569
Inter_Gender_Conf -.0006317 .0000246 -25.71 0.000 -.0006798 -.0005835
Inter_Region_Conf .0002342 .0000118 19.87 0.000 .0002111 .0002573
county 5.534798 .5239408 10.56  0.000 4.507893 6.561703
_cons -17.04627  2.867669 -5.94 0.000 -22.6668  -11.42574
Underidentification test (Anderson canon. corr. LM statistic): 1.5e+05
Chi-sq(2) P-val = 0.0000
Weak identification test (Cragg-Donald Wald F statistic): 1.5e+17
Stock-Yogo weak ID test critical values: 10% maximal IV size 19.93
15% maximal IV size 11.59
20% maximal IV size 8.75
25% maximal IV size 7.25
Source: Stock-Yogo (2005). Reproduced by permission.
Sargan statistic (overidentification test of all instruments): 46.104
Chi-sq(l) P-val = 0.0000

Instrumented: Land_Conflict

Included instruments: ResidualR 1.Govt_extension_serv 1l.soil glty 1.Slope

1.S0il _erosion 1l.Marital_ status AGE AgeSquare l.Gender

Interaction _Marriage_Gender Inter Gender Conf

Inter_Region_Conf county

Excluded instruments: Farm_to_Home Farm to_Road

Dropped collinear: Land_Conflict
Reclassified as exog: ResidualR
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Appendix 4: Land conflict model (OLS results)

Source SS df MS Number of obs = 154,090
F(15, 154074) = 1015.44
Model 1.1512e+10 15 767483946  Prob > F = 0.0000
Residual 1.1645e+11 154,074 755811.231 R-squared = 0.0900
Adj R-squared = 0.0899
Total 1.2796e+11 154,089 830449.408 Root MSE = 869.37
Land Conflict three Coef. Std. Err. t P>t [95% Conf. Interval]
Farm_to_Home 3.108012  .0960028 32.37  0.000 2.919849 3.296176
Farm_to Road 2.321744  .0628754 36.93  0.000 2.198509 2.444978
Govt_extension_serv -16.72022  8.580804 -1.95  0.051 -33.53842 097977
soil qlty
Bad 277.7726  6.289209 44,17 0.000 265.4459 290.0994
Slope
Slope -129.5014  4.885751  -26.51  0.000 -139.0774  -119.9254
Soil erosion
Yes -78.64387  5.108836 -15.39  0.000 -88.65709  -68.63066
Marital status
Married 294.8059  6.783364 43,46 0.000 281.5107 308.1012
AGE 82.08971  2.798984 29.33  0.000 76.60376 87.57566
AgeSquare -.9003882  .0321034 -28.05 0.000 -.9633103  -.8374661
Gender
Male 30.43329  7.128602 4.27 0.000 16.46137 44,4052
Number of permanent Trees .0107347 .0038447 2,79 0.005 0031992 .0182702
Number_Perm_Crops L1726975  .0114784 15.05  0.000 .1502001 .1951948
Seed_type
Improved 763.4288  14.01779 54.46  0.000 735.9542 790.9034
Use organic fert 1478.047  109.2909 13.52  0.000 1263.839 1692.255
Interaction Marriage Gender -179.9511  9.357848 -19.23  0.000 -198.2923  -161.6099
_cons -1115.768  52.92345 -21.08  0.000 -1219.497  -1012.039

(Footnotes)
1 199.52 Liberian dollars (LD) is equivalent to one US dollar.
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