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Abstract

In this article, we study the impact of both subjective
and objective land tenure security on farming house-
holds’ propensity to invest in land as well as the pro-
ductivity of the soil. For that purpose, we resort to the
World Bank LSMS-ISA data collected in 2014 at the
national level of 10,800 households in Burkina Faso.
The empirical application favors a simultaneous equa-
tions system made up of a multivariate Probit with ran-
dom effects on the one hand, and a Cobb-Douglas-type
production function on the other hand. From the appli-
cation of the limited information maximum likelihood
estimation and cmp methods using Stata 17.1, the re-
sults show that a secured individual field management
and the membership in a socio-economic organization,
considered together, have a positive and significant ef-
fect on yield per ha at 13.1% on average. But for the
approved or objective land tenure security and a sub-
jective one in terms of the location of crop fields, the
total impact of both on the soil productivity is negative
and significant at 18.6%. Accordingly, it would be ad-
visable to stress, strengthen and increasingly promote
the protection of individual exploitations specifically.

Keywords: Economics of Land Tenure, Tenure Se-
curity, Land-Related Investment, Agricultural Perfor-
mance, Sustainable Agricultural Development, Burk-
ina Faso.
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1 Introduction

In the course of the world recognition of agricul-
ture multifunctionality in the process of development
(Myrdal in Hayami and Ruttan, 1998; World Bank,
2008; IFAD, 2016; AfDB, 2016), the theory of induced
institutional change (TIIC) argues that when trans-
action costs start becoming high in agricultural land
management and exploitation, a better formal or infor-
mal security of land rights would lead farming house-
holds to invest based on their own assets in devices for
soil improvement and protection (Platteau, 2000; Sim-
bizi et al., 2014). The underlying context of the TIIC
is a sharp and constant rise in population growth and
the relative paucity of farmland.

A number of studies have been conducted to assess
the facts with respect to the hypotheses set within
the theoretical framework. The limits of the top-
down approach to tenure security in terms of incentive
to the productivity-based behaviors, particularly for
Sub-Saharan African (SSA) nations (Bruce and Migot-
Adholia, 1994; Deinlnger and Biswanger, 1999; Lawry
et al., 2014), have created the need to deeply analyze
the African experience concerning land rights insur-
ance. In this process of assessing the facts, for the stud-
ies which have centered their interests on the economic
importance of social norms and practices through the
insuring of land rights, the scope is as theoretical as
it is empirical. Theoretically, the concept of land
tenure security has evolved from an orthodox percep-
tion towards a more flexible conceptualization (Bruce
and Migot-Adholia, 1994; Sjaastad and Bromley, 1997;
Toulmin, 2009; Van Gelder, 2010; Arnot et al., 2011)
which has emphasized the African reality. In the early
1990s, several empirical works tried to shed light on
the security of land rights provided by the local in-
stitutions in most African countries. However, as has
been revealed by relevant empirical literature reviews
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realized by Place (2009), Fenske (2011), Lawry et al.
(2014), Tamini et al. (2018), the results are still mixed
for these countries and the reasons put forward are
both conceptual and methodological.

Some authors have used specific rights (Place and
Hazell, 1993; Besley, 1995; Place and Otsuka, 2001)
as proxies of tenure security, while others, on the con-
trary, have resorted to generic variables taking into ac-
count the concept of the bundle of rights (Pender et al.,
2004; Deininger and Jin, 2006; Deininger and Ali, 2008;
Deininger et al., 2008). Otherwise, most of the empiri-
cal studies are limited in terms of statistical inference.
In fact, as observed by Deininger and Jin (2006) "(...)
many of the conclusions in the literature are derived
from small samples originating in limited geographical
domains". For instance, this is the case for the study
realized by Place and Otsuka (2001) based on a sam-
ple of 97 households compared to those implemented by
Deininger et al. (2008) and Deininger and Ali (2008)
all of them concerning Uganda. These latter works
have used samples of 970 and 7,500 households respec-
tively. Contrary to the first study, the latter authors
have managed to highlight the effect of tenure security
on the incentives for farmers to adopt the technolo-
gies for soil improvement and protection. In terms of
the expected effects of land tenure security on agri-
cultural performance, the same results were obtained
from the studies carried out by Amsalu and De Graaff
(2007) and Deininger and Jin (2006) all pertaining to
Ethiopia, and with samples of 147 and 8,540 farming
households respectively.

Another criticism is the econometric approach to the
behavior of investment of the farming households and
the limited functional forms used in the specification
of agricultural productivity functions. This appraisal
is in particular about the strong hypothesis of individ-
ual random effects at the expense of household fixed
effects in the estimation and use of productivity func-
tions of the kind of limited Cobb-Douglas functional
form; this restrained form concerns the basic hypothe-
ses about the constancy and the unitarian character of
substitution elasticity, covering up more flexible forms.

With regard to these various reports on the growing
degree of land tenure insecurity, there is an emerging
need to conceptualize a more suitable tenure system,
particularly the harmonization of de jure and de facto
rules. It is most probably the purpose of the new the-
oretical conception of land tenure security by Simbizi
et al. (2014), which overlaps the top-down and bottom-

up approaches to the security of tenure. Regarding this
process, one of the subjects which constantly arises in
the scientific debates concerning the way of strengthen-
ing the economic effects of land tenure security, is the
manner farmlands are managed (De Soto, 2000, p. 187-
252; Lavigne Delville, 2006). However, a small number
of empirical studies have been interested in this issue,
which appears to be even more important in the con-
text of the SSA’s countries, and this is probably due to
the unavailability of appropriate microeconomic data.
Thus, for more optimal interventions by development
agencies concerning the improvement of the results of
productive agricultural activities, there is a question of
considering whether land reform policy should empir-
ically favor the efficiency goal rather than the equity
one in the exploitation of farmlands.

The present study answers this question by exam-
ining the context of Burkina Faso. Burkina Faso is a
country where the issue of land tenure security holds
an important rank in the debates on the socioeconomic
drives of economic development; the reason is that the
insecurity of land rights is admitted to be a real bot-
tleneck in the activities of agricultural production. To
complete this study, we have resorted to the World
Bank LSMS-ISA database derived from a representa-
tive sample at the national level of 10,800 households.
This dataset presents some particularities.

The survey LSMS-ISA/Burkina Faso contains infor-
mation on the modalities of land security in Burkina
Faso in accordance with the theoretical development.
It is specifically focused on the modes of current land
security in this country and the different ways of farm
management. It also contains information on the loca-
tion of croplands with regard to the housing environ-
ment and the status of households from the viewpoint
of their membership in socio-economic organizations.
From a methodological perspective, a recursive system
of simultaneous equations (SSE), which concerns in-
vestment decisions and agricultural productivity, is es-
timated on the one hand, and a Seemingly-Unrelated-
Regression-type model consisting of the same SSE, on
the other hand. The limited information estimation
method (MIL) is used to regress the first system, and
the cmp method from Roodman (2007) is used for the
second system of equations. In general, it appears that
the more households are protected in their land rights,
the more they are incited to invest, and this tends
to improve agricultural productivity. Specifically, crop
fields safely managed in an individual way are empiri-
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cally more efficient than those held in a collective man-
ner.

The remainder of this paper is presented as follows.
In sections two and three, we approach respectively the
conceptual framework and the diachronic evolution of
land tenure systems in Burkina Faso. Then, in the
fourth section, we present a description of the data
used in our empirical analyses. The estimation strategy
and the econometric results follow in sections five and
six respectively. Finally, we end this report with a
conclusion in section seven.

2 Land Tenure security and agri-

cultural productivity: concep-

tual framework and measure-

ment issues

The conceptual framework (CF) of the study is de-
rived from a large one we had developed during our
doctoral study and named the Augmented Evolution-
ary Theory of Land Rights (AETLR) (Korsaga, 2022).
CF is fundamentally based on the transaction cost the-
ory. It also rests on the hypothesis that the evolution
of land rights depends on the ecological, socioeconomic
and demographic configuration of the human environ-
ment. According to this operational framework, when
transaction costs start becoming high because of the
paucity of soil due to a rapid population growth exacer-
bated by the agro-climatic, economic, and demographic
changes, the insurance of agricultural producers’ rights
has a major incentive power on their investment and
production behavior in two ways. In the first way, it is
shown that access to a formal plan to strengthen the
security of their land claims tends to incite the agricul-
tural producers to invest more in basic devices for the
improvement of soil quality. The effect of these devices
is strengthened by the expenditure on complementary
investments. This channel finally ends in an increase
in the profits from agricultural production.

Another channel implied by the CF with the aim of
agricultural productivity improvement refers to the fi-
nancial market. Indeed, a high land tenure security
tends to favor the emergence of the land market either
by the delivery of a land-related document symbolizing
access to the protection guaranteed by the state or by
the incontestable insurance of the privileges provided
by local authorities. The process of securing land rights

creates an improvement in the market value of the land,
which can be used then as a mortgage-related security
in loan-based operations both with the formal and in-
formal institutions of agricultural credit. It is shown
that the emergence of the land market and the granting
of agricultural credit mutually strengthen each other.
The capital stemming from this loan is then used in
the long, average and/or short-term investment expen-
diture, which in turn tends to strengthen the perfor-
mance of the activities of the agricultural production.
However, it is important to note that the relinquish-
ment of the dichotomous approach to land safety has
given rise to a sophisticated diachronic development of
this concept.

Land tenure security is now considered a multidi-
mensional notion, with the issuing of land title as a sign
of “maximum safety”(Brasselle et al., 2002, p. 379). In
fact, many components make up the concept created
by Simbizi et al. (2014) based on the works of both
North (1990) and De Soto (2000), which are clearly the
premises to that. It is a question of knowing whether
the farming households have individual or collective ac-
cess to the crop fields (Lavigne Delville, 2006, p. 13-14)
they exploit, or do they have overlapping rights: both
individual and collective? In terms of implications, it
is implicitly shown that the farming households which
have individual access to either the objective or sub-
jective secured lands they exploit are more productive
than those having collective access to them. Indeed,
the insurance of profit from their work in an exclusive
way urges the households to invest more in the activ-
ities of production, particularly in the context of land
safety.

This clarification about the approach to tenure secu-
rity is little investigated in the empirical literature from
the viewpoint of its impact on the productivity-related
behavior of the farming households at the crop-field
level. In this way, as De Soto (2000) has mentioned,
it is worth grasping the psychological and social pro-
cesses acting in a society, specifically the bottom, if we
strongly desire to develop a harmonious institutional
environment (p. 191) capable of spurring the perfor-
mance of the activities of agricultural production.
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3 The economic evolution of the

land tenure system in Burkina

Faso

The history of land-related institutions in Burkina Faso
can globally be divided into three sub-periods begin-
ning from the time of its political independence to
nowadays: 1960 − 1983, 1984, 1991-today1. However,
only the part of this evolution, the starting point which
is the year 1984, matters. In the context of growing and
diversified land tenure insecurity, it is from that mo-
ment that the government has actually begun to pay
attention to land tenure system as one of the factors
significantly prone to affect the pace with which agri-
cultural productivity evolves (Banque Mondiale et al.,
2014).

The main characteristics of the land system in Burk-
ina Faso are its law pluralism with a customary system
on the one hand and, on the other hand, the statutory
law which originally came from the colonial period, but
has evolved since then. The first characteristic coordi-
nates the relationships between people from the view-
point of the use of arable lands based on measures from
the customary law. The second characteristic ensures
land governance by focusing on the rules established
by the laws, decrees, and orders and thus aiming, ac-
cording to Banque Mondiale et al. (2014), at economic,
financial or monetary targets.

However, markedly affected by the famines in the
1970s and the early 1980s, the new government of
Burkina Faso decided in 1984 to completely abrogate
the authority of the customary institutions in the man-
agement of land-related relationships, blaming the pro-
ductive ineffectiveness of these institutions (Banque
Mondiale et al., 2014, p. 29). Therefore, this emerging
system of land rights had a productivity perspective.
However, it is worth specifying that under this politi-
cal system, private individual and collective ownerships
of land were canceled to benefit the State, which be-
came the unique legitimate and legal owner. Only the
usufruct was given to the workers of farmlands through
the delivery of titles of enjoyment. This configuration
of the economic-cum-juridical landscape lasted only
a few years because a new agrarian and land reform

1The starting year in this subdivision is related to the African
Union principle that “. . . They (all people) shall have the unques-
tionable and inalienable right to self-determination. They shall
freely determine their political status and shall pursue their eco-
nomic and social development according to the policy they have
freely chosen”

(RAF) was put into place in 1991 with the advent of
the fourth republic and the expansion all over the world
of the liberal capitalist ideology.

By the same token, in this productivity-related per-
spective, the amendment of the RAF, which took place
in 1991, restored the concepts of private individual and
collective ownerships thanks implicitly to the rise of
neoliberalism. It is, however, necessary to note that
the land of the domaine foncier national2 (DF) re-
mained the property of the State, but with a possibil-
ity for third parties to uniquely possess the land-based
resources possibly associated with a set of servitudes
or easements. The private physical or moral entities
which were concerned with this issue had from then on
the possibility of acquiring relative titles of enjoyment
and private property formalized by the 1996’s RAF,
with both documents having the same legal value.

This arrangement of the institutional and economic-
cum-juridical environment is the one which prevails,
nowadays, with a few exceptions. Indeed, after having
made a report that the legal and institutional frame-
works were ineffective and inefficient (CNSFMR, 2005,
p. 3), the parliament, acting on the government pro-
posal, passed a new law n°034/2009 concerning the ru-
ral land tenure system. This has an unusual feature in
that it has institutionalized the customary land tenure
(Art. 8) as a source of the statutory law, the idea be-
hind it being the harmonization of legality and legiti-
macy (Assemblée Nationale, 2009). Moreover, it states
in article 5 that the lands of the domaine foncier rural3

(DFR) are the legacy of the nation, and not only the
property of the State. Therefore, the lands of the DFR
can be divided into three main categories (Art. 5): the
DFR of the State, the DFR of local authorities with
a measure of autonomy and the DFR of private indi-
viduals. This law reckons in article 34 that the private
property of land can be individual or collective, thus
modeling the reality that prevails over the land. As
a result, the feeling of safety of the individuals’ land-
related claims can originate from different and/or in-
terdependent sources, contrary to the statutory provi-
sions in law n°034/96/ADP that stipulate “the State is
the only source of the rights held by private individu-
als”(CNSFMR, 2005, p. 41).

2The domaine foncier national consists of all the real estate
(land or building) privately or publicly owned by the State, local
authorities, or private individuals within the limits of Burkina
Faso’s territory (Assemblé Nationale, 2012)

3The domaine foncier rural refers to all the rural lands owned
by the State, local authorities, or private individuals (Assemblée
Nationale, 2009, p. 4)
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Another reform enacted in 2012, the law n°034/2012
concerning agrarian and land rights structures reor-
ganization in Burkina Faso, aimed to be complemen-
tary to the law n°034/2009 (Assemblé Nationale, 2012).
Consequently, this additional enactment has come to
confirm the important productive function of a legal
and institutional guarantee of the land-based privileges
of the farming households. The last two laws dealing
with agrarian matters, although not completely applied
in practice (Banque Mondiale et al., 2014, p. 32), have
succeeded in carrying out a bottom-up strategy (World
Bank, 2001) of land governance which Burkina Faso’s
government intended to implement from that moment
(2012). These new legal and institutional landscapes
eventually aim at a strategic legitimization and legal-
ization of land-based relationships and acts. And as
Holmes argues (in De Soto, 2000, p. 187), “the life of
the law is not made of logic, it is made of experience”,
implicitly evoking the importance of ex-ante analyses
prior to development policies, and hence an increasing
need to perform a microeconomic examination of the
existing agro-juridical-cum-institutional landscape.

This study is all the more necessary as, according to
our investigation, applied scientific works are more a
matter of economic sociology and anthropology. Fur-
thermore, it seems that no dissertation in Economics
has dealt with the subject in the context of Burkina
Faso so far. Moreover, some studies of empirical ap-
plications conducted within the frame of this country
(Matlon cited in Bruce and Migot-Adholia, 1994; Oue-
draogó et al., 1996; Brasselle et al., 2002; Linkow, 2016)
with samples of relatively low size, have not generally
ended in the results predicted by economic theories un-
til now.

With regard to the above review and current new
developments in theoretical frameworks, it is desirable
that empirical estimations are repeated, particularly as
the legal and institutional orders were changed by the
adoption and promulgation of the laws n°034/2009 and
n°034/2012. It is a question of putting a particular em-
phasis on the way in which land is managed, especially
individual, collective and mixed modes, which appear
as determinant in the variation of land-tenure-security
intensity.

4 Data and statistical descrip-

tion

4.1 LSMS-ISA survey in Burkina
Faso’s case

Our analysis is related to a database built by the
Institut National de la Statistique et de la Démographie
du Burkina faso (INSD) in collaboration with the
World Bank through the program LSMS-ISA4. This
databank is derived from a representative sample
survey realized in 2014 at the national level of 10, 800
households from which 7, 536 are farmers and from
which 5, 941 are from the rural areas.

LSMS-ISA, implemented in more than eighteen
countries, is an international non-governmental pro-
gram, the activities of which began in the early 1980s.
The ultimate goal of this institutional organization is
to provide driver support in the conception and im-
plementation of development policies based on reliable
and thorough statistics (Grosh and Glewwe, 1995). It
appears that the main contributor to this institution is
the World Bank, which is prone to be heavily involved
in land matters in developing countries in general and
in SSA in particular. Indeed, the World Bank has sig-
nificantly contributed to the support and endorsement
of the “Voluntary Guidelines on the Responsible Gov-
ernance of Land Tenure, Fisheries and Forest in the
Context of National Food Security”. Moreover, it ap-
pears that the World Bank and its partners have also
developed the “Land Governance Assessment Frame-
work”(LGAF), the objective of which is to assess the
status of land governance at the country level. Fi-
nally, the World Bank Group has supported twenty-
four development projects on land administration as
well. These supports are considered likely to be the
largest number of interventions concerning the gover-
nance of land tenure of any international development
agency 5.

Burkina Faso is one of the eight countries in SSA that
benefit from this program. It has contributed to the de-
velopment and implementation of the “Enquête Multi-
sectorielle Continue”(EMC) at the national level6. The

4LSMS-ISA: Living Standards Measurement Study - Inte-
grated Surveys on Agriculture

5http://www.worldbank.org/en/news/press-
release/2013/07/22/how-africa-can-transform-land-tenure-
revolutionize-agriculture-end-poverty

6EMC is a household-panel survey
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EMC, a harmonized tool for data collection, was largely
realized by the agencies of the National Statistic Sys-
tem (NSS) (INSD, 2013), including the INSD, and in-
volved a sample of 10,800 households in 2013/2014.
The households were randomly chosen using the results
of the general census of population and housing envi-
ronment (RGPH) in 2006, in all the forty-five provinces
making up Burkina Faso. Consequently, 900 enumera-
tion zones (ZD) were considered. In each ZD, 12 house-
holds were selected, and hence the above-mentioned
total size. After processing the data, we carried out
a secondary sample of 4,314 farming households and
4,105 crop fields. These figures are all related to the
fields particularly close to dwellings, and so are the
descriptive statistics.

The statistics are considered in two dimensions: the
crop field and household levels. They deal with infor-
mation about the characteristics of the farming house-
holds, the croplands, and in particular the modes of
land rights insurance. It is also about the modalities
of land management and the location of the crop fields,
as well as the topography of the piece of land, the ty-
pology of soil and the quantities of the farming goods
produced.

4.2 The characteristics of the house-
holds and crop fields

From the viewpoint of the characteristics of agricul-
tural households, three types of farmers are consid-
ered: they are respectively those of an individual land
management; the ones involved in collective land man-
agement; and the remaining doing mixed land man-
agement. Table 2 presents a description of the house-
holds’ demographic and socio-economic characteristics.
This is done from the point of view of the modalities of
land management. The statistics related to the farming
households, which have an exclusive collective manage-
ment of their croplands, are on average quite close to
those of the three groups altogether. As to the ques-
tion of knowing whether there are enough variations
between those groups, Table 2 (columns 6 and 7) shows
that the three types of farmers are generally statisti-
cally different from one another.

Setting aside off-farm activities, farm employment is
the largest primary source of household head income at
27.67%. Moreover, the categories of households have
not been statistically distinguished from one another
on average from the viewpoint of socio-economic char-

acteristics. This report may suggest that the effect
of these groups on the global agricultural efficiency is
significantly differentiated statistically. So there ap-
pears in general a potential heterogeneity of the farm-
ing households to be discussed in the econometric esti-
mations downstream.

With regard to the characteristics of the crop fields,
table 3 highlights their attributes according to the
modes of land management and the degree of protec-
tion of the farmlands. The insurance of a field in terms
of land rights is mainly ensured by the local institu-
tions and contains two modalities: the ownership of
land with land authorities’ agreement and the owner-
ship without their specific support. These two modali-
ties, in addition to the method of land management and
the geographical location of the fields, determine the
effective characterization of the concept of land tenure
security in Burkina Faso’s case. This is all the more
useful because it gets closer to the theoretical concep-
tualization elaborated by Simbizi et al. (2014) and to
the insurance strategy of the land laws that Burkina
Faso’s government intends to set up. The character-
istics of the croplands are particularly informative on
the state of the practices of plowing, the systems of
cultivation, the mode of land acquisition and the qual-
ity of soil. The relief of the crop fields as well as the
nature of the land-related investments undertaken by
the farmers are also evoked.

For each of the two categories of farmers, it is possi-
ble to observe that the fields benefiting from approval
for exploitation and control are greater in absolute
and relative values than those which do not possess
it: 78.2%; 79.7% and 72.69% respectively (columns 3,
6, and 10) (see Table 3). Not only does this implicitly
express a gradually increasing will of the households
to resort to any protection (either legal, traditional, or
coming from the household’s members themselves) for
their land privileges, but also a land tenure insecurity
which is growing because of the pressure on the farm-
lands and coming from various rural land-based actors.
Moreover, Table 3 partially indicates the proportions
of the fields in terms of their attributes according to
the various characteristic components of land tenure
security. Whether the fields associated with an owner-
ship with agreement are generally more numerous than
those for which the access and exploitation received no
approval, it is important to note that this configuration
is sometimes reversed when it comes to the statistics
in terms of proportion for each characteristic of soil.

6



Furthermore, it is worth observing that in the case of
compost, the proportion of the fields that receives it is
greater for the Ownership With Agreement than for the
Ownership Without Agreement, whatever the method
of land management and the location of land. This
result may express the fact that the farmers are more
inclined to invest in the farmlands where they have a
larger room for maneuver. But this finding does not
occur for the two other types of investment which in
practice appear as complementary to the soil-related
effects of compost. This description remains even if
we take into account the location of the crop fields
which presents two modalities worth knowing. There
are lands not far from dwellings (we have already dealt
with) and others which are far away in the bush. A
difference in the proportions according to both modal-
ities of objective land tenure security shows that there
is enough statistical variation in the data.

Interestingly, another way of highlighting the vari-
ation in the data is to look at the distribution of the
crop fields in terms of the types of main crops and the
degree of the use of labor force according to the com-
ponents of land tenure security. This is also another
way to measure the extent to which the farmers are
concerned with the question of the insurance of land-
related privileges. As can be observed in table 4, there
are more fields which have received local recognition
on behalf of the land authorities whatever the type
of household considered. A priori, all the proportions
seem to appear in favor of the category of the fields not
having received the authorities’ approval in the case of
“Cash Crop”. But for the other characteristics, such
as “Grain Crops” and “Days.Men. . . ”, this difference
clearly appears in favor of the lands associated with the
approved land-access rights7. Consequently, it may be
possible to state that farmers would be inclined to in-
vest and produce on the fields where their rights seem
guaranteed. This intuition is the same for the lands
located in the bush (not developed here).

With regard to the findings obtained by means of the
statistical description of the data, it generally emerges
that the various soils from the viewpoint of the compo-
nents of land tenure security present a certain statisti-
cal heterogeneity. A complementary econometric anal-
ysis to the statistical description appears to be neces-
sary with the aim of quantifying the theoretical nexus
between land tenure security and the performance of

7see Table 3), for the different definitions of Days.Men

the farming activities, given the general conditions of
the agricultural production environment.

5 The specification and estima-

tion strategies

5.1 Land-related investment decisions
model

At this stage, many considerations are taken into ac-
count. One of the questions which comes up quite often
in the literature on this issue is the nature of the secu-
rity of land rights, whether it is exogenous or endoge-
nous. This is a question of knowing whether the farm-
ers influence the insurance of the land rights they have
received or whether this can be considered predeter-
mined. In this respect, according to Besley (1995), land
tenure security can be considered a function of the ac-
quisition mode of the crop fields, the possession of land
documents, visible investments realized upstream, etc.
Considering the first one of these factors, it is necessary
to note that inheritance is the most frequent mode of
land access as a whole or land rights acquisition. In
Burkina Faso, 75.6% of the crop fields are inherited
(LSMS-ISA, 2014). Yet as Hayes et al. (1997) have
underlined for Gambia, land security depends more on
the mode of acquisition of the fields or the land rights
via legacy which in turn is a function of factors out-
side the control of household heads in some respects.
According to Deininger and Ali (2008) in the case of
Uganda, it is even more likely that the inherited crop
fields were awarded very long ago to the predecessors
of the current farmers (p. 9). As a result, the farmers
in question have little chance of having obtained them
because of their specific behaviour to some extent. By
virtue of this argumentation and the limited content
of our databank, the generic variable of land tenure
security is considered exogenous.

Now at this point of the process of modeling is the
specification of the functional form of the investment
behavior according to the explanatory variables which
include the components of land rights safety. For that
purpose, the cognitive framework (Lavigne Delville,
2006, p. 1) frequently used in the empirical literature
as a benchmark model concerns the one developed by
Feder (1988, cited in Place, 2009, p. 1327). So with
regard to our study, two types of investment can be un-
derlined: middle-term devices (organic fertilizers) and
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the short-term ones (inorganic or chemical fertilizers).
“Commonly used organic fertilizers include animal ma-
nure, household wastes, plant materials, and compost
(retained in the present study) made from combining
the previous variants. In addition to providing nutri-
ents, organic fertilizers contribute to the soil quality
by improving the structure, chemistry, and biological
activity level of the soil”(Morris et al., 2007, p. 21). Ac-
cordingly, the effects of organic fertilizers can generally
last more than one farming cycle, because they have to
undergo a process of more or less low decomposition.

“Commonly used inorganic fertilizers include
straight fertilizers containing a single nutrient -
nitrogen (N), phosphoros (P) or potassium (K) -
and compound or mixed fertilizers containing more
than one of these so-called macro-nutrients. . . They
(inorganic fertilizers) release nutrients quickly because
they do not have to experience decomposition”(Morris
et al., 2007, p. 21-22). This means that they are
generally spread over the ground seasonally, hence the
short-term denomination applied to them.

In reference to the framework of Feder (1988),
the middle-term investments influence the decision of
households in their choice concerning the short-term.
However, for the relationship between the short-term
investments mentioned here, it emerges in the agro-
nomic literature that the use of the phytosanitary
products is impacted by mineral or chemical fertiliz-
ers (Rahman, 2003). Given the dichotomous character
of these variables, the recursive specification in quali-
tative answers is usually used as the model of analysis
for the decisions related to the land-based investments.
This is the specification that allows us to determine the
probability Ph of the agricultural households (h) to ap-
ply these types of agricultural investments.

To determine this probability, we define two latent
unobserved or continuous variables IM∗

hf and IC∗
hf

which generate the corresponding investment behavior
observed respectively of middle and short term IMhf

and IChf . So the general model of investment deci-
sions related to crop field p by farming household h is
as follows:

IMhf = 1 iff IM∗
hf > 0 ; 0 otherwise (1)

IChf = 1 iff IC∗
hf > 0 ; 0 otherwise (2)

where

IM∗
hf = LShfβ + Fhfδ +HDhγ +Gφ+ αh + εhf

(3)

IC∗
hf = IMhfβ

′ + Fhfδ
′ +HDhγ

′ +Gφ′ + α′
h + µhf

(4)

The explanatory variables of the investment behav-
iors are contained in the matrices defined as follows:
LShp the matrix of the proxies of land tenure secu-
rity the household h feels with regard to the field f ;
the demographic and economic characteristics of the
household h by means of the matrix HDh; the field
characteristics expressed by the matrix Fhf ; α and α′

represent the unobserved characteristics of the farming
households for the equations (3) and (4) respectively;
the other variables (structural) are put together in the
matrix G. The remaining components of the model are
the parameters: β, β′, δ, δ′, γ, γ′, φ and φ′, and the
error terms of the equations are εhp and µhp respec-
tively.

Thus, we have got a multivariate model, the nature
of which depends on the distribution of the error term
: normal or logistic. As it generally appears in the
literature, we favor a normal distribution, and hence
a multivariate Probit model with random effects.
Two methods of estimation are used: the limited
information estimation model (MIL) on the one hand
and the estimation method with complete information
(MIC) (Greene et al., 2011) on the other hand. The
results from the two approaches will be presented
shortly with a focus on those related to the first one.

5.2 The specification of agricultural
productivity

Knowing that the model of analysis of the impact of
tenure security on agricultural performance is a struc-
tural system of interconnected equations, the specifica-
tion of the functional form of agricultural productivity
jointly comes after the formalization of the investment
behaviour.

The agricultural productivity is generally defined as
the total monetary value of the agricultural produc-
tion aggregated by hectare of cultivated land, with ref-
erence to the indicators used in the literature. Con-
cerning the basic CF from Feder (1988), tenure secu-
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rity has an impact on the agricultural productivity via
its effect upon the household propensity to use land-
related investments. From the viewpoint of a structural
model, the investment variables are then introduced as
adjusted ones in the functional form of the agricultural
productivity. This estimation technique is related to
the MIL. But for the MIC, the simultaneous equations
system (SES) is estimated using the conditional mixed-
process estimator procedure (cmp) (Roodman, 2007).
In the economic literature, the econometric model usu-
ally used in searching for the determinants of the agri-
cultural productivity are the Cobb-Douglas-type func-
tions (CDTF). But as is mentioned in the literature on
fundamental research, there is a functional form of pro-
ductivity more flexible, which is the translogarithmique
shape or the translog model of productivity (Greene
et al., 2011) built from Berndt and Christensen (1973).
However, due to the limited content of our database,
we focus on the CDTF. Accordingly, the technology of
production is specified as follows.

lnyhf = (b+ αh) +

m∑
f1=1

δf1 lnFhf1 +

ν∑
k1=1

γk1
lnHDhk1

+

r∑
f2=m+1

δf2Fhf2 +

n∑
k2=ν+1

γk2
HDhk2

+ τIhf + φG+ µhf

yhf for agricultural productivity. For the sake of clar-
ity, we separate the quantitative explanatory variables
from the qualitative ones. So, Fhf1 represents the
quantitative characteristics of the crop fields for house-
hold h at the field level f1. For HDhk2

, it only con-
sists of the household hk2 ’s quantitative demographic
and economic characteristics. Their complementary
qualitative ones are Fhf2 and HDhk2

: they are ei-
ther indicator values, or variables that are eventually
and theoretically not substitutable between themselves
(Zhengfei et al., 2006, p. 208; Theodoridis and Anwar,
2011, p. 97) in terms of interaction. τ , δf1 , γk1 , δf2 ,
γk2 and φ are the coefficients to be estimated. b, αh

et µhf represent respectively the constant, the specific
individual household effects and the error term. Ihf

represents the explanatory endogenous land-related in-
vestment variables. The estimation technique of this
model lies within the global framework of the method
of estimation of a SES: the MIC as explained above.

5.3 The specification of the variables
used in the econometric model

The objective of this sub-section is to define the nature
of the dependent and exogenous variables correspond-
ing to the above-mentioned matrices, and additionally
coming into play in the modeling of the relationship
between land security, investment activities and agri-
cultural productivity.

The choice of the explanatory variables is based on
a three-step procedure. For each dependent variable,
a prior task is to refer to the economic literature. An
inventory of all the independent variables that could
reflect a given category of explanatory phenomenon
is realized. Then, a pair-wise linear correlation
coefficient system is calculated to look at the degree
of correlation between a category of explanatory vari-
ables and the dependent variables they are supposed
to explain. Finally, for a given category of explanatory
phenomenon related to a given dependent variable, the
explanatory variable that has the highest correlation
coefficient with the explained variable is preferred to
the other explanatory variables in the same category.
This three-step procedure is applied to the investment
variables as well as to the variable of the agricultural
productivity. Consequently, all the variables, either
dependent or independent retained for the empirical
stage, are presented in table 1 as follows.
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At this stage of our argumentation, the question worth
asking concerns the identifiable character of the struc-
tural equations of the analysis model. To that purpose,
though the condition of rank is one of the criteria for
guiding the decision, it turns out that the condition
of order (Bourbonnais, 2015) is most used in the lit-
erature. So the application of the latter to the equa-
tions system of the land-related investments and the
agricultural productivity, results in the over-identified
equations by construction, thus authorizing the imple-
mentation of the above-mentioned empirical estimation
methods.

6 The interpretation of the

econometric results

6.1 The effect of land tenure security
on the investment decisions

The results in terms of marginal effects of the esti-
mation of a recursive system of Probit models with
random effects, which models the investment decisions
with regard to the use of organic and chemical fertil-
izers and of phytosanitary products, are presented in
table 5. As mentioned earlier, not only do we present
the figures from the implementation of the MIL, but
also those of the MIC in terms of the gap between
them.

In column 1 in table 5, the variable Objective-land-
tenure-security associated with the crop fields, the ex-
ploitation and control of which have received tradi-
tional local authorities’ approval, presents a positive
and significant sign at the threshold of 1%. This re-
sult implicitly expresses the fact that farmers, whoever
they may be, are all the more inclined to produce and
to use some compost (+13 percentage points) as they
are ensured to completely reap the benefits of their
investment efforts8. Insofar as this mode of local in-
surance, which is land possession, authorizes complete
transfers (alienation) and limited (loans or gift) land
rights, it is easy to observe that the same results, in
terms of significance, have been reached by a number of
research projects. It is, in particular, those of Gavian

8The figures we are presenting here result from the MIL. By
contrast, those obtained via the MIC are a bit different: +18 per-
centage points for the objective-tenure-security; −6 percentage
points for individual-land-management; −16 percentage points
for membership-in-a-socioeconomic-organization, and +32 per-
centage points for the crop-fields-location. The resulting total
effect from the implementation of the MIC is then +28 percent-
age points

and Fafchamps (1996) for Niger; Hayes et al. (1997)
for Gambia (but of negative sign); Deininger and Ali
(2008) for Uganda.

For the other sources of subjective control power
(column 2), the results are in general positive as well
as significant except for the membership-in-a-social-
organization and individual-land-management. Con-
sequently, the farming households seem more inclined
to spread some compost on the fields over which they
have an informal close surveillance. The more the crop
fields are close to the dwellings, the more the house-
holds are incited to use some compost independently
of the status of the farmlands (+33 percentage points).
However, the croplands owned by the households of
individual-land-management are less inclined to receive
some compost (−22 percentage points). But the fact of
being a member of an institutional social organization
significantly reduces the investment decision of farm-
ers by 23 percentage points on average. On the other
hand, the fact of controlling this dimension increases
the impact of Objective-tenure-security on the consent
to use some compost by the households. This result is
not surprising at all in that the donations of inputs the
farmers often receive, could have actually influenced
their final decision to invest. This finding does not
take into account the potential sources of land tenure
insecurity.

After having checked the variables expressing the
factors specific to the main zones of land tenure in-
security, column 6 gives us an idea of the relationship
between the variables of tenure security and the in-
vestment intentions of farmers. The effect of the mode
of insurance decreases slightly for both the objective
proxy of safety and the crop field geographical location.
In addition, it remains positive and statistically signifi-
cant for the coefficients associated with these variables.
The probability of investing associated with the objec-
tive variable decreases by 2 percentage points. What-
ever the level of land insecurity, the farmers who have
permanent control over their lands may always be in-
clined, to the same degree, to invest in the usage of
compost on their crop fields. The fact of benefiting
from a subjective insurance increases the propensity of
the households of individual-land-management to in-
vest by 2 percentage points (the combined effects of
secure individual land management, the location of the
crop fields and the membership in a socio-economic or-
ganization). For this type of land-related investment,
the empirical results are in accordance with the predic-
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tions made in the theoretical framework. This latter
observation also appears generally in the estimation of
the equation expressing the decision of the households
to make use of chemical fertilizers.

According to column 4 in table 5, the insurance
of land rights guaranteed by the land authorities, as
well as the de facto or subjective land tenure security,
both have a considerable impact on the tendency of
the farming households to use mineral fertilizers. The
more households are safe having relative control over all
the benefits stemming from their investment effort, the
more they are incited to use mineral fertilizers (+0.784

percentage points)9. This effect of insurance is trans-
mitted through the compost use, which has apparently
a complementary relationship with the chemical fertil-
izers. The characteristics of the crop fields and of the
farming households present to some extent the predic-
tions of the theoretical framework, with the control
of the potential risks of land insecurity. The fact of
adding the proxy of land insecurity (column 7) does
not considerably alter the figures in terms of scope and
significance in the previous interpretation. The ad-
justed probability of the application of compost keeps
a positive and significant value at the threshold of 1%.
These small differentiated results call for a more thor-
ough study of the land-insecurity zones, as this gap
results from the addition of the variable which rep-
resents them, and also appears in the specification of
the decision of the households to apply phytosanitary
products.

Column 5 in table 5 shows the results of the estima-
tion of the equation expressing the propensity of the
households to apply the phytosanitary products. As
it is possible to observe in column 5, the explanatory
variables Compost Predict and Chemical Predict have
their coefficients statistically and significantly different
from zero10. This means that the subjective and ob-
jective tenure security indirectly influence the propen-
sity of the households to use the phytosanitary prod-
ucts through the use of compost and mineral fertilizers
(−0.515 percentage points). But in terms of direct ef-
fects, the more the households are inclined to use some
compost, the less they have a tendency to use the phy-
tosanitary products (PPS) by 2.3 percentage points on

9All indirect effects are derived here via the implementation of
the Chain rule (https://fr-academic.com/dic.nsf/frwiki/1633676
and Mas-Colell et al., 1995, p. 927), as well as for the upcoming
figures. See page 22 of this report

10"Compost Predict" and "Chemical Predict" are the pre-
dicted probabilities resulted from the estimation of the Probit
models concerning the investment decisions

average. Subsequently, these two inputs are substi-
tutes. These findings may be explained by the prop-
erties of compost. Indeed, the application of compost,
according to the standards and the required practices,
has the quality of strengthening the plant which gives
it the means to fight against diseases and the appear-
ance of weeds. Yet the reason for the use of PPS is to
fight against these harmful pests, and hence there is a
reduction in the use of this product. But the croplands
which receive some mineral fertilizers are more inclined
to be covered by PPS (+9.6 percentage points). Con-
sequently, with regard to the farming households, the
PPS and the chemical fertilizers seem to be comple-
mentary. These results do not change significantly in
terms of sign after the addition of the variable repre-
senting both the agro-climatic conditions to some ex-
tent and the possible land tenure insecurity, as indi-
cated in column 8 in table 5.

As table 5 indicates, the feeling of having a guarantee
of their land privileges constitutes an important factor
in the household decisions concerning land-related in-
vestments, either directly or indirectly. These findings
result from the application of a method of economet-
ric estimation with limited and complete information
in the regression of a multivariate Probit model. As
we have mentioned above, it is also possible to turn to
the estimation of a conditional Logit, a functional form
that takes into account the household’s individual fixed
effects. In addition to answering the criticism formu-
lated in the literature with regard to the neglect of the
household fixed effects, this specification allows us to
test the robustness of the results obtained. From the
sign viewpoint of the coefficients associated with the
variables of interest, the results are generally identical
to those obtained in the previous estimations. How-
ever, the significance of the parameters is different from
those predicted by the theory (not presented here).
This is probably due to one of the properties of the
conditional Logit, namely the deletion of a big part of
the data during the estimation procedure. Therefore,
we keep the figures that resulted from the estimation
of the Probit model system with random effects.
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6.2 The impact of tenure security on
agricultural productivity

The figures we are dealing with in this section come
from the implementation of the MIC, which results in
better estimators in terms of significance. They are
presented in Table 6.

The determinants of the productivity of soil, which
is measured by the aggregated monetary value of yield
per hectare (yield/ha), arise from the application of the
cmp method11. As it is possible to observe in all the
four columns, the different types of investment signif-
icantly influence the agricultural productivity, though
contrary to the theoretical expectations to some ex-
tent in terms of sign. A plausible explanation of these
results could be linked to the fact of failing to con-
sider some important exogenous variables in each of
the cases. Besides, as it is possible to observe, the es-
timation of the equation of the yield/ha with the three
categories of investment variables (column 4) produces
the signs expected to a lesser extent. Indeed, the co-
efficient associated with the mineral fertilizers proxy
preserves its positive sign. However, it is possible to
assert that the more the land privileges of the farm-
ers are guaranteed (individual land management and
the membership in a socio-economic organization), the
more it leads to an increase in the agricultural produc-
tivity of 13.1%, through the use of compost and the
phytosanitary products.

The signs of the other variables, and in particu-
lar, the characteristics of the households and the crop
fields, are generally in accordance with the theoreti-
cal expectations. The family workforce represented by
lnJourHomRecolt positively and significantly impacts
the productivity of soil. An increase of 1% in the num-
ber of working-days per ha for harvesting entails an
increase in the soil productivity by 0.20%. The more
the soil is of clayey-type, the less this input favors the
increase in the agricultural productivity by 21%. The
relief of plain and plateau entails on average an in-
crease in yield/ha respectively by 39%, and 22%. Ad-
ditionally, the results show that the main cash crops,
unlike the main grain crops, contribute more to the in-
crease in the agricultural productivity by 8%. These
results were also obtained by Deininger et al. (2008),
but for other types of agricultural products. Similarly,
it is possible to observe that the crop fields subject to

11Agricultural productivity, yield per hectare, and productiv-
ity of soil are synonymous.

both conservation techniques and mechanization signif-
icantly participate in the increase in the productivity
of soil. Indeed, the farmlands which experience an as-
sociation of different crops influence the increase in the
productive efficiency of soil of 20%. Moreover, those
crop fields which experience the use of traction ani-
mals, show an increase in the productivity of the soil
of 6%. The foregoing results concerning the determi-
nants of the agricultural productivity are obtained by
postulating a Cobb-Douglas-type technology with its
restrictive hypotheses of homogeneity and substitution
elasticity equal to unity.

7 Conclusion and policy implica-

tions

In the context of the relative weakness of agricultural
productivity and the growing rise in land risks against
which the farming households are confronted in Burk-
ina Faso, few empirical studies have been realized so far
in this country to guide the decision-making in terms
of economic policy in this area of sustainable devel-
opment. This study has mainly dealt with a microeco-
nomic analysis of the nature of the relationship between
land tenure security, land-related investments and the
performance of agriculture in Burkina Faso. The lat-
ter has tried to answer the question of knowing if it is
necessary to favor the objective of efficiency or equity
in access and control of crop fields.

Inasmuch as land tenure security is considered re-
sulting from the interaction of a set of factors, this
study has defined two specific objectives. The first ob-
jective concerns the question of examining the effect of
the components of land rights insurance of the farm-
ing households on their propensity to use various land-
related investments. The second objective consists of
examining the effect of land tenure security on the agri-
cultural productivity through the household tendency
to invest in three devices of improvement and main-
tenance, and protection of soil. In general, the econo-
metric results appear to fit the theoretical expectations
to some extent.

Land tenure security measured by proxies such as
land possession, the individual management of crop
fields and the membership in a socio-economic organi-
zation (which constitutes a source of economic power
for the farming households) contributes to an increase
in the agricultural productivity of 13.1%. On aver-

14



age, the farmers whose rights are perfectly enforceable
against a third party are more incited to use compost
and chemical fertilizers, but less so for the use of phy-
tosanitary products (+29, +0.784 and −0.515 percent-
age points respectively). Moreover, the results have
shown that greater tenure security incites the house-
holds to have an environment-friendly behavior com-
patible with the sustainable development goals. In-
deed, it seems that the more land rights are institution-
ally guaranteed against any risk of contestation and vi-
olation, the more farmers show a willingness to reduce
the spreading of the phytosanitary products. Conse-
quently, favoring the efficiency objective in the access
and exploitation of farmlands would help strengthen
the effects of land tenure security on the performance
of the agricultural production activities.

The empirical results obtained from our estimation
procedures allow us to formulate some recommenda-
tions in terms of socio-economic development policy
and perspectives for future research. First of all, it
would be wise to stress, strengthen and increasingly
promote the protection of individual farmers in partic-
ular. Secondly, it seems necessary to promote good
governance in peasant socio-economic organizations.
Accordingly, the fact of knowing there are social struc-
tures prone to defending their interests, particularly
land-related ones, would constitute for the farmers a
kind of strengthening of their subjective power con-
cerning their land rights and incite them to invest in
productive devices. Finally, for a better understanding
of the role of tenure security on agricultural perfor-
mance, an empirical study should be implemented on
the effect of the harmonization of the systems of land-
related standards; this study should take into account
the differentiation among the native, non-native agri-
cultural producers (i.e. immigrants) and the vulnerable
groups (i.e. children, women), thus bringing informa-
tion economically useful for the general well-being of
the population in fine.
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Theorem 7.1 (The Chain Rule (C.R))
Let E and F be two normed vector spaces, and G a
separate topological vector space. Let U be an open set
of E, V an open set of F , f a function of V in G,
and x a point of U . If f is differentiable at the point x
and g is differentiable at the point f(x), then g ◦ f(a)
is differentiable at the point x, and:

Da(g ◦ f) = (Df(a)g) ◦Daf (5)

In particular if E = Rn, F = Rm and G = Rp, the
jacobian matrix of the partial derivatives of g ◦f at the
point x is that of g at the point f(a) times that of f at
the point x, which can be written as follows:

f(x) = (f1(x), . . . , fm(x), g(y) = (g1(y), . . . , gm(y))

et (g ◦ f)(x) = h(x) = (h1(x), . . . , hp(x))

∂hi(x)

∂xj
(a) =

m∑
k=1

∂gi
∂yk

(f(a))
∂fk
∂xj

(a) (6)

C.R.1. The Chain Rule applied to

the case study of Burkina Faso

The application of the Chain Rule theorem to the si-
multaneous equations system allows us to compute the
productivity-effect of land tenure security as follows.
For the sake of simplicity, we have removed the sub-
scripts of the variables13.

C.R.1.2 Productivity-effect of objective
land tenure security(

∂Rend

∂ModeSecur

)
× 1

eX̄
=

∂Rend

Compost
× ∂Compost

∂ModeSecur

+
∂Rend

∂EngChim
× ∂EngChim

∂Compost

+
∂Rend

∂Phyto
× ∂Phyto

∂Compost

× ∂Compost

∂ModeSecur
+

∂Rend

∂Phyto

× ∂Phyto

∂EngChim
× ∂EngChim

∂Compost

× ∂Compost

∂ModeSecur
(7)

13Rend stands for agricultural productivity.

C.R.1.2 Productivity-effect of individual
management of cropfields(

∂Rend

∂GesInd

)
× 1

eX̄
=

∂Rend

∂Compost
× ∂Compost

∂GesInd

+
∂Rend

∂EngChim
× ∂EngChim

∂Compost
× ∂Compost

∂GesInd

+
∂Rend

∂Phyto
× ∂Phyto

∂Compost
× ∂Compost

∂GesInd

+
∂Rend

∂Phyto
× ∂Phyto

∂EngChim
× ∂EngChim

∂Compost

× ∂Compost

∂GesInd
(8)

C.R.1.3 Productivity-effect of the loca-
tion of crop fields close to dwellings(
∂Rend

∂Case

)
× 1

eX̄
=

∂Rend

∂Compost
× ∂Compost

∂Case

+
∂Rend

∂EngChim
× ∂EngChim

∂Compost
× ∂Compost

∂Case

+
∂Rend

∂Phyto
× ∂Phyto

∂Compost
× ∂Compost

∂Case

+
∂Rend

∂Phyto
× ∂Phyto

∂EngChim
× ∂EngChim

∂Compost

× ∂Compost

∂Case
(9)

C.R.1.4 Productivity-effect of a socio-
economic organization membership(
∂Rend

∂Assoc

)
× 1

eX̄
=

∂Rend

∂Compost
× ∂Compost

∂Assoc

+
∂Rend

∂EngChim
× ∂EngChim

∂Compost
× ∂Compost

∂Assoc

+
∂Rend

∂Phyto
× ∂Phyto

∂Compost
× ∂Compost

∂Assoc

+
∂Rend

∂Phyto
× ∂Phyto

∂EngChim
× ∂EngChim

∂Compost

× ∂Compost

∂Assoc
(10)

Where

X = α4h + τ1Composthf + τ2EngChimhf + τ3PhytoSanhf

+ δ1Log(LandSize)hf + δ2[Log(LandSize)]2hf

+ δ3Log(JourHomRecolt)hf + δ4Clayey + δ5Sandyhf

+ δ6Plainhf + δ7Plateauhf + δ8MixedCroppinghf

+ δ9CashCrophf + δ10TractionAnimalhf

and
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Compost = CompostPredict;

PhytoSan = PhytoSanPredict;

EngChim = EngChimPredict

The global indirect productivity-effect of the above-
defined proxies of land tenure security is given by the
total differential formula as follows:

d(Rend) =
∂Rend

∂ModSecur
× dModSecur

+
∂Rend

∂GesInd
× dGesInd

+
∂Rend

∂Case
× dCase

+
∂Rend

∂Assoc
× dAssoc

(11)

Since d(ModSecur) = d(GesInd) = d(Case) =

d(Assoc) = (1 − 0) = 1, then the total differential
of the productivity of soil with regard to land tenure
security can be written as follows:

d(Rend) =
∂Rend

∂ModSecur
+

∂Rend

∂GesInd
+

∂Rend

∂Case
+

∂Rend

∂Assoc
(12)

The above procedure can also be used to compute the
other effects of land tenure security in terms of absolute
value or proportion.
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