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Abstract	
This study analyses the impacts of titling on tenure security, property value, access to credit 
and household investments in the departments of Nueva Segovia, Jinotega y Chinandega, 
which are covered by Nicaragua’s Land Administration Programme (PRODEP). The 
programme has been in operation for over two decades, prioritized and sustained by the 
national government, International Financial Institutions, and other donors, targeting the 
poorest and most vulnerable households. Using quasi-experimental econometric techniques, 
namely propensity score techniques and instrumental variables, we find that titling obtained 
through PRODEP, either individually or jointly, has significantly contributed to an increase in 
beneficiaries’ perception of both land tenure security and increased land value. We also find 
that the perception of an increase in owners’ land value was higher for women covered by 
the later phase of the programme. While the overall findings are encouraging, we suggest 
that potential investments in land and housing by landowners be further enhanced through 
strengthening synergies with complementary programmes for local economic development, 
housing and poverty reduction.  

 

Keywords: household investments, access to credit, land ownership, land tenure security, 
women’s land rights, land titling. 

JEL codes: E22, E51, Q15, J16. 

 

  



 

 
 

vi 

Acknowledgements	
The authors would like to thank Katia Alejandra Covarrubias, Antonio Scognamillo, Leopoldo 
Tornarolli and Marco D’Errico from the Agrifood Economics Division (ESA), FAO; Benjamin 
Davis, Nicholas Sitko and Silvio Daidone from the Inclusive Rural Transformation and Gender 
Equality Division (ESP), FAO; and Máximo Torero, Chief Economist (FAO); as well as to 
Lorenzo Moncada (ESA, FAO) for providing technical guidance and for reviewing this work.  

The evaluation of PRODEP builds on FAO’s Investment Centre’s long-term support to the 
programme’s monitoring and evaluation (M&E) through the implementation of the World 
Bank’s projects, which includes support in the design of the evaluation, sampling, 
questionnaire design and oversight of data collection. In this context, we would also like to 
thank FAO’s Investment Centre for financially supporting the additional impact evaluation 
research by ESA through the Knowledge for Investment (K4I) initiative.  

This evaluation would not have been possible without the valuable support of the Executive 
Secretary of PRODEP led by Francisco Chavez and his M&E team Alvaro Palma and Tamara 
Garcia. Ivonne Moreno and Enrique Pantoja, the World Bank task team leaders played an 
important role in the planning of this evaluation and incorporating the preliminary conclusions 
in the Implementation Completion and Results Report (ICR) of PRODEP-II. We are also 
grateful to Margarita Arguello (FAO Investment Centre [CFI] and World Bank).  

We acknowledge the contribution of RegioPlan-Honduras, particularly Fernando Brier, for the 
implementation of the survey and Tesco-Mexico, and Victor Fajardo and his team, for the 
sampling design and quality control of the survey from which this analysis is derived. 

The authors are also grateful to the ESA Working Paper Review Board and the comments 
provided by Ahmad Saddidin, Cristian Morales-Opazo and Marco V. Sánchez (ESA, FAO). 

Finally, we thank Cristobal Seoane (ESA, FAO) for developing the maps, as well as Daniela 
Verona (ESA, FAO) for her support on the layout, editing and publishing coordination.  

 

 

 

 

  



 

 1 

1 Introduction	
Since the early 2000s, investments by governments and international financial institutions 
(IFI’s) in the modernization of land administration have accelerated at global level, particularly 
in Latin America (FAO, 2017).1 By leveraging the advantages of information and 
communication technologies (ICTs) which considerably reduce the cost of recording, updating 
and managing big data in a secured system (FAO, 2017), land administration investments 
update and integrate land related information and make land registry services more accessible 
and efficient to the different stakeholders.  

The overarching goal of land administration efforts is to strengthen property rights to legitimate 
holders in a sustained way. Land administration efforts, including upgraded land information 
systems (LIS), can lead to several positive outcomes. First, help address and resolve land 
tenure-related conflicts and increase land tenure security (Macours, 2009; Yami and Snyder, 
2015). Second, through increased land tenure security, land administration can lead to private 
investments in the land and dwelling (Jacoby and Minten, 2007; Higgins, et al., 2018; Ayalew, 
et al., 2021). Third, more tenure security can increase the demand and supply of credit for 
investments (de Soto, 2002). Fourth, tenure security also enables more formal land 
transactions such as land rentals (Zegarra et al., 2007; Deininger et al., 2009; Dower and 
Pfutze, 2013) that can translate to more economic opportunities, particularly of the poor 
(Deininger and Binswanger, 1999) but also, increase the value of land (Feder et al., 1988; 
Deninger and Chamorro, 2004). On the other hand, an upgraded LIS can also increase land 
tax collection at a local level, enabling more public investments through the increased provision 
of services and infrastructure (Yami and Snyder, 2015).  

Securing property rights and modernizing land administration institutions has remained critical 
for Nicaragua's development. Decades of inconsistent legal and administrative decisions 
affecting land have contributed to tenure insecurity and undermined the population's 
confidence in state institutions (World Bank, 2020; Broegaard, 2009). In more recent years, 
and with support from the World Bank, the Nordic Development Fund (NDF) and the US-
Millennium Development Challenge Corporation (MCC), the Government of Nicaragua (GoN) 
has sought to effectively address these issues, transforming the land sector with the enactment 
of new laws and procedures, modernizing land tenure related institutions, updating the land 
cadastre, and systematically regularizing the tenure of land (particularly State-owned land), 
including through the issuing of titles. As part of these efforts, Nicaragua’s Land Administration 
Programme, known as PRODEP, was put in place in the mid-2002 to modernize the land 
administration institutions and reinforce the property rights of poor and small landholders. 

This study complements the overall project evaluation of PRODEP-II which was carried out by 
the World Bank with the support of FAO (World Bank, 2020).2 Our study focuses on the effects 
of PRODEP’s titling. Titles are obtained through a process of land regularization that can 
include land surveying, legal diagnostic and legal support, tenure conflict resolution (when 
needed) and the titling issuing. The processes supported by PRODEP includes titling by 
systematic approach (called oficio), or through early request from the beneficiary (demanda).  

The goal of this study was to produce causal evidence of the impacts of the programme’s titling 
on title holders’ perception on tenure security, perception of land value, access to credit and 

 
1 For land investments, see www.worldbank.org/en/topic/land#3 
2 For further details refer to World Bank (2020). 
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investments by households, based on quasi-experimental impact evaluation techniques. The 
findings are positive and encouraging, with women more likely to receive a title than men, and 
with overall significant impacts in title holders’ perception of both tenure security and increased 
land value. However, we find no significant impact of titling in facilitating credit access or 
increased household investments on their land or dwelling.  

The rest of this paper is organized as follows: the next part provides an overview of PRODEP 
and the objectives of the impact evaluation. Section two lays out the impact evaluation’s 
theoretical framework. Section three explains the methodology and data used. Section four 
shows the results, and section five concludes. 

1.1 Nicaragua’s	Land	Administration	Programme	(PRODEP)	
With the support of the World Bank and other IFIs, recent administrations of the GoN have 
positively transformed land administration and property rights. Starting from 1993 and until the 
year 2000, the World Bank financed the Agricultural Technology and Land Management 
Project (ATLMP). This was the Government’s initial effort to modernize the land administration 
system, aiming to formalize the tenure of lands redistributed during the agrarian reform of the 
1980s. These early efforts were partly hindered by competing land policies which 
simultaneously protected the rights of land reform beneficiaries but also recognized the rights 
of former landowners. From that experience, the country recognized the need to establish a 
suitable land administration framework before rolling out a countrywide cadastre and tenure 
rights regularization programme.  

Nicaragua’s Land Administration Programme (Proyecto de Ordenamiento de la Propiedad), 
known as PRODEP, was put in place to modernize the land administration institutions and 
reinforce the property rights of poor and small landholders, with special emphasis on 
strengthening the land rights of women and indigenous peoples. The programme builds on the 
assumption that greater legal certainty over land tenure would lead to reducing agrarian 
conflicts, and on positive impacts on productive investments and housing improvements. It 
also aimed to promote community development, which would be reflected in a clearer 
delimitation of indigenous territories and protected areas, as well as a greater gender equality 
in terms of access to property.  

PRODEP’s implementation formally started in mid-2002 with the first World Bank-supported 
Land Administration Project (PRODEP-I 2002–2013) and the support of the Millennium 
Challenge Corporation (MCC) and the Nordic Development Fund (NDF) in the departments of 
Chinandega, Estelí, Madriz, selected municipalities in Leon, and fifteen indigenous territories 
in the Caribbean, Pacific and Central Regions (RAAN and RAAS department and Bosawas 
Biosphere Reserve). Given the country's substantial economic and social issues, including a 
post-conflict transition, PRODEP-I was designed as a pilot operation. By 2013, PRODEP-I3 
had supported the country in the establishment of a more effective and clearer institutional, 
legal, and policy framework for land administration and develop systematic cadastral survey 
(barrido cadastral) and land regularization methodology, which has been undertaken mainly 
by government institutions (World Bank, 2020).4 As part of its institutional strengthening, 

 
3 For further details on project performance and results, see World Bank (2020).  
4 PRODEP is implemented by several entities of the Government, among them the most relevant are: INETER in 
charge of the National Cadastre, Attorney General of the Republic of PGR and its Property Intendancy in charge of 
State-owned land titling, The Supreme Court of Justice through the Property Registries and the entity in charge of 
land conflict resolution (DIRAC). 
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PRODEP-I also developed a pilot Sistema de información Integrado de Catastro y Registro 
(Integrated cadaster-registry Information System) (SIICAR 1.0) in the Department of 
Chinandega.  

A second phase of PRODEP (PRODEP-II, 2013–2020), aimed to scale up the systematic 
approach for cadaster surveying and land rights regularization, and reinforce the delivery of 
services by land administration institutions, including at the municipality level. PRODEP-II 
expanded its activities to the departments of Jinotega and Nueva Segovia, but continued to 
support the municipalities of PRODEP-I to complete pending land regularization and 
consolidate institutional modernization. The second phase of the project also developed a 
more advanced information system, SIICAR (2.0), in the department of Managua, where most 
of the country’s land transactions occur, and established the basis for the same system’s rollout 
in the other departments. Five protected areas5 were demarcated in the departments of 
Nueva Segovia and Jinotega in order to support cadastral and regularization processes. 
Moreover, two complementary areas of the indigenous territories in the Bosawas Biosphere 
Reserve located in Jinotega, were demarcated and titled under PRODEP-II.6  

The present study focuses mainly on the impacts of PRODEP-II (see Figure 1) which received 
funding from the World Bank of about USD 50 million, starting on 12 July 2013 and ending on 
30 June 2020 (World Bank, 2020). According World Bank PRODEP-II was a highly efficient 
project, with a delivery rate of 98 percent (World Bank, 2020. Overall, the findings of the project 
evaluation of PRODEP-II were highly positive, particularly in terms of efficiently, cost-benefit, 
and overall intended impacts (World Bank, 2020). The table A1 shows the main outcomes from 
the implementation of PRODEP-II. 

 

 
5 These areas include Cordillera Dipilto in Nueva Segovia, and Cerro-Dantali-El Diablo, Cerro Kilambe, Macizo de 
Pefias Blancas and Volcan Yali in Jinotega. 
6 By 2017, given the satisfactory performance of the Project and financing needs, the Bank agreed with the GoN to 
prepare a third phase to expend the project to other four departments (Boaco, Chontales Matagalpa and 
Río San Juan). PRODEP-III was approved in 2018 and will close in March 2024. 
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Figure 1. Areas covered by PRODEP-I and PRODEP-II (2013–2020): Departments of 
Nueva Segovia, Jinotega, Chinandega, Madriz, Estelí, Madriz and León 

 
Note: PRODEP-I areas highlighted in yellow; PRODEP-II areas highlighted in purple. 
Source: World Bank (2020), INETER (2016), IUCN (2022) modified by the authors. 
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2 Theoretical	framework		
The theoretical framework is based on Gignoux et al. (2013), framed on the following research 
questions: 

1. What are the changes in land rights? How has the intervention changed these rights? 

2. What are the direct intermediate outcomes? How have the changes in land rights led to 
changes in these intermediate outcomes?  

3. What are the final outcomes? 

The study adopted the following causal chain from the intervention of PRODEP to changes in 
land rights, to direct outcomes, and to intermediate and final outcomes; it focuses on the 
individualization of land rights through either individual or joint titling (we don’t cover communal 
titles, as in the case of indigenous communities in this study). The causal chain is shown in 
Figure 2.  

Figure 2. Results chain of the impacts on having a land title supported by PRODEP 

 
Source: Authors’ elaboration based on Gignoux et al. (2013) and Conning and Debb (2007). 

Through the systematic land regularization of a land rights, together with a geospatial database 
that links cadastral and registry information (SIICAR), PRODEP aims to transfer de facto State 
property to legitimate owners (individually or jointly) sustainably. The formalization of property 
rights leads to an increase in land tenure security, particularly if enforcement mechanisms are 
in place (Gignoux et al., 2013; de Laiglesia, 2004).  

The formalization of land rights and a more accurate and detailed cadastral and registry system 
(as in a more modern system such as SIICAR) also increases government's ability to collect 
land taxes (Gignoux et al., 2013). Moreover, land and property owners may be more willing to 
pay land taxes if they believe that the government is protecting their land rights (and 
consequently, their investments) and using those taxes to upgrade services and infrastructure 
(Gignoux et al., 2013).  

At the owners' household level, increased land tenure security and more efficient cadastre and 
registry systems would facilitate land and property transfers by providing a reliable database 
on ownership status (De Laiglesia, 2004). An investment demand effect would be also 
observed in property enhancements (e.g., building a fence around the property, making 
improvements in the household dwelling) (Galiani and Shargrodosky, 2010), as well as 
increased utilization of land resources for agricultural production, purchases of productive 
assets (inputs, machinery), crop diversification (Field et al., 2006), creation of businesses, or 
other indicators of livelihood investments (Besley, 1995; Beekman and Bulte, 2012). Land 
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formalization could also enhance access to credit using the land title as collateral (De Soto, 
2002); although the evidence in relation to increased access to credit is still inconclusive 
(Higgins et al., 2018; Fort, 2008; Petracco and Pender, 2009).  

Finally, access to more productive resources, higher investments for agricultural production, 
and consequent changes in livelihood income strategies would translate into higher incomes, 
contributing to economic development and poverty reduction. Yet, the evidence from a 
systematic review of increased land tenure security, points to the lack of evidence on long-
term effects of increased tenure security on productivity or income (Higgins et al., 2018). 
Enhanced growth in the local economy, along with investments made the property and 
increased land market transactions, would also lead to an increased value of the property 
(World Bank, 2020).  

Given the focus on smallholders and women by PRODEP, effects of property rights through 
land titling are expected to be pro-poor. The overall effects are likely to be disproportionately 
higher for women, who often have less access to productive resources, and fewer property 
rights than men (Deere and Doss, 2006; Ali et al., 2011); especially as PRODEP emphasized 
a gender-sensitive approach and explicitly recognized women's land rights. Specifically, 
PRODEP-II project had a Gender Strategy that was implemented and monitored throughout 
the lifetime of the project, as required by the Law.7 

  

 
7 Nicaragua has a legal framework that supports and promotes women’s land rights. Specifically, Art. 49 of Law 278 
mandates that all titles from Agrarian Reform extended to the head of household be extended to their spouse or 
partner in de facto union. Law of Agrarian Reform (Decree 782) establishes women’s rights to access land through 
individual or joint titling.  
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3 Methodology	
This section describes the data available for this evaluation, which delimited to a great extent 
the evaluation techniques that could be used for obtaining robust and unbiased estimates. 
Then, the section presents the empirical strategy and the quasi-experimental techniques used, 
namely propensity score and instrumental variable techniques, and the tests that were 
undertaken to validate the instrumental variables of choice. 

3.1 Data	
Table 1 below summarizes the data of the study, the characteristics of the three groups 
surveyed and the number of plots (observations) included in the dataset. A survey at the parcel 
and owner level was designed by FAO and implemented as part of the World Bank fund 
allocated to the project for the final evaluation of PRODEP. Data was collected by a firm 
(RegioPlan) between January and June 2020 in 28 municipalities covered by the first and 
second phases of the programme.  

The evaluation sample was based on the INETER (Nicaraguan Institute for Territorial Studies) 
legal database, which is the institution in charge of the national cadaster. For parcels that 
benefited from PRODEP-I, a representative sample was obtained from SIIPRO, which is the 
Property Institute database used to monitor the titling process and is linked to INETER’s 
database.8 About 60 percent of parcels of PRODEP-I (treatment group 1) and 80 percent of 
parcels of PRODEP-II (treatment group 2) are titled by the Property Intendency. Titles in these 
two groups were obtained through oficio (granted through systematic regularization, the 
process initiated by PRODEP) or demanda (at request by the owner, without waiting for the 
systematic regularization process), the latter also prioritized by PRODEP-II.  

The control group is a representative sample of parcels in the INETER database which was 
pre-qualified with low tenure security (e.g., no titling) of Jinotega and Nueva Segovia 
departments during the Cadastre survey (2012–2014). The control group in its most part has 
not been titled because the titling process has not been finalized. This makes this group not 
entirely comparable to the treatment groups, and therefore, we recur to econometric 
techniques to minimize potential bias in the impact estimates related to assignment of 
treatment, as explained in the next section.  

As seen in Figure 3, most parcels that are titled had received their titles about 4.5 years at the 
time of data collection. Titled parcels of PRODEP-I had been titled already for even longer. 
Table 2 shows the descriptive statistics of the treatment and control groups, using survey 
sample weights. The p-value column indicates the significance of t-test of means between the 
treatment groups and the control group. As seen in the first panel, the parcel characteristics 
are significantly different between treatment and control groups in terms of titling status, with 
treatment groups showing about 61 percent (and 77 percent) of parcels having a title for areas 
where PRODEP-I (PRODEP-II) was implemented and denoting relative effective 
implementation of the projects. Chinandega district, having been treated by PRODEP earlier, 
shows a larger proportion of registered titles, accounting for 52 percent of the parcels. It also 
shows that parcels have been titled for longer. The time gap between land survey and titling 
reduces from PRODEP-I to PRODEP-II, from 4 to 1 year respectively, shows an enhancement 

 
8 SIIPRO refers to Nicaragua’s Integrated Property Information System (In Spanish: Sistema Integrado de 
Información de la Propiedad) which provides the registry property codes.  
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on implementation effectiveness probably as a result of experience gained by government 
institutions. 

In terms of how parcels were obtained by the owners, the treatment groups in both phases of 
the project show a lower percentage of parcels obtained through inheritance when compared 
to the control group. For parcels treated by PRODEP-I, the sample shows a lower share of 
parcels obtained through purchase in the market, but a higher share of parcels obtained 
through donation when compared to the control group.  

Figure 3. Frequency of parcels by number of years since a title was obtained, overall, 
of parcels owned by women and by project phases. 

 
Source: Authors’ own elaboration. 

The descriptive statistics also show that for PRODEP-I, all the treated parcels initiated the 
process of formalization through oficio (systematic regularization) which is the formalization 
process initiated through PRODEP. For parcels in the areas of PRODEP-II, the formalization 
has been mostly achieved through systematic regularization (64 percent) and the rest by 
demanda (on request, or early regularization) (36 percent), because some parcels had been 
previously identified for titling, before the cadaster land survey.  

The control group also has more parcels for agricultural purposes, less parcels for dwelling 
purposes, and parcels of less quality (e.g., hillier). This was expected as PRODEP, in the 
districts studied, prioritized parcels used for habitation, which tend to be flatter. 

There are significant differences between treatment and control groups in terms of owner and 
parcel location characteristics. Parcels treated by PRODEP-I have older owners, on average 
56 years old, as compared to the control group average of 45 years old. Treated parcels by 
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PRODEP-II show significantly that more parcels are owned by women (57 percent) compared 
to the control group (45 percent). Overall, the parcels in the survey sample, regardless of 
treatment status, show that joint parcel ownership of males and females is low. No significant 
differences between treated and control parcels are observed in terms of owners’ incomes or 
household overcrowding status.  

The information from the descriptive statistics indicates that both phases of PRODEP may have 
prioritized households using land for habitation. This is suggested by the higher proportion of 
beneficiaries living in their plots and by the lower proportion of agricultural-oriented lands within 
the treatment group. In addition, the control group shows that owners have a higher number of 
parcels that have been regularized, and also, that are closer to roads, suggesting that PRODEP 
reached more remote lands than the average.  

The fourth panel (parcel titled by PRODEP-I) shows descriptive characteristics of the outcome 
indicators to be evaluated in the study. Overall, both treated and the control groups, show high 
land tenure security, with a perception of high or very high security in the majority of parcels 
(above 90 percent). This is highest for parcels titled under PRODEP-II. On the other hand, 
current land tenure conflicts are highest for parcels treated by PRODEP-I, with about 9 percent 
of the parcels having such conflict. However, these conflicts are not widespread in the sample, 
and mostly refer to differences in land demarcation with a neighbour, or joint ownership with 
another family member.  

Land market transactions from old to new title holders in the study sample was low, of about 
7.3 percent, while for the control group this was higher, about 14 percent (results not shown). 
Once the title had been obtained, land market transactions were even lower, about 4 percent for 
the treated samples; while for the control (untitled) parcels, was about 8 percent. This suggests 
that for the most part, beneficiaries of PRODEP kept their land after receiving their titles, as 
required by the programme.9 

In terms of municipal taxes, owners of parcels treated by the programme report to have paid 
them in a larger extent: 53 percent in PRODEP-I areas, and 36 percent in PRODEP-II areas, 
when compared to the control group (19 percent); which may confirm that titling process tends 
to increase the tax collection at municipality level over time. 

In terms of investments, parcels from PRODEP-I show to have significantly invested more in 
improving the parcel dwelling after the cadaster survey (33 percent) compared to the control 
group (18 percent). Owners of parcels treated by PRODEP-II invested significantly more in 
building a fence after the cadaster survey, as compared to the control group (19 percent of the 
parcels). Most owners in both phases of PRODEP reported that the value of the parcel 
increased after the cadaster survey or being titled (91–92 percent), a proportion that is 
significantly higher than that of the control group (72 percent).  

In terms of access to credit, parcels from the earlier phase of PRODEP in Chinandega, 
39 percent of parcel owners report to have obtained credit when requested it, and 33 percent 
of parcel owners accessed credit after the regularization of their land. For owners of parcels 
treated by PRODEP-II, about a quarter of parcel owners report to have obtained credit when 
requesting it; however, the statistic is not statistically different from the proportion of parcel 
owners accessing credit in the control group.  

 
9 Beneficiaries are committed not to transfer tenure rights for a period of three years.  
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Finally, in terms of government support, treated parcels from PRODEP-I accessed housing 
support to a greater extent (by 54 percent) than those in PRODEP-II and the control group, 
with the difference in means being highly significant, and with most treated parcels (of both 
phases) reporting to have received titling support by the government and being satisfied with 
the support received. The share of parcel holders with access to at least one social protection 
programme, around 60–65 percent, is not statistically different across the three groups.  

Table 1. Descriptive statistics by treatment groups and control, with survey 
sample weights 

 
PRODEP-I PRODEP-II Control 

Chinandega Nueva Segovia and Jinotega Nueva Segovia 
and Jinotega 

 mean sd p-value 
(vs. control) mean sd p-value 

(vs. control) mean sd 

Parcel characteristics         
Title (registered or not 
registered) 0.610 0.490 0.000 0.768 0.422 0.000 0.065 0.248 

Title (registered) 0.519 0.502 0.000 0.396 0.490 0.000 0.032 0.175 

Has a property document 0.711 0.455 0.000 0.658 0.475 0.000 0.352 0.478 

Number of years after 
having obtained the title 6.070 5.564 0.000 2.486 2.101 0.000 0.168 0.998 

Number of years since plot 
was surveyed 10.096 3.873 0.000 3.653 1.557 0.058 2.436 1.517 

Parcel was obtained 
through inheritance 0.095 0.295 0.000 0.185 0.388 0.009 0.307 0.462 

Parcel was obtained 
through purchase 0.365 0.483 0.030 0.485 0.500 0.801 0.488 0.501 

Parcel was obtained 
through donation 0.369 0.484 0.000 0.230 0.421 0.220 0.161 0.368 

Titling process by 
"demanda" 0.000 0.000 0.000 0.358 0.480 0.000 0.000 0.000 

Title process by "oficio" 1.000 0.000 0.000 0.642 0.480 0.000 0.000 0.000 

Used for agriculture 0.204 0.404 0.000 0.182 0.386 0.000 0.519 0.500 

Used for dwelling 0.852 0.356 0.000 0.834 0.373 0.000 0.632 0.483 

Flat (good quality) 0.803 0.399 0.000 0.684 0.466 0.000 0.357 0.480 

Size (hectares) 23.739 338.013 0.307 4.785 61.856 0.896 1.656 4.335 

Price per m2 (current, 
in córdobas) 536.4 734.3 0.230 698.4 1 295.1 0.256 4 709.9 41 610.3 

Owner characteristics         

Age (oldest) 56.503 13.092 0.000 47.835 13.961 0.446 45.554 14.852 
Age (youngest) 55.908 12.866 0.000 47.358 13.781 0.486 45.202 14.612 

Female (at least 1 owner) 0.532 0.501 0.340 0.571 0.496 0.011 0.445 0.498 

Female and male (owners) 0.090 0.287 0.106 0.062 0.242 0.110 0.025 0.157 

Married (at least 1) 0.703 0.459 0.883 0.724 0.448 0.670 0.707 0.456 

Owns other parcels 0.272 0.447 0.001 0.334 0.472 0.003 0.487 0.501 

Number of urban parcels 
owned 0.075 0.318 0.466 0.154 0.588 0.174 0.090 0.459 

Number of rural parcels 
owned 0.345 0.753 0.005 0.445 0.908 0.023 0.690 1.044 
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PRODEP-I PRODEP-II Control 

Chinandega Nueva Segovia and Jinotega Nueva Segovia 
and Jinotega 

 mean sd p-value 
(vs. control) mean sd p-value 

(vs. control) mean sd 

Number of parcels owned 0.420 0.813 0.003 0.599 1.115 0.184 0.780 1.131 

Owner lives in the parcel 
(at least 1) 0.863 0.345 0.000 0.780 0.415 0.000 0.599 0.491 

Household overcrowding 
index 1.846 1.540 0.426 1.583 0.984 0.116 1.739 1.291 

Income per dweller 
(córdobas) 55.8 60.8 0.746 49.4 46.3 0.491 54.0 83.8 

Location         

In rural area 0.533 0.501 0.000 0.674 0.469 0.071 0.776 0.418 

Close to a bank (<30 min) 0.034 0.183 0.559 0.036 0.186 0.416 0.018 0.135 

Close to a road (<30 min) 0.373 0.486 0.038 0.301 0.459 0.000 0.557 0.497 

Outcome indicators         

Perception of tenure 
security - very high 0.748 0.436 0.875 0.843 0.364 0.002 0.727 0.446 

Perception of tenure 
security - high or very high 0.935 0.247 0.974 0.982 0.133 0.003 0.919 0.274 

Current tenure conflicts 0.087 0.284 0.014 0.023 0.149 0.976 0.014 0.116 

Payment of municipality 
taxes (IBI) 0.530 0.501 0.000 0.355 0.479 0.003 0.192 0.395 

Made at least 1 land 
transaction in last 3 years 0.037 0.189 0.169 0.046 0.210 0.184 0.079 0.269 

Owner built fence after 
cadastre survey was made 0.150 0.358 0.856 0.189 0.392 0.080 0.126 0.332 

Obtained credit when 
requested one 0.389 0.490 0.018 0.262 0.440 0.881 0.252 0.435 

Obtained credit after 
cadaster survey 0.333 0.473 0.000 0.175 0.380 0.135 0.099 0.299 

Dwelling in poor conditions 0.391 0.490 0.412 0.327 0.470 0.002 0.494 0.501 

Improved dwelling after 
cadastre survey 0.332 0.473 0.008 0.188 0.391 0.749 0.182 0.386 

Increased plot value after 
cadaster or title 0.923 0.268 0.000 0.909 0.288 0.000 0.720 0.450 

Parcel increased at least 
25% of value 0.239 0.428 0.504 0.279 0.449 0.769 0.271 0.445 

Parcel increased at least 
50% of value 0.276 0.449 0.891 0.324 0.469 0.203 0.270 0.444 

Parcel increased at least 
75% of value 0.287 0.454 0.069 0.214 0.411 0.647 0.186 0.389 

Parcel increased at least 
100% of value 0.151 0.359 0.327 0.138 0.345 0.273 0.100 0.301 

Received housing support 
from government 0.535 0.501 0.000 0.237 0.426 0.105 0.270 0.445 

Participation in any social 
protection programme 0.660 0.476 0.538 0.606 0.489 0.605 0.628 0.484 

Received agricultural 
support from government 0.023 0.151 0.695 0.018 0.135 0.470 0.034 0.182 
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PRODEP-I PRODEP-II Control 

Chinandega Nueva Segovia and Jinotega Nueva Segovia 
and Jinotega 

 mean sd p-value 
(vs. control) mean sd p-value 

(vs. control) mean sd 

Received support to obtain 
the title of a property 0.942 0.235 0.000 0.859 0.348 0.000 0.620 0.486 

Satisfaction with titling 
process 0.940 0.238 0.000 0.872 0.335 0.000 0.090 0.286 

Observations 127  421  352 

Note: p-value column shows the level of significance abased on t-test of means between the treatment group 
(PRODEP-I and PRODEP-II respectively) and the control group. 
Source: Authors’ own elaboration. 

3.2 Empirical	strategy	
To assess the impacts of PRODEP’s titling on the perception of tenure security and land value, 
the analysis draws from a quasi-experimental impact evaluation technique. In order to build a 
valid control group, as well as to offset the potential bias induced by the nature of the data 
available, we used propensity score techniques and instrumental variables.  

Given that all parcels in the data of the study have been included in the land registry as part of 
PRODEP’s activities, including those of the control group, the evaluation focuses on accessing 
a land property title through PRODEP as the treatment indicator to be assessed, which is also 
an indicator of completeness of treatment of the programme.  

Therefore, the effects to be estimated by the impact evaluation are the treatment effect on the 
treated (TOT) of PRODEP, meaning, the weighted average of the effects for “always-takers 
and compliers” who were assigned the treatment (land property titles facilitated by PRODEP) 
and obtained titles through the intervention, on outcomes of interest Y for plot i. This is 
described as follows:  

 TOT=E[Y_1i- Y_0i ┤|D=1]=E[Y_1i│D=1]-E[Y_0i |D=1]  (1) 

Where the first term E[Y1i|D=1] is the observed treatment effect on the treated (the factual 
outcome), while the second term E[Y0i|D=1] is the effect on the treated in the case they had 
not been treated (the counterfactual outcome). The counterfactual is a control group of parcels 
that would have been titled if the project had continued, and that cannot be observed. 

All outcome variables Y assessed are binary, therefore we use Maximum Likelihood Estimation 
(MLE) (probit), which obtains the joint probability of observing all dependent variables' values. 
Estimates are obtained through the following basic equation: 

 Y_i=α_i+β_1i T+δ_1i X+ε_i (2) 

Where Y is the outcome variable of interest for parcel i, namely: 1) high tenure security after 
registration, based on the perception of parcel owners; 2) payment of municipal taxes; 3) made 
any land market transaction activity in the last 3 years; 4) construction of parcel fences after 
cadaster survey; 5) any investments in the parcel’s dwelling after cadaster survey; 6) access 
to credit after cadaster survey; 7) current dwelling conditions; 8) current access to public 
programmes (social protection and others) and 9) perception of increment in the parcel value 
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after registration. T is a dummy variable that identifies those parcels that are titled through 
PRODEP (another treatment variable used is the number of years after receiving a title), and 
β1 is the effect to be estimated; X identifies the set of control variables that include a number 
of parcel and owner characteristics and its location, and ε is the error term.  

3.3 Propensity	score	
There are several sources of bias when obtaining impact estimates in the study. One is derived 
from selection bias in treatment assignment influencing the implementation of treatment 
(obtaining a title earlier) which also influence the outcomes of interest (tenure security, 
investments, etc.); and the other, from reverse causality generated by unobserved factors that 
influence the outcomes of interest. First, in order to address selection bias (or bias in the 
placement of titles or obtaining these earlier) and to build a valid comparison group, we first 
use propensity score techniques (we deal with reverse causality issues in the next section).  

Given the universal scope of PRODEP, at this first stage we are concerned about obtaining a 
comparable group, which builds a counterfactual based on titling eligibility. This is determined by 
observed parcels’ tenure characteristics, but also, owners’ characteristics. Given that PRODEP 
was mainly implemented systematically, aiming to provide land regularization to all parcels 
covered by the programme, unobserved characteristics for obtaining a title (or obtaining it 
earlier), would be minimized (we address this later). Propensity score methods are used in quasi-
experimental evaluation settings to simulate the conditions of an experiment in which recipients 
and non-recipients are randomly assigned, conditional on observed characteristics, allowing for 
the identification of a causal link between treatment and outcome variables. The first step is to 
fit a model for treatment group or condition (e.g., parcels with title) based on observable variables 
of treatment assignment. 

The study uses a propensity score-based weighted analysis known as inverse probability 
weighting (IPW) to produce a statistically comparable control group. Let P(Z) = Pr(T=1|Z) be 
the probability of accessing a land title trough PRODEP, where Z is a vector of observed control 
variables obtained before the start of the project. The IPW procedure builds a counterfactual 
by matching titled parcels with control (non-titled) parcels based on similarities determined 
by Z.  

Propensity scores Pr(Z) are obtained from a maximum likelihood estimation based on the 
probability of plot of accessing a title through PRODEP, as a function of pre-treatment 
characteristics Z, as follows: 

 P(Z) = Pr(𝑇( = 1|𝑍)  (3) 

Where T is the observed binary treatment (accessing a Title) for plot i, and Z a vector of 
observed explanatory variables. Baseline data is often required to minimize differences 
between the two groups before project implementation. In the absence of such data, the 
analysis selected Z explanatory variables that are likely not to have been affected by PRODEP 
and reflect parcels' status before programme implementation. Given the universal nature of 
PRODEP’s targeting, we focus on variables that, on the one hand, increases the probability of 
plot of accessing a title given its location, but also, given its tenure characteristics which 
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determine the assignment of a title by the tenure regime.10 These vector of variables include: 
distance to the nearest road, rurality status, parcel quality based on topography characteristics, 
parcel size, use of the parcel (dwelling or agriculture), number of years since the parcel was 
obtained (not as part of regularization), number of years after parcel has been surveyed, and 
whether the parcel had been acquired through inheritance, donation or in the market 
(purchased). To increase precision, we also include variables correlated with the outcome of 
interest, notably those in relation to owner characteristics including gender, age, years of 
education, marital status, and if owner has other parcels in urban or rural areas, and if these 
are regularized.11  

Table 2 shows the results of the maximum likelihood estimation using the variables listed 
above. A parcel located closer to a road and used for agricultural activities have a lower 
likelihood of obtaining a land title through PRODEP. This is consistent with the effort of the 
government to prioritize households that use land for habitation purposes. Also, the time lapse 
after the surveying of the parcel increases the likelihood of obtaining a land title. The way the 
parcel was obtained also determines the probability of land titling, with the most common forms 
(purchased in the market, donation and inheritance) showing a lower probability vis a vis 
obtaining the parcel through adjudication (not shown as it is the base variable). Finally, and 
interestingly, a parcel owned by a woman, and an owner being single has a higher probability 
of obtaining a land title. 

Table 2. Probit results on having a land title 

Pr(T) dF/dx sd z P>z 
Rural 0.036 0.046 0.790 0.432 

Road -0.113 0.040 -2.780 0.005 
Flat (good quality) 0.048 0.043 1.130 0.259 
Size (hectares) 0.000 0.000 -1.670 0.096 
Used for dwelling -0.022 0.060 -0.380 0.707 
Parcel used for agriculture -0.196 0.048 -3.950 0.000 
Number of years after obtaining a title -0.003 0.002 -1.390 0.163 
Number of years since plot was surveyed 0.036 0.007 5.470 0.000 
Parcel was obtained through inheritance -0.241 0.063 -3.580 0.000 
Parcel was obtained through purchase -0.178 0.060 -2.890 0.004 
Parcel was obtained through donation -0.154 0.066 -2.270 0.023 
Female (at least 1) 0.076 0.038 1.980 0.048 
Age (oldest) -0.008 0.007 -1.160 0.246 
Age (youngest) 0.008 0.007 1.140 0.254 
Years of education 0.004 0.003 1.210 0.228 
Married or civil union -0.082 0.041 -1.980 0.048 

 
10 While any score that achieve balance will provide unbiased estimates of the treatment effect, the variance 
depends strictly on the definition of the propensity score (Ertefaie and Stephens, 2010). This principle requires that 
all confounding variables to be known as well as the existence of a real choice between treatment and control for 
each parcel at the time of treatment selection, both critical criteria for what Rosenbaum and Rubin (1983) called the 
assumption of a strongly ignorable treatment assignment.  
11 To produce the least biased propensity score model, we include variables that are correlated with treatment, but 
also correlated with the outcomes of interest Y (e.g., investment). This increases the precision of the treatment 
effect estimate (Brookhart et al., 2006) 
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Pr(T) dF/dx sd z P>z 
Lives in the parcels -0.047 0.058 -0.810 0.420 
Owns other parcels -0.061 0.058 -1.040 0.297 
Number of urban parcels owned -0.045 0.053 -0.850 0.397 
Number of rural parcels owned 0.015 0.043 0.350 0.728 
Number of parcels owned -0.001 0.042 -0.030 0.975 

Observations  900  
Note: Pseudo R2 = 0.1232. 
Source: Authors’ own elaboration. 

The predicted probabilities are then used to estimate the IPW, w(Z) as follows: 

 𝑤(𝑍) = 	.
/

01(2)	
, 𝑇( = 1

/
/401(2)	

, 𝑇( = 0
  (4) 

The propensity obtained is then used in a weighted regression of Y, observed treatment T, and 
X components to find an average treatment effect (as specified by equation 2 above).  

In constructing a propensity score, two conditions require thorough assessment. The first is 
the conditional independence assumption (CIA), meaning that conditional on observable 
characteristics, plots titled through PRODEP have the same mean outcomes as those titled, 
had they received titles by the programme. Given our lack of baseline data, this assumption 
cannot be verified, and therefore, we rely on instrumental variables to address potential 
endogeneity, to the extent possible.  

The second condition refers to common support, which requires the propensity score to lie 
between 0 and 1, of 0 < P(Z) <1 with the proportion of treated and untreated households be 
greater than 0 for every possible value of Z. The distribution of IPW is shown in Figure 4. 
The shape of the distribution shows that there are differences between the treated and control 
groups. This is expected as the control group is a representative sample of parcels in PRODEP 
areas with low tenure security, without titles but in the process of obtaining them.  

Figure 4 shows that the variables used to predict the probability of obtaining a title work 
satisfactorily for obtaining a reasonably large comparison group for both the overall sample, 
as well as the sub-sample of parcels owned by women, in both cases with a reasonably large 
area of common support (the area where both lines overlap).12 

 
12 Given reduced number of observations in the study sample, we did not use PSM or trimmed the sample outside 
the area of common support.  
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Figure 4. Distribution of IPW of treated and control groups, based on the probability 
of obtaining a title through PRODEP 

 
Source: Authors’ own elaboration. 

Table 3 shows the characteristics of parcels that obtained a title through PRODEP, and the 
statistically comparable control group of parcels without titles. The first set of columns show 
the sample using survey weights, while the next three columns show the corrected sample, 
using IPW. Overall, the propensity score worked successfully to minimize most differences in 
plot and owner characteristics between the treated and control groups based on their 
probability of obtaining a land title. The exceptions, as expected, make reference to significant 
differences in tenure characteristics and titling processes between parcels with and without 
a title.  

Table 3. Plot and owner characteristics by title status, with and without IPW 
 With survey weights (no IPW) With IPW 
 With title Without title p-

value 
With title Without title p-

value  mean sd mean sd mean sd mean sd 
Treated by 
PRODEP-I 0.205 0.404 0.049 0.216 0.000 0.125 0.331 0.176 0.381 0.083 

Treated by 
PRODEP-II 0.629 0.484 0.071 0.257 0.000 0.807 0.395 0.181 0.385 0.000 

Parcel characteristics 
Title (registered or 
not registered) 1.000 0.000 0.000 0.000 0.000 1.000 0.000 0.000 0.000 0.000 

Title (registered) 0.579 0.494 0.000 0.000 0.000 0.517 0.500 0.000 0.000 0.000 

Documentation 0.635 0.482 0.384 0.487 0.000 0.626 0.484 0.439 0.497 0.000 
Years after 
obtaining a title 4.503 3.706 0.000 0.000 0.000 3.713 2.981 0.000 0.000 0.000 

Years since plot 
was surveyed 4.975 4.034 2.822 1.996 0.000 4.054 3.173 4.050 3.310 0.989 

Parcel was 
obtained through 
inheritance 

0.174 0.38 0.292 0.455 0.000 0.193 0.395 0.207 0.405 0.621 

Parcel was 
obtained through 
purchase 

0.474 0.5 0.477 0.5 0.943 0.472 0.500 0.468 0.500 0.908 

Parcel was 
obtained through 
donation 

0.251 0.434 0.174 0.38 0.009 0.201 0.401 0.187 0.390 0.624 

0
2

4
6

.5 .6 .7 .8 .9
x

kdensity t_title1hat0 kdensity t_title1hat1
Prob>chi2= 0.0000; Pseudo R2 (McFadden)=0.1232

All parcels in the sample
PRODEP Nicaragua: Probability of obtaining a title

0
2

4
6

8

.5 .6 .7 .8 .9
x

kdensity t_title1hat0_f kdensity t_title1hat1_f
Prob>chi2= 0.0000; Pseudo R2 (McFadden)=0.1166

Parcels owned by women
PRODEP Nicaragua: Probability of obtaining a title



 

 17 

 With survey weights (no IPW) With IPW 
 With title Without title p-

value 
With title Without title p-

value  mean sd mean sd mean sd mean sd 
Titling by 
"demanda" 0.210 0.408 0.031 0.174 0.000 0.266 0.443 0.063 0.243 0.000 

Title by "oficio" 0.625 0.485 0.088 0.284 0.000 0.666 0.472 0.294 0.456 0.000 
Parcel used for 
agriculture 0.216 0.412 0.490 0.5 0.000 0.271 0.445 0.280 0.450 0.782 

Parcel used for 
dwelling 0.776 0.418 0.668 0.472 0.002 0.745 0.436 0.748 0.435 0.920 

Parcel is flat 
(good quality) 0.655 0.476 0.402 0.491 0.000 0.612 0.488 0.611 0.488 0.982 

Parcel size 
(hectares) 2.987 38.233 4.885 122.23 0.812 5.009 47.146 9.379 191.479 0.546 

Parcel price (per 
m2) in córdobas 552.351 1 065.063 4 511.542 40 382.95 0.126 515.177 1 152.176 1 972.792 25 687.590 0.280 

Owner characteristics 

Age (oldest) 49.196 14.660 46.266 14.820 0.008 48.467 15.124 48.321 15.177 0.897 

Age (youngest) 48.850 14.543 45.843 14.534 0.006 47.941 15.017 47.832 14.967 0.923 

Female (at least 1) 0.564 0.496 0.450 0.498 0.002 0.534 0.499 0.529 0.500 0.890 
Female and male 
(at least 1) 0.047 0.211 0.037 0.188 0.484 0.053 0.223 0.045 0.208 0.654 

Married (at least 1) 0.660 0.474 0.729 0.445 0.043 0.689 0.464 0.701 0.458 0.729 
Owns other 
parcels 0.359 0.480 0.461 0.499 0.006 0.353 0.478 0.365 0.482 0.740 

Number of urban 
parcels owned 0.104 0.433 0.103 0.498 0.971 0.105 0.400 0.111 0.541 0.879 

Number of rural 
parcels owned 0.462 0.849 0.657 1.045 0.009 0.449 0.875 0.456 0.843 0.904 

Number of parcels 
owned 0.566 0.975 0.760 1.149 0.020 0.554 0.970 0.567 1.012 0.858 

Number of parcels 
owned that are 
regularized 

0.540 0.917 0.702 1.085 0.038 0.526 0.919 0.539 0.983 0.855 

Lives in the parcel 0.727 0.446 0.640 0.481 0.014 0.710 0.454 0.702 0.458 0.805 
Overcrowding 
index 1.661 1.155 1.734 1.291 0.454 1.680 1.069 1.636 1.107 0.619 

Income per dweller 52.294 51.807 53.417 82.199 0.847 49.924 48.673 51.764 67.552 0.688 

Location 

Chinandega 0.205 0.404 0.049 0.216 0.000 0.125 0.331 0.176 0.381 0.083 

Nueva Segovia 0.448 0.498 0.576 0.495 0.001 0.447 0.498 0.484 0.500 0.320 

Jinotega 0.347 0.477 0.376 0.485 0.430 0.428 0.495 0.340 0.474 0.016 

In rural area 0.623 0.485 0.771 0.421 0.000 0.581 0.494 0.598 0.491 0.654 
Close to a bank 
(<30 min) 0.026 0.160 0.023 0.150 0.761 0.026 0.158 0.023 0.151 0.860 

Close to a road 
(<30 min) 0.370 0.483 0.525 0.500 0.000 0.348 0.477 0.358 0.480 0.785 

Observations 444 456  444 456  

Source: Authors’ own elaboration. 
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3.2 Instrumental	variables	
While potential selection bias on obtaining a title has been, at least partially, addressed using 
propensity score techniques, the use of instrumental variables is still needed in order to control 
for unobserved characteristics that can potentially bias the impact estimates. The level of 
tenure security obtained through PRODEP, with the highest level being obtaining a title, is 
likely endogenous to unobserved parcel and owner characteristics. Unobserved characteristics 
could include contextual processes related to land tenure, for example, those who obtained 
their titling through demanda, or other aspects related to the efficiency of local institutions. 
Also, owners’ unobserved characteristics such as their levels of education, asset holdings, and 
their existing social networks may also may have influenced the implementation of the project, 
as beneficiaries with more connections to institutions or more access to information about the 
programme, facilitates access to titling while also, facilitating access to credit and investment. 
Endogeneity could well be influencing the outcomes of interest of this evaluation and creating 
distortions in impact estimates.  

To address potential endogeneity bias, we use instrumental variable (IV) methods, adding to 
the PS technique above, for the subset of parcels in PRODEP-II areas (Nueva Segovia and 
Jinotega), adding a model based 2SLS regression. Our approach is similar to previous studies 
that evaluate the impact of land related programmes on investment decisions, which leverage 
on programme information about the process of formalization as well as the pace of 
programme rollout or efficiency of its implementation to select a suitable IV. First, we use the 
(dummy) variables oficio (systematic regularization) and demanda (early regularization) as 
instruments because these variables correspond to the two titling processes that supported by 
PRODEP-II. As seen, the only way (instruments) for obtaining a title through PRODEP-II would 
have been through the application of these regularization regimes. 

In addition, we also leverage existing project information of PRODEP-II’s rollout 
implementation at municipal level, directly provided by the GoN and the World Bank.13 The 
additional IV chosen for our study corresponds to these set of variables, one for each year of 
the implementation of the project, which accounts for the number of parcels incorporated to 
the national cadastre registry. Together, they account for the pace of implementation of the 
project.14  

Therefore, building on equation (2), we run the following structural system of two equations: 

 𝑤( = 𝜇 + (𝑥(, 𝑧()𝛿 + 𝜀( 

 𝑦( = 𝜇= + 𝑤(𝑇 + 𝑥(	𝛽 + 𝑢=  (5) 

Where, in the selection (first) equation w is our treatment variable of interest (title), z is the 
vector of instrumental variables for plot i, and x is the vector of additional control variables (plot 

 
13 Semestral report of Secretaria Ejecutivo of PRODEP to World Bank, according to the M&E system supported by 
FAO-CFIC. 
14 In a similar approach, Hong et al., 2020, in their impact study of a land titling programme on agricultural 
investments in China use the number of villages within a county as the IV. Given that the programme evaluated is 
implemented by the county and township governments, the intuition is that the more villages in a county, the greater 
the burden of implementation by local institutions, and the slower the process of granting titles to households. The 
IV is correlated with the implementation of the programme, but not with the outcome of interest (e.g., the investments 
made by farmers on their plots for production). 
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and owner characteristics). The predicted values obtained in the first equation are “plugged” 
in the outcome (second) equation, where y is the outcome variable of interest for plot i. The 
term 𝛿 is uncorrelated with the error term u0 but u0 is correlated with w. 

We run two models for each outcome variable of interest, one using a direct Two-Stage Least 
Squares regression (2SLS) command in Stata: (ivregress), which runs a 2SLS but applies a 
correct treatment of standard errors; and the alternative command (ivtreatreg) for that 
considers the binary nature of the outcome variables (Cerulli, 2011). Both specifications 
provide consistent results, as shown in the next section.  

Table A1 shows results of performance tests to confirm that the modality of formalization 
processes and pace of implementation are valid IVs.15 Tests are run for all models of each 
regression, namely one that uses all instrumental variables related to the formalization process 
of PRODEP, as well as its pace of, or total implementation. Table 4 indicates when IVs have 
passed the test only for one key outcome indicator: the perception of increased value of 
land property. Therefore, we present the estimate results for this outcome variable only.  

  

 
15 The first test determines whether our endogenous regressor in the model is in fact exogenous. Wooldridge robust 
score test is reported in the first panel. A valid test requires to be significant in order to reject the null hypothesis 
that the instruments are exogenous. The second test shows the partial R-square, which measures the correlation 
of the endogenous variables after “partialling out” the effect of the exogenous variables, to assess the strength in 
our instruments. The third row refers to the joint test of excluded instruments. Based on Stock et al. (2002) cutoffs, 
the F-statistic should be large enough than the highest bias shown at 5 percent (Stock et al., 2002). Finally, the 
fourth test shows the test of overidentifying restrictions for the variables utilized. The null hypothesis for this test is 
that our instrument is valid, and therefore, it should be rejected with a p value that is not significant.  
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4 Results		
This section presents the main results of the impact evaluation of PRODEP, including the 
effects of PRODEP-I (Chinandega) together with PRODEP-II (Nueva Segovia and Jinotega 
districts), and PRODEP-II separately. Tables 5 and 5b shows the MLE probit regression results 
with the IPW, and table 6 shows results of the 2sls with an indication of the validity of IV for 
each regression.  

4.1 Impacts	of	PRODEP	on	the	perceived	increase	on	tenure	security	
Following the theory of change set up by this evaluation, we are first interested in 
understanding the extent to which PRODEP’s title documents impacted owners’ perceptions 
on tenure security. While the registration of parcels by PRODEP could be already driving the 
perception of land tenure security to the most part16, as suggested by the descriptive statistics 
in the last section, we find small but highly significant results that obtaining a title through the 
programme increased the likelihood of owners’ perception of high land tenure security. For the 
overall sample, the impact effect is of 2.8 percent, and of 2 percent when only parcels in 
PRODEP-II areas are analysed. We also find a significant effect for parcels owned by women, 
with titles having an effect of 2.3 percent.  

Results of this model also suggest that the marginal effect on the perception of high tenure 
security decreases overtime, with a marginal higher effect within the immediate years after the 
receipt of a title, as shown in Figure 5.  

Figure 5. Expected tenure security for each year after receiving a title, overall and for 
parcels owned by women 

  
Note: Expected marginal effect of each year after receiving a title.  
Source: Authors’ own elaboration. 

4.2 Impacts	of	PRODEP	on	land	tax	payments		
One of the main goals of PRODEP is to increase land tax collection from local institutions. 
Our results show a positive impact of holding a title, although not statistically significant. The 
seemingly absence of impact is potentially explained by anticipation behaviour created by the 
programme amongst potential beneficiaries. The World Bank (2020), in its evaluation of 

 
16 A study conducted between 2003 and 2006 in the communities covered by PRODEP in Chinandega, Madriz and 
Estelí found that inscription in the property registry tended to reduce land conflicts, although this finding was not 
statistically significant (Broegaard, 2009).  
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PRODEP-II, pinpointed an “atypical increase” in the collection of land tax in the areas covered 
by the project, particularly during 2013 and 2014. It is considered as “atypical” since the 
increase in land tax collection was observed at a point in time when the project was just 
starting, and before the moment of data transfer from the land survey to the municipal tax 
cadaster in the project areas. Hence, this led to believe that the observed increase of tax 
collection was explained by the communications campaign promoted by the Government 
related to the cadaster and regularization processes, and not by the standardization of INETER 
land survey database in the municipal cadasters. This communication campaign likely 
propelled individuals to comply with their tax obligations as a proof of their legitimate 
possession considering the forthcoming land regularization process through PRODEP (World 
Bank, 2020). Therefore, as tax collection had already increased before the programme, this 
may explain the absence of impact of titling on tax payments in our study.  

4.3 Impacts	of	PRODEP	on	household	investments	
The common theoretical argument of land administration interventions is that property rights can 
have a positive effect in agricultural productivity and welfare through investment, access to credit 
and land allocation (Feder and Feeny, 1991; Besley 1995; de Soto, 2000); yet the evidence from 
these programmes is still mixed (Gignoux et al., 2013). The case of PRODEP-II in Nicaragua 
shows some positive effects, but overall, the results do not provide a comprehensive picture of 
the impacts of land titles on investments and enhanced economic activity.  

An outcome of higher land tenure security and more efficient cadastre and registry systems is 
that of facilitating land and property transfers through market transactions or inheritance. Land 
transactions have positive implications when these enable households to transition to better 
locations for dwelling and employment or when households use these to obtain cash resources 
to invest in more productive activities than farming. In this respect, no effects were observed 
as a result of obtaining a title through PRODEP (Table 4a, b). Once owners received their 
titles, they kept their lands to the most part, and as explained earlier, few market transactions 
were observed at the time of titling obtention.  

The evaluation also finds no evidence that higher tenure security through titling boosted 
investment at a parcel level (such as building fences or improving dwelling), as shown in Table 
4a, b. Also, this evaluation cannot support either the increase effect on credit access as a 
result of obtaining a title – e.g., by using a title as collateral (De Soto, 2002; Petracco and 
Pender, 2009); or by decreasing risk perceived by financial organizations (Fort, 2008).  

4.4 Impact	in	the	perception	of	increment	of	value	of	land	property		
The most evident effect that this evaluation underpins is an increase in landowners’ perception 
of increased land value as a result of parcels being titled. The effect of titling on the perception 
of increased land value ranges from 15–16 percent (Table 4). The IV model, only available for 
this outcome indicator, shows a higher effect ranging from 20–22 percent (Table 5). 

The impact is higher for parcels owned by women in the areas of PRODEP-II, showing an 
impact of almost 18 percent (Table 4). These results are supported by the alternative model 
using interaction terms (Table 4b), which shows the additional effect of 9.4 percent to titled 
parcels owned by women, in addition to the effect of the title alone (10 percent). The IV model 
also confirms this, with women’s parcels showing a higher effect than overall parcels, with 
effects ranging between 25–26 percent (Table 5).  
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Table 4. Probit regression results 
a. Impact of titling facilitated by PRODEP on the evaluation’s outcomes of interest (IPW) 

  All parcels Parcels with women holders 
  PRODEP-I/II PRODEP-II PRODEP-I/II PRODEP-I 
  Title Title Title Title 
All parcels         
Perception of high land tenure 
security 

0.028*** 0.020** 0.023* 0.026 
(0.011) (0.009) (0.014) (0.017) 

0.246 0.300 0.234 0.193 
Payment of municipal taxes* 0.031 0.030 0.047 0.021 

(0.036) (0.037) (0.048) (0.049) 
0.120 0.132 0.124 0.139 

Made any land market transaction  
(last 3yrs) 

0.011 0.015 0.009 0.002 
(0.013) (0.014) (0.012) (0.002) 

0.161 0.191 0.206 0.296 
Invested in fencing  
(after cadaster survey) 

0.034 0.041 0.039 0.051 
(0.027) (0.030) (0.038) (0.042) 
0.0493 0.0439 0.0828 0.0689 

Accessed credit  
(after cadaster survey) 

0.007 0.006 0.051 0.050 
(0.014) (0.014) (0.033) (0.036) 

0.171 0.162 0.208 0.162 
Perception that value of parcel 
increased (after cadaster survey) 

0.144*** 0.158*** 0.124*** 0.177*** 
(0.026) (0.028) (0.030) (0.038) 

0.152 0.175 0.235 0.231 
Observations 879 752 468 405 
Parcels with dwelling         
Invested in dwelling  
(after cadaster survey)  

-0.009 -0.019 0.017 0.010 
(0.036) (0.029) (0.049) (0.028) 

0.123 0.109 0.152 0.116 

Observations 643 540 365 309 

b. Impact of titling facilitated by PRODEP on the evaluation’s outcomes of interest 
(IPW) – interaction terms 

  PRODEP-I/II PRODEP-II 
  Marginal effect se Marginal effect se 
All parcels     

Perception of tenure security     

Title* women holding 0.002 (0.015) 0.003 (0.010) 
Title  0.027** (0.013) 0.018* (0.010) 
Women holding -0.006 (0.010) -0.013 (0.008) 
R-square  0.246  0.300 
Payment of municipal taxes*     

Title* women holding 0.027 (0.072) -0.019 (0.066) 
Title  0.017 (0.052) 0.041 (0.054) 
Women holding -0.057 (0.056) -0.006 (0.050) 
R-square  0.120  0.132 



 

 23 

  PRODEP-I/II PRODEP-II 
  Marginal effect se Marginal effect se 
Made any land market transaction (last 
3yrs) 

    

Title* women holding 0.009 (0.027) 0.017 (0.029) 
Title  0.007 (0.018) 0.009 (0.018) 
Women holding -0.040** (0.019) -0.051** (0.020) 
R-square  0.161  0.192 
Invested in fencing (after cadaster survey     

Title* women holding 0.005 (0.053) 0.038 (0.059) 
Title  0.031 (0.039) 0.020 (0.043) 
Women holding 0.017 (0.041) -0.010 (0.041) 
R-square  0.049  0.045 
Accessed credit (after cadaster survey)     

Title* women holding 0.041 (0.038) 0.056 (0.038) 
Title  -0.012 (0.021) -0.021 (0.020) 
Women holding -0.006 (0.021) -0.022 (0.020) 
R-square  0.173  0.167 
Perception that value of parcel increased (after cadaster survey) 
Title* women holding 0.043 (0.043) 0.094** (0.040) 
Title  0.121*** (0.037) 0.100** (0.040) 
Women holding -0.006 (0.029) -0.039 (0.031) 
R-square  0.153  0.181 
Observations 879 752 
Parcels with dwelling     

Invested in dwelling (after cadaster survey)     

Title* women holding 0.039 (0.075) 0.044 (0.059) 
Title  -0.031 (0.055) -0.043 (0.042) 
Women holding 0.028 (0.053) -0.018 (0.039) 
R-square  0.123  0.110 
Observations 643 540 

Notes: Marginal effects, *** p<0.01, ** p<0.05, * p<0.1. Robust standard errors (in parenthesis) and R-squares 
shown in rows below. Results with IPW on obtaining a title subscribed or not in registry. 
Source: Authors’ own elaboration.  
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Table 5. 2sls regression results on the impact of titling facilitated by PRODEP on 
perception of increment in land value (IV + IPW) 

Model 2sls Bivariate 
Instruments Pace and process Total and process Pace and process Total and process 
All parcels         

Perception that value of parcel increased (after cadaster survey) 

Title 0.204*** 0.196*** 0.223*** 0.229*** 

se (0.038) (0.038) (0.037) (0.038) 

R-sq 0.138 0.139 0.126 0.125 

Validity of instrument yes yes yes yes 

Observations 752 

Women's parcels         

Perception that value of parcel increased (after cadaster survey) 

Title 0.262*** 0.251*** 0.250*** 0.256*** 

se (0.053) (0.053) (0.048) (0.049) 

R-sq 0.172 0.174 0.182 0.181 

Validity of instrument yes yes yes yes 

Observations 405 

Notes: Marginal effects. Total is a variable that quantifies the total number of parcels incorporated to PRODEP-II at 
municipal level. Pace: refers to a series of variables for each year of implementation that quantifies the number of 
parcels incorporated to PRODEP-II; process: refers to variables that identify the process of regularization (oficio or 
demanda). 
Source: Authors’ own elaboration.  

4.5 Assessment	of	welfare	related	impacts	of	PRODEP	
While the outcome indicators assessed so far delimit the changes observed to the period after 
the cadaster survey was conducted (tax payments, investments, etc.), the welfare indicators 
refer to the time when the survey was conducted. In this case, the number of years after 
obtaining a title can be used as a treatment variable to help understand the intensity of the 
effect of treatment on longer-term outcomes, such as changes in the dwelling conditions and 
access to basic services. We run a similar equation (2) using IPW and years after receiving a 
title as the treatment variable over welfare indicators. Overall, results showed limited marginal 
effects per year after obtaining a title on potential improvements in dwelling conditions and 
access to public programmes by owners with land titles. 

Figure 6 suggests that poor dwelling conditions do not necessarily improve over time, once a 
title has been received, with the expected effects of titling remaining low and constant. Effects 
of titling on basic services by landowners seem to be concentrated in parcels that access titles 
more recently, and access to these services seem not to improve over time. The effects shown 
may also reflect more recent efforts by the GoN in providing such services. 
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Figure 6. Expected effects per year after obtaining a title through PRODEP, overall, 
for PRODEP-II parcels, and for parcels owned by women 

a. Poor dwelling conditions 

 

b. Access to basic services 

 
Note: Marginal effects. 
Source: Authors’ own elaboration. 

The effects on improving access to social protection and basic services, as a result of titling, 
were not significant (results not shown). While available to over half of parcel owners in our 
sample, access to at least one social protection programme and housing support from the 
government were found to be even lower for the poorest households, conditional on accessing 
title ownership and other factors (Figure 7).  
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Figure 7. Expected access to social protection and housing support by income levels 
a. Access to social protection 

 

b. Housing support by government programmes 

 
Note: Marginal effects. 
Source: Authors’ own elaboration. 
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5 Conclusion	
The Land Administration Programme in Nicaragua (PRODEP) is an emblematic programme 
in Latin America, with sustained investments from both the Government and international 
donors, particularly from the World Bank. Over almost two decades, PRODEP has been 
executed systematically, starting from departments in the west of the country, and now 
expanding towards more agricultural-based areas. By June 2020, the first two phases of the 
programme have either generated or updated 450 000 parcels in the National Cadastre, titling 
140 000 of them. Current and future research of the programme will influence the design and 
implementation of other land administration programmes in the region and globally 
(see FAO, 2021).  

In this study, we aimed to evaluate the impacts of titling as a result of projects PRODEP-I and 
PRODEP-II on the perception on tenure security, credit access and investments. The 
theoretical framework of the evaluation hypothesizes that increased tenure security as a result 
of titling would facilitate landowners’ access to credit and investments, particularly in the 
housing sector given the targeting of the project. Increased land formalization would also have 
a direct impact on tax collection, which would then increase local investments in basic services, 
infrastructure and social programmes.  

Our study depicts the most widespread evaluation challenges of land administration and land 
reform-related programmes. In this sense, this impact evaluation was constrained by the data 
available, which consequently framed the scope of the study; nevertheless, we intended to 
overcome these challenges by adopting a quasi-experimental evaluation design, namely 
propensity score techniques and instrumental variables. 

Our main findings indicate that PRODEP has significantly contributed to landowners’ tenure 
security, with the effect of titling contributing positively and significantly to this perception. This 
adds to the already high tenure security perception within treated parcels, probably due to 
effects by the overall land regularization efforts of PRODEP. The impact effect of PRODEP’s 
titling is almost 3 percent, and for parcels from PRODEP-II, this effect is 2 percent. On the 
other hand, we found no impact in access to credit, or in other investments by landowners, 
such as on building fences around their parcels, or investing in their household dwelling.  

The highest effect of PRODEP’s titling was in relation to landowners’ perception on increment 
of land value. The impact effects of titling ranged from 13 to 26 percent, depending on the 
model used. The perception of increment of land value was also higher amongst women land 
title owners, benefited by PRODEP-II, with women’s title owners being 9.4 more likely to report 
an increase in the value of the land titled to men. This suggests improvements of PRODEP 
gender strategy over time.  

In terms of other welfare indicators, we found no significant long-term effects of land titling. 
The results suggest that improvements in dwelling conditions and access to basic services do 
not improve over time, potentially as a result of poor service provision and weak support from 
social protection and housing support services. This is despite the findings of increased tax 
collection (not as a response to obtaining a title but as a result of the anticipation of the 
programme) in the overall PRODEP evaluation (World Bank, 2020), and the overall 
formalization of tenure rights.  

In conclusion, findings from this impact evaluation point to positive effects in main objectives 
of PRODEP, namely on increasing landowners’ tenure security and fairness in terms of gender 
equality outcomes. However, the programme impacts suggest that land formalization and 
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titling won’t reach desired outcomes in relation to investment and welfare in isolation. The 
successful and efficient implementation of PRODEP is only one piece of the puzzle in a 
strategy for reducing poverty and enhancing economic growth. Clearly, the lack of sufficient 
coverage of other programmes, particularly amongst the poorest households, including social 
protection and housing support, and the lack of agricultural livelihood support programmes in 
more agricultural areas, will need to be strengthened, and implemented in such way that 
generates more synergies with PRODEP, in order to generated effects in credit access and 
investment.  

Finally, in terms of impact evaluation strategies for land administration programmes, our 
analysis of PRODEP also derives some lessons for the future. First, the precision of propensity 
score results can be further enhanced if information on parcel and owner characteristics 
collected at the time of the first barrido catrastral (systematic cadaster survey) is available. 
Second, the collection of information of future areas of expansion (for PRODEP-III) could have 
been anticipated by the barrido, enabling a “pure” control group (not registered through the 
land survey) and decreasing the risk of capturing programme anticipation behaviour amongst 
owners that have not yet received their titles. Finally, recording of project implementation data 
such as the number of parcels incorporated by the programme on a monthly or yearly basis, 
as well as other mechanisms that support the identification of treatment by the programme and 
exclude other mechanisms for obtaining a title, is valuable information for constructing good 
instrumental variables. Given the additional complications in undertaking impact evaluations 
in land related interventions, the recording of administrative and project implementation data 
is quite important.  
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Annex	

Table A1. PRODEP-II main outcomes 

Project outcomes PRODEP-II 
Number of total beneficiaries 952 814 people 
Number of households receiving legal documents 120 965 
Number of households receiving land titles 92 022 
Number of land parcels with use or ownership rights recorded 229 699 
Number of days to issue a cadastral certificate 7 days (12 days at baseline) 
Average number of days to complete recording of purchase or sale 
of property 

18 days (50 days at baseline) 

 

Table A2. Summary of survey sample and treatment and control groups 

Treated group 
(first phase) 

PRODEP-I (2002–2013) 
Department of Chinandega (11 municipalities) 
Parcels with a title: 60 percent of total parcels 

125 obs. 
(parcels) 

Treated group 
(second phase) 

PRODEP-II (2013–2020) 
Departments of Nueva Segovia (10 municipalities) and Jinotega 
(7 municipalities) 
Parcels with a title: about 80 percent of total parcels 

421 obs. 
(parcels) 

Control group 
(second phase) 

PRODEP-II (2013–2020) 
Departments of Nueva Segovia (11 municipalities) and Jinotega 
(7 municipalities) 
Parcels without a title: about 7 percent of total parcels have a title 
(most likely through “own means” or “titular” regularization 
processes).  

352 obs. 
(parcels) 

Source: Authors’ own elaboration based on reports provided by Regio Plan and the World Bank (2020).  

Table A3. Validation tests of IV of registration and pace of process 
  Post-estimates 
Instruments Pace and process Total and process 
Perception that value of parcel increased   

All parcels   

Test of endogeneity chi2 0.021 0.061 

Adjusted R-sq 0.667 0.662 

Partial R-sq. 0.644 0.636 

Robust F (4, 723) 249.360 471.294 

Test of overidentification (score chi2) 0.108 0.123 

Women's parcels   

Test of endogeneity chi2 0.011 0.037 

Adjusted R-sq. 0.664 0.659 

Partial R-sq. 0.636 0.625 

Robust F (10, 377) 122.345 210.707 

Test of overidentification (score chi2) 0.446 0.785 

Source: Authors’ own elaboration. 
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