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1. Introduction

Africa is now the region with the fastest rate of urbanization globally (Henderson & Turner 2020) with an
urban population expected to triple by 2040 (Collier 2017). While urbanization can bring benefits whereby
skill-based human capital externalities from input sharing, labor market pooling, and knowledge exchange
(Rosenthal & Strange 2020) help generate productive jobs and boost competitiveness (Venables 2017), it
imposes costs from congestion, contagious disease, and crime (Duranton & Puga 2020). Land titles that
allow use of land as collateral to build high structures (Henderson et al. 2021) and make it easier to foster
mobility through public infrastructure (Brandily & Rauch 2020) can support sustainable urbanization in
many ways as evidenced by strong links between greater cadastral coverage and economic growth (d'Arcy
et al. 2021) at country level. Evidence on credit effects from titling—long the main argument for such

interventions (de Soto 2000)—at micro-level remains, however, scant.

One reason for this may be that the ability to use title as collateral depends on institutional features such as
presence of a public registry that provides complete and authoritative information on property ownership.
If titling programs are implemented in settings where this is not the case and fail to address regulatory or
institutional constraints impeding effective registry operation, credit effects from titling will be contingent
on eliminating such barriers. To test this hypothesis, we analyze effects of the Lesotho Land Administration
Reform Project (LARP) that combined legal and regulatory reforms and institutional restructuring (used
interchangeably with ‘policy reforms’ below) with systematic titling (or first registration of rights) in select
areas of the city over the 2011-13 period. Parcel-level administrative data (aggregated to small blocks) that
includes information on owners’ gender for 2000-2019 allow us to separate short- from longer-term effects

and explore the gender dimension of program impacts.

Our outcome variables are the flow of parcels registered for the first time as well as the number of parcels
subject to a registered sale or mortgage, separately for parcels with and without female co-owner.
Identification makes use of two factors and our ability to identify whether a parcel was registered by the
titling program (often referred to as systematic registration process) or independently from it (under a
sporadic process). First, program-supported policy reforms improved functioning of an existing registry by
reducing the cost of registering new sales or mortgages and their impact will materialize via the stock of
parcels already registered. Second, as the systematic titling process is associated with a presumably more
gender sensitive process than that used for sporadic registration and targets parcels or owners likely to differ
systematically from those that already registered through the sporadic process, gender distribution of rights

and likelihood of being sold or mortgaged are expected to differ depending on whether parcels entered the



registry through systematic titling or sporadic self-registration. Block- and year-fixed effects and time
varying data on built area and population density are included as control variables throughout.

Complete registry data from 1981-2019, digitized for this purpose, provide the basis for our analysis. We
divide the city into 1,932 blocks of 250m x 250m each and aggregate the number of parcels registered for
the first time under the project’s systematic process or independently from it (what we refer to as ‘sporadic’
registration) as well as the number of registered sales and mortgages involving a land parcel at block level.
Panel regression analysis for 2000-2019 (using some 40,000 block-year-level observations) is then used
relying on two identification strategies. For short-term effects, we rely on the fact that not all parts of Maseru
were eligible for titling (and to a lesser extent the phased roll-out) and interact the lagged stock of registered
parcels with a reform dummy to obtain a lower bound estimate of the catalytic effects of policy reforms.
To obtain an estimate of longer-term effects on functioning of land and mortgage markets, we use stocks
of parcels registered under the titling program or independently of it and an interaction with the policy

reform dummy with the latter.

We find that impacts differ between program components and evolve over time. A key effect of titling was
to increase levels of registration and women’s ownership in the short term. Regulatory reform and
institutional restructuring then improved the functioning of markets, especially those for mortgages, an
effect that materialized quickly for parcels that had already been registered sporadically but that took longer
time to materialize for parcels that had only just been formalized via the systematic land registration
program. As a result, in the longer-term stocks of systematically and sporadically registered parcels had
significant and positive effects on increasing sales and mortgages, but the magnitude of respective
elasticities remained much larger for parcels that had been registered sporadically. We note that this is
partly due to systematic differences in parcel characteristics that affected parcels’ marketability and thus
their suitability as collateral for loans. Interestingly, we also find that the 2006 legal provisions that allowed
married women to independently own assets alone did not translate into higher levels of female land
ownership and titling increased female land ownership well above what was achieved by regulatory

reforms.

Our findings contribute to three strands of literature. First, a large body of literature assessing short-term
impacts of titling finds no impact of new title issuance in the short term. Our results are consistent with this
but show that (i) regulatory or institutional changes that may be initiated as part of titling programs may,
by affecting the cost of selling or mortgaging parcels registered independently from titling, result in credit
market effects even in the short term; and (ii) the size and significance of credit market effects increase
over time. This suggests that considering the effects of program components separately and expanding the

time horizon for analysis can provide policy relevant insight. As the cost of policy and institutional reforms
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is generally well below that of titling, better understanding of the impacts of each component separately
and their interactions and the determinants of such impacts can have potentially far-reaching implications
for the design and sequencing of titling programs.

Second, most studies of titling programs in developing countries rely predominantly on household survey
data that create challenges for identification of policy effects and, as land transactions are rare events and
information on land rights or encumbrance to them through mortgages may not be shared among household
members, may suffer from reporting error. Our analysis shows that administrative data allow to overcome
these shortcomings and more appropriate analysis of the time profile of titling benefits. As such data can
be generated at very low cost by any land titling program, making them, with proper data protection,
routinely available for analysis including—as a sample frame for follow-up household surveys—is easy

and can offer an opportunity to significantly broaden the knowledge base, build capacity, and inform policy.

Finally, we contribute to the literature on women’s property rights to land in two ways. On the one hand,
we go beyond the literature that has documented clear social empowerment effects from providing women
with documented land rights by showing that, if a functioning registry is in place, empowerment will extend
to the economic sphere and allow greater access to land and financial markets. On the other hand, while the
literature documents the far-reaching impacts of legally empowering women in the long term (Hazan et al.
2019), there is also evidence that, in the short term, changes in land or family law to the same end may have
limited (Linkow 2019) or even adverse (Anderson & Genicot 2015) effects. By showing that far-reaching
legal changes to married women’s property ownership by the Legal Capacity of Married Persons Act
(LCMPA) did not affect their registered co-ownership of real estate but that more specific legislation such
as the presumption of joint ownership for all newly registered property by married couples and procedures
to documenting such rights via titling greatly increased its impact in this respect, our findings suggest that
legal provisions in favor of women are a necessary but not a sufficient condition for actual empowerment.
Global comparisons of women’s rights based on legal analysis might thus usefully be complemented with

indicators on outcomes that can be easily obtained from digital administrative data.

The rest of the paper is organized as follows. Section two places the study within the literature on the multi-
faceted impacts of secure property rights to land and describes legal and administrative reforms and initial
registration activities supported by LARP. Section three discusses data and descriptive evidence and
provides equations for estimating short- and longer-term effects. Results for the different outcome variables,
including those related to gender, are discussed in section four, and section five concludes and offers

implications for policy and research.



2. Background and Program Characteristics

Although land titles that can help provide access to mortgage lending to construct urban floorspace will be
important to make expected increases in Africa’s urbanization productive, most empirical studies find little
evidence of such effects. We note that this may be due to a focus on the short-term and a focus on titling
but not registry operation and discuss how evidence from Lesotho can overcome both these shortcomings.

2.1 Context and relation to the literature

A key tenet in the development literature has been that issuance of formal titles allows land to be used as
collateral for credit, converting an unregistered ‘dead asset’ into ‘live capital’ (de Soto 2000). However,
although significant resources were spent on land titling in developing countries, there is little evidence on
positive impact even in urban areas where the potential benefits from accessing credit will be higher and
the transaction cost of doing so lower than in rural settings. In urban Peru, titling increased formal labor
market participation (Field 2007), human capital investment (Galiani & Schargrodsky 2004), and political
participation (Di Tella et al. 2007) but had no effect on credit (Field & Torero 2006). Credit effects also
failed to materialize in urban land titling programs in Argentina (Galiani & Schargrodsky 2010), Ghana
(Agyei-Holmes et al. 2020) and Benin (Fabbri & Dari-Mattiacci 2021).

While many of the above studies focused on short-term impacts, two factors could explain the widespread
absence of credit effects from titling in the literature. One is that programs overwhelmingly focused on
informal settlements where land markets may be thin and scope for using land as collateral more limited.
The other is that continued high cost of registering any changes after (subsidized) first registration would
result in prohibitive cost of registering mortgages even if banks were willing to accept land titled under
such programs as collateral. High registration fees are the main reason why, even in a well-known program
in Argentina, a decade or more after the original program had ended, almost 80% of cases where ownership

had changed reverted to informality (Galiani & Schargrodsky 2016).:

The importance of affordable fees to sustain the benefits from systematic land registration over time is
supported by evidence from Peru where, in response to political pressure from notaries, a low-cost registry
created specifically for transactions involving systematically titled properties was closed, triggering a
significant return to informality by beneficiaries from this program who no longer could afford high
registration fees (Gutierrez & Molina 2020). The transaction costs of processing loan applications are also

important for lenders: elimination of the need for office visits and payment of informal fees through digital

1 In the case reported by Galiani and Schargrodsky (2016), registering an inter-family transaction cost 27% of property value or more than 7 times
average household income while registering a within-family transfer such as an inheritance or divorce cost about 20% of property value and 5 times
average monthly household income. More circumstantial evidence of high fees leading to ‘deformalization” comes from Jamaica (Barnes & Griffith-
Charles 2007), the Philippines (Maurer & lyer 2008), and—for agricultural land—Rwanda (Ali et al. 2021).
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registry access in the course of registry computerization increased the volume of mortgage lending in urban
India (Deininger & Goyal 2012).

As the cost of registering rights and accessing registry information depends on regulations and institutions,
policy and institutional reforms can ensure that any transactions involving newly registered rights can be
registered at low cost, thereby eliminating potential barriers to sustainability and credit impact. In Lesotho’s

case, LARP-supported reforms comprised three laws and associated implementing regulations.

First, while not the primary focus of our study, the 2006 LCMPA provided the basis for LARP. Before this
law, married women were considered minors who were technically property of their husbands, a status that
prevented them from owning property or land independently. Parallel to the elimination of coverture in the
US in the 1850s that was credited with higher levels of girls” education (Geddes et al. 2012) and a deepening
of financial markets (Hazan et al. 2019), the LCMPA removed the minority status of married women and

the powers a husband previously had over the person and the property of his wife.?

Second, legal reform involved adoption of the 2010 Land Act and the 2010 Land Administration Authority
(LAA) Act and associated regulations, most of which became effective in 2011. The Land Act aimed to (i)
reduce barriers to registering land rights by simplifying procedures, including elimination of the need for
Ministerial consent to register land transactions; (ii) reinforce the rights women had received after the
passage of the LCMPA through a presumption that any property acquired in marriage is jointly owned by
both spouses; and (iii) regulate systematic land titling including by exercising the joint ownership

presumption.

These laws provided the basis for institutional reform,® a main element of which was the establishment of
the LAA as a one-stop shop to register rights to land and obtain reliable information on rights or
encumbrances for any land parcel. A fully digital register and cadaster, designed to be interoperable with
systems by other agencies (e.g., municipalities’ building registers and valuation rolls) was also established
to among others reduce maintenance costs. While these regulatory changes will impact all landowners, the
nature of the associated effects will vary depending on whether land rights had been registered before the

program or were eligible for first registration under LARP’s systematic land titling component.

Building on these above legal reforms, a program of land titling (systematic first registration of rights) was

rolled out over the 2011-2013 period in poor informal settlements corresponding to Maseru’s expansion

2 Until this act was passed, women were considered to be perpetual minors who could contract for or own property only with the assistance of a
guardian, i.e., their father, husband, or husband’s heir. Restrictions removed by the LCMPA related to ability to enter a contract; suing or being
sued; registering immovable property in the woman’s name; acting as an executrix of a deceased’s estate or a director of a company; and binding
herself as surety. See http://www.osall.org.za/docs/2011/03/Lesotho-L egal-Capacity-of-Married-Persons-Act-9-0f-2006.pdf for a copy of the Act.
3 Atotal of 18 regulations pertaining to systematic land titling, planning, surveying, registry operation, and dispute resolution had been drafted and
most had been adopted by 2013.
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area. Figure 1 illustrates the intervention area and the sequencing of the roll-out, by displaying 722 blocks
not eligible for the systematic registration (in white) together with 1,210 blocks eligible for this intervention
comprising 150 blocks (light grey) covered in a 2011 pilot; 29 (dark grey) covered in 2012, and 1,031
(black) blocks treated during the 2013 full roll-out.

To assess the impact of these intervention, we digitized paper records from registry books for transactions
registered before LAA migrated to a functional digital platform, thereby obtaining data on the universe of
registered rights and transactions that occurred in the 1981-2019 period in all of Maseru.* In particular, we
have data on the location, size, the right holders’ gender for all parcels which were registered for the first
time, transferred via sale, or encumbered via a mortgage as well as the year of first time registration and,

for sales or mortgage registrations, the start and end date of registration process.

To create geographical units for analysis, we divide the city into close to 2,000 square blocks of 250m x
250m each and aggregate dependent and independent variables used in the analysis at this level. Appendix
Figure Al illustrates the principle: dashed lines show block boundaries and parcels are assigned colors
depending on whether they were registered sporadically before (purple) or after (brown) the 2010 legal
changes or systematically after 2010 (blue).® Spaces for which no rights are registered remain white. For
illustrative purposes, 2016 building footprints, derived from high-resolution satellite imagery using

machine learning are also displayed.

We use these data to examine four questions. First, at the outcome level, we examine if policy reforms
reduced the cost of registering land rights as intended. While program impacts on the number of registered
rights or women’s land ownership could still materialize, program impacts on activity in land and financial
markets would be implausible without evidence of reforms having reduced registration cost. We use the
actual time required to complete registration of sales or mortgages every month, to measure this and use

regression discontinuity plots to display changes in registration time before and after the reform.

Second, we assess the program’s short-term effects on the number of parcels registered for the first time as
well as sales and mortgages registered, overall and with females as a sole or co-owner. To do so, we use
block-level panel regressions for the period 2007-14 on a matched sample and rely on differences between
eligible and non-eligible blocks as well as the program’s phased roll-out for identification. A placebo test
(for 2003-10) is used to rule out other unobserved factors causing observed effects. Moreover, as estimated
effects are comprised of the two program components, i.e., regulatory and institutional reforms and

systematic titling, we also explore the impact of reforms in interaction with the stock of registered parcels.

4 Such administrative data avoid potentially large sampling and non-sampling errors from trying to obtain reliable information on land transactions
via household surveys or mortgages based on actual transactions rather than expert opinions about “typical” transactions.
5 Parcels that cross block boundaries are assigned to the block containing the parcel centroid.
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Third, we go beyond the short term to identify longer-term program impacts on functioning of land sales
and mortgage markets via the elasticity of such transactions with respect to the stock of registered parcels.
Differentiating between parcels that were registered systematically via the program and those registered
sporadically outside the program and interacting sporadic parcels with a post-reform dummy allows us to
compare between the two types of parcels and recover an estimate of the effect of policy reforms.

Finally, although evidence provided is less rigorous, we ask if women’s legal empowerment through the
2006 LCMPA was on its own a sufficient condition to increase women’s asset ownership or whether
learning, subsequent regulatory reform or free first registration using gender sensitive procedures and
targeted dissemination added to it. We do so by comparing the share of newly registered parcels with at
least one female owner in different time periods using (as in the other regressions) block fixed effects to

control for time invariant locational characteristics.
2.2 Data and descriptive statistics

For panel econometric analysis, we use 2000-2019 as analysis period, a window covering approximately
equal number of years before and after the 2010 legal and institutional changes. We aggregate the annual
number of registered parcels and sales or mortgage transactions by gender for the 250m x 250m blocks as
discussed above. In the absence of time series data on built volume, we use time-varying information on
built area as time varying control variable.® To obtain it, public data from the World Settlement Footprint
Evolution (WSFE) annual time series on built area for the period 1985-2015 at 30x30m resolution was
complemented with a layer on built area in 2019 at 10m resolution made available by the WSFE team.’
Overlaying with the registered parcel layer provides an estimate of built area on registered and non-

registered parcels for each block.

Table 1 summarizes transaction-level variables for the 39-year period (1981-2019) for which data is
available (column 1) and separately the 1981-2010 pre-reform period, split into pre-and post-2000
(columns 2 and 3); the 2011-14 LARP period following passage of the Land Act and establishment of LAA
(column 4); and the 2015-19 post-program period of routine LAA operation (column 5). Detailed statistics

by process of registration and gender are presented in Appendix Table Al.

The number of parcels registered annually increased from 522 in the 2000-10 period to 9,574 in the 2011-
14 period, when systematic registration under LARP was active, before they levelled off at 1,581 in the

2015-19 post-LARP period. While all registrations were sporadic before 2011, about 86 percent of initial

6 Esch et al. (2022) describe the first global dataset providing cross sectional information on built volume at a 90m resolution but time series data
on this variable are not available.

7 Annual time series data from 1985 to 2015 is available from https://doi.org/10.6084/m9.figshare.10048412.v1; data at 10m resolution for 2019
was kindly made available by M. Marconcini and missing annual values (2016-18) interpolated using a cubic spline.
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registrations in 2011-14 were carried out through the systematic approach. Together with pending
registrations that were cleared after LARP formally ended, this brings the total number of systematically
registered plots in Maseru city to 34,422—59 percent of the total. Appendix Figure A2 plots the total
number of newly registered parcels by modality and time. We note a monotonic increase in systematic
registration, with the pace increasing somewhat after 2010. The phases of piloting in 2011 and initial rollout

in 2012, full roll-out in 2013, and post-rollout clean-up thereafter are clearly distinguishable.

Descriptive statistics also point to changes in outcome variables. Sales and mortgages registered annually
increased from 96 and 94 in 2000-10 to 871 and 400 after program completion in 2015-19, respectively.
The share of newly registered parcels that had at least one female co-owner went up from 23 percent in
1981-99 and 40 percent in 200010 to about 85 percent in 2011-14 and 80 percent in 2015-19. Increases
were less pronounced in the share of built-up area overall (from 46.1 to 49.8 percent) and on registered land
(from 6.8 to 22.3 percent) between 2000-10 and 2015-19.

As a first check on the extent to which the 2010 regulatory and institutional reforms may have affected the
transaction cost of registering sales or mortgages, we use the number of days between lodging an application
for registering a sale or mortgage and actual registration of each transaction.® Figure 2 provides regression
discontinuity (RD) plots of this variable for property transfers (panel A) and mortgages (panel B) by month
with January 2011 as the cutoff. In each case, we use a second-order global polynomial for the entire 2001-
2019 period as well as a local linear approach for time windows covering 40 and 20 months on either side
of the cutoff.

In both cases, a discrete break and slope change that coincide with the implementation of legal and
regulatory reforms in 2011 are visible. The shift is more pronounced for registering mortgages that do not
require surveying, something that can be attributed to two factors. On the one hand, sales that do not involve
the transfer of an undivided parcel require the hiring of surveyor to conduct the physical partition in the
field, an activity that was not streamlined via new regulation. Also, while LARP-supported regulations
eliminated the need for Ministerial consent that had often taken 80—100 days for both sales and mortgages,

the effect was proportionately larger for the latter.

Table 2 presents block-level information on pre-program values for outcome and control variables for the
entire sample (col. 2) and the matched sample based on observed block level characteristics before policy
changes as discussed in the next section (col. 3), which is then separated into treatment (col. 4) and control
(col. 5) blocks with and without LARP-supported systematic registration activity. T-tests for equality of

means between treatment and control reported in col. 6 suggest that such equality cannot be rejected at a

8 As fee receipts to measure monetary cost of registering are not available, we focus on the time required to complete registration instead.
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99 percent confidence level for any of the variables listed and at the 90 percent level for only one variable
(number of registered transfers in 2000). For the matched sample, Figure 5 graphs the number of registered
parcels vs. time separately for treatment and control blocks. The value of the test statistic for parallel trends
before the reform is 1.8, well below the critical value for rejection at any conventional level of significance.

3. Short-term effects of the intervention

While we find significant effects of the program on the number of registered parcels with women owners,
effects on mortgage markets are insignificant, in line with the literature. Separating program effects
suggests that, via the stock of registered parcels, policy reforms have an immediate positive effect on

mortgage and sales markets while titling has a negative effect.
3.1 Overall program effects

In a way that replicates the type of analysis in most studies of tilting programs, we use a panel of blocks for
2007-14 to analyze short-term effects of systematic land registration on the number of newly registered
plots with or without a female co-owner and the number of registered transfers or mortgages with or without
a female co-owner for the matched sample. Indexing blocks by i and time by t, the equation to be estimated
iS

Yie = a; + B1Tie + 6Xie + Ac + & (1)

where Y;; is the relevant outcome variable as discussed above; T is a zero-one indicator denoting whether
or not block i had been eligible for the systematic land titling program at t; X;; is a vector of time-varying
covariates including built-up area, population,® and the interaction between the two; «; and A, are vectors
of block and time fixed effects; and ¢;; is an error term. The coefficient of interest, f;, is the difference-

in-differences (DID) estimate of the short-term impact of LARP.

A central assumption for identification is that control and treatment blocks are comparable in relevant
characteristics. Appendix Table A2 suggests this was not the case; in line with LARP’s focus on informal
areas, treatment areas were more densely populated and built but had fewer sporadically registered parcels
and fewer registered sales and mortgages than controls. To address this, we generate a more comparable
sample via propensity score matching using pre-reform values for the share of built area, population density,
distance to the Central Business District (CBD), and flows of initial registrations, transfers, and mortgages

to construct the propensity score. Using 3-nearest-neighbor matching with replacement® to trim

9 We use population data for 2000-19 from the Center for International Earth Science Information Network (CIESIN) gridded population of the
world (version 4) data set with a 1 km spatial and 5-year temporal resolution is used to interpolate annual levels of block-level population density
that are included as a control throughout.

10 Alternative matching models (one-to-one and 5-nearest-neighbors) were considered but 3-nearest-neighbors performed better in terms of the
standardized reduction in bias between the matched and unmatched samples.
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observations from outside the common support leaves us with a total of 1,514 observations—1,073 in the
treated and 441 in the control group.

Table 3 panel A reports estimated short-term effects of the program on the number of parcels registered for
the first time (cols. 1&2); registered sales (cols. 3&4), and mortgages (cols. 5&6). Three findings are
relevant. First, the program resulted in a large increase of registered parcels (coefficient of 9.5), especially
those held jointly by women (8.2), well beyond pre-project means of 0.22 and 0.08 for registered parcels

overall and with female co-ownership.

Second, the program more than doubled the number of registered sales, especially by women (coefficients
of 0.083 and 0.083 compared to pre-project means of 0.054 and 0.02, respectively). Descriptive evidence
is inconsistent with fears of such sales being an indication of women abrogating their rights in favor of male
kin as observed in the context of reforms to inheritance rights in some South Asian contexts or of distress
sales that may be associated with significant land concentration. We run a separate regression for purchases
rather than sales (results not reported) and find that the estimated coefficient in this regression is about
equal in size and significance to that for sales, lending further evidence to the notion that this result is not
driven by forced sales.* Finally, we find no significant effects on the number of registered mortgages, in

line with much of the literature on credit effects from land titling programs.

Results from a placebo test based on data spanning the 2003-2010 instead of 2007-14 and a pseudo program
in 2006 are presented in panel B of table 3. Estimates for g, are not significantly different from zero
throughout and it is important to note that the absolute magnitude of the coefficients of the placebo
treatment are an order of magnitude smaller than the coefficients estimated for the actual treatment

indicator. These results tend to suggest the reliability of our estimates of the impact of the titling program.
3.2 Testing for policy reform effects

The program effect (f,) as estimated above comprises the effect of regulatory and institutional reforms as
well as systematic registration. Regulatory and institutional reforms will affect outcomes via the stock of
registered parcels and through new sporadic registrations. While economy-wide effects of these reforms
are absorbed by time dummies, interacting a policy reforms dummy with the stock of registered parcels
allows capturing one of the elements through which these reforms affect outcomes of interest.*? Formally,
letting P be an indicator for the post-2011 period when the Land Act became effective and LAA was

established, we estimate

11 As information on landowners’ 1Ds was not provided, we are unable to ascertain whether the program was associated with land concentration.
Regression results are not reported but available from the authors upon request.

12 1f the impact of policy changes via new registration is positive, this would thus allows us to obtain an upper bound for the impact of systematic
registration.
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Yie = a; + BTyt + B2Rit—1 + B3P X Rt + 6Xip + A + €4 2)

where, in addition to the variables defined above, R;;_, is the lagged stock of registered parcels. To deal
with potential reverse causality between the stock of registered parcels and registered mortgages or sales,
(2) is estimated using an instrumental variable (1V) fixed effects estimator with the two-year lag of the stock

of registered parcels used as an instrument.

Results from estimating (2) as reported in Table 4 point to three main findings. First, estimated coefficients
on systematic titling (14.66 overall and 12.71 for female co-ownership) are larger than those in Table 3 due
to negative effects of the lagged stock of registered parcels (coefficient of -0.431 overall and -0.376 for
female co-ownership) that are reinforced by policy related effects (coefficients of -0.106 and -0.089,
respectively). In other words, the number of registered parcels converges across blocks and such

convergence is reinforced by policy-induced changes.

Second, for mortgages and sales, policy reforms improved (female) owners’ ability to sell or mortgage land
to which they have registered co-ownership rights. In fact, the coefficient on £ is not statistically significant
for mortgages overall (at 5%) and for sales and mortgages with a female co-owner. In the context of
Lesotho, policy reforms were thus instrumental to translate higher levels of land registration into greater
sales and mortgage market activity. Interestingly, after adjusting for policy and the pre-existing stock of
registered parcels, the estimated coefficients of systematic titling on land sales and mortgages are negative
and significant throughout. Estimates of longer-term sales and credit market effects will be needed to
determine whether this is due to a learning effect or reflects consistently lower levels of marketability of

the parcels targeted by systematic titling during the period of observation.

Finally, to appreciate the magnitudes involved, estimated elasticities of the stock of registered parcels and
its policy interaction at the mean of relevant variables are displayed in the bottom part of Table 4. We note
that, to the extent that it is possible to extrapolate from these, doubling the stock of parcels would be
estimated to more than double registered sales and increase mortgages by 69% with rates slightly lower
(elasticities of 59% and 41%, respectively) for parcels co-owned by females. Between one third of the
increase in registered sales and more than two thirds of the increase in mortgages are policy induced. Larger
estimated effects on mortgage registration can likely be attributed to the fact that registering a mortgage
does not require a survey and that surveying was not affected by policy and institutional reforms as noted

above.
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4. Longer-term effects

For longer-term market effects, evidence point towards positive effects from titling and reform with the
latter particularly pronounced for mortgage markets. Expanding the earlier gender analysis also suggests
that the possibility of married women gaining asset ownership established by the 2006 LCMPA was a
necessary but not sufficient condition for higher levels of (registered) female land ownership compared to
no significant effect of this act on its own, both policy reforms and titling significantly increased levels of

female land ownership.
4.1 Longer-term effects of systematic registration and policy changes

Longer-term effects on land and financial markets could differ from those observed in the short term for
several reasons, including time needed by individuals or institutions to adjust to the changed regulatory and
institutional environment or for recipients of documented rights to learn about the opportunities associated
with such rights. To assess program impacts, separately for titling and policy reforms, we assume that (i)
land sales and mortgage market participations are a function of the lagged stock of registered parcels; (ii)
the likelihood of being subject to a registered (sale or mortgage) transaction may differ between parcels
registered systematically (by the program) and those registered sporadically (outside the program) due to
systematic unobserved differences in parcel- or owner-characteristics; and (iii) regulatory and institutional

reforms affect land sales and mortgage markets functioning by changing associated registration cost.

Formally, let R;; as well as R?;;, RY;; denote the stock of total, sporadic, and systematically registered

parcels in t. Using lagged values for the stock of registered parcels, we estimate

Yi=a;+6,RE_| +0,RL | XP+03R)_, + 68Xy + A + & (3)

where Y;; denotes the number of registered transfers or mortgages; P is an indicator variable for t > 2011
(i.e., registration happened after 2011); X;, are time-varying covariates; «; are block fixed effects; A, are
time fixed effects; and &;; is the error term. Potential endogeneity of sporadic registration due to the

possibility of parcels being registered to facilitate a transfer or mortgage transaction are addressed by

p
it—1

instrumenting R%,_, with its second lag Rf, _,. To interpret coefficients, note that 8, denotes the estimated
impact of sporadic registration in the absence of policy reforms; 65 the estimated impact of systematic
registration which, as all titling happened after 2011, includes the policy reforms effect; and 6, + 6, the
estimated impact of sporadic registration post-2011 so that 6, provides an estimate of the impact realized

via policy reforms.

Results from estimating (3) for registered land sales and mortgages overall (cols. 1 and 3) and for female

co-owners separately (cols. 2 and 4) are reported in Table 5. All coefficients are positive and highly
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significant. This means that increases in the stock of registered parcels—irrespectively of whether they
were due to systematic or sporadic registration—resulted in higher levels of land sales and mortgage market
activity. Moreover, regulatory and institutional reforms independently expanded the scope for transacting
registered parcels in formal land or mortgage markets. To facilitate interpretation, we report elasticities and
their statistical significance evaluated at the means of covariates in the bottom part of Table 5.

Two types of comparison are of interest. First, we can compare the elasticity of sporadic registration
conditional on policy reforms (6,) to that of systematic registration on its own (8s). Doing so suggests that
in the case at hand, the catalytic effect of policy reforms is relatively more important than titling for
operation of mortgage markets while the opposite is true for sales markets. In both cases, policy reforms
are comparatively more important for women’s participation: with elasticities of 0.080 for sales and 0.258
for mortgage registration (0.165 and 0.273 for parcels (co-)owned by women in sales and mortgage

markets), policy-induced effects are important on both counts.

Second, the elasticity of the stock of systematically registered parcels (8s) vs. those sporadically registered
ones (61+6-) post-reforms suggests that the parcels targeted for first registration in informal settlements at
the city’s periphery were less marketable (elasticity of 0.156 vs. 1.09 overall and 0.191 vs. 0.658 for female
co-ownership) or mortgageable (elasticity of 0.071 vs. 0.882 overall and 0.156 vs. 0.667) than those
registered sporadically.

One of the reasons for differences in estimated effects between registration modalities may be attributable
to systematic unobserved differences between parcels (or their owners) who entered the registry through
systematic as compared to sporadic registration. To check if such differences, which might make certain
parcels less marketable or attractive as collateral, may be present, we regress, for registered parcels, a
dummy indicating whether they were registered via a systematic or sporadic process and, for the latter,
whether first registration happened before, during, or after the LARP-supported systematic registration

program was operational, against distance to the central business district (CBD) and parcel area.

Results, displayed in Appendix Table A3, suggest that, overall, sporadically registered parcels are larger
and located more closely to the CBD than those registered systematically. These differences are most
pronounced for parcels registered in the pre-reform period (1981-2009) and much weaker in the period
when systematic titling was conducted. Parcels newly registered post-2015 are indistinguishable from those

included in the systematic titling program in observable attributes.
4.2 Was legal empowerment a sufficient condition for women’s economic participation?

Given strong evidence in support of gender effects of first registration and policy reforms in the above

regressions, it is of interest to explore the extent to which co-ownership by women upon first registration
13



of land rights can be attributed to (i) broad legal changes in the form of the 2006 LCMPA that predated the
reforms analyzed here; (ii) the legal and regulatory reforms supported by LARP (e.g., mandatory joint
registration of conjugal property); or (iii) procedural changes and awareness raising activities associated
with LARP-supported systematic first registration.

To do so, we let Y;; denote the number of parcels with at least one female co-owner newly registered in t
(i.e., a flow rather than a stock variable as in (3)) and G an indicator for the LCMPA having been in effect
by its own (i.e., G=1 for 2006 <t <2011). Letting 7;; and ;} denote the flow of parcels in block i that enter
the registry in year t via either a sporadic or systematic process so that r;; = rif + rft’ is the total number

of parcels registered for the first time in t, we estimate
Yie = @it Y1ty +Yoliy X G+yatyy X P +ysty + 8Xi + A + & 4)

where other variables are as above. Coefficients of interest are estimated impacts of (i) the LCMPA alone
without further regulatory reform (y,); (ii) sporadic registration without regulatory reform (y,); sporadic
registration with the 2006 and 2010 legal and regulatory reforms (y,) and (iii) systematic registration that
builds on the 2006 and 2010 legal and policy reforms (y3).

A surprising result from these regressions, reported in Table 6, is the lack of statistical significance of yo. It
suggests that either women did not become aware of the legal changes until 2010 or that, in the absence of
sector-specific follow-up, the LCMPA alone failed to increase the share of parcels registered first time with
female (co-)owners from the base level of 0.283 (y1). The statistically significant point estimates of 0.232
for y,and 0.866 for y; suggest that policy reforms almost doubled the share of parcels registered for the first
registrations with at least one female owner and that systematic registration increased the marginal
probability of female ownership by a further 35.1% (0.866-(0.283+0.232)), most likely via awareness

raising and standardized gender-sensitive procedures applied in the course of systematic titling.
5. Implications for research and policy

We use a long time series of detailed registry records to analyze the short and the longer-term effects on
the number of parcels registered for the first time as well as registered land sales and mortgages overall and
with at least one registered female owner of a program that combined urban titling with policy reforms (i.e.,

legal and regulatory changes as well as institutional restructuring). Substantively, three findings stand out.

In the short term, we find significant program effects on the number of registered parcels overall and those

with at least one female owner and (less clear-cut) land sales but no effect on mortgages, mirroring results

from the literature. Disaggregation suggests insignificant credit effects comprise a positive impact of policy

changes (in interaction with the stock of registered parcels) together with a negative effect of first
14



registration, consistent with the notion that it is unrealistic to expect land that was just registered to quickly
become mortgageable.

An interesting aspect of our analysis is that it allows us to explore longer-term effects that materialized up
to almost a decade after key legal reforms were enacted. Both first registration and policy reforms made a
significant contribution to improved land and financial market functioning. With elasticities of 0.258 overall
and 0.273 for parcels with female co-owners, policy reforms seem to have had a larger impact on
mortgaging of already registered parcels than titling (elasticities of 0.071 and 0.156) whereas titling seems,
with elasticities of 0.156 and 0.191 vs. 0.079 and 0.165, have more impact on land sales markets than those

arising from policy reforms.

Both policy reforms and systematic registration were instrumental to ensure effectiveness of legal
provisions (through the 2006 LCMPA) that granted married women ownership rights to land and other
assets. Our analysis shows that, while the law on its own had no effect, regulatory and institutional reforms
increased the share of women’s ownership of parcels registered for the first time by 82% (0.232/0.283) and
the systematic registration program added another 68% (0.351/0.515). This suggests that laws empowering
women along will not be enough to rapidly expand female land ownership.

From a policy perspective, the above results imply that (i) expecting land titling to improve land and
financial markets performance without policy reforms may be unrealistic; (ii) registering rights to parcels
far from the center in informal settlements without addressing barriers to first registration of more centrally
located ones as was, for example, done in Argentina (Galiani & Schargrodsky 2010), may forgo large
economic benefits; and (iii) if there is a fixed cost in registry operation that requires a minimum threshold
of transactions to be viable, an exclusive focus of titling on poor and informal households may undermine
longer-term sustainability and a more universal approach with cost recovery may be advisable. This, in fact,

is an area for future research.

Methodologically, we have shown that administrative registry data can be used to derive meaningful
insights not only on the effectiveness of regulatory reform and institutional restructuring but also on the
impact of land registration programs and the channels through which such impacts materialize. As these
data are available routinely in any land registry, it is surprising that no more use has been made of them in
this respect and options to expand their use (including earmarking of project resources to digitize pre-
intervention records or use them to build local analytical capacity) could be explored to redress this and
ascertain the extent to which the type and magnitude of effects identified here are more broadly
representative. Three areas are promising for further research, namely (i) link to rental market; (ii) combine

with time series data on building height; and (iii) use administrative data as a sample frame.
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Table 1: Descriptive Statistics Based on Administrative data

Total 1981-99 2000--10 2011-14 2015-19

No. of leases issued 58,582 6,641 5,739 38,295 7,907
per year 1,502 350 522 9,574 1,581
of which owned solely by males? 0.264 0.766 0.603 0.142 0.208
Sporadic registrations per year 619 350 522 1,304 1,313
Systematic registrations per year 883 8,270 269
Share of residential property 0.892 0.853 0.926 0.888 0.921
No. of transfers per year 210 51 96 456 871
No. of mortgages per year 168 117 94 322 400

Source: LAA land administration database from 2011 and digitization of paper records, 1981-2011.
2 Gender relates to the 94.4 percent of properties registered in the name of natural persons rather than legal entities.
b Share of built-up area is at the block level, and data for the period 1981-99 is not available.
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Table 2: Descriptive Statistics at Block Level

Year Total Matched Sample for Short-Term Effects
Total Treatment Control t-test
No. of parcels 1990 1.35 1.262 1.244 1.280
registered 2000 3.20 3.015 3.184 2.846
2010 5.76 4.834 4.856 4.813
No. of registered 1990 0.040 0.025 0.025 0.024
transfers 2000 0.030 0.017 0.022 0.011 *

2010 0.060 0.051 0.049 0.053
No. of registered 1990 0.097 0.090 0.090 0.090
mortgages 2000 0.011 0.006 0.008 0.004
2010 0.076 0.057 0.042 0.072
Share of total area 1990 0.382 0.440 0.445 0.434
built 2000 0.445 0.511 0.521 0.501
2010 0.476 0.539 0.550 0.527
Population density 1990 954 1,055 971 1,138
(indiv./km?) 2000 1,356 1,499 1,459 1,539
2010 1,570 1,731 1,601 1,770

Number of blocks 1,932 1,514 1.073 441

Sources: LAA land administration database from 2011 and digitization of paper records, 19812011 for parcels, transfers, and
mortgages registered. WSFE for built area; and gridded population of the world v4 (CIESIN) for population density.
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Table 3: Short-term Effects of Systematic Registration, Basic Regression and Placebo Test

Parcels reg. first-time Registered sales Registered mortgages
Total Q own Total Q own Total Q own
Panel A: Regression
Titling dummy 9.538*** 8.283*** 0.081*** 0.083*** 0.028 0.020
(0.350) (0.318) (0.030) (0.019) (0.020) (0.014)
R-squared 0.449 0.454 0.042 0.048 0.018 0.022
Mean dep. var. 0.220 0.083 0.054 0.020 0.043 0.007
SD dep. var. 0.667 0.424 0.256 0.152 0.223 0.083
Panel B: Placebo
Pseudo titling -0.019 -0.002 0.011 0.008 -0.018 -0.000
dummy (0.046) (0.026) (0.015) (0.006) (0.013) (0.004)
R-squared 0.014 0.016 0.004 0.005 0.007 0.000
Mean dep. var. 0.159 0.052 0.036 0.009 0.022 0.006
SD dep. var. 0.532 0.260 0.204 0.095 0.156 0.080

Note: Regressions in panel A are for 2007-2014 with systematic first-time registrations in 2011-14; placebo tests in panel B are
for 2003-10 with a pseud-systematic registration four years earlier; dependent variables are as indicated in the table title. Population
density, share of built-up area of the block, block and year fixed effects, and a constant are included throughout; the coefficients
are not reported. The number of observations (i.e., 250m x 250m blocks) is 12,112 (1,514 for 8 years) in both panels A and B.
Mean and standard deviation for the dependent variable are for the pre-program period. Standard errors are in parentheses. * p<0.10,
** np<0.05, *** p<0.010.
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Table 4: Test for Short-term Policy Effects: IV regression

Parcels reg. first time Registered sales Registered mortgages
Total Q own Total Q own Total Q own
Coefficients
Titling dummy 14.6580*** 12.7108*** -0.1007*** -0.0417** -0.0611*** -0.0291**
(0.275) (0.237) (0.024) (0.018) (0.018) (0.012)
Stock of registered -0.4314*** -0.3760*** 0.0123*** -0.0011 0.0030* 0.0008
parcels (lagged) (0.027) (0.023) (0.002) (0.003) (0.002) (0.002)
Reform # stock of -0.1062*** -0.0890%*** 0.0069*** 0.0161*** 0.0064*** 0.0051**
registered parcels (0.016) (0.014) (0.001) (0.003) (0.001) (0.002)
Elasticities
Total effect (policy=1)  -3.0665*** -3.6534*** 1.0318*** 0.5897*** 0.6871*** 0.4139***
(0.1253) (0.1487) (0.1018) (0.0648) (0.1055) (0.0767)
Direct effect -2.4607*** -2.9543%** 0.6614*** -0.0423 0.2175* 0.0555
(0.1529) (0.1815) (0.1242) (0.1335) (0.1288) (0.1581)
Interaction with policy ~ -0.6058*** -0.6991*** 0.3704*** 0.6320*** 0.4695*** 0.3583**
(0.0912) (0.1082) (0.0741) (0.1201) (0.0768) (0.1422)
Mean dep. var. 0.148 0.045 0.034 0.009 0.027 0.007
SD dep. Var 0.535 0.259 0.204 0.098 0.173 0.083

Note: Units of observation are 250m x 250m blocks in the 2007-2014 period (with systematic first-time registration phased in over
2011-2014) and ‘reform’ denoting regulatory and institutional reforms, i.e., the Land Act and establishment of LAA that were
effective from 2011. The stock of registered parcels is the lagged cumulative number of parcels registered in the name of a women
alone or jointly and its interaction with the policy dummy. Controls include population density, block and year fixed effects, and a
constant are included throughout; the coefficients are not reported. The number of observations throughout is 12,112 (1,514 blocks
per year for 8 years). Mean and standard deviation for the dependent variable are for the pre-program period. Standard errors are
in parentheses. * p<0.10, ** p<0.05, *** p<0.010.
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Table 5: Longer-term Effects on Number of Registered Transfers, Mortgages, and Built-up Area

No. of registered sales No. of registered mortgages
Total Q owner Total Q owner
Coefficients
Systematically, 0.0049*** 0.0040*** 0.0012%*** 0.0015***
reg. parcels 65 (0.000) (0.000) (0.000) (0.000)
Sporadically, 0.0275*** 0.0235*** 0.0104*** 0.0091***
reg. parcels 6, (0.002) (0.003) (0.001) (0.002)
Spor. reg. parcels # 0.0022** 0.0078*** 0.0043%*** 0.0063***
post-2011, 6, (0.001) (0.003) (0.001) (0.002)
Elasticities
Syst. reg. parcels (63) 0.1559*** 0.1910*** 0.0708*** 0.1558***
(0.0123) (0.0162) (0.0155) (0.0221)
Spor. reg. parcels post- 1.0926*** 0.6580*** 0.8821*** 0.6665***
reform (6; + 6,) (0.0369) (0.0242) (0.0417) (0.0309)
Spor. reg. parcels pre- 1.0133*** 0.4933*** 0.6239*** 0.3939***
reform (6,) (0.0575) (0.0616) (0.0650) (0.0787)
Spor. reg. parcels # 0.0793** 0.1647*** 0.2582*** 0.2726***
post-2011, 6, (0.0390) (0.0529) (0.0441) (0.0675)
Mean dep. var. 0.0375 0.0115 0.0278 0.0059
SD dep. Var 0.2118 0.1141 0.1777 0.0775

Note: All regressions are at for 250m x 250m blocks for 2000-19. The dependent variable is the number of registered sales or
mortgages, overall and with female co-owner at block level. Dependent variables (systematically and sporadically registered
parcels) refer to the lagged cumulative number of parcels systematically or sporadically registered and the latter instrumented by
its two-period lagged value as discussed in the text. Population density, share of built-up area of the block, block and year fixed
effects, and a constant are included throughout; the coefficients are not reported. The number of observations is 30,280 (1,514
blocks annually for 20 years) throughout. Mean and standard deviation for the dependent variable are for the pre-program period.
Elasticities are calculated at mean values. Standard errors are in parentheses. * p<0.10, ** p<0.05, *** p<0.010.
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Table 6: Longer-term Effects on Number of Parcels Registered Initially with One or More Female Co-owners

Naive With Policy Reforms
Regression
2006 only 2006 and 2011
Sporadically reg. parcels # post-2006 & pre-2011, (y,) 0.100
(0.063)
Sporadically reg. parcels (y;) 0.490*** 0.288*** 0.283***
(0.064) (0.027) (0.026)
Sporadically reg. parcels # post-2011, y,) 0.232***
(0.080)
Systematically reg. parcels (y3) 0.865*** 0.866*** 0.866***
(0.004) (0.004) (0.004)
Sporadically reg. parcels # post-2006 (y,) 0.215***
(0.070)
R-squared 0.972 0.973 0.973

Note: All regressions are for 30,280 (1,514 blocks over 20 years) 250m x 250m blocks for 2000-19. The dependent variable is the
number of parcels registered for the first time with a female co-owner in the relevant year. Population density, share of built-up
area, block and year fixed effects, and a constant are included throughout with coefficients not reported. Standard errors are in
parentheses. Standard errors are in parentheses. * p<0.10, ** p<0.05, *** p<0.010.
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Figure 1:

Location of Blocks for Sporadic and Systematic Registration
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Figure2: Discontinuity of Mean Monthly Time Required for Registering Sales or Mortgages

Panel A: Land sales
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Figure 3: Initial Registrations by Year, Treatment and Control, 2000-14
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Note: Sample is matched. The F-statistic for the test of the hypothesis of no parallel trends pre-reform is 1.80 with a p value of
0.180.
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Appendix: Supplementary Tables and Figures
Table Al: Descriptive Statistics Based on Administrative Data, 1981-2019

Total 1981-99 2000-10 2011-14 2015-19
Initial registration
No. of leases issued 58,582 6,641 5,739 38,295 7,907
per year 1,502 350 522 9,574 1,581
Plot area (m?) 1,060 1,494 993 975 1,173
Sporadic 24,160 6,641 5,739 5,217 6,563
Systematic 34,422 33,078 1,344
Sporadic/year 619 350 522 1,304 1,313
Systematic/year 883 8,270 269
Approach and land use type
Sporadic registration 0.412 1.000 1.000 0.136 0.830
Systematic registration 0.588 0.000 0.000 0.864 0.170
Residential land 0.892 0.853 0.926 0.888 0.921
Commercial land 0.046 0.115 0.054 0.035 0.034
Agricultural land 0.002 0.001 0.001 0.001 0.013
Other Use 0.059 0.030 0.019 0.076 0.032
Subject of registration
Ownership male/female joint 0.399 0.002 0.088 0.522 0.365
of which systematic reg. 0.777 0.000 0.000 0.875 0.235
Ownership by females only 0.303 0.215 0.291 0.324 0.282
of which systematic reg. 0.633 0.000 0.000 0.874 0.174
Ownership by males only 0.251 0.709 0.577 0.140 0.170
of which systematic reg. 0.322 0.000 0.000 0.847 0.151
Ownership by companies or others 0.046 0.074 0.044 0.014 0.182
of which systematic reg. 0.101 0.000 0.000 0.362 0.051
Transfers
No. of transfers 8,204 972 1,054 1,823 4,355
per year 210 51 96 456 871
Transferred by male owners 0.384 0.614 0.663 0.341 0.283
Transferred by female owners 0.309 0.180 0.279 0.325 0.338
Transferred by males/female jointly 0.263 0.002 0.010 0.314 0.361
Transferred by companies 0.044 0.204 0.047 0.019 0.018
Days to get consent 93 190 382 63 28
Days to complete registration 120 160 146 121 104
Days since approval of consent 77 85 74 73 77
Purchase price (US$)? 11,394 13,335 15,388 12,231 9,701
Plot area (m?) 1,005 1,204 1,385 920 907
Price (US$/ m?) 15 15 17 15 14
Mortgages
No. of registered mortgages 6,542 2,227 1,030 1,287 1,998
per year 168 117 94 322 400
Mortgage value (US $) 51,573 37,372 61,504 71,221 49,620
Plots reg. to male owners 0.529 0.732 0.680 0.429 0.296
mortgage value (US $) 42,626 31,279 44,819 65,802 49,338
Plots reg. to female owners 0.209 0.175 0.209 0.230 0.234
mortgage value (US $) 37,447 21,333 40,828 51,075 40,520
Plots reg. by males & female jointly 0.183 0.009 0.042 0.262 0.395
mortgage value (US $) 41,917 19,975 38,449 45,454 41,130
Plots reg. by companies 0.078 0.085 0.070 0.078 0.075
mortgage value (US $) 175,531 131,375 279,546 250,753 131,479
Days for registration process 69 136 79 22 20
Days to get ministerial consent 93 99 78

Source: LAA, land administration database and digitized records, 2020.
aNote that because the number of observations for purchase price and price per unit of land differ slightly due to missing plot area,
unit prices cannot be computed from the mean values.
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Table A2: Descriptive Statistics at Block Level: Full Sample

1990 2000 2010 2015 2019
Panel A: Total
Parcels reg. sporadically # 13 3.0 6.0 9.0 11.0
Area parcels reg. sporadic m? 2,223 4516 6,915 9,730 11,883
Parcels reg. syst. # 16 17
Area reg. syst. m? 15,349 15,554
No. reg. sales annually 0.04 0.03 0.06 0.34 0.34
No. reg. mortgages annually 0.10 0.01 0.08 0.19 0.16
Share of built-up reg. area NA 0.05 0.08 0.24 0.20
Population density indiv/km? 954 1,356 1,570 1,722 1,847
Panel B: Treatment (systematic & sporadic)
Parcels reg. sporadically # 1.2 3.0 5.0 7.0 9.0
Area parcels reg. sporadic m? 1,896 4,202 5,854 7,896 9,448
Parcels reg. syst. # 25 25
Area reg. syst. m? 23,358 23,637
No. reg. sales annually 0.03 0.02 0.05 0.33 0.30
No. reg. mortgages annually 0.09 0.01 0.04 0.19 0.12
Share of built-up reg. area NA 0.05 0.08 0.30 0.24
Population density indiv/km? 1,042 1,562 1,809 1,984 2,129
Panel C: Control (sporadic only)
Parcels reg. sporadically # 1.6 3.0 8.0 11.0 14.0
Area parcels reg. sporadic m? 2,771 5,041 8,694 12,803 15,965
Parcels reg. syst. # - 2 2
Area reg. syst. m? 1,926 2,009
No. reg. sales annually 0.06 0.04 0.08 0.36 0.40
No. reg. mortgages annually 0.11 0.02 0.14 0.20 0.24
Share of built-up reg. area NA 0.06 0.09 0.14 0.12
Population density indiv/km? 794 1,011 1,170 1,282 1,375

Sources: LAA land administration database from 2011 and digitization of paper records, 1981-2011 for parcels, transfers, and
mortgages registered. WSFE for built area; and Gridded Population of the World v4 (CIESIN) for population density.
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Table A3: Registration Modality and Parcel Characteristics

Systematic Sporadic Sporadic
Total Total 1981-2009 2010-14 2015-19
Ln CBD distance (m) 0.137* -0.216*** -0.179*** -0.0896* 0.132**
(0.0733) (0.0771) (0.0665) (0.0512) (0.0516)
Ln parcel area (m?) -0.0138*** 0.0251*** 0.0503*** -0.00183 -0.0347***
(0.00297) (0.00312) (0.00269) (0.00208) (0.00209)
Mean dep. var. 0.604 0.397 0.209 0.0832 0.104

Note: Regression is at parcel level for the 53,432 parcels that passed quality control procedures for inclusion in the cadaster; the
dependent variable is a dummy of whether the parcel was first registered by a systematic or a sporadic process. Block fixed
effects and constant are included throughout but not reported. Standard errors are in parentheses.
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Figure A2: Cumulative Number of Registered Parcels by Year

100000 -
, -
rs
80000 pra
’
/

/

1

. 60000 |
Q@

ia! I

£ |

= 1

< 40000 - I

I

1

/J

4
20000 - /
0 -
L rr | I L —r T 1
1980 1990 2000 2010 2020
Year
Sporadic Systematic

Total

29



References

Agarwal, B., 1994. A Field of One's Own: Gender and Land Rights in South Asia. South Asian Studies. Cambridge; New York
and Melbourne: Cambridge University Press.

Agarwal, S., Koo, K.M., Sing, T.F., 2015. Impact of Electronic Road Pricing on Real Estate Prices in Singapore. Journal of
Urban Economics 90, 50-59

Agyei-Holmes, A., Buehren, N., Goldstein, M., Osei, R., Osei-Akoto, I., Udry, C., 2020. The Effects of Land Title Registration
on Tenure Security, Investment and the Allocation of Productive Resources. The World Bank, Washington, DC.

Anhlfeldt, G., Koutroumpis, P., Valletti, T., 2017. Speed 2.0: Evaluating Access to Universal Digital Highways. Journal of the
European Economic Association 15, 586-625

Ahlfeldt, G.M., Redding, S.J., Sturm, D.M., Wolf, N., 2015. The Economics of Density: Evidence from the Berlin Wall.
Econometrica 83, 2127-2189

Ali, D.A., Collin, M., Deininger, K., Dercon, S., Sandefur, J., Zeitlin, A., 2016. Small Price Incentives Increase Women's Access
to Land Titles in Tanzania. Journal of Development Economics 123, 107-122

Ali, D.A., Deininger, K., Duponchel, M., 2017. New Ways to Assess and Enhance Land Registry Sustainability: Evidence from
Rwanda. World Development 99, 377-394

Ali, D.A., Deininger, K., Goldstein, M., 2014. Environmental and gender impacts of land tenure regularization in Africa: Pilot
evidence from Rwanda. Journal of Development Economics 110, 262-275

Ali, D.A., Deininger, K., Mahofa, G., Nyakulama, R., 2021. Sustaining land registration benefits by addressing the challenges of
reversion to informality in Rwanda. Land Use Policy 110, 104317

Anderson, S., Genicot, G., 2015. Suicide and Property Rights in India. Journal of Development Economics 114, 64-78
Arnott, R.J., Stiglitz, J.E., 1981. Aggregate Land Rents and Aggregate Transport Costs. Economic Journal 91, 331-347

Balan, P., Bergeron, A., Tourek, G., Weigel, J., 2020. Land Formalization in Weak States: Experimental Evidence from Urban
Property Titling in the D.R. Congo. Harvard University, Cambridge, MA

Balboni, C., Bryan, G., Morten, M., Siddiqi, B., 2021. Could Gentrification Stop the Poor from Benefiting from Urban
Improvements? AEA Papers and Proceedings 111, 532-537

Baruah, N.G., Henderson, J.V., Peng, C., 2021. Colonial Legacies: Shaping African Cities. Journal of Economic Geography 21,
29-65

Ben-Shahar, D., Golan, R., 2019. Improved information shock and price dispersion: A natural experiment in the housing market.
Journal of Urban Economics 112, 70-84

Bernstein, A., Gustafson, M.T., Lewis, R., 2019. Disaster on the horizon: The price effect of sea level rise. Journal of Financial
Economics 134, 253-272

Besley, T., 2020. State Capacity, Reciprocity, and the Social Contract. Econometrica 88, 1307-1335
Besley, T., Persson, T., 2014. Why Do Developing Countries Tax So Little? Journal of Economic Perspectives 28, 99-120

Best, M.C., Kleven, H.J., 2018. Housing Market Responses to Transaction Taxes: Evidence From Notches and Stimulus in the
U.K. Review of Economic Studies 85, 157-193

Blochliger, H., Hilber, C., Schoni, O., von Ehrlich, M., 2017. Local taxation, land use regulation, and land use: A survey of the
evidence. OECD Publishing, OECD Economics Department Working Papers: 1375

Bonnet, O., Chapelle, G., Trannoy, A., Wasmer, E., 2021. Land Is Back, It Should Be Taxed, It Can Be Taxed. European
Economic Review 134

Brandily, P., Rauch, F., 2020. Within-city roads and urban growh. London School of Economics, London

Chaudhary, L., Swamy, A.V., 2020. A Policy of Credit Disruption: The Punjab Land Alienation Act of 1900. Economic History
Review 73, 134-158

Choudhary, M.A,, Jain, A.K., 2020. How public information affects asymmetrically informed lenders: Evidence from a credit
registry reform. Journal of Development Economics 143, 102407

Cohen, J.P., Barr, J., Kim, E., 2021. Storm Surges, Informational Shocks, and the Price of Urban Real Estate: An Application to
the Case of Hurricane Sandy. Regional Science and Urban Economics 90

Collier, P., 2017. African Urbanization: An Analytic Policy Guide. Oxford Review of Economic Policy 33, 405-437

Collier, P., Glaeser, E., Venables, A.J., Manwaring, P., Blake, M., 2017. Land and property taxes for municipal finance.
International Growth Center, London

30



Coury, M., Kitagawa, T., Shertzer, A., Turner, M., 2021. The Value of Piped Water and Sewers: Evidence from 19th Century
Chicago. National Bureau of Economic Research Working Paper 29718, Cambridge, MA

d'Arcy, M., Nistotskaya, M., Olsson, O., 2021. Land Property Rights, Cadasters and Economic Growth: A Cross-Country Panel
1000-2015 CE. University of Gothenburg, Gothenburg

de Soto, H., 2000. The Mystery of Capital: Why Capitalism Triumphs in the West and Fails Everywhere else. New York: Basic
Books.

Deininger, K., Ali, D.A., Holden, S., Zevenbergen, J., 2008. Rural Land Certification in Ethiopia: Process, Initial Impact, and
Implications for Other African Countries. World Development 36, 1786-1812

Deininger, K., Castagnini, R., 2006. Incidence and Impact of Land Conflict in Uganda. Journal of Economic Behavior &
Organization 60, 321-345

Deininger, K., Goyal, A., 2012. Going digital: Credict effects of land registry computerization in India. Journal of Development
Economics 99, 236-243

Deininger, K., Goyal, A., Nagarajan, H.K., 2013. Women's inheritance rights and intergenerational transmission of resources in
India. Journal of Human Resources 48, 114-141

Deininger, K., Xia, F., Kilic, T., Moylan, H., 2021. Investment impacts of gendered land rights in customary tenure systems:
Substantive and methodological insights from Malawi. World Development 147, 105654

Devijlder, N., Schoors, K., 2020. Land Rights, Local Financial Development and Industrial Activity: Evidence from Flanders
(Nineteenth-Early Twentieth Century). Cliometrica 14, 507-550

Di Tella, R., Galiani, S., Schargrodsky, E., 2007. The Formation of Beliefs: Evidence from the Allocation of Land Titles to
Squatters. Quarterly Journal of Economics 122, 209-241

Dillon, B., Voena, A., 2018. Widows' Land Rights and Agricultural Investment. Journal of Development Economics 135, 449-
460

Dippel, C., Feir, D., Leonard, B., Roark, M., 2021. Secured Transactions Laws and Economic Development on American Indian
Reservations. AEA Papers & Proceedings 111, 248-252

Dippel, C., Frye, D., Leonard, B., 2020. Property Rights without Transfer Rights: A Study of Indian Land Allotment. National
Bureau of Economic Research, Inc, NBER Working Papers: 27479

Du, R., Zheng, S., 2020. Agglomeration, housing affordability, and new firm formation: The role of subway network. Journal of
Housing Economics 48, 101668

Duranton, G., Puga, D., 2020. The Economics of Urban Density. Journal of Economic Perspectives 34, 3-26

Ermini, B., Santolini, R., 2017. Urban Sprawl and Property Tax of a City's Core and Suburbs: Evidence from Italy. Regional
Studies 51, 1374-1386

Esch, T., Brzoska, E., Dech, S., Leutner, B., Palacios-Lopez, D., Metz-Marconcini, A., Marconcini, M., Roth, A., Zeidler, J.,
2022. World Settlement Footprint 3D - A first three-dimensional survey of the global building stock. Remote Sensing
of Environment 270, 112877

Fabbri, M., Dari-Mattiacci, G., 2021. The Virtuous Cycle of Property. The Review of Economics and Statistics 103, 413-427

Fenske, J., 2011. Land tenure and investment incentives: Evidence from West Africa. Journal of Development Economics 95,
137-156

Field, E., 2007. Entitled to Work: Urban Property Rights and Labor Supply in Peru. Quarterly Journal of Economics 122, 1561-
1602

Field, E., Torero, M., 2006. Do Property Titles Increase Credit Access Among the Urban Poor? Evidence from a Nationwide
Titling Program. Torero M (Ed.)

Galiani, S., Schargrodsky, E., 2004. Effects of Land Titling on Child Health. Economics and Human Biology 2, 353-372
Galiani, S., Schargrodsky, E., 2010. Property rights for the poor: Effects of land titling. Journal of Public Economics 94, 700-729
Galiani, S., Schargrodsky, E., 2016a. The Deregularization of Land Titles. Man & the Economy 3, 169-188

Galiani, S., Schargrodsky, E., 2016b. The Deregularization of Land Titles. National Bureau of Economic Research, Inc, NBER
Working Papers: 22482

Gechter, M., Tsivanidis, N., 2020. Spatial Spillovers from Urban Renewal: Evidence from the Mumbai Mills Redevelopment.
University of California, Berkeley, CA

Geddes, R., Lueck, D., Tennyson, S., 2012. Human Capital Accumulation and the Expansion of Women's Economic Rights.
Journal of Law and Economics 55, 839-867

Glaeser, E., Huang, W., Ma, Y., Shleifer, A., 2017. A Real Estate Boom with Chinese Characteristics. Journal of Economic
Perspectives 31, 93-116

31



Gonzalez-Navarro, M., Quintana-Domeque, C., 2016. Paving Streets for the Poor: Experimental Analysis of Infrastructure
Effects. Review of Economics and Statistics 98, 254-267

Gutierrez, 1.A., Molina, O., 2020. Reverting to Informality: Unregistered Property Transactions and the Erosion of the Titling
Reform in Peru. Economic Development & Cultural Change 69, 317-334

Harari, M., 2019. Women's Inheritance Rights and Bargaining Power: Evidence from Kenya. Economic Development and
Cultural Change 68, 189-238

Hazan, M., Weiss, D., Zoabi, H., 2019. Women's Liberation as a Financial Innovation. Journal of Finance 74, 2915-2956

Heblich, S., Redding, S.J., Sturm, D.M., 2020. The Making of the Modern Metropolis: Evidence from London. Quarterly Journal
of Economics 135, 2059-2133

Henderson, J.V., Regan, T., Venables, A.J., 2021. Building the City: From Slums to a Modern Metropolis. The Review of
Economic Studies 88, 1157-1192

Henderson, J.V., Turner, M.A., 2020. Urbanization in the Developing World: Too Early or Too Slow? Journal of Economic
Perspectives 34, 150-173

Hilber, C.A.L., Vermeulen, W., 2016. The Impact of Supply Constraints on House Prices in England. Economic Journal 126,
358-405

Holden, S.T., Tilahun, M., 2020. Farm Size and Gender Distribution of Land: Evidence from Ethiopian Land Registry Data.
World Development 130

Hsiao, 2021. Rising sea levels: Adaptation and urban development in Jakarta. University of Chicago, Chicago

Kalkuhl, M., Edenhofer, O., 2017. Ramsey Meets Thunen: The Impact of Land Taxes on Economic Development and Land
Conservation. International Tax and Public Finance 24, 350-380

Knoll, K., Schularick, M., Steger, T., 2017. No Price Like Home: Global House Prices, 1870-2012. American Economic Review
107, 331-353

Kresch, E.P., Walker, M., Best, M.C., Gerard, F., Naritomi, J., 2023. Sanitation and property tax compliance: Analyzing the
social contract in Brazil. Journal of Development Economics 160, 102954

Kumar, N., Quisumbing, A., 2012. Inheritance Practices and Gender Differences in Poverty and Well-Being in Rural Ethiopia.
Development Policy Review 30, 573-595

Lawry, S., Samii, C., Hall, R., Leopold, A., Hornby, D., Mtero, F., 2016. The impact of land property rights interventions on
investment and agricultural productivity in developing countries: a systematic review. Journal of Development
Effectiveness, 1-21

Leonard, B., Parker, D.P., 2021. Fragmented Ownership and Natural Resource Use: Evidence from the Bakken. The Economic
Journal 131, 1215-1249

Lyu, X., 2022. Car restriction policies and housing markets. Journal of Development Economics 156, 102850

Manara, M., Regan, T., 2021. Eliciting demand for a publicly provided good from community leaders: Evidence from an RCT
with title deeds in urban Tanzania. University of Oxford, Oxford

Menon, N., van der Meulen Rodgers, Y., Kennedy, A.R., 2017. Land Reform and Welfare in Vietnam: Why Gender of the Land-
Rights Holder Matters. Journal of International Development 29, 454-472

Menon, N., van der Meulen Rodgers, Y., Nguyen, H., 2014. Women's Land Rights and Children's Human Capital in Vietnam.
World Development 54, 18-31

Michaels, G., Nigmatulina, D., Rauch, F., Regan, T., Baruah, N., Dahlstrand, A., 2021. Planning Ahead for Better
Neighborhoods: Long-Run Evidence from Tanzania. Journal of Political Economy 129, 2112-2156

Nakamura, S., Avner, P., 2021. Spatial distributions of job accessibility, housing rents, and poverty: The case of Nairobi. Journal
of Housing Economics 51, 101743

Newman, C., Tarp, F., van den Broeck, K., 2015. Property Rights and Productivity: The Case of Joint Land Titling in Vietnam.
91, 91-105

Nkurunziza, 2015. Implementing and sustaining land tenure regularization in Rwanda. In: Hilhorst T & Meunier F (eds.) How
Innovations in Land Administration Reform Improve on ‘Doing Business’ World Bank, Washington DC, pp. 10-20.

Nolte, C., 2020. High-resolution land value maps reveal underestimation of conservation costs in the United States. Proceedings
of the National Academy of Sciences 117, 29577-29583

Norregaard, J., 2013. Taxing Immovable Property Revenue Potential and Implementation Challenges. pp. 43-43. International
Monetary Fund, IMF Working Papers: 13/129

Oates, W.E., Schwab, R.M., 1997. The Impact of Urban Land Taxation: The Pittsburgh Experience. National Tax Journal 50, 1-
21

32



Peralta Quiros, T., Kerzhner, T., Avner, P., 2019. Exploring Accessibility to Employment Opportunities in African Cities : A
First Benchmark. The World Bank, Policy Research Working Paper Series: 8971

Peterman, A., 2012. Widowhood and Asset Inheritance in Sub-Saharan Africa: Empirical Evidence from 15 Countries.
Development Policy Review 30, 543-571

Presbitero, A.F., Sacchi, A., Zazzaro, A., 2014. Property Tax and Fiscal Discipline in OECD Countries. Economics Letters 124,
428-433

Qin, Y., Zhu, H., Zhu, R., 2016. Changes in the Distribution of Land Prices in Urban China during 2007-2012. Regional Science
and Urban Economics 57, 77-90

Rajan, R., Ramcharan, R., 2011. Land and Credit: A Study of the Political Economy of Banking in the United States in the Early
20th Century. The journal of finance 66, 1895-1931

Rajan, R., Ramcharan, R., 2015. The Anatomy of a Credit Crisis: The Boom and Bust in Farm Land Prices in the United States in
the 1920s. American Economic Review 105, 1439-1477

Roche, M.P., 2020. Taking Innovation to the Streets: Microgeography, Physical Structure, and Innovation. Review of Economics
and Statistics 102, 912-928

Rosenthal, S.S., Strange, W.C., 2020. How Close Is Close? The Spatial Reach of Agglomeration Economies. Journal of
Economic Perspectives 34, 27-49

Rosenthal, S.S., Strange, W.C., Urrego, J.A., 2022. JUE insight: Are city centers losing their appeal? Commercial real estate,
urban spatial structure, and COVID-19. Journal of Urban Economics 127, N.PAG-N.PAG

Schwerhoff, G., Edenhofer, O., Fleurbaey, M., 2020. Taxation of Economic Rents. Journal of Economic Surveys 34, 398-423

Segu, M., 2020. The impact of taxing vacancy on housing markets: Evidence from France. Journal of Public Economics 185,
104079

Smolka, M., Biderman, C., 2012. Housing Informality: An Economist's Perspective on Urban Planning. In: Brooks N, Donaghy
K & Knaap GJ (eds.) The Oxford Handbook on Urban Economics and Planning. Oxford University Press, Oxford.

Song, Y., Zenou, Y., 2006. Property Tax and Urban Sprawl: Theory and Implications for US Cities. Journal of Urban Economics
60, 519-534

Suesse, M., Wolf, N., 2020. Rural transformation, inequality, and the origins of microfinance. Journal of Development
Economics 143, 102429

Tang, C.K., 2021. The Cost of Traffic: Evidence from the London Congestion Charge. Journal of Urban Economics 121, 103302

Tsivanidis, N., 2021. Evaluating the Impact of Urban Transit Infrastructure: Evidence from Bogota’s TransMilenio. University of
California, Berkeley

Venables, A.J., 2017. Breaking into tradables: Urban form and urban function in a developing city. Journal of Urban Economics
98, 88-97

Wang, S.-Y., 2014. Property Rights and Intra-household Bargaining. Journal of Development Economics 107, 192-201

Weigel, J.L., 2020. The Participation Dividend of Taxation: How Citizens in Congo Engage More with the State When it Tries to
Tax Them*. The Quarterly Journal of Economics 135, 1849-1903

Zarate, R.D., 2022. Spatial Misallocation, Informality, and Transit Improvements: Evidence from Mexico City. University of
California, Berkeley, CA

Zegarra, L.F., 2017. Usury laws and private credit in Lima, Peru. Evidence from notarized records. Explorations in Economic
History 65, 68-93

33



