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ABSTRACT

We perform a time series analysis of the intra-urban spatial dis-
tribution and the long-term dynamics of land prices in Bogotd.
We build a tractable database from a public information soutce,
by spatially and non-spatially clustering zones into general com-
ponents following their own statistical distribution. The method
tries to diminish the effect of the Unit Areal Selection Problem.
We compare the performance of the corrected and non-corrected
time-series in different estimation exercises. The time-series
exercises detect the effect of macroeconomic policy and plan-
ning conditions on the land prices during the period 1960-2010.
Granger causality results suggest that the Colombian GDP is a
strong determinant of the prices, while the real exchange rate is
weakly related. Three sub-periods were used to perform alter-
native estimation exercises: developmental period (1960-1973),
developmental with incentive to construction industry (UPAC)
(1974-1990), and the neoliberal period (1991-2010).

Keywords: Land Price, Land Market, Time Series, Bogota,
Spatial Analysis

Clasificaciéon JEL: R14, R52, R30

RESUMEN

Se realiza un andlisis de series temporales de la distribucién es-
pacial intraurbana y la dindmica a largo plazo de los precios de la
tierra en Bogotd. Se usa una base de datos manejable a partir de
una fuente de informacién publica, por medio de un agrupamiento
espacial y no-espacial por zonas, siguiendo su propia distribucién
estadfstica. El método intenta disminuir el efecto del problema de
Seleccién de Unidades de Area. Comparamos el desempefio de las
series temporales corregidas y no corregidas en diferentes ejercicios
de estimacién. Los ejercicios de series de tiempo detectan el efecto
de la politica macroeconémica y las condiciones de planificacién
sobre los precios de la tierra durante el periodo 1960-2010. Los
resultados de causalidad de Granger sugieren que el PIB colom-
biano es un fuerte determinante de los precios, mientras que el
tipo de cambio real estd débilmente relacionado. Se utilizaron tres
sub-periodos para realizar ejercicios de estimacién alternativos:
periodo desarrollista (1960-1973), desarrollista con incentivo a
la industria de la construccién (UPAC) (1974-1990) y periodo
neoliberal (1991-2010).

Keywords: Precios de la tierra, Mercado de la tierra, Series de
tiempo, Bogotd, Analisis espacial
Clasificacién JEL: R14, R52, R30
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1. INTRODUCTION

Land supply is perfectly inelastic, which causes land rents to have a
long term land prices growth trend (Needham, 2000). Long term time
series analysis offers a valuable tool to detect the impact on such prices
of macroeconomic conditions, policy options and planning regimes.

Long term series analyses of land prices are scarce in the acade-
mic literature, being more common the analyses about housing and
sometimes commercial built environment, prices and rentals. For
example, the Case-Shiller (Case, 2006) repeated sales monthly index
of housing prices.

Davis and Heathcote (2007) produced a long term residential land
prices series for the USA. These authors use the series to assess the
impact of urban regulation on prices and conclude that regulation
increased land prices, while suburban expansion has decreased them.
Unfortunately, this type of analysis ignores the Unit Areal Problem,
because of not weighting the fact that recent suburban areas have in
fact increased the price while making the rural to urban transition
(Wong, 2009).

In developing countries, land prices research has prioritized cross-
section analyses because of lack of available historical information®.
However, these are fast growing cities with a rapidly evolving urban
periphery, consequently, the Unit Area Problem can be severe in
long term analyses.

This paper focuses on the long-term spatial evolution (1960-2010)
of land prices in Bogota, the largest Colombian city and an important
Latin American metropolis. The main research objective of the present
paper is to produce spatially and not spatially controlled land prices
time series, which are then used to assess the temporal evolution
of the prices. We propose a correction strategy where a “core” zone

! Remarkable exceptions have been Cesa-bianchi et al. (2015) who use a
1990-2015 time series analysis for both emerging and developed economies;
Hossein, M. & M. Helbich (2013) for Mumbai in the period 1970-2013; and
Navarro (2013), who uses housing market 1997-2008 panel per cities in Co-
lombia and Bolivia.
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collects neighbouring zones prices through a time-series chaining
process that maintains the distribution of its errors.

We use three time-series to perform analysis of the impact of
macroeconomic and policy variables on the prices: median, fitted
and spatially fitted. The policies range from being developmental
(1960-1973), to a still developmental but focused on incentives
to the construction industry (1974-1990); and finally, a neoliberal
period (1991-2010), which surprisingly has increased the use and
enforcement of urban planning (Alfonso, 2012; Garza, 2016).

The results show that prices growth was beyond what predicted
by GDP and Real Exchange Rate during the UPAC period 1974-1990,
most likely because of being a macroeconomic policy that incenti-
vised housing tenure via an inflation-indexed financial mechanism.
The effect of the neoliberal period 1991-2010 is not clear; it had two
urban master plans, and during the master plan 1989-1999 there was
higher price growth, but slower during 2000-2010.

The paper detects a theoretically predicted long-term land prices
growth as a function of economic development, a benchmark rela-
tionship that has not been addressed with a long term perspective
in the literature about urban markets and planning in developing
countries. The benchmark relationship allows us to consider the effect
of policy changes, beyond the currently predominant cross-section or
short period analyses on land prices and policy (McLaughlin, 2012).

The paper is divided in five sections, the first one being this intro-
duction. Section two presents the methodology to produce comparable
land prices series using a spatial and non-spatial component grouping
procedure. In the third section, the methodology is exemplified by
using the land use type: Commercial Central Zones. The fourth sec-
tion introduces the case of Bogota and the general land prices source
of information. In the fifth section we perform time-series tests to
determine the macroeconomic benchmark model, which is used to
test the impact of period dummies for both macroeconomic regimes
and master plans. Conclusions are in the sixth section.
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2. METHODOLOGY

We use the Lonja de Propiedad Raiz (Real Estate Association of the
City) reports, published in 1988, 1994, and yearly from there on-
wards. These show information for 114 zones in 2010, an increase
from 68 in 1960. These zones have been added to the reports, ac-
cording to changing urban development patterns during the entire
period, but we will try to correct the implicit Spatial Unit Areal
Problem (SUAP) of this information source.

The SUAP can be defined as the relative price change in an average
(or median) land price series due to incorporation of new areas into
urban use, but not to the price growth of the individual zones. For
example, the incorporation of formerly rural hinterlands into the
average land price series for a large city can moderate the average
resulting of its fully consolidated central zones. However, the actual
price might (most likely) have grown in all of the suburban and central
zones alike, and the simple average price series would be a misleading
source of information about the real estate dynamics.

We intend to correct the SUAP using a spatial chain selection
method, which improves the accuracy of the assembled time series when
including new zones into the analysis. Formally speaking, if we consider
each zone 7 in each year 7 as a function of its own past 7 realizations:

Vi =S ()

Mean values for zones per uses, large spatial sections, or for the
entire city will be the maximum of their corresponding empirically
determined distribution functions of the final realizations:

mean, =max [D,_ (y, = f(y,;z-r) ]

When a new zone ; is included in the analysis, its realization values
will be chained to the existing calculated means of all the 7 zones in a
group . If the effect on the mean values is significant, both the distri-
bution and maximum per year will be changed. If it is not changed,
the existing distribution remains and we just recalculate its maximum
with the new information:
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meany, =max [D, (3, =F (¥, ¥.))]

This way we smooth the means per groups I after the inclusion of
new zones, while not losing the variation that these may produce on
the series behaviour. On these fitted series per groups we can perform
structural change analyses for periods T:

ylz:f(ylz-l, )

The (xl) variables to be used as time-series determinants of the
prices will be: currency exchange, interest rate, inflation, national
and metropolitan GPD per capita. With these variables we can per-
form fully determined Vector Auto-Regressive (VAR) time series
models for the land prices, including dummies for the periods T or
the master plans (zt):

=S Oy 2 Xy)

2, =S (2 p Vyp X))

Up to what we know, no analysis of this type has been done in a de-
veloping country metropolis. That is, a blend of long-term time series
and spatial analysis techniques for the relationships between spatially
and non-spatially corrected land prices time series, macroeconomic
variables, and national and urban policy periods as determinants.

3. DATA AND STUDY CASE

The database source are the books published by the local Real Estate
Association Lonja de Propiedad Raiz de Bogota. These books are based
on appraisals performed by Lonja associates and have been published
since 1988. They cover spatially increasing sections of the metropoli-
tan built environment since 1960. This information has been already
used for research purposes (Garza, 2005; Jaramillo, 2004), but sur-
prisingly, it has never been used in long-term analyses with a spatial
perspective. The Lonja information remains however a sophisticated
urban history source for a developing country.
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Lonja classifies its observations per zones, which include the
land use types: Elite Commercial, Central Commercial, Popular
Commercial, Elite Residential, Upper-Middle Residential, Middle
Residential, Lower-Middle Residential, Popular Residential and In-
dustrial and warehouses. According to Lonja, these types summarize
land use and values in the city. The information does not cover all
the built environment but it summarizes city-wide appraisals in the
corresponding year. Consequently, it approaches the true (intrinsic)
land prices in both, developed and undeveloped properties (Lizieri
et al., 2012). These characteristics cause the information to report
a more up-to-date price when compared to cadastral records, while
focusing on the potential market value.

Bogota is located on a plateau 2,600 metres above sea level, his-
torically it has had a north-south orientation along the axis of the
Eastern Andes Mountains. The construction of the airport by the
west and expansion highways by the north displaced development
potential in these directions, increasing its built environment from
5,000 to 36,000 hectares during the study period. (Salazar, 2011).
During these years the population grew from 1.7 to 7.3 million in-
habitants, and the per capita income (PPP) in the country increased
from US$ 2,949 to US$ 7,798 (Feenstra, Inklar and Timmer, 2015).

The urban form of Bogota and the location of the Lonja zones,
are represented in Map 1. The most highly valued residential and
commercial uses are located in direction north — northeast, and the
traditional centre is located towards the centre-southeast. The deve-
lopment of the city along this axis reflects its degree of adjustment
toaLatin American city model (Griffin and Ford, 1981; Ford, 1996).
Map 1 shows that middle income residential is located progressively
distant from both the elite residential and commercial zones, also in
the northern zone, while popular residential uses locate at the south-
southwest, in proximity to industrial uses.
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Map 1. Lonja Zones per types and built environment

The number of Lonja zones reporting information has grown
during the period of analysis, because of both growth of the built
environment and increased spatial specialization of land uses. This
characteristic is useful for analysis because it allows us to follow the
real estate market evolution in a long term perspective, but simulta-
neously, it makes it difficult to produce average land prices series not
affected by the SUAP. Maps 2 and 3 present the spatial distribution of
land prices per Lonja zone and the number of zones with information
in 1960 and 1990. It also presents the 117 Spatial Planning Units
(UPZs) that comprise the city, as stated by the Master Plan 2000.
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Source: own elaboration using Lozjz Information and UPZs Layer.

Map 3. Land Prices per M? in 1990
(2010 Constant COP$)

In the maps 2 and 3 we can appreciate that central commercial

zones originally had higher land prices per M? than elite northern
commercial zones, a situation that had changed by 1990. In recent
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years the differences are less marked, possibly due to bad congestion
problems in both central and northern zones (Delaunay & Dureau,
2004)

The larger number of zones reporting information in peripheral
low price residential developments in south and south-western zones.
This reflects their access into formal market mechanisms and the
detection of such a trend by Lonja appraisers (Gilbert, 1998).

The maps 2 and 3 also depict a story of dramatic land price increase
in the long term, not only during construction peaks associated to
neoliberal reforms as detected by Garza (2005) and Jaramillo (2004),
but during the 1960s and 1970s, when the city had its highest po-
pulation and economic growth.

4. PRODUCING RELEVANT LAND PRICE SERIES
4.1. TIME SERIES (NON-SPATIAL CONTROL)

As explained above not all the Lonjz zones had available information
in all che years. The simple average and median of the land prices per
zones is depicted in Graph 1, where we can see that the prices have
had a sustained price increase during the entire period, and not just
during the neoliberal transition 1991-1995, as detected by previous
research (Garza & Montafia, 2001; Garza, 2005).

The information reported in Graph 1 is biased due to the number
of zones under analysis, and because of having SUAP. This is evident
when there are changes in land use, its intensity of occupation, or
the transition from rural-to-urban. These modifications cannot be
accounted for in mean land price series, but we can try to moderate
their impact by detecting their shared spatial and time behaviour as
time-series of common components.

In order to understand the procedure, in this section we make
an example with the Central Commercial land use in the database:
There are 9 Central Commercial zones in the Lonja information, 7 of
them have information for the entire period 1960-2010, while Ca/le
19 Tramo 1, and Ciudad Salitre Comercial have information only for
the period 1988-2010. They are coloured pink in Map 5.

REVISTA DE €conomia DEL CARIBE n°. 18 (2016) pags. 11-35
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Graph 1. Average and median of the prices per zones (2010
constant COP$)
(In parenthesis the number of Lonja Zones with information)
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Source: own elaboration using Lonja information
1 US$ = approximately COP$2,000 in 2010

According to map 4, five of the nine zones are geographically
close, basically around traditional downtown, two of them (Bavaria
and Ecopetrol) are a bit north of that location, three have disperse lo-
cations at the north Chapinero and Galerias, and one (Ciudad Salitre
Comercial) at the northwest. All of the zones have developed around
main streets and have elongated polynomic shapes?.

The first step is to produce all the possible regressions of each one
of the zones against their own and the other zones one-period-lag
(AR(-1))realizations: Vi yjt_ ]

V=Bt Byt ﬁ3yjt—1 totu,

In the second step, the regression results are then classified ac-
cording to their goodness of fit, choosing the ones with the highest

? This will be an important observation when performing a spatial
weighting of our time series construction methodology.
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goodness as “cores” around which to create components by sequen-
tially adding the other zones. The procedure continues until all the
zones have been added to one single core, and that is the corrected land
price series. The estimation procedure assumes different functional
forms in ascending degree of complexity: Normal then Poisson then
Gamma then Weibull’. The reason for this selection mechanism is
to increase the likelihood of finding relationships between the land
prices per zones, while aggregating them in a single component.
Results of these procedures are reported in Table 1.

Source: own elaboration using Lozja Information and UPZs Layer.

Map 4. Central Commercial Zones

3 In our gamma function we use traditional k as \(s/2) , with the skeweness
of the distribution. Our parameter is one.
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The models presented in Table 1 are the corresponding to zones
2, 6 and 8 as cores, and all of their component series have positive
and significant AR(-1) parameters. In these three cases the normal
distribution was just enough according to the Kolmogorov-Smirnov
test. These are the estimated models:

V.o=a + + + +
Yoy TO T O Yoy TV T s T Uy,
Ve =V T 02Xy TV5Y7 Ty

Vo =P P Vg TPsYs, g,

Table 1. GLM outputs for Central Commercial Zones: components
and series derivation

1derived

2 6 8 2derived  Final model | 1Spatial spatial
Constant 0,363 ** 1,118 *** 0,322 * 1,232 ** 0,116 *** 0,072 ***|  -3,607 ***
1Av Jimenez con Carrera 7a. 0,123 * -0,001 ** 0,314 ***
2las Nieves Colpatria 0,572 *** 0,729 *** -16,488 ***
3Calle 19 Tramo 1 -0,003 ***
4Calle 19 Tramo 2 0,112 ** 13,062 ***
5Centro Internacional 1 Bavaria 0,282 ***
6Centro Internacional 2 Ecopetrol 1,201 *** 0,184 ** 3,350 ***
7Chapinero -0,262 * 0,003 ***
8Calle 53 Galerias 0,872 *** 0,011 * -0,004 ***
9Ciudad Salitre -0,001 *
Period 1960-2010  1960-2010  1960-2010  1961-2010 1988-2010 | 1960-2010 | 1961-2010
Log-likelihood 49,715 31,630 44,561 47,747 9,095 -22,640 28,918
Akaike -1,829 -1,145 -1,662 -1,786 -0,554 1,066 -0,976
Schwartz -1,676 -1,030 -1,548 -1,631 -0,405) 1,219 -0,783
Normal =H, 0,000 0,000 0,000 0,000 0,000
Gamma =H, 0,000 0,000

* Significant at 90%; ** significant at 95%; ***significant at 99%

GLM: Generalized Linear Models using best adjustment of the errors to theoretical distribu-
tion

H, is the null hypothesis that the errors are distributed according to the corresponding theo-
retical data generating process, by using a Kolmogorov-Smirnov test.

In the third step, we choose model 2 as the main core because of
having the best Akaike and Schwartz criteria in Table 1, and proceed
to sequentially incorporate the estimated values of models 6 and 8
in the Final Model of Table 1:
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Yu= Bt By T Byt Bys, Ty,

As it can be seen in Table 1, the final model is a short time-series
1988-2010 because the zone 9 Cindad Salitre Comercial reports in-
formation only in that period. In model 2 Derived, that includes
estimated values of models 2 and 6, information covers the entire
period, but the AR(-1) components cause it to be a 1961-2010 series.
The estimated values of model 2 Derived and the median of the prices
of the 9 zones are reported in Graph 2, where we can appreciate their
similarity. We will use both the fitted and the median series in the
empirical section below, where we will relate them to macroeconomic
variables, policies and city master plans.

Graph 2. Comparison of Central Commercial prices: median and

estimated
100.000.000
10.000.000 |
1.000.000 |
100.000 |
10,000 -
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= Central Commercial fitted e Central Commercial

Central commercial fitted is the output of 2 derived model in Table 1. Central commercial is
the median from the Lonja information.
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4.2. TIME SERIES (SPATIAL CONTROL)

Table 1 presents results of using spatial controls when connecting
the components of the common estimated series of prices for the
Central Commercial zones. In these cases, the grouping includes a
standardized direct distance matrix between the zones that report
information for all the years. The search for appropriate regressors
in every component now changes to:

V=B (TO® Wij) 2By T(TO Wij) Zmﬁmyjt-l tu,
And the intermediate components construction changes to:

Vy= o+ (T® VV;j)Zkak)A/iz-I+(T® W)z, o Vi T

m* jt-1 it

Where T ® \Wijis the spatial matrix that relates the standardized
distances between each 7 and j zone, increased (Kronecker multiplied)
in the T total number of periods, so that all the cross-sections that
report land prices are spatially weighted. According to the results
presented in Table 1, the search process determined that the best fit
regression and the only one with significant parameters was model
1 Spatial, where zone 1 is dependent upon zones 7 and 8 (Chapinero
and Galerias), once we have found the best fit function by using a
gamma distribution (according to Kolmogorov-Smirnov), we now
add the estimated AR(-1) and spatially lagged time series of the other
zones, producing the model 1 Spatial Derived that is equivalent to 2
Derived. These time series are reported in the Graph 3.

The procedures presented in this example have been applied
to all the Lonja zones, so that we have land prices series as a single
component, including all the land uses. There are three land prices
series: median, fitted and spatially fitted, used in the next section to
perform time-series analysis.
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Graph 3. Comparison of spatial and non-spatial logs series
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Log Central Commercial fitted is the output of 2 derived model in Table 1
Log Central Commercial fitted spatial is the output of 1 derived spatial model in Table 1

5. TIME SERIES ANALYSES: POPULATION,
THE ECONOMY AND POLICY

5.3. BENCHMARK AND TEST MODELS

In this section we search for long term determinants of the three land
price series. The first set of determinants are macroeconomic variables:
GDP of the country, population of the city, real interest rate and real
exchange rate, that summarize trends and cycles determinants of the
land prices (Cesa-Bianchi et al., 2015). We use them in Unrestricted
VAR (Vector Auto-Regressive) system estimations.

We use a two lags selection Unrestricted VAR system where each
variable is dependent upon itself and the other variables, and allows
us to perform predictability Granger Tests. The tests are used to ex-
clude variables and produce a benchmark model of macroeconomic
determinants of the land prices. We will sequentially add policy and
planning period dummies to this benchmark model.
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A summary of the Granger causality tests on the prices and the
macroeconomic variables is reported in Table 2. We are using two
lags Granger tests on the unrestricted VAR estimations. The variables
included in the analysis of Table 2 are the median and fitted land
prices. We also use the first difference of the median, because of being
de-trended and having the same cointegration order as Real Exchange
Rate and Real Interest Rate.

The analysis in Table 2 reveals that Colombia GDP is the best
predictor of both the median and fitted land prices. Bogota popu-
lation has been rejected as a determinant and will not be used in
further analyses. We can also see that the Real Exchange Rate was a
stronger predictor than the Real Interest Rate, variable that will also
be excluded from further exploration.

Table 2. Specification Granger causality tests on Unrestricted
VARSs per variable

MEDIAN MEDIAN DIFF MEDIAN FITTED
Colombia GDP ***|Real Exchange Rate ***|Colombia GDP ***|Colombia GDP *
Bogota Population * |Real Interest Rate Real Exchange Rate Real Exchange Rate
All *EEAl All Al

COLOMBIA GDP REAL EXCHANGE RATE COLOMBIA GDP Colombia GDP
Median ***| Median Diff Median ***|Fitted Hokk
Bogota Population Real Interest Rate Real Exchange Rate Real Exchange Rate
All *EEAl All *EEAl ok

BOGOTA POPULATION REAL INTEREST RATE | REAL EXCHANGE RATE | REALEXCHANGE RATE

Median Median Diff ***|Median ***|Fitted Rk
Colombia GDP ***|Real Exchange Rate Colombia GDP ***1Colombia GDP *

All *x AN All *Rx ANl *E*
Log-likelihood 695,99 4.780,59 4.063,24] 3.893,69
Akaike -28,00 -197,94 -164,62] -164,41]
Schwartz -27,61 -196,77| -163,46) -163,23]

* significant at 10%; ** significant at 5%; ***significant at 1%
HO is the null hypothesis that the errors are distributed according to the corresponding theo-
retical data generating process, by using a Kolmogorov-Smirnov test.

The benchmark model thus defined, including Colombia GDP
and Real Exchange Rate as explanatory variables, is now used to

compare macroeconomic policies and master plans impacts on the
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prices. The results are reported in Table 3, for the median, fitted, and

fitted spatial land prices.

The policies are represented by dummy variables per periods in

Table 3, following the next classification:

Developmental period (1960-1974): in the context of import
substitution, protectionist trade policy increased manufacturing
activity in the economy. Inefficiency problems and lack of internal
demand growth, caused a policy change (Ocampo, 1998).

UPAC period (1974-1990): this period was characterized by stag-
nating import substitution, and the creation of UPAC (Constant
Purchasing Power Unit), a system of incentives to construction
industry and financial intermediation. It consisted of specialized
housing banks that guaranteed inflation-protected (but not so
profitable) savings accounts, while guaranteeing relatively high
but not volatile mortgage loans to home buyers. The system
worked relatively well during the 1970s but it had seemingly
reached demand saturation by the 1980s (Jaramillo, 1992)

Neoliberal period (1991-present): in accordance to markets libe-
ralization, the inflation-indexed and specialized banking system
UPAC was replaced by traditional finance mechanisms for housing
consumption. Demand side subsidies replaced public housing
provision as a mechanism to increase housing tenure (Jaramillo
and Cuervo, 2010).

There were two Master Plans during the analysis period, also

represented by dummy variables in the estimations of Table 3:

1989-1999: first modern planning scheme for the city, it was
developed under the umbrella of the National Law 9 of 1989
(The Urban Reform). The plan determined the urban perimeter.

2000-2010: this master plan was enacted in the context of the
National Law 388 of 1997, and in addition to traditional zoning
and incentives to development per areas, included economic tools
of land use management (value-capture).
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In models 1 to 6 of Table 3 we can observe that the three policies
had a significant impact on the Median land prices, negative in the
developmental and neoliberal periods, but positive in the UPAC pe-
riod. Models 5 and 6 show that master plans had no effect on prices.
We cannot ascertain that the plans were not determinants of land
price changes, but we can guess that their impact was marginal when
compared to the policies. After all, the policies are national scale
initiatives with financial and macroeconomic ramifications.

In the second set of models (7 to 12) we are using the Fitted prices
of the common component as explained above. In these models, the
impact of the developmental period is still negative, and the impact
of the UPAC period remains positive. The neoliberal period does not
have any significant effect, while the two master plans are significant,
positive for the plan 1989-1999, and negative for the plan 2000-2010.

Models 13 to 18 use the Spatially Fitted land prices as dependent
variable. In this case, the Developmental and Neoliberal periods had
negative and significant parameters, while the impact of the UPAC
period was positive. At the same time, the dummy for the master
plan 1989-1999 was positive and significant, but negative and sig-
nificant for 2000-2010.

The results thus far presented for the Median, Fitted and Spatially
Fitted land price series suggest that during the developmental pe-
riod, once discounted the effect of the GDP and exchange rate, land
prices grew slower when compared to the other two periods. During
the UPAC period, land prices grew faster. The evidence on land pri-
ces growth during the neoliberal period is not consistent between
the different time series estimation, however it seems to be slower.
The evidence on land prices growth during the Master Plans is non
consistent between the different time series, however it seems it was
higher during 1989-1999 but lower during 2000-2010.

From the above we infer that during the developmental period,
and in spite of having high economic and population growth, land
prices did not grow excessively. We might guess that as the city had
not occupied all of its urban area, the land supply was less constrained.
In contrast, during the UPAC period there was acceleration of the
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land prices in a context with less economic and population growth,
this macroeconomic policy must have had an impact on land prices
through its increasing effect on payment capability.

Table 3. Time Series models for Policies and Master Plan

Median Fitted Fitted Spatial

Plans_Periods

Constant
AR(1)

1 2 3 4 s 3 7 8 9 10 1 2 13 1 15 16 17
0,600 ** | 1,217 **| 0,944 ***| 0,591 ** | 0,552 * | 0,839 ** | 0,496 ** | 1,149 ***| 0,703 ***| 0,449 * | 0,860 ***| 1,269 ***[ 1,204 ** | 2,380 ***| 1,622 ***[ 0,991 * | 1,841 ***|
0,969 ***| 0,926 ***| 0,933 ***| 0,962 ***| 0,073 ***| 0,943 ***| 0,985 ***[ 0,938 ***| 0,962 ***| 0,985 ***| 0,955 ***| 0,901 ***[ 0,978 ***| 0,938 ***| 0,953 ***( 0,979 ***| 0,952 ***|

Colombia GDP(-1) 0007|0017 [0037* |0039* |0005 [0038 |o0000 (0008 |[0018 |00 [0015 |ooo+{o0o1s [o031 |o0s4 |0071 o046

Real Exchany
Developme
UPAC
Neoliberal
1989-1999
20002010

geRate (1) |-0064 | -0061 |0035 |0027 [0062 |0030 [0140** [0126* |0116* |-0124* |0141°* 0020 [0283 0269 [0225 |0214 |0202*
ntal 0,131 * 0,133 *+ 0,200 **
0,098 ** 0,065 ** 0,186 **
-0,120 ** 0,062 0,265 *
0,013 0084 ** 0175+
0,086 0,269 *+1

18
2,752 |
0,890 ***|
0,250 **+|
0,002

0,690 **|

Analysis Period 1960-2010| 1960-2010[ 1960-2010] 1960-2010] 1960-2010] 1960-2010] 1961-2010] 1961-2010[ 1961-2010] 1961-2010] 1961-2010 1961-2010] 1962-2010] 1962-2010 1962-2010] 1962-2010[ 1962-2010)
Log-likelihood 23283 | 45134 | 46400 | 45610 | 43282 | 43797 | 49,935 | 53170 | 52,285 | s0635 | 52672 | 62170 | 2194 | 4221 | ager | 4058 | 3662

Akaike
Schwartz

Normal =H,

1571 | 1605 | -1656 | -1624 | -1531 | -1552 | -1914 | -1505 | -1970 | -1901 | -1986 [ -2382 | 0075 | 0032 | 0006 | 0039 [ 0056
1418 | 1414 | 1465 | 1433 | -1340 | 1361 | 1758 | 1312 | 4775 | 1707 | 1791 [ 2187 | 0231 | 0227 | o201 | 023 [ 0251
0000 | 0000 | 0000 | 0000 | 0000 | 0000 [ 0000 | 0000 | 0000 | 0000 | 0000 | 0001 | 0000 | 0000 | 0001 | 0000 | 0000

1962-2010)
11,548
0273
0078

0,002

* significant at 10%; ** significant at 5%; ***significant at 1%
H, is the null hypothesis that the errors are distributed according to the corresponding theo-
retical data generating process, by using a Kolmogorov-Smirnov test.

Table 3 shows that during the neoliberal period prices growth
was slower for the median and spatially fitted series. This period can
also be divided in two sub-periods, the corresponding to the master
plans 1989-1999 and 2000-2010. The dummies for these sub-periods
did not have an effect on the Median prices in Table 3, but positive
for the first sub-period and negative for the second one in the case
of the Fitted and Spatially Fitted series. We consider that this result
might be due to the implementation of a land value-capture strategy
during 2000-2010, a land policy that moderates land prices (Garza
& Lizieri, 2016).

5.4. NEOLIBERALISM, PLANNING AND THE PRICES

In this section we produce further explorations to the relationships
between the master plans 1989-1999 and 2000-2010, with neoli-
beralism as the macroeconomic policy during both of those periods.
This is a relevant analysis from a policy point of view, in particular
because this period of economic liberalization coincided with a con-
trasting path towards formalizing and enforcing urban regulation in
the country and its cities (Alfonso, 2012; Garza, 2016).
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We use the Fitted and Spatially Fitted series in all the test specifi-
cations of this section, emphasising the interactions between the two
master plans and the neoliberal policy dummies, and the interaction
of this last one with the regressors Colombia GDP and Real Exchange
Rate. The regression results are reported in Table 4.

In the models 1 and 4 of the table, we are adding an interaction
term between the GDP and the neoliberal period dummy. These spe-
cifications capture the idea that the period not only directly affects
the prices, but the parameter that positively associates them with the
GDP (income to land price elasticity). As observed in Table 4, the
dummy parameter is positive, but the interaction term is negative,
although not significant in model 4. Consequently, the evidence in
favour that neoliberal period has coincided with relatively low land
prices weakens.

Table 4. Models for the neoliberal period: Fitted and Fitted Spatial

series
Fitted Fitted Spatial

1 2 3 4 5 6
Constant 2,719 ***[ 0,982 ***| 1,229 ***| 3,007 2,104 ***| 2,559 ***
AR(1) 0,777 ***[ 0,935 ***| 0,900 ***| 0,885 ***| 0,926 ***| 0,888 ***
Colombia GDP (-1) 0,304 ***[ 0,058 ***| 0,109 ***| 0,397 0,184 ***[ 0,317 ***
Real Exchange Rate (-1) -0,220 ***|-0,100 * 0,003 -0,363 * |-0,170 0,086
Neoliberal 1,171 ***|-0,157 ***|-0,077 * 1,155 -0,505 ***]-0,293 ***
Neoliberal-Colombia GDP [-0,300 *** -0,343
1989-1999 0,139 *** 0,359 ***
2000-2010 -0,275 *** -0,708 ***
Analysis Period 1960-2010( 1960-2010| 1960-2010| 1960-2010| 1960-2010| 1960-2010
Log-likelihood 55,561 57,039 64,062 4,672 9,682 15,054
Akaike -2,065 -2,127 -2,419 0,055 -0,153 -0,377
Schwartz -1,976 -2,038 -2,330 0,144 -0,065 -0,289
Normal =H, 0,000 0,000 0,000 0,000 0,000 0,000

Models 2, 3, 5 and 6 of Table 4, include neoliberal period and
Master plans dummies simultaneously. We can observe that: a) the
dummy for the master plan 1989-1999 was always positive, but ne-
gative for the dummy of master plan 2000-2010; and b) the dummy
of neoliberal period was always negative and significant, evidence of
stability of the results. The good results for the Master plan 2000-
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2010 reinforce our perception that the use of value capture has slowed
down speculative pressures in the land market.

6. CONCLUSIONS

We have presented a statistical chain process that allows us to produce
spatially and non-spatially corrected land prices series in contexts of
fast urban growth and scarcity of information. The process consists of
a time-series component method, where we add information to core
zones, chaining them according to the best fit distribution of their
residuals in AR(-1) regressions. The procedure is spatially corrected
by using Kronecker-expanded spatial weights on the AR(-1) series.

The paper presents an example of this procedures in the Central
Commercial zones of the city, and then applies them to all the 123
available zones with information of the Lonja de Propiedad Raiz for the
period 1960-2010. We built three land prices time-series: Median,
Fitted and Spatially Fitted. Their performance was tested in VAR
exercises, where the Colombian GPD per capita and Real Exchange
Rate were selected as the better predictors in a benchmark time-
series model.

The benchmark model was used to determine the effect of
dummy variables for three periods: developmental 1960-1974, UPAC
1975-1990, and neoliberal 1991-2010. There is evidence that the
land prices growth was higher during the UPAC period than during
the developmental period, in spite of having slower economic and
population growth. This result is congruent with the UPAC being a
macroeconomic strategy that increased housing payment capability
via an inflation-indexed financial mechanism. The effect of the neo-
liberal period on prices is not clear.

Using the benchmark model and emphasizing the neoliberal
period, we have detected two sub-periods: master plans 1989-1999
and 2000-2010. There is some evidence that during the first period
land prices growth was higher, during the second they were lower.
This result might be due to the Master plan 2000-2010 having used
value-capture, a policy that moderates land price speculation.
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