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of green space and strategic egetems within cities.

ABSTRACTHhe l&k of sustainable urban plannitagd territorial ordinance plans haved to the nulffication,
fragmentation and reduction ajreen spacand strategic ecosystems within citidsclear example of tlsi problem is the
city of BogotdQurrently, Bogota has around #h2 of green spac€GS)yer capita, an mount significantly below th&0m2
recommendedby theWorld Health OrganizationW(HO. Thisresearchaimsto establish howGSis distributed and relate
to other land wses,transport infrastructureand other variablegror this purposeprdinary least square@LS) and
geographic regression (GWRpdelswere usel. Bothmodelsareintendedto determine the relationship at global and at
neighbairhood scale between th&Sper capitaand other varial®s. Using Metronamica software and Information from
2005 and 2014a 2040greener scenarifor the city of Bogota was developelesultsrom this researchhighlighted the
location ofgreen space problems in Bogota. It ledsoopened the opportunity for decisionmakers to undersnd in a
guantitative way how GS distributed and itsbenefits Improve GS relationships is expectedtpportsustainable

planningin large cities

1. INTRODUCTION

Since the ndustrial revolution, rost of the
population growthhas been concentrated irthe cities
Theyhave become supports of the modern economy and
the centre of development for any countryThistype of
artificial ecosystem is characterized by their changeable
and dynamic system thatdaily are consuming,
transforming and releasing materials and energy
(Bottalico,et al., 2016) This dynamisnis correlated with
increased production and consumption of goods, services
and infrastructue. However,at the sametime, it hasled
to greater land urbanizatignlandscape fragmentation,
biodiversity loss, the creation of urban heat islands,
increasing greenhouse gas emissions, increasing
vulnerability to climate change events and the
destruction of strategic or sensigvecosystemgNorton,
et al., 2015)
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To reduce and overcome these issues many cities, from
develoed and develoing countries, are evaluating
mechanismsto plan and strgture a more efficiently
growth. Commonly four main principles are use
economic development, environmental equilibrium and
sustainable development, transparent policies and
government, and ge focusngon cultural identity, factors
that can be evaluated and grouped in a sustainability
circle (James, Magee, Scerri, & Steger, 20T8)isnew
city planningis becominga stronger movement mainly in
cities of developed countries, where planning policies are
focused towards sustainable modes of transport, more
compact and dense citiegfficient, greener andiveable

for current and future generationGedge, 2015)&
(Barbosa, et al., 200®) (Demuzere, et al., 2014)

One of the main pillars ofthis new wave & urban
planning thinking is the development towards
environmental sustainability. This can be seen in several
cities, mainly Europe and Asiee.§. VitoriaeGasteiz or

Joaquin Andrés Franco Gantiva, Daniel Paez, Abbas Rajabifard



Singapore) In this cities, theyhave focused their
attention on generating and presengnall the potential

of green and blue spaces (water bodies), in order to
increase the quality of life of their citizer(Jim C. Y.,
2004) This planningthinking enables Urban Green
Infrastructure (UGIljo ariseand can be intepreted as a
hybrid infrastructure between old andhew buildings
with Green Spacehénceforth as,GS)inside or in the
border of the cities.

The UGI's have emerged as a tool to generate @Seor
even to recover those that weréost. In turn, it has
proven the benefits that this type of spaces provide, as
they are not only part of the landscape, but also at the
level of ecosystem services, valuation and capture of land
value, tourism attractiveness, among othgfdorton, et

al., 2015) (Bolund & Hunhammar, 1999)im & Chen,
2006) Also, these arise as an option in cities that are
already consolidated and have a high population density,
but lack GSor haw a decrease ofjreen areas.Given
these conditionsthese cities have amajor vulnerability

to the effects of climate change The lack of these
strategical areas generates a reduction in the land
capacity of infiltration, changes ithe underground
water flow, anincrease of removal in mass eventnd of

the urban heat, a lack of tools to reduce or control air
pollution, among othergJo, 2002)

Furthermore, all the planners and the decision makers
must take in consideration of the presenati and the
greening of the city as a priority urban planning; not only
to understand the causes and impacts which the urban
sprawl brings but also the opportunities that new spaces
can provide. Therefore, the current research aims to
understand GS locationbasel on its relationship with
other land uses, transportation infrastructure, water
bodies and other variable®Also,it is desired toidentify
which zones in a city ladf thesespacesin order to take
actions to generate new green infrastructure, nmdy
parks, in these zones. The testing of this indicator will be
applied in an existing model called . 2 3 2ahd
5SS @St 2 LIY S ylich was diltsby the group SUR
in association with the French Development Agency
(AFD, by their acronyms in Spanish &mdnch) and uses
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a dynamic land cover change model based on a cellular
automata (CA) software Metronamica.

2. BACKGROUN

Rapid urbanization in the last century has led
to changes in Giside or near the cityUrbanization has
contributed to the disappeaance ofthese spaces and
ecosystems that have generated significant changes in
the urban climate dynamics. Today natural land surfaces
and urban vegetation has been replaced by surfaces and
constructions that have the dlily to absorb solar
radiation. Thé has led tothe generation of different
microclimates in urban area®orton, et al., 2015) The
lack of GSled to substantial changes in the infiltration
and retention capacity ofhe soil, altering the flow of
groundwater (Demuzere,et al., 2014) These changes
have led to a gradual increase of temperature in urban
areas, which is reflected by an increase in forest fires
events, landslides and the reduce disposal of urban water
resources, thafinally leads to arincrea®d vulnerability
for climate change at local level.

At the same time, urbanization patterns are always
associated with the fragmentation and nulldiion of
strategic ecosystems. his not only affects urban
biodiversity and ldc of open GS but also generates
changes in the city interactions with the environment
and its surroundgWu, 2014) Decrease of green areas
meangreater vulnerability to climate changsrent atthe
local scale(Yin, Olesen, Wang, Ozturk, & Zhang, 2016)
(Duh, Shandas, Chang, & George, 2008)order to
address and mitigate all thproblems described above,
cities are taking actions suclkas improvement of
infrastructure (Connop, et al., 2016)looking for more
sustainalte and efficient transportationreducing energy
consumption andeven make the cities greengWolch,
Byrne, & Newell, 2014) All of these without affeting
the population growth and economic development. One
of the mechanisns that concentrate most of these
actionsisthe development ofUGE.

A UGIcan be defined as a planned or unplann€$
spanning both the public and privateealms, and
managel asan integrated systento provide ecosystem
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services(Norton, et al., 2015) The UGI is composed of
infrastructure that has native vegetation, parks, private
garden, golf courses, street trees, green roofs, green
walls,biofilters, rain gardens wetlands, riparian zone and
urban forest (Pakzad & Osmond, 2016)Glshave a
significant ecological, social and economic functions, and
at the same time has been indicated as a promising
infrastructure with thecapacitive of reducing the adverse
effects of climate change in urban aredPakzad &
Osmond, 2016)

There are a lot of benefitand ecosystemserviceswith
UGIs such as sequester carbon dioxide emissions,
purifying the air byproducing oxygeifJo, 2002)regulate
the microclimate (Norton, et al., 2015) reduce noise
(Bolund & Hunhammar, 1999)protect soil and water
(Pauleit & Duhme, 2000)urifying and controlling the
underground and superficial water bodig®auleit &
Duhme, 200Q) maintained the biodiversity(Attwell,
2000) Also,living nearbyGScan makethe sale prices of
properties increase considerablyim & Chen, 200&)Iso
contributes to public health(Tzoulas,et al., 2007)and
increase the quality of life of urban citiz¢Barbosa,et
al., 2007)

The concept ofUGI is being implemerdd as part of
future land use plans in cities around the worlMost of
the cities where this type of infrastructurie developed,
planned or implementedare the highly dense and
compact cities of the globéJim & Chen, 2003)

Today2 a dak® ik got a limitation when it comes to
planning a greener city. This is based on the fact that
access to technologies of information and
communication (TIC), awell as the improvement of
human understanding around sustainability, have made
it possible to promote cities that are much more
intelligent and efficient, main pillar of the Smart City
definition (Bibri & Krogstie, 2017)(Anguluri &
Narayanam, 2017)This concephas led to a reversal of
the way society thinks in order to obtagguilibriumin all
populated centres and all the uses and ecosystems that
form it (Zuccalda & Vea, 2017) That is why there are
examples around the globe that demonstrate that cities
that increasethe GSare the ones that are generating a
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set of public policies to become greener, more resilient
and efficient; while at the same time are really cascp
and densgJim C. Y., 2004)

Barcelona and Medellin, are one of the few examples of
compact cities with the aim to recover and obtain more
green areas and also be more liveable and sustainable for
their citizens. In thease of Barcelona, the city has made
a proposal plan to become a more green and biodiverse
city by 2020, the project pursuit to generate a genuine
network of GShy bringing nature into the city with all the
life forms in order to make itmore fertile and rsilient to

the pressure and challenges of climate change
(Ayuntamiento de Barcelona, 2011WhileMedellin has
developed a land use plasalledBIO 2030In this plan, a

30 km linear park is planned in the river bank and next t
it densification in height which aims to reduce the
informal settlements, recover mountain ecosystems,
increase accessibility to public infrastructure apdblic
transportation located near the riverbank(Alcaldia de
Medellin,2011)

Both plans wereplanned and conceivd to allow these
cities to be more resilient to climate change events
Likewise, their conceptualization started with the
construction of sustainability indicators that allow them
to assess the feasibility ofgns and studies.
Therefore,, DL Qa Ydzad oS
them to determine which principles ruled them and also
how they interact with their surrounds These
infrastructures mustbe related somehowto other land
uses and transportation eorks.

2.1. Existing méhodology for measur&rban Green
Space (UGS)

A Lot of international and regional
organization, such as the European Foundation (EF), the
European Commission on Science, Research and
Development ECSRD the United Nations (UN), the
Euopean Commission on Energy Environment and
Sustainable Development and the World Bank have
development a list of urban sustainability indicators
(Barbosa, et al., 200%p emphasize the important of
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preserve and increase th&Sin the cities. In general
theseindicatorsare conceivd to synthesized factathat
affect the quality of life including personal, social,
cultural, comnunity, natural environmental and

economic factors. Also. Parisa Pakzad and Paul Osmond

(Pakzad & Osmond, 2016et and create a totaof 30
indicators and then resumén 9 major concepts that
must be evaluated for every UGI; furthermorethey
reclassify in three categories: cenomic growth,
environmental sustainalbty and halth & wellbeing.

Some studies show that there are different mechanisms
to evaluate the spatial distribution of parks, as well as the
GSper capita in cities. An investigation Ban, Xu, Yue, &
Chen (2016) analysesthe spatial distribution of parks
from a grea accessibility indicator (GAI). This indicagor
constructed from two perspectives: the first by means of

an expert survey to evaluate variables of services and

nature from a quantitative point of viewlrhesecord, by
measuring theafferent service area dhe GS This laest
indicator is calculated usingthe distances and
methodology estalished by the standards of
Accessibility to Btural Green Spacd ANGSt) Another
methodology proposed bgupta, Roy, Luthra, Maithani,
& Mahavr (2016)uses aGlSbasednetwork to analyse
the accesthility of UGS They took on accounthildren
populations and socioeconomic groups near the UGS.

Another approach (de la Barrera, Reyd®aecke, &
Banzhaf, 2016}uantifiesthe public space required by
the inhabitants of Chinese citiesthrough a metric
qguantification defined by the area dBSmultiplied by
corrected coefficierd of quality and accessibility,
obtained a measure of GS thatas cakd effective
equivalent green (EGE).

Another researchmethodology(Gupta, Kumar, Pathan, &
Sharma, 2012neasuredthe proximity to green, built up
density, and the height of structures in order to obtain an
UrbanNeighbourhoodGreen Index (UNGI).

These studies demonstratel how important GSare, as
well as all theecosystem beefits and services they
provide. Hbwever,questions remind on their application
in developing countries includinghow they are
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distributed and the variables that affect their location
over time

To address thisthe study ofHe, Li, Yu, Liu& Huang
(2017) urban growth in Wuhan city, PR China, was
evaluated throughvariabks that change over time. In
this study, it is observed how one variable can directly
affect the geospatial location of the otherTrangort
infrastructureand the builtup areasizeswere identified
asthe variables that affected mostrbanization

Several citiesof the world are being plannedo
understand the dynamics that exist in it, in order to
attend their needsJianhua Heletermined that the use
of spatial interaction it is fundamental, in order, to
understand urban agglomeration systefide, Li, Yu, Liu,
& Huang, 2017)Likewise(Zeng, Zhang, Cui, & He, 2015)
establishes hat the new urbanizations are integrating
the remote sensors, the spatiahalysesand the spatial
geographic information to havea global visionof the
urbanization. In the case dianhua He the variables for
quantifying urbanization came from tee diferent
categories: economic, social and environmental, and it
uses a spatially explicit approach based on data field to
analysethe spatial interaction in the Wuhan city, PR
China, through the regional transport infrastructure.
Meanwhile, Zeng suggestedhat the urban expansion
was studed by measuring 20 variables dividedo three
groups: characteristicsdensity and proximityThe first
study suggess a strong relationshibetween the urban
growth and distribution of uses linked to the
transportation nfrastructure. Nonce Jianhuauggesed
the effect that transportation has on the built-up area
and urbanization, all of it obtained through spatial
regression models. ifally, the above suggests the
importance of understandng the dynamics and
interactiors within cities. And with thehelp of spatial
analysis and regression been alile understand that
phenomena and with it being capable of @etter,
greener and sustainable lortgrm city planning.

3. METHODS
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3.1.STUDY AREA The study zone for Bolyidoject was divided into
vacant (land uses that are available and can be occupied

Bogota is the main political, econmc, social by ather land-uses), feature (which are the lantses that
and cultural cente of Colombia. The city had a R2SayQi KI @S OKFy3asSa 20SNJ (KS
population that exceeded the 7.7 millionhabitants in corresponds to the landises that are in constant
2014, which corresponds approximately to 24 percent of  change), all of them i raster data resolution of 100 x
the entire population of the country(MunozRaskin 100m. Once the landsesand transmrt accessibility
2010) In addition, it is responisie for generating more where defined the suitability zones, the zoning, the
than 25% of the National AGF(BA',\'E 2015)Since 1991, future land demands and theeighbairhood relationship 3
L2320k AFAYSR U0UKS L322t AUAOI fhetwedh 'tHe dehausBsTalloRd th lefdatelafdiffefeAt 2 U NRA O
which allows the city to be governeéddependenty from dataset for two different years: a baseline year (2005)
the politics of the state. In other termsBogota has and the calibration gar (2014). Once the calibration was
autonomy interms of landg use planning, taxation, completed, the model was used tonsilate and predict
independent cadastre, infrastructure development and  the LUCC fror2014to 2040 in four different scenarios of
management. transport infrastructure and natural reserve conservation

The city extends across 355 urban squ&itometres (Paez & Escobar, 2016)

(Bocarejo et al. 2013)imited in the east by mountains
in the south by the Sumapaz Moorlandy the western
edge lies the Bogota river and in the rito by the
municipalities of Cli and Sopo. Its density is near
20,500 inhabitants per squarekilometre (Bocarejo,
Portilla, & Pardo, 2013Nowadays the city counts wita
total of 96 metropolitan parkaccordingo with the IDRD
(Instituto de Recreacion y Deporte Distrital, acronym in

3.3. Methodological Framework

For this research, the lapgse maps of the
years D05 and 2014 were taken dle basdine for the
architecture of the model. From theskatasetsthe land
uses that correspond to residential, industrial,
commercial, wetland ad equipment (the parklands were
contained within it)jwere extracted. Withthese layersit

Spanish)Scopellietiet al., 2016) Howevereven though was necessary to process #ils data in order to obtain

the city has this number of metropolitan parks, eth the definitive shapefiles that wilbe usel in the model.

amount of GSper capita it $ just 4.10 i an amount Because theGS of the city was mixed with the
significantly below the 10 Arecommended by the WHO equipment, it was necessary to take the shapefile of

(Scopellieti, et al., 2016§Castillo, 2013& (WHO)AIl of parks, pass it to raster and overlaywiith the equipment

these implies that Bogota, is a very compact city with  of each yeato obtain thus theGScorresponding to 2005
very high density that has a lack W6 S and 2014 in the model BoLD, at the end the minimum

area obtained for a cell o6Swas of one ha, which

3.2. Data acquisition correspond to the minimumsize to evaluated those

space as its suggested bdifferent international

All data used in this researcts based on the standards of the publiGS(Natural England, 2010)New

model éBoLE Xvhich is a LUCQnodel conducted for Yorkers for Parks, 2018) (Force, 2002)It is important

Bogota and sikordering municipalitiesCog, Facatativa, to establish that for current researci@Scorrespond to

Funza, Madrid, Mosquera and Soacha. It was created in Parks and wetlands that are in the urban areatd city.
order to understand and simulate the consequences that
the development of trangort infrastructure projectshas

in the city, andtheir land uses. The model was part of

a technicalcooperation between the group SUR of The
University of Los Andes, and the French Development
Agency (AFD, for their acronyms in French and Spanish).

An exploratory regression was cruci identify which
variables could bemog suitable for all the rules of an
OLS regression After evaluatinga series of possible
combinations an appropriatgredictive model to explain
the phenomenornwas found In this research, we assume
diverse demographic, socioeconomic and environmental
Pageb of 19
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variables for its association with the distribution of the
public GSin Bogota. In order to evaluate the model, a
total of eighteen variables were considered, the
information of which was available for 2014. In the end,
only six variables were accepted, tlemainder were
discarded due to:

1. Lack of information in the past and uncertainty
of predicting in the future.

2. Redundancy with other variablesr not an
explanatory one, cause it is a product of the
dependable variable

3. Impossible to evaluate in a futureanario (due
to the climate and geographical conditions).

4. They are variables that are very subjective and
depend on an applied survey to an expert or the

community.
Public tfransport infrastructure (TM)  Choose
Average price per block 1
Distance to commercial land-use Choozse
Distance to industrial land-use Choose
Population in Bogota Choose
Three density Choose
Service park area 2
Air pollution 3
Urban heat izland 3
Average medium income per block 1
Walking distance to park Chooze
Safety 4
Quietness 4
Biodiversity Hot Spot 4
Distance to water bodies Chooze
Flooding zones K]
Landslide and fire events 3
Water quality ]
Tablel. Variables thatvere considezd at the beginning for
the developnentof the UGGI
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Once the explanatory variables were identified and
chose an OLS model was used to evaluate the linear
relationship between the six independent variables with
the dependable variable, in order to obtain a global
model of the variald. These same steps have been
performed in previousesearch(Anderson, et al., 2014)

It was found thatthe equation that describedthe
regression model is:

1T T 1Td E T e -

Equationl. OLS regression model representation
Where y correspond to the GS per capita, over time;
correspond to the intercept of the model, till t
represent the coefficient of each independent variables,
same as till & which are the value of the explanatory
variable; meanwhile the correspond to the residuals of
the whole model.
This methodassumes linearity in the model and the
constant variant. However spatial data do not always
fulfil all the presuppositions that this method of
regression requiregHe, Okada, Zhang, Shi, & Li, 2088)
(He, Zhang, Shi, Okada, & Zhang, 2006any case if
this method is executed in conjunction withpatial
autocorrelation, it coulddetermine if the variables are
statistically significant and the model is well specified and
has been implemented properly. Thégurel and Figure
2 correspond to the spatial distribution of the six
explanatory variables chosen for 2005 and 2014.
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Figurel. Spatial distribution of the population density, canopy tree density cover, public transportation network, water bodregreen space,

commercial and industrial land es in Bogoté in 2005, 2014 and 2040
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Figure2. (Figure 1 continuation)

Finally, to be able to wvaluate the interactions at the

spatial level, a Geographic Weighted Regression method

was used. Tis method allows evaluating spatial
correlations béween neighbauring cells increasing the

specificity of the model and makes it more reliable, as
(Yang, Lu, Cherry, Liu, & Li, 20&33¥ures base on their
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(d): Canopy tree cover

experience modelling the relationship between active

mode travel demands and ambient budhvironment

attributes; in which they checked that GWR has higher
prediction power andprovides a more understanding of

the spatial variations in the relationships at local and

global level. The GWR cha represengéd by Equation2:
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Equation2. GWRregression model representation
Wherew correspond to the GS per capiva dependable
variable over time;f 060 correspond to the
intercept of the model with spatial coordinates
I 6 0 represent the coefficient of each independent
variablesin which values denotes the spatial coordinates
for each observationsame as® till & which isthe
dimensional vector of K independent variable over time
meanwhile the- correspond to thedisturbance of the
independent and identical distribution

4. RESULTS

It is imperative to understand that significant
changes occurred for a periaaf only 10 yearsKigure2
and Figure4) which could suggest that within the results
there will be interesting changes and variationdn
evduation of the sixselected vaiables, see Table for
2005 and 2014vere carried out. Istly, these variables
were analysedio determinethe relationshipwith GSper
capita. With each of thesevariables an explorabry
regression analysis was execute@iheseconsised of a
global conbination of all variablesnd with it obtaining
the most suitable and descriptive model. Each of the six
variables had to meet the following criteria:

1. Probabiity and Robust Probability {Palue)
Indicates a coefficient istatistically significant

2. Variance Inflation Factor (VIF): Large values (VIF
>7.5) indicates redundancy among explanatory
variables.

3. Raljdzr NBR | yR '1FA1SQa
(IACQ: Measures of model fit/performance.

4. Join F and Wald Statistics: Indicatesgerall
model sigrficance (p©.05)

5. Koener (BP) statistic: When this tess
statistically significant (@:05) the relationship
modedled are not consistent.

6. JarqueBera Statistic: When this test is
statistically significant (p > 0.05) the residuals
are not normally distbuted.

In addition it was observd that only four of the six
variables in Table 1 were significant in the spatial
regression modelAfterwards, an OLS regression model
was run with the most representdave varialbes in a
global model. Bsults canbe observe in Table2 and
Table3. In thesethe only variable that is representative
and can describe th&Sper capitain 2005is population
density; meanwhile in 2014, it was added the coverage
of the public transport network as another
representative variable. Thigepresentability is mainly
given by the pvalue statistics, even if the rest of the
criteria was fulfilled. Likewise, is important to note that
once the pvalue isfulfilled, the t-statistics willalso be
met.

(P0.05).
Year 2005
Variable Coefficient StdError t-Statistics  Probability (P-Value) Variance Inflation Factor (VIF)
Intercept 11,8517 2,1096 3,3498 0,0008* -
Population density -0,0004 0,0001 -3,6103 0,0003* 1,0483
Water bodies network density 0,5246 0,6735 -1,3450 0,1789 1,0363
Public transport network coverage -0,1259 0,2361 -1,3823 0,1672 1,0519
Industrial area distance -0,0010 0,0020 -0,5083 0,6114 1,0396
Year 2014
Variable Coefficient StdError t-Statistics  Probability (P-Value) Variance Inflation Factor (VIF)
Intercept 8,2122 2,8478 2,1928 0,0284* -
Population density -0,0002 0,0001 -2,5529 0,0107* 1,0698
Water bodies network density 1,2174 1,0019 -1,7536 0,0796 1,0163
Public transport network coverage -0,2381 0,2872 -2,2542 0,0242* 1,0829
Industrial area distance 0,0034 0,0024 1,3801 0,3883 1,0201

Table2. EstimateOLSesults for the representative variables from 2005 & 2014
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Year 2005 2014

Statistic Value Value Criteria
Multiple R-Squared 0,028 0,006
Join F- Statistic 7,576 3,613 Prob(>F), (4,2418) degrees of freedom: 0,006078*

Joint Wald Statistic
Koenker (BP) Statistic
Jarque-Ver Statistic

13,505 12,308
14,735 8,833
1189304,084

130913600,138

Prob(>chi-squared), (6) degrees of freedom: 0,015201*
Prob(>chi-squared), (6) degrees of freedom: 0,065422*
Prob(>chi-squared) (2) degrees of freedom: 0,000000* |

Table3. Summary of descriptvstatistics for théLS regression model

Once the results of the model have been obtained, it is
observed that at present there are only two varied
that can explain theGSper capitg of all the possible
ones suggested by the literature.

Thisresul suggeststhat Bogota is a city that not only
lacks green areas for the benefit of itshabitantsbut,
there is no pattern in the spatial distribution of these
zones or enough variables to explain it, something
commonly found in cities in developing cdtias.
However, within the research this was seen as an
opportunity to construct a scenario that allowed to
explain the spatial distribution of th&Sand to quantify

it at the level of cell resolutionThat iswhy a much
greener scenario for the year 20 was run; however, to
avoid changing any parameter in tiiBoLE model, a
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new run was decidedin which only the zoning will
change based on th decree 06 of 1990 of the
government of Bogota, iwhich establish on thearticles
138 and139that in the boder of the riveror the riparian
zone of the rivermust bea protection zone withmore
than 300 linear metergach side.

Figure 3 shows themodification in the zoning and the
land-use map forthis new scenario Figure4 shows the
new green zonebtainedafter processing the landse
map for 2040 together with the six variableanalysed
for the previous yearsall following the same procedure
described in themethods with the exception of the
canopy tree cover.
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Figure3. The new zoning and langse map obtained fahis greener scenarim 2040
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For this last variable the procedure that was carried out 2. For the presenstudy, it was considered that in
was the following: 2040 Bogota would be at 0.25.
3. By 2014 Bogota had 1,253,533 trees;
1. Under the international literature, several cities considering the previous indicator, in 2040 this
aim to reach an index of 0.300.50 canopy tree would riseto 2,549,055 trees.

density per inhabitan{MIT, 2017)
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However, growth would not be uniform. In
2014, 28 was the average number of trees per
square km; so in the future ivas decidd that

all zones above these value will represent 50%
of the additional trees; meanwhile, all the zones
below the average, that it's almost all the city,
will be the other half of the increase.

So with this method, the average number of
trees per km2 would be 57 by 2040, as opposed
to a uniform extrapolation with an average of
only 39 trees per km2.

For this senery, an OLS regression models runtested
again in which the expected result was a significant
improvement compared to previous years. The model
was once againun with the previous six variables. Once
run it, four of the six variables met all the ariia.
Although it was a greener scenario, two variables were
unable to explain the location and distribution of ti&S
per capitg they were: canopy tree coverture anthe
commercial distanceneasured from the residential land
use.In Table4 and Table5 it is presened the general
diagnosis of th@OLSmodel with mainfour representative
variables.

Year 2040

Variable Coefficient StdError

t-Statistics  Probability (P-Value) Variance Inflation Factor (VIF)

Intercept 34,1552 7,8534 2,6082 0,0092*
Population density -0,0005 0,0001 -3,1001 0,0019* 1,0558
Water bodies network density 6,9905 2,3383 2,4536 0,0143* 1,0006
Public transport network coverage 1,0146 0,7896 -2,0854 0,0172* 1,0742
Industrial area distance -0,0140 0,0046 -2,6420 0,0083* 1,0389

Table4. Estimate OLS results for the represemtavariables for 2040

Table5. Descriptive statistics for the OLS regression mo@&£40

With the results obtained within the OLS regression
model, it is dserved that the global model meets
statisticalsignificant In thelocal model, the variables will
be evaluated at a cell resolution of 100m x 100m of
residential land use. The results of the GWR regression
model can be seen ifable6 for each of the evaluated
years. All the mode were evaluated with the four
significant variables, in which it was observed that at the
local level the chosen varigs have a greater
significance. iBce the performance in the greener
scenariq the spatial pattern of these variables explains
more than the 47% of theGSper capita for the year
2040, as can be seen iRigure 5 where the spatial
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distribution for the local R2 of the model is shown over
the time.

Table6. GWR result fathe three periods of time
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