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ABSTRACT

This paper discusses the current knowledge and opinions of urban population in a city of a country that it
is recognized with greater vulnerability to climate change, as it is Bogota the main city of Colombia. It is
important to analyse the opinion of the urban population on climate change, taking into account that in
the next years cities will be vulnerable and affected by this phenomenon. This research uses a survey that
determine the knowledge, causes and effects of climate change, as well as measurements and infor-
mation that are required to address climate change issues more fully. The main results suggest that the
Bogotd's respondents have heard about climate change and all consider that this phenomenon is a reality.
The main effects of climate change according to respondents are droughts and floods, with consequences
for health and water, energy and food availability. Moreover, the respondents consider the design and
application of adequate measurements that allow adaptation and mitigation to climate change impor-
tant. The findings of this study are significant for awareness at all levels of urban society of the activities

and programs that allow for sustainable development in consideration of climate change.

© 2018 Elsevier Ltd. All rights reserved.

1. Introduction

Urban areas or cities arise from the transformation of natural
ecosystem into a built environment and today are particularly
exposed and vulnerable to climate change (Revie et al., 2014;
Weyrich, 2016). More than half of the world population currently
lives in cities, which have increased urbanization process and the
exposition to direct climate change impacts and consequences
today and the future (United Nations Department of Economic and
Social Affairs, 2014; Hunt and Watkiss, 2011). Moreover, fast ur-
banization in developing countries has already increased the
number of greatly vulnerable urban communities living in informal
settlements, many of which are at high risk from extreme weather
events (Staden, 2014).

Hundreds of millions of urban residents in developing countries
are at risk from the direct and indirect impacts and effects of

* Corresponding author. School of Administration, Universidad del Rosario,
Bogota, Colombia.
E-mail addresses: cipmusa@yahoo.com (C.I. Pardo Martinez), william.alfonso@
urosario.edu.co (W.H. Alfonso Pina), sfletscher@ocyt.org.co (S.F. Moreno).

https://doi.org/10.1016/j.jclepro.2017.12.246
0959-6526/© 2018 Elsevier Ltd. All rights reserved.

climate change that are classified the following manner (Wilbanks
etal., 2007; Bartlett et al., 2009): i. Changes in means (temperature,
precipitation, sea level rise); ii. Changes in extremes (Extreme
rainfall/Tropical cyclones, drought, heat- or cold-waves); iii.
Changes in exposure (population movements and biological
changes. Where it is important for policy makers, researchers,
decision-makers and urban citizens to produce and deploy new and
cleaner technologies and take actions and measures that involve
some level of citizen participation; the instruments of policy
mandates to active behavioural change should be adopted (Dietz
and Stern, 2008; Shwom et al., 2010). From this perspective, an
adequate urban climate governance involves the formulation of
adaptation strategies and policy measures that require major so-
cietal, economic, and lifestyle changes for the participatory support
of achieving sustainable development, especially in cities. The key
to achieving this goal is to understand the opinions and perceptions
of urban people on climate change.

Different research studies have analysed perceptions of climate
change over the last few decades in the world using surveys. Ac-
cording to Capstick et al. (2015), studies on public perceptions of
climate change can be divided into four types: 1. Studies to un-
derstand the nature of public awareness of climate change, which
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were mainly conducted in developed countries, e.g., Kempton
(2015), analysed knowledge of global climate in the US from 1989
to 1992 and suggested a widespread lack of knowledge and that
better communication could improve the public's awareness on
this topic; Reynolds et al. (2010) compared two surveys on climate
change in the US (1992 and 2009), identifying that the last survey
had a higher awareness and knowledge of some climate change
causes. 2. Research on public perception trends at the macro-level
has been conducted to determine public perceptions in a variety
of fields, such as awareness and understanding, existence of phe-
nomena, causes and effects, e.g., Brechin (2010) studied the rela-
tionship between climate change and the public from different
surveys in the US, identifying that the individuals and social groups
that understand climate change will remain generally the same;
Poortinga et al. (2013) evaluated the perception of the existence of
climate change taking into account British public attitudes on
climate change and energy security and offered a comparison be-
tween Britain and Japan on the awareness of climate change before
and after the Fukushima accident, respectively. This study
concluded that climate change is occurring and it is necessary to
take adequate measures, especially in regards to energy security;
Yeager et al. (2011) assessed public attitudes related to causes and
effects of climate change, finding that climate change is one of the
world's most serious problems due to impacts related to poverty,
hunger lack of drinking water, and the economy. 3. Studies that
determine the reasons behind changing public perceptions, mainly
by the occurrence of significant events (e.g., Leiserowitz et al., 2013
determined that “climategate” had an important effect on the
public beliefs in climate change and trust in scientists), meteoro-
logical data (e.g., Deryugina (2013) analysed how local temperature
fluctuations influence what individuals believe about these effects,
finding that longer-run fluctuations are significant predictors of
attitudes), and socioeconomic variables (e.g., Shum (2012) studied
the effects of economic growth rates on people's attitudes
regarding the mitigation of Greenhouse Gas (GHG) Emissions in the
European Union, determining that the economy has a significant
effect on people's perceptions towards the mitigation of GHG
emissions). 4. Research about the temporal component of public
perceptions to determine culturally specific notions of climate
change using qualitative methods, e.g., Lavrillier (2013) investi-
gated how climate change is perceived, and how it causes eco-
nomic, social and ritual changes, finding changes for adaptation to
climate change. However, the majority of these studies of percep-
tion have been generated in developed countries and with low
vulnerability to climate change, where it is important to increase
analysis of public perceptions from urban approaches, especially in
cities that begin to undergo the effects and consequences of climate
change to determine and assume new strategies and challenges
that implies this phenomenon.

In the context of Latin-America, diverse studies on public per-
ceptions of climate change have been developed, especially with
regard to perceptions in indigenous and local communities, where
the results indicate that main perceptions on climate change are
related to climatic variability, increasing temperature, changes in
rainfall and cultural habits, scarcity of water resources, and health
problems (Forero et al., 2014) demonstrating that studies on
climate change perceptions are limited within the Latin American
context.

Studies on climate change in cities have analysed mainly the
following issues: i. Climate change and urbanization where Karaca
et al. (1995) studied the consequences of urbanization and climates
of two largest cities in Turkey and Gill et al. (2007) analysed the
relationship between green infrastructure and climate change. Both
concluded a direct relationship between these two issues. ii. Dif-
ferences of climate change in urban and rural areas where

Zelendkova et al. (2015) determined that temperature in urban
areas, which are higher than in rural areas and Oleson (2012) found
that urban and rural areas react differently to climate change. These
studies suggested the importance to formulate adequate in-
struments to analysis climate change according to area or sample.
iii. Changes in climate extremes in urban areas where Mishra et al.
(2015) and Donat et al. (2013) suggested increases in heat waves
and hot nights across the urban areas, which could generate health
problems and higher heating and cooling demands, among other.
iv. Planning and adaptation to climate change where Gustafsson
et al. (2015), Wamsler et al. (2013) and IPCC (2007) determining
that in the urban planning practices must include measures that
lead all type of risk factors taking into account environmental,
socio-cultural, economic and political aspects in systematized and
systematically form. These studies demonstrate the importance of
climate change in urban areas and how opinions and ideas of
population are important to determine adequate measures ac-
cording to effects and impacts on changes in weather and envi-
ronment of cities.

With this background, the goal of this research was to gather
and analyse the perceptions of the urban population of Bogota
regarding climate change. The specific objectives of the study were
to conduct an in-depth survey on climate change in Bogota using
statistical techniques that allow to infer reliable results for whole
population of the city determining the positions and beliefs, in-
formation habits, institutionalism and governance, and empower-
ment of science and technology related to climate change, as a
contribution to understand perceptions on this issue in a city with
higher vulnerability, which generate inputs to develop adequate
instruments to prevent and mitigate climate change in the urban
context.

In the context of Latin America, and cities in particular, studies
on the opinions of climate change are limited, and the aim of this
research is to analysis the knowledge and attitudes of urban pop-
ulation as an input to develop adequate programs to prevent,
mitigate and adapt to this phenomenon.

The paper contains five sections. The first section is the intro-
duction. The second section explain Bogotd as case study. Third
section describes the methods used in this study for an urban
survey on climate change opinions. The four section presents the
main results and discussion of the survey in the urban context of
Bogota. The last section presents a set of conclusions.

2. Bogota as case study

Bogota is selected in this study because it is a city that is
particularly vulnerable to climate change, given that its population
has been established in areas that are prone to flooding and in
unstable lands of the high sierras, their residents depends on the
mountains and grasslands neighbouring the urban area for water
supply, and in the few last years this city has suffered extreme
weather events by La Nina and El Nino phenomena, the first causes
a significant intensification in water flowing through the moun-
tains, exceeding the capacity of these degraded landscapes to filter
and absorb it, whereas the second show an important decrease of
water supply and high vulnerability to forest fires and droughts
(UNDP, 2010; Andrade, 2014), which impact human health, hence,
it is critical to protect this city against climate impacts.

Moreover, Bogota generates 0.36% of global CO, emissions;
where it is important to decrease GHG emissions to maintain or
increase air quality, reduce effects of climate change on health,
water, energy and food availability and vulnerability to strength
and maintain quality of life. Moreover, to promote programs related
to energy efficiency in the industrial sector (Pardo Martinez, 2014).
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With respect to projections of temperature and emissions, for the
next years, it is expected to increase the monthly average temper-
ature, which can produce a decline of 70.5% forests and 54.6%
moorlands (Paramo) at the whole area. With respect to rainfall, in
the East and some areas of Chingaza moorland, it is expected a
decrease on rainfall (10—20%) causing serious repercussions in the
water supply in aqueducts and reservoirs. In contrast, in the South
(Sumapaz) it is expected an intensification of precipitation
(20—30%) for the period 2041—2070 causing frequent and intense
flooding a landslide in the city (Carbonn, 2010).

Moreover, in the last years, Bogota as the main city of Colombia
have experienced different climate-related disasters, including
floods, droughts, storms and extreme temperatures. These events
have led to human casualties and destroyed homes, livelihoods, and
infrastructure; the total losses from natural disasters account for
1.1% of the national gross domestic product (GDP) in this country
(DNP and IDB, 2014), demonstrating the importance of under-
standing the perceptions, awareness, attitudes and knowledge of
the urban population regarding climate change.

3. Methods

The method for this research was chosen to facilitate the pre-
sentation of data and information with the goal of understanding
and analysing the main opinions, attitudes, public ideas and
knowledge on climate change and its process in the daily life in
Bogota city. The research method included various elements, such
as sample selection, data collection, evaluation of the validity and
reliability of the data, and data review and evaluation.

The study's research format was inductive, meaning that the
data gathered and the analysis allowed for the development of
different findings that enrich the available literature on public
perception of climate change in urban context with higher
vulnerability.

For this study, a survey was conducted with urban population,
where a descriptive quota sample of the Bogota's population aged 18
years and older was interviewed face-to-face in their own homes by
Colombian Observatory of Science and Technology (OCyT) and
Specialized Systems of Information (SEI) between 1 April and 15 May
2016. Interviews were conducted in different zones of Bogota as
capital city of Colombia that has the largest population and economy
in terms of Gross Domestic Product (DANE, 2015) and typical city of
developing country with high vulnerability to climate change.

Zones of Bogotd were designated randomly from a stratified
sample based on the criteria of strata and age, where sampling was
random and stratified. Stratified sampling allowed for a represen-
tative sample of different categories of vulnerability, and the
technique used for the sample design was principal component
analysis (PCA), which was used to categorize the zones in Bogota;
zones in the city were assigned using the technique of optimal X
allocation taking into account weather characteristics, and the
same number of households was assigned to each zone of city.

Bogota consists of a population of 7.87 million with 2.55 million
households, where it calculated a sample size of 448 following
Masud et al. (2015, 2017). 480 households were contacted with the
response rate 93.3% where 32 questionnaires were rejected
generating 448 effective surveys. This sample size is adequate
taking into account Leedy and Ormrod (2010) that consider that for
a population size of above 5000 a sample size of 400 is statistically

robust and reliable. Pilot test was conducted on 15 households to
determine response time, the precision and understanding of the
questions with the aim to assurance that the instrument was
relevant and appropriate for the study.

To guarantee the representative of sample in the selection in the
city was drawn with a probability proportional to population size
(PPS) with a design wpt where the inclusion probability is propor-
tional to absolute value. In this study, it is used Horviz-Thompson
estimator that to estimate the total of the observed variable y in
the sample according to Gutierrez (2011) (see equation (1)).
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Where 7; it is the probability of inclusion k-th element, which it
is given by inclusion probabilities of four sampling stages proposes
in this study.

From this estimator for a total, it is necessary the estimation of
proportions to obtain the averages and percentages according to
Sarndal et al. (1992) (see equation (2)).
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To establish expansion factors was used PPS sampling without
replacement (see equation (3)) and a simple random sampling
without replacement (see equation (4)).
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n and N vary depending sampling stage that in this study are four (I:
Zone selected, II: Socio economic strata selected, III: Blocks of city
selected, IV: Households by block selected). Inclusion probabilities
per stage are formulated following the methodology developed by
Sarndal et al. (1992). Expansion factors for every sampling stage are
the inverse of each inclusion probabilities and the final factor of
every unit is the multiplication of the inverse of probabilities of all
stages (see equation (5)).

EXFpasic = EXF- EXFy- EXFyp - EXFy (5)

To generate adjusted expansion factor by non-response, this is
calculated for selection stages of blocks and households according
to equation (6).

n+nad—nfu
n—+ Ngg — Ng — Ny

(6)

F, Adjusted —

where n = expected amount of sample; ngg = additional amount of
elements or observed units that appear default in framework;
ngp=amount of elements or units outside the universe;
n, = amount of rejections or non-response or absentees.

With these factors (blocks and households), these are multiplied
by basic factor to generate expansion factor adjusted by hedging
(see equation (7)).

EXFenp = EXFr-EXFyp- (EXFIII'EXFadjusted block) : (EXFIV -EXFagjusted household) (7)
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Estimation of variance is according to Horvitz-Thomson (see
equation (8)) taking into account that 7 is the inclusion probability

of municipality within stratum h, with fyk total estimated of vari-

able y for municipality k, and ?yh total estimated of variable y for
stratum h.

2

~ (= _ S 1 nh?k —~
V(ty>=2nh(nh—1)zi: ka ~ b (8)

h=1

In this study, it is necessary to calculate percentages or ratios;
the estimations of variance for ratios follow the lineal approach of
ratio through Taylor series that according to Sarndal et al. (1992) it
is expressed with equation (9).

U, = (yk - ﬁzk) % 9)

Equation (9) and replaced variable y for total estimation; lineal
approach is equation (10) based on Sarndal et al. (1992). Taking into

account that ?yk is in function of variable 1.

2
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Moreover, for auxiliary variables (x) or administrative registers
are used calibration estimators to guarantee the balance for pop-
ulation characteristics that are of interest for study. This method
calculates weights wy, close to the inverse of inclusion probability of
k-th element d,, the estimations must fulfil the restriction of
equation (11) according to Gutierrez (2011).

> WXy = tx (11)
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The development of expansion calibrated factors used calibra-
tion technique from Calibrate 1 procedure to generate calibrated
weights to estimate and evaluate the estimation quality of the
study achieving high reliability and standard error and margin er-
ror less than 10%.

3.1. Survey design

Personal interviews were conducted by fully trained and su-
pervised market and opinion research interviewers and took (on
average) 30 min to complete. Interviewers introduced themselves
as being from Colombian Observatory of Science and Technology
(OCyT), an independent research organization carrying out a survey
on behalf of IDEAM and PNUD regarding the perceptions of climate
change in Colombia. All surveys were anonymous. No incentives
were offered for participation. In total, the survey was composed of
25 questions and five sections about socio-demographic features
and climate change.

The survey questionnaire was designed taking into account the
requirements of the Antigua Manual regarding perception surveys
from five dimensions with respective sub-dimensions (see Table 1
and RICYT, 2015). The survey questionnaire was designed following
different perception studies such as the survey of environment and
climate change in Costa Rica (PNUD, 2014), climate change
perception in Bangladesh (The Asia Foundation, 2012), and
research of perception studies around the world (Capstick et al.,
2015).

4. Results and discussion

This section shows the main results of the urban survey on
climate change in Bogota that was calculated with statistical
techniques of high reliability. This study indicates different ap-
proaches on public perceptions of climate change taking into ac-
count the socio-demographic characteristics of population. In
general, population of Bogota if it considers that climate change is
happening and it is perceived through changes in temperature and
rainfall, it is caused by human activities and in this city the actions
in relation to climate change are limited.

4.1. Socio-demographics characteristics

An urban representative quota sample of 246 people aged 18
years and older was interviewed face-to-face in their own homes
and represents 2557100 of citizens of Bogotd. Women 61.64% and
men 38.36% answered the survey. The majority of respondents
(59.24%) had primary and secondary education.

4.2. Positions and beliefs regarding climate change

These questions are focused to analyse beliefs and knowledge
regarding climate change for urban population. In general, these
illustrations answer cultural and social paradigms around climate,
its variations and risks. These questions allow the most important
images and their dynamics according to the respondents to be
acknowledged.

The main results on the positions and beliefs of climate change
in Bogota are the following: All respondents consider that climate
change is real. Urban respondents consider that over last five years,
the annual average temperature is warmer (52.05%) and very var-
iable (32.03%) and the amount of the rain has decreased (33.72%) or
been variable (33.63%) especially in the ranges from 16 to 24 years
old and from 55 to 64 years old and the majority of respondents
that consider that annual average temperature and the amount of
the rain have been variable in the last years, which concurs with
weather conditions of Bogota with cold temperature in the morn-
ing and the late afternoon and rain may be present at any time of
the year in this period.

The main cause of climate change is human activity (see Fig. 1)
for majority of respondents, which corresponds with relationship
with generation of greenhouse gas emissions by transportation or
industrial activity that characterize the cities as Bogota.

Respondents relate to climate change with the following words:
temperature, climate change, hydrological change, droughts, and
rainfall, among others. Fig. 2 describes hierarchical connections for
words related to climate change (from a sequence by repetition
frequency) that it generates among words and concepts with the
increased number of responses by survey respondents and how
these words and concepts are related (e.g., global warming is one of
the words the most often mentioned and is interconnected with
temperature and pollution, and pollution are related to change and
then with droughts and this with forest fire).

The availability of food, health, infrastructure and quality of soil
(erosion) are the main factors that are threatened by climate
change in Bogotd, whereas household and availability of water are
less threatened by climate change according to the urban re-
spondents' answers of Bogota (see Fig. 3). According to World Bank
(2010a) climate change generates severe threats to urban infra-
structure, quality of life (health, food availability, etc.) and whole
urban systems due to strange climate events and trends, which
concurs with results of survey applied in Bogota and study of main
diseases generated in the city related to effects of climate change
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Table 1
Survey dimensions of the national survey of climate change in Colombia.

Dimension Sub-dimension Number of questions Sample Questions

Socio-demographics Age, gender, ethnic group, occupation, 4
characteristics education level

Positions and beliefs regarding Concepts of climate change, causes and 12 From year 2011 to today, the annual average
climate change consequences of climate change, climate temperature in this municipality has been: ...

variability and vulnerability to climate change

Information habits Information, sources and level of information of
climate change

Institutionalism and Climate change policies, institutions that work
governance by climate change, promote actions on climate
change
Empowerment of science and Education and practices (mitigation and
technology related to climate adaptation) on climate change
change

From year 2011 to today, the amount of rain (rainfall) in
this municipality: ....

What words or phrases do you think about when we
talk about climate change?

Do you consider that climate change can threaten the
following aspects in your municipality/city?

When do you consider that the consequences of climate
change will occur?

3 How informed are you about climate change?
Through what media platform do you mainly obtain
information on climate change?

Can you name a program/newspaper/magazines/web
page that you consult/seek to inquire information on
climate change?

3 In the last year until yesterday, have you participated in
the following forums for public
participation for issues related to climate change?

Of the following entities, which take action to combat
climate change in your municipality or city?

4 In what ways have you modified your behaviour in
response to climate change?

What actions/practices have you applied to contribute
to the reduction of the associated effects of climate
change?

Which of the following actions have you performed in
addressing the consequences of climate change?

such as respiratory diseases (Pardo Martinez and Alfonso, 2014).
The urban respondents of Bogotd indicated that the main causes
of climate change (see Fig. 4) are deforestation (31.91%), inadequate
solid waste management (26.59%) and air pollution generated by
industries (21.18%) especially in the ranges from 25 to 44 years old
indicating that causes of climate change are related to contamina-
tion in urban areas. These results concur to data of IDEAM that
demonstrated a gradual decline of Colombian natural forest from
an area of 56.4% in 1990 to 51.7% in 2014 and Pardo Martinez and

100%
90%
80%
70%
60%

Alfonso (2016) in the context of energy efficiency in
manufacturing industries of Bogotd.

The survey also suggested that 54.34% of respondents consider
that the consequences of climate change have occurred for more
than 10 years, whereas 45.66% consider that the consequences of
climate change have occurred for more than 30 years. These results
indicate that urban population has the opinion that climate change
is a phenomenon that it is perceived as some has been happening in
the last decades and not only as a stand-alone issue.

36.73%

50%

40%

18.79%

30% 34.71%

20%

0/
10% 13.67%

0%
Climate change is caused by a natural Climate change
phenomenon.

56.32%

31.80%

is caused by God’s will. Climate change is caused by the actions
of human beings.

OFully agree OAll right

Fig. 1. Causes of climate change according to Bogota's citizens.
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Temperature

Climate
Change

Global
Warming
Hydrological
Change

Fig. 2. Words related to climate change in Bogotd.

41.29% of the Bogota's respondents understand about green-
house gas emissions and considers that following activities
generate Greenhouse Gas (GHG) Emissions: industrial activities,
fires and motor vehicles, waste management, and burns, whereas
agricultural and livestock activities are identified as little

319

generators of GHG emissions. These results demonstrate that urban
population associate urban activities with generation of GHG due to
higher relationship with daily activities in the city.

In terms of how the urban population is affected by climate
change, the results indicate that 88.16% of respondents consider
that the world population will be affected without distinction, and
all respondents consider that the Colombian population, popula-
tion that live in the sea shore and the side of the river will be greatly
affected.

Within a Bogotad city, unexpected changes in temperature,
droughts, increasing food prices, forest fires, and extreme hot or
cold conditions are situations that have been associated with
climate change in the last years indicating that perception is close
related to environment and ecosystems predominant in the urban
area. Moreover, when the survey was applied, Bogota has experi-
enced an intensive period of forest fires, which could have gener-
ated a higher concentration of answer related to this situation and
direct relationship with climate change.

These results indicate that the Bogotd's population considers
that climate change is occurring and has affected their life, which is
consistent with other studies in developed and developing coun-
tries where climate change has become a priority (Corner et al.,

Food availability

Health

Infrastructure (bridges, buildings, etc.)

The soil quality / erosion

Flora and fauna

Water availability

Your household (structure, flooding, etc.)

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
B Threat much [ Threat little M No threat
Fig. 3. Main factors that are threatened by climate change in Bogotd.
35% 1
31.91%
30% -
26.59%
25%
21.18%
20% -
15%
10% 7.61%
5 | . 4.54% 4.43% S
Clearing or burning Mismanaged Air pollution by Agricultural The behaviour of Fuel i Electricity
of trees waste. industrial activities (use of the sun. consumption.
(Deforestation). processes. fertilizers and
pesticides).

Fig. 4. Main causes of climate change according to Bogotd's citizens.
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2011; The Asia Foundation, 2012; Leiserowitz et al., 2013; Nisbet
and Myers, 2007) and that have enacted a number of policies and
initiatives that allow for the adaptation and mitigation of climate
change; this is especially important in urban cities that have a high
vulnerability to climate change especially in developing countries.

Studies of The Ministry of Environment (2016) have established
that main impacts of climate change in Colombia will be given in
coastal zones by the threat of flooding affecting 2% of population
and 2.2% of gross domestic product, 50% of population will be
affected by modifications in the variation in hydraulic regime,
agricultural sector and soil with high potential of desertification in
several regions of country and an increase of tropical diseases.
These impacts concur to results of urban survey on climate change
in Bogota.

4.3. Information habits

This dimension seeks to recognise the representation of climate
change in the media to determine whether the media effectively
informs the urban population about climate change. This infor-
mation is key to determining appropriate and relevant communi-
cation strategies for climate change in urban areas to develop
adequate instruments for prevention, mitigation and adaptation.

88.82% of urban respondents consider that they are not suffi-
ciently well informed on climate change whereas 6.91% of re-
spondents consider that they are very well informed especially in
respondents in the ranges from 16 to 24 years old. These results
indicate the importance to promote and strength communication
strategy with the aim to avoid false or erroneous information on
climate change and generate information based on evidence from
reliable research to empower population on preventive, mitigation
and adaptation measures especially in urban context. Moreover,
young people has been greater interest in climate change and
environmental problems where they have a important role in
combating climate change (Pandve et al., 2009).

The main media platform to inform them of climate change is
television, followed by the Internet. The programs that are recog-
nized to provide information about climate are mainly the Discov-
ery Channel, Week radio_No Numeral, RCN newscast, etc. and web
pages of public offices as IDEAM and the Ministry of Environment.
Fig. 5 shows hierarchical connections for media platform (e.g.,
IDEAM is one of the words the most often mentioned and is
interconnected with Weekradio and the Ministry of Environment
the both words are interconnected with Corpoamazonia and this
last word is related to Geoplanet).

These results demonstrated that the Bogota's population has an
interest in climate change, which is consistent with the findings of
the Il and IV national surveys on public perceptions of science and

DISCOVEW
Channel

C
aracol Weekradio
Newscast
The Time Corpoamazonia National
Newspaper Ne\vscast
The Ministry of Geoplanet
Environment

Natlonal
Geographlc

Fig. 5. Programs recognized to inform the public about climate change.

technology applied in Colombia in the years 2011 and 2015
(Colombian Observatory of Science and Technology, 2014, 2015) in
which the majority of the population use television and the
Internet for information regarding science and technology and over
50% of the population has interest in environmental topics and
affirm that they are informed or not sufficiently well informed.

An adequate communication strategy to increase awareness on
climate change must include the following elements: i. Training
and raise awareness concerning the climate change adaptation
among all stakeholders; ii. Promotion of public participation in-
struments and facilitate use and application for all population; iii.
To provide adequate communication tools for all segments of
population; iv. Generation constantly of appropriate communica-
tion strategy on climate change from different approaches (pre-
vention, adaptation and mitigation); v. To foster urban population
understanding of the topics of climate change for communicated
decision-making and implementation of corrective procedures and
good practices to prevent environmental problems (UNDP, 2012;
Space, 2009).

4.4. Institutionalism and governance

This section of survey seeks to analysis the knowledge of urban
respondents related to institutions or entities that promote climate
change in the city. Moreover, it establishes the level of involvement
or relevance of respondents to contribute in decisions or actions
regarding climate change through different mechanisms than those
offer by the Colombian and Bogotd's government.

To determine the government activities or programs regarding
climate and environmental problems, the survey included some
questions in which education campaigns and programs or projects
are the actions executed by the Bogota's government (see Fig. 6).
However, none of respondents consider that investments of finan-
cial resources for climate change are adequate indicating that
Bogotd's citizens feel that definitive the budget to mitigate, prevent
and control climate change lack the specific actions. Likewise, it
considers that research in this topic is limited. These results
demonstrate the importance for Bogota's citizens of the need for the
government to evolve effective governance and policies related to
climate change with local, regional and urban effects and impacts.

Less than 10% of respondents have used forums for public
participation on climate change, where highlights: environmental
municipal councils, committees of citizen participation and com-
munity action councils. These results demonstrate the lack of in-
terest in the climate change in urban contexts.

The government offices most recognized to conduct actions in
response to climate change are the Ministry of the Environment,
Institute of Hydrology, Meteorology and Environmental Studies
(IDEAM) and Corpoica. However, 32.73% of respondents considered
that no entity promotes action to prevent, combat and control
climate change in urban areas and that city is not ready to face
climate change and its consequences over the next five years.

These results indicate that the Bogotd's population considers
that the role of government and different institutions are still
marginal, suggesting that it is important to make increased efforts
in activities on awareness and institutional reinforcement in rela-
tion to climate change that should be integrated in all areas of
public policy, particularly economic and social policies and regions
that have important roles in climate policies (OECD, 2007;
Galarraga et al., 2009).

In the formulation and design of climate change governance, it is
important taking account the following: i. Improved integrate
sectorial policies horizontally (cross-sectorial) for impacts and
adaptation efforts cut across policy sectors; ii. Better incorporation
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Fig. 6. Perceptions related to institutional activities on climate change in urban areas and country.

of policies vertically (across levels of government) for impacts and
adaptation efforts cut across levels of government; iii. Increase the
knowledge - base of policies and facilitate participation taking into
account the uncertainty of climate scenarios, impacts and vulner-
abilities and the effectiveness of measures; iv. Simplify ‘procedural
justice’ by involving those in policymaking who are affected most
by climate change (Steurer et al., 2010; Bauer et al., 2011).

Other important point is that urban areas are complex systems
where service delivery mixes with robust infrastructure and social
and political aspects that define much of the success or failure of
social and economic policies, where for climate change it must
improve the city's resilience that implies mainly: robust decision
making, social inclusion, urban risk assessments, emergency pre-
paredness, greater adaptive capacity, protection and integration of
key ecosystem services, among other (World Bank, 2010b; Staden,
2014).

Colombia has developed a Strategy of Low Carbon Development
that included the following issues: i. An analytical phase to identify
and formulate mitigation measured for productive sectors; ii. the
development of action plans for mitigation and studies of the co-
benefits of mitigation measures; iii. the implementation of a
measuring system of mitigation actions; iv. capacity-building; and
v. communication strategies. This strategy has allowed for the
development of eight plans of action for the main productive sec-
tors to improve sustainable development and decrease GHG
emissions. According to this strategy, Bogota developed a Plan of
Adaptation and Mitigation to Climate Change with five objectives
through District Secretary of Environment (see Table 2) that taking
into account the results of survey require more divulgation and
diffusion in the Bogota's population with the aim to achieve the
reduction of climate change effects and higher adaptation a new
conditions of environment.

4.5. Empowerment of science and technology related to climate
change

This dimension includes questions to determine the actions and
process that respondents make every day related to climate change.
Moreover, these questions allow for an understanding of how
people use the scientific knowledge on climate change in their
experiences to generate involvement and participation.

In regards to actions and practices for adaptation to climate
change, 89.02% of respondents have not applied any practice or
action and the main modifications of behaviour in response to
climate change by the respondents are the following: reducing
water consumption (75.21%), changing of the manner of dress
(59.62%), changing of diet plan (23.16%) and changes in infra-
structure (22.88%) indicating that climate change generates in the
population modifications in everyday habits due to variations of
temperature and precipitations. In case of reducing water con-
sumption, the results concur with different campaigns from local
government in the last decades, application of new tariff system
and better public awareness of the consequence of the rational use
of water (Alfonso and Pardo Martinez, 2014).

The main activities identified by the respondents to contribute
to the reduction of the associated effects of climate change are the
following (see Fig. 7): reduce energy and water consumption, use
alternative energy systems and recycle materials, whereas to avoid
localization in risk areas by landslide and/or flooding and plant
trees were not considered (0% of answer). These results demon-
strate that citizens of this city gradually become aware of the
importance to protect the environment and prevent climate change
from daily activities, which generate cultural changes and higher
empowerment of society around urban problems related to
ecosystem and nature. However, these results could be associated
with high costs in public services, especially electricity and potable
water. Reference is also made to the recycling of materials, the use
of renewable energy as solar energy and the use of alternative
modes of mobility, such as cycling. In general, there is a trend to-
wards the use of green products in domestic consumption, asso-
ciated more with the marketing of sustainable products, which are
not yet rooted in consumption, nor has its effect on the environ-
ment been verified which concurs with Yu et al. (2017) in the
context of Taiwanese undergraduate students.

The findings of this study indicate that the urban citizens of
Bogotd have generated different perceptions and understanding on
climate change, for which it is important to design and apply new
strategies to empower the urban population on the importance and
actions for adaptation or mitigation of climate change. Additionally,
the government should strengthen climate change governance,
especially in the urban regions that are most affected by this situ-
ation taking into account that today and the future cities agglom-
erate the majority of population.
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Table 2
Bogotd's plan of adaptation and mitigation to climate change.

Goals Programs

Goal 1: To cut Bogotd's carbon dioxide
(CO,) emissions

Sustainable mobility
Zero waste

- Eco-efficiency in responsible consumption and production systems
- Sustainable building
Goal 2: Increase the adaptive capacity - Eco-urbanism and territorial planning for adaptation

of the city to climate change

Goal 3: Save and manage integrally

Recovery the Ecological main structure of Bogota and the region
Scaling of green space coverage

Research on health Impacts of Climate Change

Sustainable drain system

the water - Reduce water losses
- Increase rainwater uses
- Aquifer protection
- Bogota river basin recovery
Goal 4: Consolidate a system of environmental - The construction of the public participation through formal and informal mechanism in the

governance to tackle climate change collectively

decision-making processes that impact the city.
To strength capital social (the capacity of organization, appropriation of knowledge,

understanding of the environment and conflict resolution competence.

Goal 5: Promote a transformative cultural
change, according to new climate challenges
that are imposed

To organize and achieve synergies that increase social and cultural appropriation for adaptation to
climate change.
Formulation of communication and education strategies.

Source: District Secretary of Environment (2015.
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Fig. 7. The main practices identified by the respondents to contribute to the reduction of the associated effects of climate change in Bogota.

5. Conclusions

Climate change is disturbing urban areas and their citizens,
especially the poor, and more severe effects are estimated as
climate extremes and variability increase, as it is the case of Bogota.
Hence, the results of this study have demonstrated that the 100% of
the Bogota's interviewed believe climate change to be an important
issue. They note that it is real and that human activity is a principal
contributing factor (56.32%). The study identified that the Bogota's
citizens has perceived changes in temperature and rainfall over the
last five years, and these changes have generated threats to their
habitat in the form of droughts, rising food prices, forest fires,
among others. The main media platforms to inform the public on
climate change are television and the Internet.

On the whole, this research reveals that climate change gover-
nance has gaps because majority of respondents consider that the
city does not execute or apply actions to combat climate change,
and less than 10% have used forums for public participation on
climate change. Moreover, the majority of Bogota's citizens have
not applied any practice or action to adapt to climate change.

These results show the importance to climate change for the
urban population of Bogota. It is important to design strategies and
programs in which citizens can become more involved in actions to
prevent, mitigate and adapt to climate change and in which gov-
ernment and the media also play significance roles. Identifying
current perceptions is not sufficient; it is also necessary to identify
and analyse climate change from an integral perspective that
guarantees effective migration strategies, such as the development
of a low carbon economy.
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