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Abstract: This review presents a summary of research in urban climate over the past decade and 

since the first reported studies in the field for Curitiba, Brazil. This city is located just south of 

the Tropic of Capricorn and has a long tradition in Brazilian urban planning. Due to increasing 

urban expansion in recent decades, quality of life within the urban area has been decaying (for 

example, in terms of the thermodynamic subsystem, which includes the development of urban 

heat islands). The integration of research outcomes and the development of the urban climate 

field in a more cohesive way could allow researchers to provide guidance for climate-responsive 

urban design, with consequential life-quality improvements in this location.

Keywords: intra-urban air temperature variations, outdoor thermal comfort, urban heat 

island

Introduction
Curitiba (25.5°S, 49°W, 910 m above mean sea level) (PR, Brazil) is located in a 

tropical climate zone in a relatively high-altitude region of Brazil, and is classified 

as an oceanic climatic type according to the Köppen–Geiger climate classification. 

For Brazilian standards, its climate is quite peculiar, and as the capital of the state 

of Paraná, it is the coldest capital city in Brazil, with frequent night-frost episodes 

in winter and more clearly defined seasons than in most parts of the country. Other 

relevant features of this location include its long history of urban planning and an 

increasing urban expansion in recent decades, which brought several consequences 

for the quality of life within the urban area.

Urban growth in Brazil (past and present trends) has been suggested to be directly 

responsible for a decrease in life quality in cities, which within a few decades have 

seen their population increase three- or fourfold, and Curitiba is no exception. With 

its rapid process of urbanization starting in the 1950s, Curitiba has seen its popula-

tion triple over the last 4 decades (1970–2010). Such urbanization was mostly caused 

by migratory movements. As the economy of Paraná state was traditionally based on 

agriculture, with the mechanization of agricultural processes and with the expansion 

of the industrial sector in the city alongside the creation of the sector called “Cidade 

Industrial de Curitiba”, migration took place towards the state’s capital. In the 1990s, 

as a result of successful urban planning projects along with equally successful city 

marketing campaigns, many newcomers came seeking a higher quality of life, many 

of them leaving behind Brazilian megacities such as Rio de Janeiro and São Paulo, 

which had also experienced the negative consequences of unplanned urbanization.1 In 

some parts of the city, the spatial configuration is characterized by urban canyons along 
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the so-called “Structural Sectors”, which have a pronounced 

impact on the urban landscape: along those axes, dwellers 

are faced with challenges including thermal discomfort, lack 

of daylight, and changes in ventilation patterns leading to 

possible effects on air quality.2–6

This review has the purpose of summarizing the climate-

related research that has been done in Curitiba over the last 

2 decades, thereby offering future perspectives for actions and 

continuing investigations in the fields of climate-responsive 

urban design, urban climate, and outdoor thermal comfort. 

Although local climatic conditions are not representative of 

the larger Brazilian territory – less than 1% of the country 

is classified as belonging to the same bioclimatic zone as 

Curitiba – lessons learned from Curitiba can be applicable 

to similar latitude and altitude ranges, thus affecting a num-

ber of cities in developing countries with similar climatic 

challenges.7

Method
A search of the research output, in terms of master’s and 

doctoral theses as well as scientific papers, was performed in 

freely available databases (Scopus, Google Scholar, Banco de 

Teses CAPES [http://bancodeteses.capes.gov.br/], Biblioteca 

Digital de Teses e Dissertações – SiBi/UFPR [http://www.

portal.ufpr.br/teses_acervo.html], and Repositório Digital da 

UTFPR [http://repositorio.utfpr.edu.br/jspui/]). A search in 

the main directory of research groups in Brazil (http://lattes.

cnpq.br/web/dgp) was additionally carried out for identify-

ing registered research groups in the field of urban climate 

presently active in Curitiba.

In the survey, the basic search term used was “Clima 

Urbano” for the Curitiba location; corresponding search 

topics in the international database Scopus (As “Article Title, 

Abstract and Keywords” in the standard search form at http:// 

www.scopus.com) were “Urban Climate” and “Urban Heat 

Island” for Curitiba.

Urban climate research in Curitiba
A great part of the studies on urban climate conducted in 

Brazil are based on the systematization of the field by the Bra-

zilian geographer Monteiro with his Sistema Clima Urbano 

(SCU) approach for guiding research on urban climate.8 

Based on Monteiro’s method, urban climate systems can be 

subdivided into three subsystems: thermodynamic, hydrome-

teorological, and physiochemical. Each of these subsystems 

will have an impact on urban environmental quality and 

should therefore be handled in a systemic way by means of 

appropriate and climate-responsive urban planning strategies. 

The focus of this paper is on the thermal impacts (thermody-

namic subsystem) of urbanization in a subtropical location, 

although one must also recognize the severe consequences 

for the local economy and quality of life arising from distur-

bances in the hydrometeorological subsystem, eg, increases in 

flooding episodes. The thermodynamic subsystem, according 

to Monteiro, is linked to the perceptual channel “thermal 

comfort”, which includes the determination and mapping 

of urban heat islands (UHIs).8

The survey of studies published on urban climate start-

ing in the 1990s showed that the majority are related to 

the thermodynamic subsystem/thermal comfort channel. 

A handful of studies found with the search engine Google 

Scholar were linked to air quality while a few others were 

on the hydrometeorological channel. However, the bulk of 

publications pertain to the thermodynamic subsystem/thermal 

comfort channel. Such results corroborate the findings from 

a literature review with the time frame 1990–2010 for the 

entire country, where most research papers on urban climate 

were found to have evaluated the thermodynamic subsystem; 

in particular, for the decade 2001–2010, the thermodynamic 

subsystem represented over 75% of the total Brazilian 

research output in this field.9

Although a precise quantification of the total research 

output for the terms “Clima Urbano” and “Curitiba” as a 

location indicator is not the aim of this paper, a raw figure 

for the last 5 consecutive years was approximately 280 hits 

(results from Google Scholar including citations, papers not 

directly related to the thermal comfort channel, and those not 

necessarily taking place in Curitiba); for the 5 years before 

that, the amount drops to about 230 publications; and since 

the start of the reported studies in the field in Curitiba until 

2005, there were less than 90 hits for primary data.

A filtering of data from the Google Scholar search engine 

yielded a total of 25 papers, eight master’s theses, and seven 

doctoral theses presented on the subject from 2004 onwards. 

Preliminary work published as a journal or conference paper 

before that shows however an effort to quantify inter- and 

intra-urban temperature variations in Curitiba, though the 

main focus was not on the UHI effect, but on air quality 

standards. The exception was the reference book of Monteiro 

and Mendonça “Clima Urbano”, a landmark for studies on the 

subject in Brazil, which discusses Monteiro’s SCU approach 

and presents an overview of studies on the subject until 2003, 

the year of its publication.

Danni-Oliveira pioneered the research in the area of urban 

climate in Curitiba in the 1990s, looking at intra-urban dif-

ferences in air temperature for the diversified morphology 
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of the city and, in many cases, as a function of traffic levels.2 

Further analyses of monitoring campaigns showed a relation-

ship between the magnitude of the UHI and atmospheric 

patterns, such as the occurrence of clear night.10

Although the focus of her doctoral thesis was on pol-

lutants’ dispersal (Monteiro’s physiochemical subsystem), 

Danni-Oliveira noticed that the massive densification towards 

vertical growth contributed to a reduction in wind speeds in 

the canopy layer with thermal implications in urban canyons.2 

In a subsequent study, Danni-Oliveira et al analyzed the effect 

of vertical growth, concluding that high-rise buildings were 

responsible for increases in ambient temperature.11 Cunico 

et al corroborated these findings, suggesting a strong relation-

ship between urban density and increases in air temperature 

while, in comparison, vegetated areas exhibited lower air 

temperatures.12

More focused studies with the aim of understanding and 

quantifying intra-urban variations and UHI effects started 

with field measurements from 2002 onwards, including sta-

tionary stations (Figure 1) and mobile transects (Figure 2). 

Rossi quantified intra-urban air temperature differences 

by means of simultaneous monitoring with data loggers.13 

The study started out by updating Curitiba’s test reference 

year, since the test reference year (available for download at 

http://www.labeee.ufsc.br/downloads/arquivos-climaticos/

formato-try-swera-csv-bin) available at that time was 

based on a climate database from the 1960s. Results of this 

update showed a small increase in air temperatures over 
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Figure 1 Spatial distribution of the points covered by fixed monitoring stations over the background of satellite imagery (Google Earth) and street-layout maps from IPPUC.52

Notes: Except for the points covered by Pertschi19 and Dumke22 and a monitoring point studied by Leal,33 the bulk of monitoring sites were within the city of Curitiba (PR, 
Brazil). Minella,25,42 Rossi,28 and Schmitz41 focused on the downtown area, while Rossi,13 Dumke,22 and Leal33 used more widely distributed monitoring sites, allowing for the 
analysis of heterogeneous situations. Apart from a few points monitored by Dumke22 in the Metropolitan Region and by Leal,33 the majority of sites were in consolidated 
urban areas. As for mobile stations, five studies employed such an approach for data collection: Blanchet;17 Pertschi19 – in addition to fixed point monitoring, as cited above; 
Barbosa;23 Pertschi;27 and Martini.35
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the period, with a corresponding reduction of cold thermal 

stress throughout the seasons of the year. For the field study, 

measuring instruments were positioned at a common refer-

ence height adjacent to public library buildings located in 

different neighborhoods across the city, and monitoring 

took place simultaneously at the different locations during 

winter. By determining land use attributes of the 14 different 

monitoring sites from aerial photographs – which were clas-

sified according to pervious and impervious, vegetated areas, 

water bodies, and built up areas – correlations were drawn 

with local air temperatures and their differences relative to 

those measured at an official meteorological station. Results 

showed that in some instances, observed patterns conformed 

to what would be expected from the literature review, but that 

the correlations between land use and local air temperature 

were generally weak.14

A follow-up study by Lima had the purpose of analyzing 

the relationship between energy demand for air-conditioning 

and urban form.15 Height and albedo parameters were added 

to the database gathered during Rossi’s study and the analysis 

was thus expanded.13 In addition, computer simulations as 

well as predictive formulas were used for assessing energy 

consumption in three low-cost houses for the different sites 

across the urban area. The simulations were calibrated using 

actual monitored data gathered in a previous field study.16 The 

three low-cost houses evaluated in Lima’s study presented 

different building attributes in terms of U-value and thermal 

mass as follows: 1) a wood-based building; 2) a conventional 

building with unplastered walls, built with ceramic bricks; 

and 3) a dwelling built with an alternative building material 

based on soil-cement blocks.15 Special care was given to the 

overall atmospheric conditions considered for such estima-
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Figure 2 Spatial distribution of the mobile transect measurements over the background of satellite imagery (Google Earth) and street-layout maps from IPPUC.52

Note: Excluding the regions evaluated by Pertschi, other transect measurements took place in consolidated areas in Curitiba (PR, Brazil).19,27
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tions from synoptic reports. From predictions of the indoor 

conditions in the low-cost houses for the various sites, percent 

changes in heating energy demand due to a virtual relocation 

of the building ranged considerably. More detailed computer 

simulations performed for the wood-based building system, 

which had exhibited the greatest variation in heating demand 

due to relocation, showed a 40% change rate in heating alone 

as a result of urban morphology.

Blanchet used mobile transects, consisting of air tempera-

ture and humidity sensors attached to a vehicle, to analyze the 

relationships between thermal fields and land use attributes 

in a particular neighborhood (Bairro Bigorrilho, Curitiba, 

PR, Brazil) at three time stamps (9 am, 3 pm, and 9 pm).17 

Altogether, 13 monitoring points were monitored in the time 

frame of 1 hour around the World Meteorological Organiza-

tion official time stamps, along three transects in summer 

and in winter, and were compared to a reference station. 

A thermal comfort index known as the “Building Bioclimatic 

Chart” was also used for integrating measured variables.18 

The characterization of each monitoring point according to 

aspects such as land use, density, and vegetation was based 

on a combination of in situ observations, official urban plan-

ning data, and aerial images, so that a quantification was 

made possible. Among the conclusions was that vegetation 

is directly linked to local air temperature changes.

Pertschi investigated the relationship between local urban 

design attributes and air temperature/UHI effects in São José 

dos Pinhais, a municipality which is part of the Metropolitan 

Region of Curitiba.19 This study employed fixed monitoring 

stations and land-use classification (as in Rossi’s study), but 

focused on a summer period in 2005.13 Again, Monteiro’s 

SCU approach was used, and the thermodynamic subsys-

tem was evaluated.8 The mobile transect method was also 

employed, with air temperature measurements being sampled 

across different monitoring sites. Taking into account the 

background atmospheric changes throughout the monitored 

period, correlations were drawn between urban design attri-

butes and local air temperature. The weak correlations found 

were attributed to divergences between aerial images and 

the sites’ roughness-related 3D features not captured from 

the overhead view, and also to limitations of the statistical 

analysis used.

A study by Young at the State University of Campinas in 

the State of São Paulo (SP, Brazil) also focused on Curitiba, 

with the aim of studying the relationship between vegetation 

and thermal changes over time, both expressed as relative 

indices (vegetation fraction versus local temperature).20 

The study was carried out by means of remote sensing from 

Landsat satellite imagery. Three major areas of Curitiba were 

grouped according to vegetation profiles, and each area was 

evaluated at three time stamps (1986, 1999, and 2002) in 

terms of changes in land use, population patterns, and local 

thermal patterns. It was possible to verify the importance of 

the size and distribution of vegetated areas and that changes 

in landscape design can lead to microclimate changes. 

Mendonça and Dubreuil, by way of the same method (Landsat 

satellite imagery) identified a mosaic of heat and cool islands 

in the urban area as a result of different urbanization patterns, 

vegetated fraction, and topography.21

Dumke investigated the social-spatial inequalities within 

Curitiba’s urban agglomerate and their relation to local cli-

matic features.22 The scope of this doctoral thesis goes beyond 

the physical analysis of measurable variables by also taking 

into account the vulnerability and quality of life of the low-

income population, which generally lives in the peripheral 

areas of the city. By means of thermal imagery and in situ 

monitoring of air temperature and humidity at 16 locations 

across the urban area, it was concluded that the population 

living in the outskirts of the urban center suffers from lower 

temperatures and higher daily swings in winter. Consider-

ing that in the southern part of Brazil, low-cost houses are 

generally not (well) insulated, this finding suggests that such 

dwellers suffer from thermal discomfort in winter. Common 

to three studies13,15,16 was the emphasis on cold conditions, as 

Curitiba’s winter season presents more challenges to building 

and city planners than its relatively mild summers.

Barbosa analyzed the direct impact of vegetation on 

microclimate and indirect impacts on indoor conditions in 

low-cost dwellings situated adjacent to a green corridor in 

Curitiba. Mobile transects were employed for the investiga-

tion, which compared four pairs of single-family low-cost 

dwellings (of similar construction and building materials) 

either with or without adjacent trees and grass surfaces, 

monitored during late autumn (May to June).23 Interestingly, 

as an attribute of the urban design, the implementation or the 

preservation of vegetated areas was responsible for a slight 

reduction of the indoor daily air temperature swing, a factor 

responsible for indoor thermal comfort. The mobile transects 

carried out under different clear-sky conditions during five 

distinct days showed small significant, though not fully con-

sistent, reductions in air temperature and improved comfort 

conditions due to the presence of vegetation.

With the aim of analyzing the microclimatic effect and 

consequences to outdoor thermal comfort of another urban 

design attribute, the sky view factor (SVF), Minella carried 

out measurements in the main pedestrian street of Curitiba 
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(Rua XV de Novembro) with a pair of weather stations, 

simultaneously positioned in locations with varying SVF.24,25 

Thirteen daytime monitoring campaigns took place over the 

months of January through August, 2009. The site’s SVF was 

found to be only moderately correlated with measured air 

temperature and with the derived comfort index Physiological 

Equivalent Temperature (PET), though a stronger correlation 

was found with the mean radiant temperature.26

Pertschi also looked at the implications of urban attributes 

for temperature changes in summer, on the basis of field data 

from São José dos Pinhais, the most populous municipality 

in the Metropolitan Region of Curitiba and the site of several 

industrial plants as well as the city’s international airport.27 

Thermal satellite imagery was used for the definition of ten 

observation points, which were monitored in the summer of 

2011. The study bears similarities in its method to the proce-

dures adopted by Dumke as well as the 2005 study by Pertschi 

for thermal monitoring in low-cost rain/radiation shields, and 

by Rossi for the classification of land use attributes and the 

subdivision of vegetated areas, water bodies, and built-up and 

impervious areas.13,19,22 Furthermore, the study follows Mon-

teiro’s 1976 SCU approach. Using a more robust statistical 

analysis than in Pertschi’s 2005 study, the author concluded 

that the attributes of most monitored points showed a strong 

relation to local air temperature changes.19 An index was then 

suggested for guiding climate-responsive urban planning, 

which facilitates the analysis of implications from land use 

with respect to the resulting thermal effects.

In another line of research, Rossi proposed an outdoor 

thermal comfort model which could serve as a feasible tool 

for climate-responsive urban planning.28 This doctoral thesis 

was based on field monitoring campaigns in the pedestrian 

area of Curitiba, carried out in parallel with Minella’s study 

using a pair of weather stations and questionnaire surveys 

with passersby during daytime on week days.25 Observed 

thermal sensation votes (from about 2,000 respondents) 

were compared to calculated thermal stress expressed by 

the outdoor thermal comfort indices PET and the Universal 

 Thermal Climate Index (UTCI) (http://www.utci.org/). In 

addition, a thermal sensation predictive model was proposed 

for Curitiba in two versions: using a linear discriminant 

function and a logistic regression model. The study sug-

gested a strong need for calibrating the two outdoor thermal 

comfort indices PET and UTCI, and, indeed, from field data, 

a calibration of UTCI was subsequently performed in direct 

collaboration with developers of the UTCI index.29

Silva analyzed the influence of green areas on the topo-

climate in a winter month accounting for the dynamics of 

weather types.30 The values of the variables were collected at 

nine monitoring points locally and at three time stamps, and 

were compared with each other and to data from the official 

meteorological station Instituto Nacional de Meteorologia. 

The aim was to evaluate the intensity and spatial extent 

of the thermal benefits of a 70 ha vegetated area; results 

showed the importance of accounting for the atmospheric 

patterns over the monitored periods, which may confound 

thermal relationships and intensities. A similar analysis has 

been carried out by Krüger and Rossi31 while interpreting 

data from the small network of dataloggers located across 

the urban area which showed that relationships may change 

according to the prevailing atmospheric condition during 

monitored periods.13 Leal et al also came to similar conclu-

sions while comparing results from the extensive database 

of 44 stations to meteorological variations throughout the 

monitoring periods.32

Leal evaluated the influence of vegetation on microclimate 

by looking at the temporal and spatial variation of air tem-

perature and relative air humidity monitored at 44 monitoring 

points across the urban area.33 Four stationary transects in 

the urban area were defined, and monitoring was carried out 

for 22 days in each season during 2011. The study was able 

to identify different “microclimatic units” across the urban 

area, thereby corroborating previous findings regarding intra-

urban thermal differences in Curitiba.22 The categorization of 

each site was not based on aerial imagery as in the studies by 

Rossi and Pertschi, but was carried out qualitatively from in 

situ observations.13,19,27 The UHI effect vis-à-vis cool island 

effect was found in more densified areas and in parks and 

vegetated areas, respectively. From the network of monitoring 

points, results from the study corroborated previous findings 

regarding intra-urban thermal differences in Curitiba.21,22 

Albeit, the author stated in a follow-up paper that different 

typologies of urban forests have led to reductions in air tem-

perature across the city, which again stresses the importance 

of a spatial distribution of vegetated areas; the quantification 

of such forest typologies by way of an index could bring a 

more direct application to urban design.34

Over the four seasons of 2011–2012, Martini used por-

table weather stations for heat-stress monitoring together with 

questionnaire-based outdoor comfort surveys to investigate 

the daytime effects of vegetation (in streets with and without 

trees) on local outdoor comfort.35 Survey data were later 

compared to predicted thermal sensation using the UTCI. 

A categorical change in thermal comfort was observed when 

moving from an exposed situation to a site with trees. Though 

the author used the comfort/stress categories suggested by 

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com
http://www.utci.org/


Energy and Emission Control Technologies 2015:3 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

61

Urban climate studies in a subtropical location

the developers of the UTCI, adjustments made to this index 

for the specific conditions of Curitiba and calibrated from 

Rossi’s 2012 database were not included in the assessment 

of comfort/discomfort levels.29,36

In a later study, Martini et al conducted a mobile transect 

across a vegetated fraction (Parque Municipal do Barigui) 

and verified that the horizontal extent of the thermal benefit 

in terms of cooling of the vegetated area reaches up to 750 m 

beyond its borders.37 A similar study was carried out by some 

of the coauthors in a substantially smaller urban square with 

vegetation (Praça Alfredo Ander sen) yielding a less effective 

spatial extent (about 250 m) of the cooling effect.38 Even 

though the authors have not quantified the factors responsible 

for the differing thermal impact over the neighboring area, 

greenery area and vegetation attributes have been surveyed 

in such studies, which could allow a future parameterization 

study with more direct application to planners.

Silva used remote sensing (Landsat satellite imagery) as a 

tool for understanding the relationship between land use and 

surface temperatures.39 In this study, the Normalized Differ-

ence Vegetation Index, which was earlier employed by Young, 

was used; though in this case, the analysis was extended for 

the time frame of 1985–2010. As in Young, a rapid deforesta-

tion process was noticed which brought an overall increase 

in thermal stress over time.20 Lemos, by means of remote 

sensing, analyzed the interactions between the built space 

with climatic characteristics of the Metropolitan Region of 

Curitiba, investigating the formation of the UHI as well as 

its spatial relationship with land use and occupation.40 From 

the satellite imagery, three distinct thermal zones were identi-

fied which were suggested to be directly related to differing 

urbanization patterns.

In two independent doctoral theses, Schmitz and 

Minella used the ENVI-met simulation environment for the 

analysis of current and future scenarios of urban planning 

strategies in Curitiba.41–43 ENVI-met allows for transient 

simulations of human biometeorological parameters at 

selected grid points in urban areas based on meteorologi-

cal input variables. The two independent studies used field 

measurements as a means of validating the simulation 

model for each urban scenario analyzed. From a validated/

calibrated simulation model, alternative scenarios were 

tested, allowing general guidelines for climate-responsive 

urban planning to be designed. Both studies used meteo-

rological variables as well as comfort indices as important 

evaluation parameters, and both also quantified land-use 

patterns for understanding the relationship between thermal 

behavior and site attributes.

Whereas Minella proposed a preliminary index relat-

ing vegetated fraction and local air temperature varia-

tions as a feasible design tool in climate-responsive urban 

design, Schmitz concluded that mitigation strategies could 

successfully reduce thermal discomfort in Curitiba in the 

next 50 years despite global warming trends.41,42 It should be 

stressed that even though Curitiba could in general benefit 

from the UHI effect (ie, warming trends over time would 

reduce cold stress in winter), such benefits do not necessarily 

outweigh the detriments in summer.

Krüger used two independent data sets (microclimate data 

monitored simultaneously by two weather stations during 

2011–2013 and indoor data measured in 18 low-cost houses 

in winter 2000 and summer 2000/2001) for: 1) estimating 

indoor temperatures from outdoor temperature data; and 

2) subsequently, post-processing-monitored microclimate 

data as predicted indoor temperature and comfort assessment 

in low-cost dwellings.44 The procedure thus allowed the 

evaluation of urbanization effects on indoor environments 

for Curitiba’s climatic conditions. Results suggest that the 

UHI intensity measured in Curitiba over different seasons, 

despite exhibiting a relatively low mean of about 0.5°C over 

the year, could translate to increased heat stress in low-cost 

houses located in the urban area. It was verified that increases 

in indoor temperatures in summer are more significant than 

a drop in cold stress in winter in the UHI. Similar observa-

tions were made by Krüger and Bröde while analyzing the 

relationship between urban growth and the formation of 

UHI in Curitiba.45 Outdoor thermal comfort conditions were 

assessed by means of the locally calibrated UTCI, and an 

estimation of indoor effects of the UHI was carried out for 

low-cost houses. A projection to more densified conditions 

was also performed by significantly reducing air speed at 

night when accounting for urban roughness effects. From 

both studies, obtained results indicate that the existence of 

the UHI can be primarily detrimental to indoor thermal com-

fort in summer, with a smaller effect on improving indoor 

comfort in winter.

Such findings may contradict conclusions drawn from 

Dumke’s 2007 study,22 which stated that the low-income 

population living in peripheral areas may be burdened by 

increased cold thermal stress outside the UHI. However, it 

should be remembered that the thermal aspect is only part 

of the social vulnerability of the low-income population.46 

Many central areas of Curitiba offer a proximity to parks and 

water bodies which positively affect microclimate, though 

in most cases, such “thermal oases” seem to be restricted to 

the middle and upper classes.
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Scopus search – international reach
A search in the Scopus database was performed; at the 

time of this submission it contained 55 million records of 

peer-reviewed literature: scientific journals, books, and 

conference proceedings (http://www.scopus.com). The 

search for an open time frame using either the term “Urban 

Climate” or “Urban Heat Island” for the Curitiba location 

yielded 27 and five hits, respectively. A careful look at the 

records that were found showed, however, that only seven 

papers were published in peer-reviewed journals in the inter-

national context. Aside from the three groups responsible 

for the research output on urban climate for Curitiba (there 

are three major research groups directly or indirectly related 

to topics on urban climate which are presently active in 

Curitiba, which are registered in the country’s main directory 

of research groups [http://lattes.cnpq.br/web/dgp] – two of 

them are based at the Federal University of Paraná and the 

third is based at the Technological University of Paraná), all 

papers were written by one research group only (Techno-

logical University of Paraná), in some cases in international 

collaboration.5,14,44,47–50

Krüger and Givoni analyzed the influence of land use 

on intra-urban temperature differences in Curitiba from a 

small network of temperature/relative humidity weather 

stations during a 1-month period.14 The land-use classifi-

cations around each monitored site, obtained by Rossi,13 

were compared to the minimum, average, and maximum 

temperatures, registered at each location, qualitatively and 

quantitatively. As a final step of the study, formulas were 

developed expressing the local temperatures as a function 

of air temperatures, solar radiation, and the wind speed of 

the reference meteorological station.

Kruger summarized the studies by Rossi and Lima 

discussing land-use effects on local temperatures and con-

sequences in terms of air-conditioning demand (for cooling) 

in three different building systems.47

Krüger et al observed and estimated relations between 

urban morphology and changes in microclimate and air qual-

ity within a city center.5 From measured microclimatic data 

and comfort surveys, carried out in downtown Curitiba, the 

impact of street geometry on monitored ambient tempera-

tures and on assessed daytime pedestrian comfort levels was 

evaluated, using SVF as an indicator of the complexity of the 

urban geometry. The impact of street orientation relative to 

prevailing winds and the resulting effects of ventilation (air 

speed and spatial distribution) on the dispersion of traffic-

generated air pollutants were additionally analyzed by means 

of computer simulations.

Krüger presented a UHI analysis by means of long-term 

climate monitoring between December 2011 and February 

2013 using a pair of weather stations in and outside the urban 

area of Curitiba.44 Effects of the local UHI were found in 

the outdoor space as well as on thermal comfort conditions 

in low-cost houses. Although it has been suggested that in 

Curitiba the UHI could prove to be advantageous to offset 

cold stress in winter, thereby exposing the low-income popu-

lation in the outskirts of the urban agglomeration to a greater 

climatic vulnerability (as in Dumke’s 2007 study22), results 

derived for indoors indicate that the existence of the UHI 

can be detrimental to indoor thermal comfort under summer 

conditions, and overall on an annual basis.

In another line of work, Krüger and Rossi showed out-

comes from the outdoor comfort campaigns with passersby in 

downtown Curitiba.48 The paper consisted of a data-consistency 

check, evaluating the relationship between personal (sex and 

age of respondents) and objective microclimatic (comfort 

variables) factors on observed thermal sensation.

Two other papers evaluated the applicability of the 

outdoor comfort index UTCI to the field measurements 

(outdoor comfort campaigns).49,50 Bröde et al analyzed votes 

of thermal sensation with respect to predictions of UTCI, 

suggesting that the index is suitable as a planning tool for 

urban thermal comfort in subtropical regions.49 Results 

showed that the overall pattern of clothing choice was well 

reflected by UTCI, which also provided for good predictions 

of thermal sensation votes depending on the meteorological 

conditions; subgroups analysis indicated that the goodness-

of-fit of the UTCI was independent of sex and age, and with 

only limited influence of season and body composition as 

assessed by body mass index. In a follow-up paper, in the 

context of urban planning, it was shown that the UTCI index 

was able to capture the influence of urban morphology on 

urban microclimate and its impacts on pedestrian thermal 

comfort.50

Critical evaluation and current 
perspectives
From this review, it can be noticed that while several research 

studies used similar methods and attempted to follow a simi-

lar path, in some instances there was a lack of connection 

with previous work. Examples of such discontinuity can be 

found in:

•	 the disregard of the quantitative assessment of land use 

from aerial imagery in Leal’s 2012 study,33 which had 

been pursued by Rossi13 and Pertschi19,27 in a consistent 

manner;
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•	 the use of UTCI classes which were not locally calibrated 

by Martini,35 though a calibration of the index had been 

previously proposed for Curitiba (Rossi et al29);

•	 Martini’s35 study of the thermal effect of vegetated streets 

did not mention a similar effort by Barbosa23 in which two 

transects with similar configurations (vegetated versus 

bare streets) were compared, and did not replicate Rossi’s28 

use of a grey globe thermometer, as recommended for the 

assessment of outdoor thermal comfort;51

•	 Silva’s39 study did not mention a previous effort by 

Young,20 which was similar in its methodology and 

research subject.

From such examples, a duplication of efforts and a dis-

continuity in research methods become apparent.

Another important point to be stressed here is the strong 

need for internationalizing urban climate research carried 

out in Curitiba in peer-reviewed journals and/or open-access 

journals for a broader audience. The mostly localized (with a 

national reach, in a few cases) research output could benefit 

from research collaborations arising from the exposure of 

methods and outcomes in the international context. In addi-

tion, by publishing internationally, methods and findings 

would be subject to the scrutiny of a broader audience in 

the respective field, in addition to the peer-review process it 

undergoes before publication.

Current perspectives
As presented in this review and summarized in Table 1, 

urban climate research in Curitiba could be subdivided into 

three main branches: 1) analysis of intra-urban temperature 

distribution by means of field measurements or remote sens-

ing; 2) applicability evaluation and/or calibration of existing 

outdoor thermal comfort indices, and development of novel 

outdoor comfort indices; and 3) urban microclimate simula-

tion of present and future scenarios.

With regard to the branch 1, attempts have been made in 

the studies surveyed to quantify land-use and morphology 

attributes, but these efforts are still unable to provide mean-

ingful and quantifiable indices for climate-responsive urban 

design. Even though earlier studies may not be complemented 

by new indices for the monitored sites due to changes in 

local urban development over time, the later studies could 

still come up with relevant indicators of land use and vegeta-

tion and successfully be able to generate good predictors of 

microclimate changes due to land use and vegetation.

The calibration and development of outdoor thermal 

comfort indices (branch 2) has its importance in the context 

of Curitiba, as many studies are focused almost exclusively on 

air temperature and not on thermal indices, which encompass 

a set of meteorological variables relevant to thermal percep-

tion and, consequently, to overall quality of life in the city. 

Although a robust database has been gathered over the years 

(eg, by Rossi, with over 2,000 respondents, and Martini, with 

175 respondents), research in the field still lacks standardiza-

tion, which will demand renewed efforts in the future.28,35,51

The use of computer simulation (branch 3) as well as the 

development of rules of thumb for climate-responsive urban 

design are quite important and certainly suggest relevant 

perspectives for future studies in Curitiba.

Considering the long history of proactive urban planning 

in Curitiba, the integration of research outcomes obtained so 

far and the development of the field in a more cohesive way in 

future studies could allow researchers to provide guidance to 

urban development and redevelopment schemes for Curitiba, 

with a benefit to the quality of life of its citizens.
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