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ABSTRACT 

In this research, remote sensing technology was used to evaluate urban development 

and its thermal characteristics through mapping of impervious surfaces and evaluating 

thermal infrared images. 

As a result of rapid changes in urban areas, urban ecosystems and quality of life are 

deteriorated and decreased. In the presence of increased building density, for the comfortable 

living of people natural and cultural resources should be analyzed in detail. For that reason, 

optimal land use planning should be made in cities. In this study, Thermal Band analysis is 

appled in Erzurum city center with the aim of identifying of the different land uses. In this 

context, temperature map is produced with surface temperature analysis made on Landsat 5 

Tematic Mapper (TM) satellite image. Landsat images were used to calculate the variation in 

urban impervious surfaces to 2010. PET values of the different urban areas are calculated. 

The obtained results are important because they create data bases for sustainable urban 

planning and provide a direction for urban planners and city administration.   

Thermal bands were processed to obtain land surface temperatures for investigating 

the urban heat island effect associated with increasing impervious surfaces both spatially and 

temporally. This study has shown that different urban development intensities, have 

significant effects on LST. 

 

Introduction 
The surface temperature is of prime importance to the study of urban climatology 

(Vooght and Oke, 2003, Becker and Li, 1995). The thermal environment in urban areas is 

characterized by the heat island phenomenon affected energy demand, human health and 

environmental conditions (Van, 2005). Land surface temperature (LST) is an important factor 

for a wide variety of applications such as: hydrological, agricultural, biogeochemical and 

climate change LST is strongly influenced by the ability of the surface emission. Therefore, 

calculating LST with the high accuracy has been one of the biggest preoccupations of 

scientists. Thermal infrared remote sensing potentially measures the earth surface radiation 

for retrieving surface temperature values in the whole study area by pixel. (Van and Bao, 

2008) . To estimate the thermal condition of land surface by satellite, it is necessary to find 

the relationship between the surface temperature and land cover type (Takemata et al., 2004). 

Land use has always changed in response to changing human needs, driven by gradual trends 

and abrupt changes in the economy, society, technology, governance structures, and 

environmental conditions such as the climate and soil degradation (Ostwald and Chen, 2006; 

Rounsevell and Reay, 2009). 

Land covers, as the biophysical state of the earth’s surface and immediate 

subsurface,are sources and sinks for most of the material and energy movements and 

interactions between the geosphere and biosphere (Weng, 2001). Surface temperature can be 
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estimated daily using thermal bands of NOAA/AVHRR (Kidder and Wu 1987, Balling and 

Brazell 1988, Roth et al. 1989, Gallo et al. 1993). Urban development, as the major type of 

human activities leading to land cover change, has a great impact on the environment. In the 

process of urbanization, natural vegetation cover is largely replaced by impervious surfaces 

such as buildings, roads, parking lots, sidewalks and other built surfaces (Van and Bao, 

2008). 

The integration of remote sensing and geographic information systems (GIS) has been 

widely applied and been recognized tool in detecting urban land use and land cover change 

(Harris and Ventura 1995; Stathopoulou et al 2009). 

TM thermal infrared data was used to evaluate urban microclimate change associated 

with urbanization (Carlson and Sanchez-Azofeifa 1999) while in another study (Carnahan 

and Larson 1990) to monitor urban vs. rural temperature differences in Indianapolis. Nichol 

(1994) such data for the observation of microclimate around housing estates in Singapore and 

Quattrochi et al. (2000) used thermal remote sensing in a GIS framework to assess urban heat 

islands. Lam (1990) compared the fractal dimension of three land-cover types in the coastal 

Louisiana. Weng (2001) examined the surface temperature pattern and its relationship with 

land cover in urban clusters in the Zhujiang Delta, China. Xiao and Weng (2007) studied the 

impact of land use and land cover changes on land surface temperature in a karst area of 

China. Weng and Wei, (2003); Weng, (2003) studied satellite images have been used 

extensively to study temporal changes in LULC in China. De Cola (1989) applied fractal 

analysis to describe the complexity of eight land-cover types in northwest Vermont while 

Emerson et al. (1999) studied the Normalized Difference Vegetation Index (NDVI) images 

derived from Landsat and examined the effect of changing pixel size on land use. Qiu et al., 

(1999) used two images of the Los Angeles area to compare the image complexity across the 

full spectral range of the hyperspectral images.  

Thermal infrared remote sensing proved its capability in monitoring temperature field. 

The purpose of this study is to evaluate the use of Landsat 5 TM data for indicating 

temperature differences in urban areas and compare the relationships between urban surface 

temperature and land cover types. The urban temperature distribution map and the analyses of 

thermal-land cover relationships can be used as the reference for urban planning and the 

solution to the reduction of heat island effect. This research aims to evaluate the use of 

Landsat ETM+ data for indicating temperature differences in urban areas, to analyze and 

compare the relationship between urban surface temperature and land cover types. 

 

Material and methods 
The city of Erzurum is located in the northeastern part of Turkey at an elevation of 

1850 m and 39.90 N, 41.27 E. It has a surface area of 25,066 km², being the 4th largest city 

and covering 3, 2% of the country’s whole area. The Landsat satellite image of the study area 

for the year of 2010(08-15-2010, Path/Row:172/32) is shown in the Figure 1.  
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Figure 1. Case area of the present study.  

 

The study area boundary is determined in Landsat Satellite image (RGB/ 4 3 2). For 

the study area, the Landsat satellite image, provided from USGS Earth Explorer website 

http://glovis.usgs.gov/).  

 

Land-use map is prepared with the data obtained from Provincial Directorate of 

Agriculture in 20. The land use database for Erzurum in vector format is utilized in this study 

in an effort to link more effectively land cover and surface emissivity.  

Corine land cover (CLC) is a geographic land cover/ land use database for a pan-European 

region. It is produced by the European Environment Agency and provides consistent 

information on land cover across Europe using a nomenclature of 44 standard classes which 

are organized in 5 levels of detail (European Commission, 1993).  

The CLC database for Uzundere in vector format is utilized in this study in an effort to link 

more effectively land cover and surface emissivity.  

For this purpose, the original 44 classes of Corine were grouped into only 5 ones: ‘‘open 

area’’, ‘‘settlement area’’, ‘‘meadow area’’, “dry farming area”; “irrigated area” thus, a new 

land cover polygon map for each city was produced.  

 

The LST were derived from the Landsat TM Thermal Infrared band (10.45-12.42 

μm). In order to convert the digital number (DN) of Landsat TM TIR band into spectral 

radiance (L) can be used as equations (Chander ve ark., 2007; Barsi ve ark., 2007). 

 
 
(Lλ= Spectral radiance at the sensor's aperture (W/ (m2 sr μm), Qcal= Quantized calibrated pixel value (DN), Qcalmin= Minimum 

quantized calibrated pixel value corresponding to LMINλ (DN=0), Qcalmax= Maximum quantized calibrated pixel value corresponding to 

LMAXλ (DN=255), LMINλ= Maximum at-sensor spectral radiance that is scaled to Qcalmin (W/(m2 sr μm), LMAXλ= Minimum at-sensor 

spectral radiance that is scaled to Qcalmax (W/(m2 sr μm)). 
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The next step is to convert the spectral radiance (L) to at-sensor brightness 

temperature (TB). For Landsat Data, to convert the spectral radiance into at-sensor brightness 

temperature can be used as following Equation  (NASA 2004; Chander and Markham 2003 ). 

 
 

(TB= Effective at-sensor brightness temperature (K), K1= Calibration constant 1 (W/(m2 sr μm)), K2= Calibration constant 2 (K), 

Lλ= Spectral radiance at the sensor's aperture (W/(m2 sr μm)), ln= Natural algorithm) 
 

The temperature values were obtained and referenced to a black body. Therefore, 

corrections for spectral emissivity ( ) became necessary according to the nature of land cover 

(Weng ve ark, 2004; Li ve ark, 2012). Emissivity of an object is the ratio of energy radiated 

by an object at a given temperature. The emissivity of natural surface can vary significantly 

difference in vegetation characteristics. The emissivity calculated from NDVI (Sobrino ve 

ark. 2004; Vandegriend ve Owe 1993). 

After the Calculation of brightness temperature (TB) and Emissivity ( ) images, the 

final Land Surface Temperature (LST) image was computed as Equation  (Artis ve Carnahan 

1982). 

 
 

(T= Surface radiant temperature (K), TB= The blackbody temperature (K), λ= Wavelength of emitted radiance (λ=11.435 μm), 
α=hc/K (1.438 x 10-2 mK), h= Planck's constant (6.26 × 10-34 J/s), c= Velocity of light (2.998×108 m/s), K= Boltzman constant (1.38 × 10-23 

J/K), ε= Surface emissivity) 

 

Results  
The finding of classification of land-use and land-cover maps, are displayed in Table 

1 and Figure 2.  

Land-use map is prepared with the data obtained from Provincial Directorate of 

Agriculture.  On the land-use map, while red color shows settlement area, light green ones 

show meadow area and pink color demonstrate open areas (Fig. 2) 
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Figure 2. Present land use map of the study basin 
 

In this study, LST is analyzed on non-vegetated mountainous open areas (M), 

meadow area(C), irrigated area (S), and dry farming area (K) on city plain Surface 

temperatures and analysis results for these five different land uses are given in Figure 2. 

Surface temperatures of different land-uses show different values between 32.2 
0
C and 2.4 

0
C 

(Figure 3).  

Temperature map of study area which is produced through thermal band analysis is 

given in Figure 4. When the LST and land use maps are overlapped, the open areas in the 

application field cover 287.42 km
2
 ha, the irrigated areas cover 231.35 km

2
, meadow area 

109.06 km
2,

 dry farming area 196.50 km
2 

and settlement area cover 68.02 km
2
 (Table1). 

 

 

 

Figure 3. LST image of the study area 

 

While the maximum temperature in dry farming area raised up to 25,1
0
C, it was 22,6 

0
C in the open areas. In the basin, the irrigated area mean temperature is 19,5

0
C, the 

temperature in meadow area is 18,6 
0
C and the temperature in settlement area is 20,7

0
C 

(Table 1; Figure 5). As the maximum temperature is measured in non-vegetated open areas 

(31.7 
0
C ), minimum temperature is measured as 4,8 

0
C in settlement areas (Figure 5).  
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Figure 4. Land use & LST Maps Overlay 

 

 

Table 1. Mean temperatures in the study area 

 
Land use  AREA (km2)  MIN (0C)  MAX(0C)  RANGE  MEAN(0C)  STD  

S(Irrigated area)  231.35  11,5  28.8  17.3  19.5  2.2  

M (open area)  287.42  9.6  31.8  22.2  22.7  3.5  

C (meadow area)  109.06  11.0  29.8  18. 8  18.7  2.4  

K(dry farming area)  196.50  14.2  31.5  17.2  25.2  2.8  

Settlement area  68.02  4.8  27.6  22.8  20.8  2.6  

 

 

 

 

 
 

Figure 5. Mean temperatures in the study area 
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Discussion 

 
Matson et al. (1978) defined that the difference between urban and rural areas differs 

from 2.6
0
C to 6.5

0
C. Dry farming area and open areas are defined hot places, and the green 

areas (irrigated area, meadow area) are cold places. Tran et al., (2006), Zhang et al., (2009) 

and Weng, (2009) have been reported the relationship between LST and green space 

composition the temperature of green space is lower than its surrounding areas. Upmanis et 

al. (1998) also tried to understand the effects of green areas to their surroundings by 

conducting studies in parks. In a field of 1500 m, these green areas reduce air temperature by 

3°C. Trees and other plants help cool the environment, making green space a simple and 

effective way to reduce urban temperature (Hamada and Ohta, 2010 ). Yilmaz et al. (2008) 

that the heat difference between asphalt and grass was 11.8 
0
C. Increasing the green space by 

planting more trees has been emphasized in urban planning (Zhou et al., 2011). 

Settlement areas were found to be 20.7 
0
C. Reduction of green and evaporation 

surfaces and increase of impervious surfaces and structures may cause variations in 

meteorological parameters and thus climate at regional and local levels. Metropolitan areas 

turn out to be the areas exhibiting their own climates. Such climatic variations are called 

urban heat islands (Yüksel, 2005) 

Urban heat islands are metropolitan areas which are warmer than their surrounding 

caused by human activities and where temperature differences reach up to 5 C (Yu and Hien 

2006; Ca et al. 1998).Yu and Hien (2006) found temperature over concrete surfaces to be 

40.7 
0
C while 32,9

0
C in tree planted areas. Ca et al. (1998) found a temperature difference 

over concrete surface to be 55
0
C and 40.3 

0
C over turf surface. Demircioğlu et al (2003) 

determined temperature over 4,8 
0
C between 100-1000 m altitude in the valley of Çoruh. 

Avdan et al. (2014), found temperature over water surfaces to be 12.0 
0
C while 20.6

0
C in tree 

planted areas.  

The reason that the temperature measured in the city centre of Erzurum is lower than 

its surrounding may result from narrow streets and the time of satellite image which is 10:00 

LST in the morning.  

 

Conclusion 

 
Temperature is an important meteorological factor in the process of forming the 

climate. The urban development and expansion lead to increase of LST. The changes in Land 

use have resulted in changes in LST, especially in the urban areas. In this paper we applied 

thermal remote sensing to study the LST distribution in Erzurum. This study will be useful to 

making better decisions about land use planning. 

 

References 

Artis, D.A. and W.H. Carnahan 1982. Survey of Emissivity Variability in Thermography of 

Urban Areas. Remote Sensing of Environment, 12(4): 313-329 

Avdan U., N. Demırcıoglu Yıldız, A. Daglıyar, Z. Yıgıt Avdan, S. Yılmaz. 2014. Thermal 

Band Analysis of Agricultural Land Use and Its Effects on Bioclimatic Comfort: The 

Case of Pasinler, Geophysical Research Abstracts, Vol. 16, EGU2014-15277, 2014 

553

Proceedings of the Third International Conference on Countermeasures to Urban Heat Island, Venice, October 13-15, 2014



 

 

Barsi, JA., Markham BL., Helder DL., Chander G., 2007. Radiometric calibration status of 

Landsat-7 and Landsat-5, Proceedings of. SPIE, Vol. 6744, Florence, Italy, Sept. 17-

20,URL: http://landsat.gsfc.nasa.gov/pdf_archive/publications/SPIE07_LandsatRadiometry.pdf 

Balling, R. C., and Brazell, S. W., 1988, High resolution surface temperature patterns in a 

complex urban terrain. Photogrammetric Engineering and Remote Sensing, 54, 1289–

1293. 

Becker, F., & Li, Z. -L. 1995. Surface temperature and emissivity at various scales: 

Definition, measurement and related problems. Remote Sensing Reviews, 12, 225–253. 

Ca V. T, Asaeda E. M, Abu E. M , 1998. Reduction in Air Conditioning Energy Caused by a 

Nearby Park. Journal of Energy and Buildings 29, 83-92. 

Chander, G. and B. Markham, 2003. Revised Landsat-5 TM radiometric calibration 

procedures and postcalibration dynamic ranges. Ieee Transactions on Geoscience and 

Remote Sensing, 41(11): 2674-2677 

Chander, G., B.L. Markham, and J.A. Barsi, 2007. Revised Landsat-5 thematic mapper 

radiometric calibration. Ieee Geoscience and Remote Sensing Letters, 4(3):490-494. 

Carnahan, W. H., and Larson, R. C., 1990, An analysis of an urban heat sink. Remote Sensing 

of Environment, 33, 65–71. 

Carslon, T. N., & Sanchez-Azofeifa, G. A., 1999. Satellite remote sensing of land use 

changes in and around San Jose, Costa Rica. Remote Sensing of Environment, 70, 247– 

256. 

De Cola, L., 1989. Fractal analysis of a classified Landsat scene, Photogrammetric 

Engineering and Remote Sensing, 55(5):601–610. 

Demircioğlu Yıldız, N., U. Avdan,  S. Yılmaz, 2013. Çoruh Nehri Vadi Tabanı İklim 

Özelliklerinin Termal Bantla Analizi, 6th.Atmosferic Science Symposium, 24-26 April 

2013. Istanbul
 

Emerson, C.W., N.S.N. Lam, and D.A. Quattrochi, 1999. Multiscale fractal analysis of image 

texture and pattern, Photogrammetric Engineering & Remote Sensing, 65(1):51–61. 

European Commission, 1993. CORINE land cover; guide technique, Report EUR 12585EN. 

Office for Official Publications of the E uropean Communities, Luxembourg. 

Gallo, K. P., McNab, A. L., Karl, T. R., Brown, J. F., Hood, J. J., and Tarpley, J. D., 1993. 

The use of a vegetation index for assessment of the urban heat island effect. International 

Journal of Remote Sensing, 14, 2223–2230. 

Hamada, S., Ohta, T., 2010. Seasonal variations in the cooling effect of urban gren areas on 

surrounding urban areas. Urban Forest. Urban Greening 9, 15–24. 

Harris, P. M., and Ventura, S. J., 1995, The integration of geographic data with remotely 

sensed imagery to improve classi. cation in an urban area. Photogrammetric Engineering 

and Remote Sensing, 61, 993–998. 

554

Proceedings of the Third International Conference on Countermeasures to Urban Heat Island, Venice, October 13-15, 2014



 

 

Kidder, S. Q., and Wu, H. T., 1987, A multispectral study of the St. Louis area under snow 

covered conditions using NOAA-7 AVHRR data. Remote Sensing of Environment, 22, 

159–172. 

Lam, N.S.N., 1990. Description and measurement of Landsat TM images using fractals, 

Photogrammetric Engineering & Remote Sensing, 56(2):187–195. 

Li, Y.Y., H. Zhang, and W. Kainz, 2012. Monitoring patterns of urban heat islands of the 

fast-growing Shanghai metropolis, China: Using time-series of Landsat TM/ETM+ data. 

International Journal of Applied Earth Observation and Geoinformation, 9: 127-138 

Matson, M., McClain, E.P., McGinnis, D.F. & Pritchard, J.A., 1978. Satellite Detection of 

urban heat islands. Mon. Wea. Rev., 106, 1725-1734  

NASA, 2004. Landsat Project Science Office: Landsat 7. Science Data Users Handbook, 

Chapter11. http://landsathandbook.gsfc.nasa.gov/pdfs/Landsat7_Handbook.pdf, 2004. 

Nichol, J. E., 1994, A GIS-based approach to microclimate monitoring in Singapore’s 

highrise housing estates. Photogrammetric Engineering and Remote Sensing, 60, 1225–

1232. 

Ostwald M and Chen D. 2006. Land-‐use change: impacts of climate variations and policies 

among small-‐scale farmers in the Loess Plateau, China. Land Use Policy.  23:361-371  

Stathopoulou M, Synnefa A., Cartalis C., Santamouris S, Karlessi T., and Akbari H. (2009), 

A surface heat island study of Athens using high-resolution satellite imagery and 

measurements of the optical and thermal properties of commonly used building and 

paving materials, International Journal of Sustainable Energy,28(1):59-76. 

Sobrino, J.A., J.C. Jimenez-Munoz, and L. Paolini, 2004. Land surface temperature retrieval 

from LANDSAT TM 5. Remote Sensing of Environment, 90(4): 434-440 

Qiu, H.L., N.S.N. Lam, D.A. Quattrochi, and J.A. Gamon, 1999. Fractal characterization of 

hyperspectral imagery, Photogrammetric Engineering & Remote Sensing, 65(1):63–71. 

Quattrochi, D. A., Luvall, J. C., Rickman, D. L., Estes Jr., M. G., Laymon, C. A., & Howell, 

B. F. 2000. A decision support information system for urban landscape management 

using thermal infrared data. Photogrammetric Engineering and Remote Sensing, 66, 

1195– 1207. 

Roth,M., Oke, T. R., and Emery, W. J., 1989, Satellite derived urban heat islands from three 

coastal cities and the utilisation of such data in urban climatology. International Journal 

of Remote Sensing, 10, 1699–1720. 

Rounsevell, M.D.A  and D.S. Reay. 2009. Land use and climate change in the UK, Land Use 

Policy, 26(1):160-169.  

Takemata, K., Kawata, Y. and Naoe, N., 2004, The correlation between NDVI value and 

surface temperature measured by ASTER. In Proceedings of the XXth ISPRS Congress, 

12–23 July 2004, Istanbul, Turkey, www.isprs.org/ istanbul2004/comm7/papers/104.pdf  

555

Proceedings of the Third International Conference on Countermeasures to Urban Heat Island, Venice, October 13-15, 2014



 

 

Tran, H., Uchihama, D., Ochi, S., Yasuoka, Y., 2006. Assessment with satellite data of the 

urban heat island effects in Asian mega cities. Int. J. Appl. Earth Obs. Geoinf. 8, 34–48. 

Upmanis H.,I. Eliasson and S. Lindqvist, 1998. The Influence of Green Areas on Nocturnal 

Temperatures in a High Latıtude City, Internatıonal Journal of Clımatology, 18, 681–700  

Van, T. T. 2005, Relationship between surface temperature and land cover types using 

thermal infrared remote sensing, in case of Hochiminh city, in: The Sixteenth Workshop 

of OMISAR on the Application of Satellite Data, Vietnam. 

Van, T.T., H. D. X. Bao, 2008. A study on urban development through land surface 

temperature by using remote sensing: in case of Ho Chi Minh City.  Journal of Science, 

Earth Sciences 24 (2008) 160‐167 

Vandegriend, A.A. and M. Owe, 1993.On the Relationship between Thermal Emissivity and 

the Normalized Difference Vegetation Index for Natural Surfaces. International Journal 

of Remote Sensing, 14(6): 1119-1131. 

Voogt, J.A., and T.R. Oke. 2003. Thermal remote sensing of urban areas. Remote Sensing of 

Environment 86: 370–384 

Weng Q., D. Lub, J.Schubringa 2004. Estimation of land surface temperature–vegetation 

abundance relationship for urban heat island studies Remote Sensing of Environment 89 

(2004) 467–483 

Weng Q.2001. A remote sensing–GIS evaluation of urban expansion and its impact on 

surface temperature in the Zhujiang Delta, China.  int. j. remote sensing, 2001, vol. 22, 

no. 10, 1999–2014 

Weng, Q. 2003. Fractal analysis of satellite-detected urban heat island effect. 

Photogrammetric Engineering and Remote Sensing, 69, 555– 566. 

Weng, Q., 2009. Thermal infrared remote sensing for urban climate and environmental 

studies: methods, applications, and trends. ISPRS J. Photogramm. Remote Sens. 64, 335–

344. 

Weng, Q.H. and Y.H.D. Wei, 2003. Special Issue on Land Use and Land Cover Change in 

China. Asian Geographer 22(1-2): 1-142. 

Xiao H, Weng Q.2007. The impact of land use and land cover changes on land surface 

temperature in a karst area of China. J Environ Manage. 2007 Oct;85(1):245-57.  

Yilmaz, H., Toy, S., Irmak, M.A., Yilmaz, S., Bulut, Y., 2008. Determination of temperature 

differences between asphalt concrete, soil and grass surfaces of the city of Erzurum, 

Turkey. Atmosfera. 21 (2), 135-146. 

Yu C, Hien WN (2006) Thermal benefits of city parks. Energy and Buildings 38, 105-120 

Yüksel, Ü., Ankara Kentinde Kentsel Isı Adası Etkisinin Yaz Aylarında Uzaktan Algılama ve 

Meteorolojik Gözlemlere Dayalı Olarak Saptanması ve Değerlendirilmesi Üzerinde Bir 

Araştırma, Doktora Tezi, Ankara Üniversitesi, Fen Bilimleri Enstitüsü, Ankara, 2005. 

556

Proceedings of the Third International Conference on Countermeasures to Urban Heat Island, Venice, October 13-15, 2014



 

 

Zhang, X., Zhong, T., Feng, X., Wang, K., 2009. Estimation of the relationship between 

vegetation patches and urban land surface temperature with remote sensing. Int. J. 

Remote Sens. 30, 2105–2118. 

Zhao, C., Fu, G., Liu, X., Fu, F., 2011. Urban planning indicators, morphology and climate 

indicators: a case study for a north–south transect of Beijing, China. Build. Environ. 46, 

1174–1183. 

 

 

 
 

 

 

557

Proceedings of the Third International Conference on Countermeasures to Urban Heat Island, Venice, October 13-15, 2014


	1a copertina proceedings
	bianca
	IC2UHI3_proceedings
	Contents
	001 - Study on the Impact of Climate Change on Urban Air Temperature Profiles
	003 - Estimation of Thermal Indices in Urban Structures - Simulations by micro scale models
	004 - Prediction of outdoor air temperature using Neural Networks; application in 4 European cities
	005 - Development And Testing Of Photovoltaic Pavement For Heat Island Mitigation
	008 - Experimental and Theoretical Analysis of the Thermal Behavior and The Energy Performance of an Intensive Green Roof System Installed on an Office Building in Athens
	009 - Towards the Assessment of Planning, Developing and Producing of Innovative Composite Cool-Thermal Insulating Materials
	010 - The effect of thermochromic building coatings on the urban heat island phenomenon (Abstract only)
	011 - A numerical and experimental analysis of the aging of the cool roofs for buildings in Greece
	012 - Harmonious accordance of indoor-outdoor thermal comfort and building energy performance by ameliorating urban microclimate in different urban block types in tropical climate
	014 - The role of vegetation in mitigating Urban Heat Island effect: Development of a model for assessing the energy balance of interventions in dense urban environments.
	015 - Effects of Urbanization on the Urban Heat Island in Beirut
	016 - Numerical Simulations of Influence of Heat-Island Countermeasures on Outdoor Human Heat Stress in the 23 Wards of Tokyo, Japan
	017 - A Social Survey (2013) on How the Economic Crisis Affects Peoples' Attitudes Towards the Environmental Subjects
	018 - Built Environment and Microclimatic conditions in a central urban area
	019 - The Contribution of Planting at Achieving Thermal Comfort Conditions and Energy Saving, at a Zero Energy Demand Building
	020 - Eco-Choros: Environmental Housing Archetype in Kimmeria, Xanthi, in Greece
	022 - Pre-fabricated Autonomous Eco-housing Units
	024 - Performance of self-cleaning cool cementitious surface
	025 - The Seasonal Effect of Increasing Urban Albedo in Cold Climates
	026 - Cool Policies for Cool Cities: Best Practices for Mitigating Urban Heat Islands in Large North American Cities
	027 - Energy savings in buildings or UHI mitigation? Comparison between green roofs and cool roofs
	028 - Analysis of terrestrial laser scanning and computational fluid dynamics for the study of cool materials’ application in the urban spaces
	029 - Climatic Urban Design: Configuring Ventilation Channels in Urban Area, Erzurum, Turkey
	030 - Investigating the Effect Of Different Urban Configurations on Temperature Variation in Historic City Of Malacca
	031 - Outdoor experiment investigation on the effect of clothing color to surface temperature variation
	032 - Two Approaches for the Urban Greenery Design as Daytime Urban Heat Island Mitigation in the High-Dense Urban Environment of Hong Kong
	035 - Mapping of thermal-bioclimate in a city with complex topography – the example of Stuttgart, Germany
	036 - The use of SOLENE-microclimat to assess adaptation strategies at the district scale
	038 - The Cooling Effect of High Albedo Materials along with Greenery on Urban Heat Island Intensity: The Case of Tehran Metropolitan Area
	039 - Quantitative evaluation of the impact of mitigation strategies for the Urban Heat Island within the urban area of Modena
	041 - Human-biometeorological estimation of adaptation- and mitigation potential of urban green in Southwest Germany
	043 - GIS-Mapping the Building Energy Demand with consideration of Urban Climate Effects for the City of Stuttgart, Germany
	044 - Radiative and heat storage properties of the urban fabric derived from analysis of surface forms
	045 - Thermo-Fluid Dynamic Analysis of an Urban Canyon
	046 - Creation of experimental urban indexes in order to estimate the environmental performance of urban/building regenerations
	048 - I-COOL. Proposal for an evaluation model of the thermal comfort in urban open spaces.
	050 - Real time Quarter-hour Monitoring of Urban Heat Islands
	051 - Characterization of urban surfaces using remote sensing data for the study of the heat island effect
	052 - Correlation between remote sensing data and ground based measurements for solar reflectance retrieving
	053 - Robotic implementation of the slide method for measurement of thermal emittance
	054 - How ceramic based cool colors can affect the albedo of an Italian city: a case study
	055 - Thermal performance and comfort in traditional residential buildings for the elderly under climate changes context
	057 - The Effect of Facades on Outdoor Microclimate: A Review
	058 - Solar spectral reflectance of building envelope materials after natural exposure in Rome and Milano, and after accelerated aging
	060 - Ventilation by colour and material, exploring a new climate adaptation measure
	061 - Quantification of summer thermal bioclimate of different land uses in an urban city centre
	062 - Assessment of green roofs performance with numerical simulation tools and experimental measurements
	063 - Thermal Band Analysis of Different Land Uses in Urban Spaces and its Effects
	065 - Modelling urban turbulent heat exchanges between the urban canopy and the atmosphere: differences between CFD and surface energy balance models
	066 - Studying the Micro-Climatic Effects of Pavement-Watering with the Help of Statistical Analysis Tools
	067 - An analysis of the effect of pavement-watering on pavement heat flux in order to improve watering efficiency
	068 - Effects of plant design on bioclimatic comfort in special areas; sidewalks
	069 - How is climatic adaptation taken into account by legal tools? Introduction of water and vegetation by French town planning documents (Abstract only)
	070 - Life Cycle Impact Assessment of Countermeasures to Urban Heat Island
	071 - The Urban Heat Island of Basel – Seen from Different Perspectives (Abstract only)
	072 - Urban green surfaces – does this really solve the urban heat island problems? (Abstract only)
	073 - Simulating CO2 Reduction Effects of Measures for Reducing Air Conditioning Load in Urban Districts
	076 - Examination on Aging Experiment and Accelerated Aging Test Method of Solar Reflectance of the High Reflectance Paint in Japan
	079 - Comparison of Software Models for Energy Savings from Cool Roofs
	080 - Thermal Comfort and Walkability In Open Spaces of Mega Kuningan Superblock in Jakarta
	081 - Adapting cities to climate change : a systemic modelling approach (Abstract only)
	083 - The Impact of Vegetation on Urban Microclimate to Counteract the Increase in Built Density in a Tropical Changing Climate
	085 - The effect of roof Insulation on Energy Consumption of Office Buildings with Cool Roofs in India
	086 - Effect of Climate Change on Building Energy Simulation in Tokyo in Summer of the 2030s Using the Dynamically Downscaled GCM Data
	087 - Fast urban heat island model for thermal comfort studies
	088 - Trial of Climate Zoning based on Measurement Data in Hiroshima - For Making Urban Environmental Climate Maps for Planning Considering Urban Heat Island Mitigation-
	090 - Impact of vegetation on urban climate, thermal comfort and building energy consumption – Overview of VegDUD project results
	091 - Cross-analysis between variability of the urban climate and the landscape heterogeneity at the scale of a neighborhood in the city of Toulouse (France) (Abstract only)
	094 - Integration of Microclimate-Responsive Design in the Planning of Urban Outdoor Spaces – a Case Study in Athens, Greece
	095 - On-site input validation for a microclimate simulation
	096 - Remote sensing techniques to assist the analysis of urban microclimate
	100 - Vulnerability of the city of Paris (France) to future heat waves: Impact of urban sprawl scenarios on urbain climate
	101 - Earth Observation in Sustainable Urban Planning and Management: the GEOURBAN Project
	102 - Thermal bioclimate analysis for improvement of urban climate in tropical cities: case of Campinas, Sao Paulo and Santos, São Paulo state
	103 - How to cool cities in summer? Study of impacts of building parameters, area designs and urban planning at city scale using sensitivity analysis (Abstract only)
	104 - Evaluating the policies for the promotion of urban vegetation. The Greek case.
	106 - Measuring Solar Reflectance of Variegated Flat Roofing Materials Using Modified Monte Carlo Method
	109 - Cool Pavement Demonstration and Study
	110 - Keeping California cool: Recent cool community developments
	112 - How much does the shade provided by different trees collaborate to control the urban heat island in tropical climates? – a study in Campinas, Brazil
	113 - Modelling of Urban Vegetation as a Thermal Regulator and Management of Associated Water Resources for Neighbourhood to City-scale Applications (Abstract only)
	114 - Modeling and observing the effect of façade greening on human bioclimate in a complex urban environment
	115 - Impacts on Cooling Energy Consumption Due to the UHI and Vegetation Changes in Manchester, UK
	116 - Quantification of Cooling Processes by Facade Greening: Shading, Insulation and Transpiration (Abstract only)
	118 - How UHI is taken into account in the location and the design of public buildings for sensitive people to rising temperature
	119 - A Simple Tool for Estimating City-Wide Annual Electrical Energy Savings from Cooler Surfaces
	121 - The effect of vegetation on urban street microclimate and thermal comfort in period of heat stress. Case of study the center city of Constantine Algeria, hot and dry climate
	123 - Efficient Structures of Forested Canyon in an Arid City to Mitigate the Urban Heat Island
	124 - The role of building models in the evaluation of countermeasures to urban heat islands with a heat stress related risk concept
	125 - Towards a satellite based monitoring of urban air temperatures
	127 - Analysis of urban Heat Island and Its Effetcts in Valparadiso, Chile
	130 - Assessing the urban heat island in major urban centres with the use of indicators
	134 - High resolution hyperspectral thermal-infrared analysis of the characteristics of UHI, Turku, SW Finland (Abstract only)
	136 - Thermal comfort evaluation in four urban spaces: comparison of measured microclimate variables with modelling results
	137 - Cool Roofs In Cold Climates: Savings Or Penalties?
	139 - Climatic comfort and environmental quality of urban neighbourhoods: How to take into account the experience and expertise of the inhabitants? (Abstract only)
	142 - Vertical Greenery vs Traditional Envelope: A Life Cycle Assessment
	143 - Theoretical and Experimental Analysis of the UHI Effect In a Medium Size City of Italy
	144 - Assessing the Health Impacts of Urban Heat Island Reduction Strategies in the District of Columbia
	145 - Solar Radiation- Diffusion Context in three Cities of Yazd, Tehran and Kobe- A Survey to Mitigate Urban Heat Island Effect in Modern Cities
	146 - Urban Heat Island in Residential Areas of Brasilia
	152 - Observations of the urban heat island effect in outskirts of Venice
	153 - Urban Skyrise Greenery in Hong Kong - A Review
	155 - Assessment of the resilience of north Portugal residential buildings to climate-change enhanced heat waves and of the potential contribution of cool paintings for its strengthen
	157 - High-resolution Urban Heat Island Measurements and Energy Applications in Birmingham-UK
	158 - Characterisation and assessment of near infrared reflective paintings for building facade applications
	159 - Investigation on Performance Prediction and Optimization for Spectral Solar Reflectance of Cool Painted Layer
	160 - Evaluation of Effect of Tree Canopy on Thermal Environment, Thermal Sensation, and Mental State
	161 - The sources and implications of urban climate variance in Vienna
	162 - A Pilot Study of Numerical Modelling of Mean Radiant Temperature in High-density Sub-tropical Urban Environment
	165 - Development of self-cleaning top-coat for cool roof
	166 - Study on the effect of wall surface vegetation and cool mist system on wall surface and air temperature
	167 - Cool Cities – Clean Cities? The effect of UHI mitigation strategies on urban air quality
	169 - Impacts of Disaster-Mitigation/Prevention Type Urban Structure Models on Future Urban Thermal Environment
	170 - Links between Thermal Comfort and Street Design: The case of Erzurum City Centre
	171 - Apparent Temperature Index on different types of urban surface covers within a city park of Florence
	172 - Urbmobi - A Mobile Measurement Device for Urban Environmental Monitoring
	173 - CFD Simulation of the Three-Dimensional Effects Induced by the NOX Photocatalytic Degradation for Isolated Building and Street-Canyon Configurations
	174 - Urban Cavity Method: Microclimatic Evaluation Of Urban Canyon In Tropical Climate. Case Study: Federal District – Brazil
	175 - Modelling Madrid's summer UHI through remote sensing and GIS
	176 - Integrating urban built and green structures to improve climate change mitigation and adaptation: The approach of a recently initiated centre
	177 - Experimental Study on Green Walls and Their Effects on the Thermal Environment
	179 - Experimental Study on Evaporative Cooling of Fine Water Mist for Outdoor Comfort in the Urban Environment
	180 - Assessment of the Intensity of Canyon Layer Urban Heat Island in Chennai Metropolitan Area, India
	181 - Countermeasures to Urban Heat Island - The Strategy in the City of Stuttgart, Germany
	182 - New technologies and urban climate: analysis of a UHI phenomenon through remote sensing with high resolution LiDAR data and Orthophotos
	183 - Estimation of Solar Shading Effect of Urban Trees Using Airborne LiDAR and Radiative Transfer Simulation
	184 - Densification Process of Copacabana Neighbourhood over 1930, 1950 and 2010 Decades: comfort indexes
	186 - Comparison of Whole-Tree Transpiration among Urban Tree Species Using a Novel Weighing Lysimeter
	187 - Evaluation of cool/green roof in mitigating urban heat island in a tropical city, Singapore
	188 - Cool Roof Calculator
	192 - Preliminary study of the impact of urban vegetated devices on energy consumption of building at a district scale
	197 - Vertical Greening Systems and Urban Heat Island related aspects: outcomes of a research project
	198 - Vegetative roofs as an urban heat sink: from small scale experimental investigations to district planning assistance
	199 - Multiscale methods for urban air temperature analysis assisted by mobile measurements
	200 - Green Cover and Urban Microclimate in a Hot and Arid Environment
	201 - Analysis of energy released by educational buildings for Urban Heat Island mitigation
	202 - Sustainable Interventions in Urban Public Spaces of Thessaloniki, Greece: A Study of the Thermal Behavior of Paving Materials.
	203 - Urban heat islands in South Australia: comparative investigation of Adelaide CBD and suburbs based on land surface temperature analysis with Landsat 7 ETM+ Data (2000-2014)
	204 - Managing and monitoring radiant and convective heat flows in temperate zone urban environments
	205 - Validation of a Coupled-Scheme Urban Canopy Model and Building Simulator
	206 - Gonio-photometry: a measurement technique for an accurate assessment of the directional radiative properties of building and urban materials
	207 - Energy and Environmental Impact of Urban Heat Island and Climate Change (Abstract only)
	208 - Urban Heat Island Mitigation Policies in Montreal
	209 - Impact of Air Pollutants and Meteorology on Respiratory and Tuberculosis Diseases
	210 - A hygrothermal model of green walls interactions in street canyons – numerical development and experimental comparison
	211 - Case study of a new district design through a coupled model for urban microclimate and building energy simulation
	212 - A composite cool colored tile for sloped roofs with high ‘equivalent’ solar reflectance
	213 - Aging of Cool Roof Materials: New Accelerated Laboratory Test Method for Mimicking the Change in Solar Reflectance
	214 - Analysis of urban morphological parameters using GIS data for Tokyo, Japan
	215 - A study of urban thermal environment in Tokyo in summer of the 2030s under influence of global warming
	216 - Computational Fluid Dynamics Analysis for Urban Heat Island Effect
	217 - Air-conditioning teaming-up with cool roof: combined approach to reduce heat-island-effect
	220 - Evaluation of the thermal-energy performance of naturally “cool” gravel covering for cool roof and cool pavement application: a case study
	221 - Experimental analysis of the thermal-optical properties of polyurethane waterproof liquid membranes for cool roof application
	222 - Recent Progress on Advanced Materials for UHI Mitigation
	223 - Countermeasures to Urban Heat Island A Study of Mumbai, Maharashtra
	224 - Assessment of the Impact of Cool Roofs in Rural Buildings in India
	225 - Impact of Cool Roof Surfaces on Energy Savings in Residential Buildings Located in Mexico: Effect of Thermal Insulation
	226 - Numerical Simulation of Air-Conditioning Loads of a Building Equipped with Granular Water-Retentive Building Materials Considering Their Responses of Heat and Water Transfer
	227 - Rapid Development of Global Heat Island Mitigation Studies and Countermeasures: A 30 year overview (Abstract only)
	228 - CF and LCA as assessment methodologies for UHI
	229 - Diseases and bioclimatic discomfort in Europe, outcome of the UHI EU Project in terms of urban planning (Abstract only)
	230 - Recent advances in heat island countermeasures from the United States (Abstract only)
	231 - Heat Island Research History, Countermeasures, Adaptation, and Implementation in Japan (Abstract only)
	232 - Urban climatic mapping: a tool to support urban planning and design in climate-responsive cities


	bianca2
	4a copertina proceedings



