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ABSTRACT 

Many studies addressed the effect of climate on thermal comfort by referring either 

to the developed climate world map designed by Kottek et al or by Peel et al 

method. However, they ignored the fact that each method may provide different 

results. Additionally no consideration was made in their studies by addressing the 

effect of climate subtypes on thermal comfort, the variation of climate over years 

on thermal comfort, and the variation of the monthly neutral temperatures over 

years due to climate variation. Hence, this research addressed the effect of the 

Koppen-Geiger climate classification systems on thermal comfort of various 

locations subjected to climate type C. The ASHRAE RP-884 database was used in 

the investigation. At the initial stage, Kottek and Peel climatic world maps of 

Koppen-Geiger, and the New LocClim 1.10 software were used for the identification 

of main climate types. Ten survey sites subjected to climate type C were identified. 

In the next stage, three locations were further selected for the identification of 

main and subtypes climate over a period of 35 years (1980-2014). The Kottek and 

Peel versions of Koppen-Geiger climate classification were used. A comparison was 

made by considering short-versus long-term climate types. In the final stage, the 

dominant long-term, the average long-term, and the short-term neutral 

temperatures were predicted and analysed according to main and sub-climate types. 

The analysed results revealed that shifts in climate types did not necessarily affect 

the predicted indoor neutral temperatures. It was also observed that the neutral 

temperature, when determined using the thermal comfort survey conducted in a 

year or in a few months, was also subjected to variation. The Koppen-Geiger 

approach seems not to be an appropriate method for predicting and monitoring the 

effect of climate variation and change on humans' thermal comfort. It cannot be 

used to investigate the impact of relative humidity on thermal comfort. 
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ABSTRAK 

KALIAN IKLIM SEDERHANA UNTUK RAMALAN SUHU KESELESAAN DALAM 
BANGUNAN PENGUDARAAN SEMULA JADI MENGGUNAKAN PANGKALAN 

DA TA ASHRAE RP-884 

Banyak kajian menekankan kesan Wim terhadap keselesaan terma dengan 

merujukkan kaedah peta dunia Wim yang direka oleh Kottek et al. atau Peel et al. 
Namun demikian, mereka mengabaikan hakikat bahawa setiap kaedah boleh 

membawakan hasil yang berbeza. Di samping /tu, tiada pertimbangan yang dibuat 

da/am kajian mereka dengan menekankan kesan sub jenis mim terhadap 

keselesaan terma, variasl Wim se/ama bertahun-tahun dalam keselesaan haba, dan 

var/asi suhu neutral bulanan se/ama bertahun-tahun disebabkan oleh perubahan 
lklim. O/eh itu, kajian lni membincangkan tentang kesan klasifikasi Mim Köppen- 

Geiger terhadap keselesaan terma di pe/bagai lokasi yang tertakluk kepada jenis 

Wim C. Pangkalan data ASHRAE RP-884 telah digunakan dalam kajian inl. Pada 

peringkat awal, peta cuaca dunia Köppen-Geiger Kottek dan Peel, dan juga pens/an 
New LocCl/m 1.10 telah digunakan untuk pengenalpastian jenis iklim utama. 
Sepuluh tapak t/njauan yang tertakluk kepada Jens Wim C telah dikenalpast/. Dl 

peringkat seterusnya, tiga lokasi telah dipilih untuk mengenal past/ Wim utama dan 

sub jen/s Wim dalam tempoh 35 tahun (1980-2014). Kottek dan peel vers/ 
klasifikasi Köppen-Ge/ger telah digunakan. Perbandingan telah dibuat di antara 
jenis Wim jangka pendek dan Jens Wim jangka panjang. Pada per/ngkat akhir, 

suhu neutral berdasarkan jangka panjang yang dom/nan, purata jangka panjang, 
dan jangka pendek telah diramalkan dan dianalisis mengikut jen/s utama dan sub 
lklim. Hasil analisa menunjukkan bahawa perubahan dalam jenis lklim t/dak 

semest/nya membawa effek terhadap suhu neutral dalaman yang d/ramalkan. la 

juga d/perhatikan bahawa suhu neutral juga tertakluk kepada variasi apab/la 

menggunakan tinjauan keselesaan terma yang d6falankan dalam setahun atau 
da/am beberapa bulan. Ini telah menunjukkan kaedah Köppen-Geiger bukan satu 
kaedah yang sesuai untuk meramal dan memantau kesan varlas/ iklim dan 

perubahan terhadap keselesaan terma mans/a. la tidak bo%h digunakan untuk 
menyiasat kesan ke%mbapan relatif terhadap kese%saan terma. 
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LIST OF DEFINITIONS 

Kottek's map refers to the Kottek world map of the Köppen-Geiger. climate 
system as stated in the publication (Kottek et al., 2006). 
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publication (Kottek et al., 2006). 
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climate system as in their publication (Kottek et a/., 2006; 
Peel eta/., 2007). 

Neutral temperature refers to the optimum comfort temperature (ASHRAE 55, 

2013). 

Peel's map refers to the Peel world map of the Köppen-Geiger climate 
system as stated in reference (Peel eta/., 2007). 

Peel's method refers to the calculation procedure as in their publication 
(Peel eta/., 2007). 

San Francisco bay refers to San Francisco and Berkeley locations only. 

Subtype refers to the secondary and tertiary of main climate types, for 

example Csb. 

Survey Year refers to the year where thermal comfort study was 
conducted as stated in ASHRAE RP-884. 
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CHAPTER 1 

INTRODUCTION 

1.1. General 

Buildings provide a comfortable living environment for their occupants (Roulet, 

2001). This includes, among others, thermal, visual and acoustic comfort, as well as 
indoor air quality. It is widely accepted fact that buildings are not isolated but are 

generally placed in an urban context, thus open to influences by urban heat island 

and global warming. Urban warming has serious consequences on the energy, 

environmental, and social balance of cities, as well as on human comfort and 
health (Santamouris, 2014). The associated effects of urban heat island and global 

warming have increased the near-surface temperature in cities (Alves, Duarte and 
Gonsalves, 2016). 

Human health acts as an important factor in determining the quality of life 

of an occupant. From late 1980s until 1990s, the concept of health (for example, 
health in terms of indoor air quality, thermal comfort, lights quality, and acoustics), 
from the stance of World Health Organisation (WHO), turned significant as 
identifiers of the "healthy building" concept (Bluyssen, 2010). 

A healthy building means that the building is free of hazardous materials 

and is capable of fostering the health and comfort of its occupants during its entire 
life cycle, along with supporting its occupants' social needs and enhancing their 

productivity (COM, 2007). A healthy building recognises that human health needs 
and to some extent, comfort needs, are priorities. Additionally, a healthy building 

should be ready for the future. It should also be adaptable to "new drivers" such as 
climate change, the observed changes in the types of end-users' wishes and 
demands, and others (Iacobucci, 2001). 



A healthy building also depends on building thermal performance which in 

turn affects building energy performance. Building energy performance depends 

not only on building design but also on local climatic conditions, including ambient 
temperature, humidity, solar radiation, and wind (Roulet, 2001). A building that is 

well-adapted to the climate protects its inhabitants against the extreme conditions 

observed outdoors without creating uncomfortable internal conditions. Changes in 

the local climate may also alter building energy consumption (Wang, Chen and Ren, 

2011). For example, a warming climate reduces the heating energy requirement in 

relatively cold climates (Ward, 2008). However, a warming climate may increase 

the cooling energy requirement of buildings during a warm season (Papakostas, 

Mavromatis, and Kyriakis, 2010). The increase in cooling energy consumption may 

eventually offset or exceed the benefit from the saving of heating energy, 

especially in subtropical regions (Lam, Wan, Lam, and Wong, 2010). 

1.2. Background of Study 

Thermal comfort is defined as the condition of mind that expresses satisfaction with 
the thermal environment (ASHRAE, 2013). Adaptation is an important factor of 
human thermal comfort in ensuring humans' life and health on Earth. Adaptation 

can be physiological, psychological, or behavioural. Therefore, a wide range of 
thermal comfortable conditions and a close relationship with the external climatic 

environment can be achieved (Van, Yang, Zheng and Li, 2016). Currently, adaptive 
thermal comfort models are widely used to evaluate indoor thermal conditions in 

naturally-ventilated (NV) buildings (Alves, Duarte, Gongalves, and Tateoka, 2014). 

Assessing the impacts of climate and determining the adaptation requirements will 

certainly lead to the development of beneficial and reliable information that can be 

used to mitigate the impact of climate on human thermal comfort. It has already 
been reported that humans respond to adaptation mainly through reducing or 
eliminating the risks of climate change impacts (Alves et al., 2016). 

During the years starting from 1995 to 1997, de Dear (1998) collected 
22,000 sets of data and developed an adaptive regression model. The model 
required outdoor air temperature data for the prediction of indoor neutral 

2 



temperature. This is because any change in outdoor air temperature will affect the 

indoor thermal comfort conditions according to human adaptation. ASHRAE 55 is a 

widely recognised thermal comfort standard in predicting comfort temperature. An 

adaptive thermal comfort model in naturally-ventilated (NV) buildings was 
introduced in the standard since 2004 (ASHRAE 55,2003). The adaptive comfort 

model was developed using the ASHRAE RP-884 database from surveys conducted 

all over the world (Toe and Kubota, 2013). A regression model for the prediction of 

comfortable temperatures was proposed. Today, the model is still recognised by 

the ASHRAE standard and it has been widely used by many investigators in the 

world. 

1.3. Problem Statement 

There is no doubt that the climate of the Earth keeps changing from time to time. 

Although there has been obvious progress in monitoring and understanding climate 

change, there remain many scientific, technical, and institutional impediments to 

precisely planning for, adapting to, and mitigating the effects of climate change 
(Karl and Trenberth, 2003). 

In this regard, the Köppen-Geiger climate classification system is the most 

widely used and referred model in the world in various disciplines (Kottek et a/., 
2006). This is not an exception in thermal comfort studies. In recent years, several 

authors had considered the Köppen-Geiger climate classification in their articles just 

to cite a few references (Yang and Matzarakis, 2015; Croitoru, Nastase, Crutescu 

and Badescu, 2016; Toe and Kubota, 2013; Kabre, 2018; Nobatek, 2016; Mishra 

and Ramgopal, 2013; 2015). 

Most thermal comfort researchers in their investigations referred to the 
developed climate world map of Köppen-Geiger designed by Kottek et a/., (2006). 
In fact, many researchers ignore the updated version which was developed one 
year later by Peel et a/., (2007). Further, little is known about the implications of 
using Peel's et a/., (2007) climate world map to predict thermal comfort or address 
the impact of climate types on neutral temperatures. 

3 



Mishra and Ramgopal (2013) investigated the reliability of adaptive comfort 

equations taken from studies on various climate types. However, they concluded 
that except for main climate type A, other climate types have wide ranges of 

neutral temperatures. Unfortunately, their study only considered Kottek's et al., 
(2006) climate world map. The map was developed according to the Köppen-Geiger 

procedure. The authors not only ignored the updated version of Kottek's et a/., 
(2006) map which was developed by Peel et a/., (2007), they also only considered 

the main climate types and omitted the climate subtypes. In fact, Peel et a/., (2007) 

made some modifications to the Köppen-Geiger classification method. Additionally, 

the usage of any climatic map is very restrictive as it is limited to the selected 

period of time. The climate of a location is also subjected to yearly variation. 
Further, the Kottek and Peel maps were only developed using the average air 

temperature and precipitation data over a selected period of time. An average long- 

term climate type may not necessarily be the dominant climate type. In fact, it does 

not necessary reflect the yearly climate type when the thermal comfort survey was 

conducted. Therefore, a further investigation in this direction is important for the 

generalisation of conclusions made by some authors. 

In another study, Toe and Kubota (2013) classified the climate types of 

several places into three climate groups according to survey location and season. 
The selected climate types are hot-humid, hot-dry, and moderate. The main 

purpose of their study was to develop an adaptive model equation for the hot- 

humid climate. In their study, the investigators selected Peel's et al., (2007) 

method for their research work. However, the authors made some assumptions in 

categorising the locations under the hot-humid classification based on the 
description of climate types included in the Köppen-Geiger classification. For 

instance, they assumed that the climate of locations subjected to climate type A 

and Cfa during summer as hot-humid climate. Such classification has yet to be 

validated. It is probably important to report that both studies explored at least the 
ASHRAE RP-884 database in their research. 

Natural ventilation has proven to be an energy-efficient alternative in 

reducing the running costs of buildings, achieving thermal comfort, as well as 
maintaining a healthy indoor environment. However, owing to the unpredictable 

4 



REFERENCES 

Alam, S. A. 2013. Carbon Stocks, Greenhouse Gas Emissions and Water Balance of 
Sudanese Savannah Woodlands in Relation to Climate Change. 

Allaby, M. 2004. Thornthwaite Climate Classification. A Dictionary of Ecology. 

Almorox, ]., Quej, V. H., & Marti, P. 2015. Global Performance Ranking of 
Temperature-Based Approaches for Evapotranspiration Estimation Considering 
Köppen Climate Classes. Journal of Hydrology. 528: 514-522. 

Alexander, L. V. 2016. Global Observed Long-Term Changes in Temperature and 
Precipitation Extremes: A Review of Progress and Limitations in IPCC 
Assessments and Beyond. Weather and Climate Extremes. 11: 4-16. 

Alves, C. A., Duarte, D. H., & Gonsalves, F. L. 2016. Residential Buildings' Thermal 
Performance and Comfort for The Elderly Under Climate Changes Context in 
The City of Sao Paulo, Brazil. Energy and Buildings. 114: 62-71. 

Alves, C. A., Duarte, A. D. H., Gonsalves, F. L., & Tateoka, S. 2014. Thermal 
Comfort in Residential Buildings for the Elderly under Climate Changes 
Context. PLEA. 

Anam A., Shahid P. 2014. Geo-statistical Methods For Spatial Interpolation in GIS. 
International Conference on Space (ICS-2014) Organized by SUPARCO, IST, 
and ISNET, Islamabad. 12-14. 

Aries, M., & Bluyssen, P. M. 2009. Climate Change Consequences for The Indoor 
Environment. Heron 54(1): 49-70. 

Ashkanasy, N. M., Wilderom, C. P., & Peterson, M. F. 2000. Handbook of 
Organizational Culture and Climate. Sage 

ASHRAE 55.2003. ANSI/ASHRAE Standard 55-Thermal Environmental Conditions 
for Human Occupancy, American Society of Heating. American Society of 
Heating, Refrigerating and Air-Conditioning Engineers, Inc., Atlanta. 

ASHRAE 55.2013. ANSI/ASHRAE Standard 55-Thermal Environmental Conditions 
for Human Occupancy, American Society of Heating. American Society of 
Heating, Refrigerating and Air-Conditioning Engineers, Inc., Atlanta. 

Baker, N., & Standeven, M. 1994. Comfort Criteria For Passively Cooled Buildings A 
Pascool Task. Renewable Energy 5(5-8): 977-984. 

Baker, B., Diaz, H., Hargrove, W., & Hoffman, F. 2010. Use of the Köppen- 
Trewartha Climate Classification to Evaluate Climatic Refugia in Statistically 

118 



Derived Ecoregions for the People's Republic of China. Climatic change. 98(1- 
2): 113-131. 

Bargues, M. D., Malandrini, J. B., Artigas, P., Soria, C. C., Veldsquez, J. N., 
Carnevale, S. & Mas-Coma, S. 2016. Human Fascioliasis Endemic Areas In 
Argentina: Multigene Characterisation of The Lymnaeid Vectors And Climatic- 
Environmental Assessment of The Transmission Pattern. Parasites & 
Vectors. 9(1): 306. 

Bautu, A. & Bautu, E. 2006. Meteorological Data Analysis and Prediction by Means 
of Genetic Programming. Proceedings of the 5th Workshop on Mathematical 
Modeling of Environmental and Life Sciences Problems Constanta, Romania. 

Beck, C., Grieser, J., Kottek, M., Rubel, F., & Rudolf, B. 2005. Characterizing global 
climate change by means of Köppen Climate 
Classification. Klimastatusbericht. 51: 139-149. 

Bernardi, M., Gommes, R., & Grieser, 3.2006. Downscaling Climate Information For 
Local Disease Mapping. Parassitologia. 48(1-2): 69-72. 

Bluyssen, P. M. 2010. Towards New Methods and Ways To Create Healthy and 
Comfortable Buildings. Building and Environment. 45(4): 808-818. 

Boer, E. P., de Beurs, K. M., & Hartkamp, A. D. 2001. Kriging and Thin Plate Splines 
for Mapping Climate Variables. International Journal of Applied Earth 
Observation and Geoinformation. 3(2): 146-154. 

BOM. 2015. Bureau of Meteorology. Australia. 

Boon, K. F., Kiefert, L., & Ctainsh, G. H. 1998. Organic matter content of rural dusts 
in Australia. Atmospheric Environment. 32(16): 2817-2823. 

Brager, G. S., & de Dear, R. 2001. Climate, Comfort, & Natural Ventilation: A New 
Adaptive Comfort Standard For ASHRAE Standard 55. 

Brotas, L., & Nicol, F. 2017. Estimating Overheating In European Dwellings. 
Architectural Science Review. 60(3): 180-191. 

Busch, J. F. 1992. A Tale Of Two Populations: Thermal Comfort In Air-Conditioned 
And Naturally Ventilated Offices In Thailand. Energy and buildings. 18(3): 
235-249. 

Candido, C., de Dear, R. ]., & Lamberts, R. 2011. Combined Thermal Acceptability 
And Air Movement Assessments In A Hot, Humid Climate. Build. Environ. 46 
(2): 379-385. 

Carlucci, S. (2013). Thermal comfort assessment of buildings. Springer Science & 
Business Media. 

Castro, J. M., & Jackson, P. L. 2001. Bankfull Discharge Recurrence Intervals And 
Regional Hydraulic Geometry Relationships: Patterns in the Pacific Northwest, 

119 



USA. JAWRA Journal of the American Water Resources Association. 37(5): 
1249-1262. 

CEN, EN 15251: 2007.2007. Indoor Environmental Input Parameters for Design and 
Assessment of Energy Performance of Buildings Addressing Indoor Air Quality, 
Thermal Environment, Lighting and Acoustics. European Committee for 
Standardization. 

Changnon, S. 2013. Railroads and Weather: From Fogs to Floods and Heat to 
Hurricanes, the Impacts of Weather and Climate on American Railroading. 
Springer Science & Business Media. 

Chen, D., & Chen, H. W. 2013. Using The Köppen Classification To Quantify Climate 
Variation And Change: An Example For 1901-2010. Environmental 
Development. 6: 69-79. 

COM. 2007. Improving Quality And Productivity At Work: Community Strategy 
2007-2012 On Health And Safety At Work. 62 final European Commission, 
Brussels, Belgium. 

Crawley, D. B. 2007. Creating Weather Files For Climate Change And Urbanization 
Impacts Analysis. In Building Simulation IBPSA Being. 1075-1082 

Croitoru, C., Nastase, I., Crutescu, R., & Badescu, V. 2016. Thermal Comfort In A 
Romanian Passive House. Preliminary Results. Energy Procedia. 85,575-583. 

da Cunha, A. R. & Schoffel. E. R. 2011. The Evapotranspiration in Climate 
Classification. 

de Dear, R. 3.1985. Perceptual And Adaptational Bases For The Management Of 
Indoor Climate. St. Lucia Queensland: University of Queensland PhD thesis. 

de Dear, R. J. 1998. A Global Database of Thermal Comfort Field 
Experiments. ASHRAEtransactions, 104: 1141. 

de Dear, R. J. & Auliciems, A. 1985. Validation of the Predicted Mean Vote model of 
thermal comfort in six Australian field studies. ASHR4E Trans, 91(2), 452-468. 

de Dear, R. J. & Brager, G. S. 1998. Towards An Adaptive Model Of Thermal Comfort 
And Preference. ASHRAE Transactions. 104 (1): 145-167. 

de Dear, R. J., & Brager, G. S. (2002). Thermal Comfort In Naturally Ventilated 
Buildings: Revisions To ASHRAE Standard 55. Energy and buildings. 34(6): 
549-561. 

de Dear, R., Brager, G. & Cooper D. 1997. Developing An Adaptive Model Ofthermal 
Comfort And Preference. Final Report ASHRAE RP-884. Results of Cooperative 
Research between the American Society of Heating, Refrigerating and Air 
Conditioning Engineers, Inc., and Macquarie Research, Ltd. 

120 



de Dear, R. ]., Brager, G. S., Reardon, ]., & Nicol, F. 1998. Developing An Adaptive 
Model Of Thermal Comfort And Preference/Discussion. ASHRAE 
transactions. 104: 145. 

de Dear, R. J., Leow, K. G. & Foo S. C. 1991. Thermal Comfort In The Humid 
Tropics: Field Experiments In Air Conditioned And Naturally Ventilated 
Buildings In Singapore. International Journal ofBiometeoro/ogy. 34: 259-265. 

Demba Diakhate. 2014. Net Irrigation Requirements for Maize and Sorgum in ISRA- 
NIORO, Province of Kaolack (Senegal). International Journal of Humanities 
and Social Science. 4(6): 267-281. 

Djamila, H. 2017. Indoor Thermal Comfort Predictions: Selected Issues And Trends. 
Renewable and Sustainable Energy Reviews. 74: 569-580. 

Djamila, H., & Yong, T. L. 2016. A Study Of Klippen-Geiger System For Comfort 
Temperature Prediction In Melbourne City. Sustainable Cities and Society. 27: 
42-48. 

Dogan, H. M. 2007. High Resolution Climatic Surfaces of Nallihan Ecosystem in 
Turkey. Journal of Applied Sciences. 7(5): 654-662. 

Ebinger, 1.0.2011. Climate Impacts On Energy Systems: Key Issues For Energy 
Sector Adaptation. World Bank Publications. 

Epstein, Y., & Moran, D. S. 2006. Thermal Comfort And The Heat Stress Indices. 
Industrial health. 44(3): 388-398. 

Ezzeldin, S. & Ree, S. J. 2013. The Potential for Office Buildings with Mixed-Mode 
Ventilation and Low Energy Cooling Systems in Arid Climates. Energy and 
Buildings. 65: 368-381. 

Fanger, P. O. 1970. Thermal comfort. Analysis And Applications In Environmental 
Engineering. Thermal comfort. Analysis And Applications In Environmental 
Engineering. 

FAO. 2002. LOCCLIM - Local Climate Estimator CD-ROM. FAO-SDRN, Working 
Paper Series No. 9. FAO, Rome, Italy. 

FAO. 2005. New Locclim: Local Climate Estimator (Version 1.10). Environment and 
Natural Resources. Working Paper No. 20 (CD-ROM). 

Farmer, G. T. and Cook J. 2013. Climate Classifications. Climate Change Science: A 
Modern Synthesis. Springer Netherlands. 339-351. 

Fealy, R., & Sweeney, J. 2007. Identification Of Frequency Changes In Synoptic 
Circulation Types And Consequences For Glacier Mass Balance In 
Norway. Norsk Geografsk Tidsskrift-Norwegian Journal of Geography. 61(2): 
76-91. 

121 



Feddema, ]. J. 2005. A Revised Thornthwaite-Type Global Climate Classification. 
Physical Geography. 26(6) : 442-466. 

Feng, S., Ho, C. H., Hu, Q., Oglesby, R. J., Jeong, S. J., & Kim, B. M. 2012. 
Evaluating Observed and Projected Future Climate Changes for the Arctic 
Using the Köppen-Trewartha Climate Classification. Climate dynamics. 38(7-8): 
1359-1373. 

Givoni, B. 1998. Climate Considerations In Building And Urban Design. John Wiley & 
Sons. 

Gommes, R., Grieser, J., & Bernardi, M. 2004. FAO Agroclimatic Databases and 
Mapping Tools. European Society for Agronomy Newsletter, 22: 32-36. 

Grieser, J., Gommes, R., & Bernardi, M. 2006. New Locclim-The Local Climate 
Estimator of FAO. In Geophysical Research Abstracts, 8: 2. 

Gutierrez, 3. M., Cofino, A. S., Cano, R., & Rodriguez, M. A. 2004. Clustering 
Methods For Statistical Downscaling In Short-Range Weather 
Forecasts. Monthly Weather Review, 132(9): 2169-2183. 

Hannah, D. M., Bower, D., & McGregor, G. R. 2006. Associations Between Western 
European Air-Masses And River Flow Regimes. IAHSpub/ication, 308-344. 

Hantel, M. 1989. Climatology, Series Landolt-Bornstein - Numerical Data and 
Functional Relationships in Science and Technology, New Series Vol. 4C2, Ch. 
The present global surface climate. - Springer, Berlin, 117-474. 

Havenith, G., Holmer, I., & Parsons, K. 2002. Personal Factors In Thermal Comfort 
Assessment: Clothing Properties And Metabolic Heat Production. Energy and 
buildings, 34(6), 581-591. 

Healey, K. 2014. Applying Contextual Understanding In Mixed Mode Design: a User- 
Centred Study Of Thermal Comfort And Adaptive Control. Network for 
Comfort and Energy Use in Buildings Proceedings of 8' Windsor Conference. 
Cumberland Lodge, Windsor, UK. 

Hensel, M., Stuhr, M., Geppert, D., Kersten, J. F., Lorenz, ]., & Kerner, T. 2017. 
Reduced Frequency Of Severe Hypoglycaemia At Mild Ambient Temperatures 
Between 10 And 20 Degree Celsius: A Population-Based Study Under Marine 
West Coast Climate Conditions. Journal of Diabetes and its Complications. 

Holdaway, M. R. 1996. Spatial Modeling and Interpolation of Monthly Temperature 
using Kriging. Climate Research, 6(3): 215-225. 

Humphreys, M. A., & Nicol, 3. F. 2000. Outdoor Temperature And Indoor Thermal 
Comfort: Raising The Precision Of The Relationship For The 1998 ASHRAE 
Database Of Field Studies/Discussion. Ashrae Transactions 106: 485. 

Iacobucci, D. 2001. Kellog On Marketing. 0-471-35399-XJohn Wiley & Sons inc., 
USA. 

122 



Indraganti, M, Ooka, R& Rijal, H. 2012. A Significance Of Air Movement For 
Thermal Comfort In Warm Climates: A Discussion In Indian Context., 
Proceedings of 7th Windsor Conference: The Changing Context of Comfort in 
an Unpredictable World, Cumberland Lodge, Windsor, UK, 

Institute for Environmental Research and Sustainable Development (IERSD). 2016. 
Climatic Data Provision. Retrieved from http: //stratus. meteo. noa. gr/front. on 
13 September 2016. 

Jacobeit, J. 2010. Classifications in Climate Research. Physics and Chemistry of the 
Earth, Parts A/B/C, 35(9-12): 411-421. 

Johansson, E., Thorsson, S., Emmanuel, R., & Krüger, E. 2014. Instruments And 
Methods In Outdoor Thermal Comfort Studies The Need For Standardization. 
Urban Climate, 10,346-366. 

Jenkins, G. J., Perry, M. C., & Prior, M. J. 2008. The Climate Of The United Kingdom 
And Recent Trends. Met Office Hadley Centre, Exeter, UK. 

Kabre, C. 2018. Climatic Data. In Sustainable Building Design. Springer, Singapore. 
169-327. 

Kalkstein, A. J., Kuby, M., Gerrity, D., & Clancy, 1.1.2009. An Analysis Of Air Mass 
Effects On Rail Ridership In Three US Cities. Journal of transport 
geography, 17(3): 198-207. 

Karl, T. R., & Trenberth, K. E. 2003. Modern Global Climate Change. science, 
302(5651): 1719-1723. 

Karyono, T. H. 1996. Thermal Comfort In The Tropical South East Asia Region. 
Architectural Science Review, 39(3): 135-139. 

Karyono, T. H., Sri, E., Sulistiawan, J. G., & Triswanti, Y. 2015. Thermal Comfort 
Studies in Naturally Ventilated Buildings in Jakarta, Indonesia. Buildings, 5(3), 
917-932. 

Khan, M. H., & Pao, W. 2015. Thermal Comfort Analysis of PMV Model Prediction in 
Air Conditioned and Naturally Ventilated Buildings. Energy Procedia, 75: 1373- 
1379. 

Khlebnikova, E. 2009. Methods of Climate Classification. Environmental Structure 
And Function: Climate System. Volume I. 

Kottek, M., Grieser, )., Beck, C., Rudolf, B., & Rubel, F. 2006. World Map Of The 
Köppen-Geiger Climate Classification Updated. Meteoro/og/sche 
Zeitschrift, 15(3): 259-263. 

Köppen W. 1931. Grundriss der Klimakunde. Walter de Gruyter & Co: Berlin 

123 



Kraus, H. 2004. Die Atmosphäre der Erde. Eine Einführung in die Meteorologie. - 
Springer, Berlin, 422. 

Kysely, J. and Huth, R. 2010. Relationships between Summer Air Masses and 
Mortality in Seoul: Comparison of Weather-Type Classifications. Physics and 
Chemistry of the Earth, Parts A/B/C, 35(9-12): 536-543. 

Lam, 3. C., Wan, K. K. W., Lam, T. N. T., Wong. S. L. 2010. An Analysis Of Future 
Building Energy Use In Subtropical Hong Kong. Energy, 35: 1482-1490. 

Lamb, H. H. 2013. Climate: Present, Past and Future (Routledge Revivals): Volume 
1. Fundamentals and Climate Now. Routledge. 

Lu, S., Xia, H., Wei, S., Fang, K., & Qi, Y. 2016. Analysis Of The Differences In 
Thermal Comfort Between Locals And Tourists And Genders In Semi-Open 
Spaces Under Natural Ventilation On a Tropical Island. Energy and 
Buildings, 129,264-273. 

Lucas, & Chris. 2010. A High-Quality Historical Humidity Database For Australia. 
InCAWCR technical report No. 024. CSIRO and the Bureau of Meteorology. 

Merriam-Webster. 2018. dominant term noun. Retrieved on 20 November 2018, 
from https: //www. merriam-webster. com/dictionary/dominant%20term 

MET. 2015. Meteorological Office. UK. 

Mishra, A. K., & Ramgopal, M. 2013. Field Studies On Human Thermal Comfort-An 
Overview. Building and Environment, 64: 94-106. 

Mishra, A. K., & Ramgopal, M. 2015. An Adaptive Thermal Comfort Model For The 
Tropical Climatic Regions Of India (Köppen Climate Type A). Building and 
Environment, 85: 134-143. 

National Geographic. 2017. Climate. Retrieved on 9 May 2017, from 
fps: //www nationallaeoaraphic org/en clopgdia/climate/ 

Nayak, R. K., Patel, N. R., & Dadhwal, V. K. 2010. Estimation And Analysis Of 
Terrestrial Net Primary Productivity Over India By Remote-Sensing-Driven 
Terrestrial Biosphere Model. Environmental Monitoring and 
Assessment, 170(1-4): 195-213. 

Nicol, F. 2004. Adaptive Thermal Comfort Standards in The Hot Humid 
Tropics. Energy and buildings, 36(7): 628-637. 

Nicol, F. & Humphreys, M. 2010. Derivation Of The Adaptive Equations For Thermal 
Comfort In Free-Running Buildings In European Standard EN 15251. Build 
Environ. 45(1): 11-17. 

Nicol, ]. F., G. N. Jami, 0. Sykes, M. Humpherys, S. Roaf and M. Hancock. 1994. 
Thermal Comfort in Pakistan. Oxford Brookes University. 

124 



Nicol, 1. F., M. A. Humphreys and I. A. Raja. 1995. Developing Indoor 
Temperatures for Naturally Ventilated Buildings. Proceeding for CIBSE 
National Conference. 

Nicol, J. F., Hacker, J., Spires, B., & Davies, H. 2009. Cooling In A Low Carbon 
World. Journal Building Research & Information. 37(4): 348-357. 

Nicol, J. F., & Wilson, M. 2011. A Critique Of European Standard En 15251: 
Strengths, Weaknesses And Lessons For Future Standards. Building Research 
& Information, 39(2), 183-193. 

Nobatek. 2016. European Climate Zones And Bio-Climatic Design Requirements. 
European Union's Horizon 2020 Research And Innovation Programme. 
Members Of The PVSITES Consortium. Project report BEAR-0. 

Orchard, J. W., Walden, M., Hägglund, M., Orchard, J. J., Chivers, I., Seward, H., & 
Ekstrand, J. 2013. Comparison of injury incidences between football teams 
playing in different climatic regions. Open access journal of sports medicine, 4: 
251. 

Papakostas, K., Mavromatis, T., Kyriakis, N. 2010. Impact Of The Ambient 
Temperature Rise On The Energy Consumption For Heating And Cooling In 
Residential Buildings Of Greece. Renewable Energy, 35: 1376-1379. 

Patz, J. A., Campbell-Lendrum, D., Holloway, T., & Foley, J. A. 2005. Impact of 
Regional Climate Change on Human Health. Nature, 438(7066): 310. 

Peel, M. C., McMahon, T. A. & Finlayson, B. L. 2007. Updated World Map of the 
Köppen-Geiger Climate Classification. Hydrology and earth system sciences 
discussions. 4(2): 439-473. 

Petersen, ]., Sack, D., & Gabler, R. 2010. Fundamentals Of Physical Geography. 
Cengage Learning. 

Pidwimy, M. 2011. Weather & Climate - Köppen Climate Classification System. The 
Encyclopedia of Earth. 

Pigman, M., Zhang, H., Honnekeri, A., Arens, E., & Brager, G. 2014. Visualizing The 
Results Of Thermal Comfort Field Studies: Putting Publicly Accessible Data In 
The Hands Of Practitioners. In Proceedings of 8th Windsor Conference: 
Counting the Cost of Comfort in a Changing World. 

Rajeevan, M., Bhate, J., Kale, J. D., & Lal, B. (2006). High resolution daily gridded 
rainfall data for the Indian region: Analysis of break and active. Current 
Science, 91(3), 296-306. 

Rao, G. P. 2008. Agricultural Meteorology: PHI Learning Pvt. Ltd. 

Rijal, H. B., Humphreys, M. A., & Nicol, J. F. 2014. Development Of The Adaptive 
Model For Thermal Comfort In Japanese Houses. In Proceedings of 8th 

125 



Windsor conference: Counting the cost of comfort in a changing world, 
Cumberland Lodge, Windsor, UK. 1013. 

Ritter, M. E. 2006. The Physical Environment: an Introduction to Physical 
Geography. Retrieved on 2 June 2016 
on http: //www. earthonlinemedia. com/ebooks/tpe-3e/title-page. html. 

Roulet, C. A. 2001. Indoor Environment Quality In Buildings And Its Impact On 
Outdoor Environment. Energy and buildings, 33(3): 183-191. 

Royle, JA and Walsh, M 2006. Watson's Medical-Surgical Nursing And Related 
Physiology. London: Baillere Tindal. 

Santamouris, M. 2014. On the Energy Impact of Urban Heat Island and Global 
Warming on Buildings. Energy Build. 82: 100-113. 

Sardar, S., Arsalan, M. H., & Hira, F. 2014. Regionalizing The Climate Of Pakistan 
Using Köppen Classification System. Pakistan Geogr Rev, 69: 111-132. 

Schiller, G. E., E. Arens, F. Bauman, C. Benton, M Fountain and T. Doherty. 1988. A 
Field Study of Thermal Environments and Comfort in Office Buildings: Final 
Report-ASHRAE 462. CEDR: UCBerkeley. 

Sheridan, S. C. 2002. The Redevelopment Of a Weather-Type Classification Scheme 
For North America. Internationaljournalofclimatology, 22(1): 51-68. 

Sykes, 0., Brown, J., Cocks, M., Shaw, D., & Couch, C. 2013. A City Profile of 
Liverpool Cities, Elseiver. Science Direct. 35: 299-318. 

Sparovek, G., De Jong Van Lier, Q., & Dourado Neto, D. 2007. Computer Assisted 
Koeppen Climate Classification: A Case Study For Brazil. International Journal 
of Climatology, 27(2), 257-266. 

Starr, M., & Alam, S. A. 2015. Water Balance of The Sudanese Savannah 
Woodland Region. Hydrological Sciences Journal, 60(4): 706-722. 

Stathopolous, T 2009. Wind and Comfort. L4 WE Proceedings 
www. iawe. org/Proceedings/K04. pdf. 

Steffen, W., Hughes, L., & Perkins, S. 2014. Heatwaves: Hotter, Longer, More 
Often. Climate Council of Australian Ltd ISBN: 978-0-9924142-2-1. 

Steffen, W. 2016. Heatwaves. The Cclimate Institute (Australia) Ltd. 
http: l/www. climateinstitute. orci. auLyerve/ resources/heatwaves fact sheet o 
ct307. pdf 

Steffen. W., 2015. Quantifying The Impact Of Climate Change On Extreme Heat In 
Australia. Climate Council of Australia Ltd 

Stern, H., De Hoedt, G., & Ernst, ]. 2000. Objective Classification of Australian 
Climates. Australian Meteorological Magazine, 49(2): 87-96. 

126 



Stilwell, A. R., Smith, S. M., Cognato, A. I., Martinez, M., & Flowers, R. W. 2014. 
Coptoborus Ochromactonus, n. Sp. (Coleoptera: Curculionidae: Scolytinae), An 
Emerging Pest Of Cultivated Balsa (Malvales: Malvaceae) In Ecuador. Journal 
Of Economic Entomology, 107(2): 675-683. 

The University of Sydney. 2010. ASHARAE RP-884 Adaptive Model Project-Data 
Downloader. https: //sydney. edu. au/architecture/staff/homepage/richard_de d 
ear/ashrae rp-884. shtml 

Thorsson, S., Lindberg, F., Eliasson, I., & Holmer, B. 2007. Different Methods For 
Estimating The Mean Radiant Temperature In An Outdoor Urban 
Setting. International journal of climatology, 27(14): 1983-1993. 

Toe, D. H. C., & Kubota, T. 2013. Development Of An Adaptive Thermal Comfort 
Equation For Naturally Ventilated Buildings In Hot-Humid Climates Using 
Ashrae Rp-884 Database. Frontiers of Architectural Research, 2(3): 278-291. 

Trzaska, S., & Schnarr, E. 2014. A Review Of Downscaling Methods For Climate 
Change Projections. United States Agency for International Development by 
Tetra Tech ARD, 1-42. 

Udrea, I., Croitoru, C., Nastase, I., Dogeanu, A., & Badescu, V. 2014. Thermal 
Comfort Analyses in Naturally Ventilated Buildings. Mathematical Modelling in 
Civil Engineering, 10(3), 60-66. 

Van den Putte, A., Govers, G., Diels, J., Gillijns, K., & Demuzere, M. 2010. 
Assessing The Effect of Soil Tillage on Crop Growth: A Meta-Regression 
Analysis on European Crop Yields Under Conservation Agriculture. European 
Journal Of Agronomy, 33(3): 231-241. 

Van Hoof, ]., Mazej, M., & Hensen, 3. L. 2010. Thermal Comfort: Research And 
Practice. Frontiers in Bioscience, 15(2):, 765-788. 

Wales, N., Khanjanasthiti, I., Savage, S., & Earl, G. 2012. Climate Change 
Resilience Of Melbourne. The Climate Institute, Sydney. 

Wang, X., Chen, D., & Ren, Z. 2011. Global Warming And Its Implication To 
Emission Reduction Strategies For Residential Buildings. Building and 
Environment. 46(4): 871-883. 

Ward. I. C. 2008. Will Global Warming Reduce The Carbon Emissions Of The 
Yorkshire Humber Region's Domestic Building Stock -A Scoping Study. 
Energy and Buildings 40: 998-1003. 

Williams, R. N. 1995. A Field Investigation Of Thermal Comfort Environmental 
Satisfaction And Perceived Control Levels In UK Office Buildings. Healthy 
Buildings. 3: 1181-1186. 

Williams, R. N. 1996. Predicting environmental dissatisfaction in UK offices. 
CIBSE/ASHRAE Joint National Conference, Harrogate UK. VII: 167 - 178. 

127 



Wong, N. H., Feriadi, H., Lim, P. Y., Tham, K. W., Sekhar, C., & Cheong, K. W. 
2002. Thermal Comfort Evaluation Of Naturally Ventilated Public Housing In 
Singapore. Building and Environment, 37(12): 1267-1277. 

Wong, S. L., Wan, K. K., Yang, L., & Lam, ]. C. 2012. Changes In Bioclimates In 
Different Climates Around The World And Implications For The Built 
Environment. Building and Environment. 57: 214-222. 

Yan, H., Yang, L., Zheng, W., & Li, D. 2016. Influence Of Outdoor Temperature On 
The Indoor Environment And Thermal Adaptation In Chinese Residential 
Buildings During The Heating Season. Energy and Buildings. 116: 133-140. 

Yang, S. Q., Matzarakis, A., & Yang, S. Q. 2015. Linking Human-Biometeorological 
Thermal Conditions With The Köppen-Geiger Climate Classification Updated- 
The Example of China. 9th International Conference on Urban Climate. 

Yao, R., Li, B., & Liu, 1.2009. A Theoretical Adaptive Model Of Thermal Comfort- 
Adaptive Predicted Mean Vote (aPMV). Building and environment, 44(10), 
2089-2096. 

Yuka, H., Keiji, K., & Toshihisa, H. H. 2016. Evaluation Of Human Thermal 
Comfortusing A Meteorological Approach. University, Sapporo, Japan: 
HokkaidoUniversity, Division of systems science and informatics. Sapporo 060- 
0814. Japan. https: //ams. confex. com/ams/pdfpapers/141147. pdf 

Zhu, M., Pan, Y., Huang, Z., & Xu, P. 2016. An Alternative Method to Predict Future 
Weather Data for Building Energy Demand Simulation under Global Climate 
Change. Energy and Buildings, 113: 74-86. 

128 




