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Abstract 
Urban morphology is one of the important parameters that dictate the land surface temperature in an area. This 
research analyses the difference in the impact of different urban morphology on surface heat island in the city of 
Chandigarh, India. Local Climate Zone classification system is employed to classify the urban area by WUDAPT 
method. This study assesses the thermal behaviour of mapped LCZ’s using the land surface temperature retreived from 
Landsat-8 data. The results show that LST in the city is consistent with the LCZ classes with higher LST observed in 
built-up LCZ classes. The unique thermal behaviour of the different LCZs provides indispensable information on the 
urban environment and its climatic conditions. This study provides directions to the urban planners by proposing the 
most suitable local climate zones to be developed while planning a new area to make it climate-resilient and guiding 
efficient distribution and design of built masses to maintain their maximum value of micro and local climate adjustment. 
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INTRODUCTION 

Urbanisation has picked up rapid pace since dawn of industrial revolution. According to United Nations urban 
population has risen dramatically from 13% in 1900 to 46% in 2000 and is expected to reach 69% by 2050. This 
unprecedented and unplanned urbanisation has brought about an integral change in natural fabric influencing climate at 
global as well as local level. Urban Heat Island reflects the impact of changing landuse pattern and anthropogenic 
activities at local level. 

Urban Heat Island (UHI) effect is the rise in temperature of urban environment in comparison to that of nearby rural 
areas (Oke, 1987). These heat islands have multidimensional impact on human health. Problems directly resulting from 
UHIs include increases in heat mortality and morbidity, increased infrastructure failure, increased drought and fire 
threat, increased stress to urban vegetation, changes to regional precipitation patterns, decreased urban air quality, and 
reduced outdoor quality of life for city dwellers (Moonen et al., 2012; Santamouris & Kolokotsa, 2015). Which in turn 
emphasize need to explore mitigating factors of this effect.  

City size, urban morphology and geographical location, Weather, Topography and bluespace are the city specific 
features that effect UHI (Oke, 1987). This study explores the relationship between urban morphology and surface 
temperature. Local climate zone classification was developed to classify an urban area based on its morphology for 
climate studies (Stewart & Oke, 2012a). Local climate zones can be defined as regions of uniform surface cover, 
structure, material, and human activity that span hundreds of meters to several kilometres in the horizontal scale 
(Stewart & Oke, 2012). This classification scheme enables the researchers to compare and analyse the results of 
different areas by providing a common platform. 

Traditionally study of thermal environment is carried out through ambient air temperature measurement. These point 
sourced air temperature measurement fails to provide spatially continuous thermal data. Recent advances in remote 
sense technology provide a viable solution by providing high resolution spatially continuous data (Cristóbal et al., 
2018). 
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This study intends to explore the relationship between LCZ classes and LST in the city of Chandigarh, India. Images 
from Landsat 8 satellite is employed to retrieve the LST of the region and the study area is classified in different LCZ 
classes through WUDAPT methodology (Bechtel, Alexander, Böhner, Ching, Conrad, et al., 2015). The unique thermal 
behaviour of the different LCZ classes will provide indispensable information on the urban environment and its climatic 
conditions. 

MATERIALS AND METHOD 

Study Area 

Chandigarh (30.74ºN, 76.79ºE) is a union territory and serves as the capital of two states namely Punjab and Haryana in 
India. It is located at an altitude of 321m and covers a total area of about 114 km2. It is one of the most rapidly growing 
city in northern India with population of 1,055,450 in 2011 and an average population growth of 4% per annum.  

Chandigarh lies on the foothills of Shivalik ranges 
of lesser Himalayas. According to Koppen climate 
classification, it has a humid subtropical climate 
(Cwa) characterized by very hot summers, mild 
winters, unreliable rainfall and great variation in 
temperature. January is the coldest month with an 
average minimum temperature of 6.1°C and 
maximum of 20.4°C whereas June is the hottest 
month with an average maximum temperature of 
38.6°C and minimum temperature of 25.4°C. 
Chandigarh experiences monsoon usually during 
July-September with an annual average rainfall of 
1110.7 mm. August experiences the highest 
average precipitation of 307.5 mm whereas April 
is the driest month with an average rainfall of 8.5mm.  

Data 

Imagery from LANDSAT 8 OLI/TIRS with horizontal resolution of 30 m is employed to conduct this study. To 
minimize the presence of clouds only 5 images obtained were selected from April 2019 to November 2019, as high 
cloud cover can lead to misclassification and false detection of land cover (Rasul et al., 2017). The satellite passes over 
the study area at 10:54 am IST. 

Table 1: Details of Landsat 8 data 

Image ID Date 
(DD/MM/YYYY) 

Cloud 
Cover (%) 

Time (Indian Standard Time) 

LC08_L1TP_147039_20181126_20181210_01_T1 26-11-2018 0.31 10:54 

LC08_L1TP_147039_20181110_20181127_01_T1 10-11-2018 0.09 10:54 

LC08_L1TP_147039_20190622_20190704_01_T1 22-06-2019 0.64 10:54 

LC08_L1TP_147039_20190505_20190520_01_T1 05-05-2019 0.03 10:53 

LC08_L1TP_147039_20190419_20190423_01_T1 19-04-2019 0.15 10:53 

 

Methodology: 

To analyse the impact of urban morphology on urban heat island, the data obtained from LANDSAT 8 TIRS satellite is 
initially pre-processed in ERDAS Imagine 2018 software. The pre-processed data is then used to calculate Land Surface 
Temperature (LST) from improved mono window algorithm. The pre-processed Landsat 8 data is also used to classify 
the region in Local climate zones (LCZ) in SAGA GIS. Each LCZ class was then analysed with respect to their 
representative mean surface temperature. 
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Figure 1:Methodology flow chart 

Land Surface Temperature retrieval: 

The mono-window algorithm developed by Wang et al. (Wang et al., 2015) is used to retrieve Land Surface 
Temperature from the Landsat 8 TIRS Band 10 data. Following equation is employed for the same: 

    equation (i) 

 is the LST retrieved from Landsat 8 TIRS band 10;  stands for effective mean atmospheric temperature;  is the 
brightness temperature of band 10;  and  are the constants of the algorithm with value of -70.1775 and 0.4581 
respectively.  and  are the internal parameters derived by: 

          equation (ii) 

       equation (iii) 

Where  stands for atmospheric transmittance of Landsat 8 TIRS Band 10 and  is ground emissivity. 

Brightness Temperature ( ): 

Top of Atmosphere thermal radiance (L) is calculated using Digital numbers ( ) and Landsat 8 calibration 
coefficients.  is the multiplicative rescaling factor for Landsat 8 TIRS band 10 and  is the additive rescaling 
factor with values of 0.0003342 and 0.1 respectively. 

         equation (iv) 

Planks radiance function was employed to convert thermal radiance (L) into brightness temperature ( ) employing the 
following equation: 

         equation (v) 

 and  are band specific thermal constants, which are 774.8853 and 1321.0789 respectively.  is the at sensor 
brightness temperature ( ). 

Effective mean atmospheric temperature ( ): 

Linear relation proposed by Qin et al. (Qin et al., 2001) for the approximation of effective mean atmospheric 
temperature ( ) from near surface air temperature ( ) is used. For mid latitude summer  = 16.0110 + 0.9262  . 
Temperature data from NOAA, (National Centers for Environmental Information) is used to obtain  for each day. 

 

Atmospheric Transmittance ( ): 

Atmospheric transmittance is derived according to the linear relation mentioned by Wang et al.  (Wang et al., 2015). For 
Mid-latitude summer with water vapour content of 1.6-4.4 g.cm-2 atmospheric transmittance is given by: 
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         equation (vi) 

Water vapour content ( ) can be considered as 2.5 g.cm-2 for clear sky in mid latitude summer. Thus  is 0.6838. 

Ground emissivity ( ): 

Ground emissivity is estimated through NDVI threshold method (Yu et al., 2014). 

Ground Emissivity ( ) NDVI 

0.973–0.047ρ4 NDVI < 0.2 

0.9863pv+0.9668(1-pv)+Ci 0.2 ≤ NDVI ≤ 0.5 

0.9863+Ci NDVI > 0.5 

 

Ci is the surface roughness coefficient; pv is the fractional vegetation cover derived from NDVI by: 

         equation (vii) 

and 

                          equation (viii) 

Where  and  are land surface reflectance of near infrared band and red band respectively. 

 

  

Figure 2: Land surface temperature map of Chandigarh 

Local Climate Zone Classification: 

It has been observed that climatic behaviour in urban area changes with change in surroundings (Oke, 1987). 
Researchers for urban climate study have proposed various classification scheme of the urban area based on 
morphological characteristics. From Chandler’s classification of Greater London in four parts in 1965 to Oke’s “Urban 
Climate Zones” in 2004, the classification schemes have evolved to incorporate parameters that are more just. This 
study adopts Local Climate Zone classification (Stewart & Oke, 2012b) to classify the designated urban area. This 
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classification scheme has a total of 17 categories in which the area is classified. These categories are based on 
morphology, surface cover, structure, material and human activity (Stewart & Oke, 2012a).  

In this study, Local Climate Zone classification is carried out through Satellite image based WUDAPT method 
(Bechtel, Alexander, Böhner, Ching, & Conrad, 2015). This method can be broadly classified into two steps: 

i) Digitization of training areas: Training areas, representative of typical LCZ are identified using google earth. 
Every LCZ class identified has about 50 polygons as training area. 

ii) Classification in SAGA GIS: Random Forest classifier in SAGA-GIS is employed using the defined training 
area polygons of first step for classification of different LCZ in the study area.  

 

Figure 3: LCZ map of Chandigarh 

 

 

RESULTS AND ANALYSIS 

LCZ map of Chandigarh 

LCZ map of Chandigarh developed by improved WUDAPT method is presented in Figure 2. It represents the 
morphological charater of the region as well as specify the potential spatial pattern of surface temperature. 

As shown in Figure 2, the vegetation is mainly concentrated around the waterbody in north east part of the region. The 
waterbody is an artificial lake called Sukhna lake. Dense trees (LCZ A) and low plants (LCZ D) dominate the region. 
The vegetation pattern is consistent with the geographical characterstics of Chandigarh. 

Chandigarh is a planned city designed by Le Corbusier. It is reflected in Open low rise (LCZ 6) towards west of the 
lake. There are also many isolated urban settlements in the south east and north west part, which are mainly suburbs and 
prefecture-level cities that are possible heat sources of the region. These suburbs are extremely dense and compact so 
they are mainly classified into the LCZ 1–4 which have the potential to behave as high UHI intensity zones. Compact 
urban land cover is also found in the northern suburbs. The LCZ map also detects LCZ 10 (heavy industry) in southern 
part that are sources of anthropogenic heat.  

Relationship between LCZ and LST 

Figure 2 shows the LST map of the study area. Large variations exists in the LST across the different LCZ classes. The 
LST of built-up LCZ classes is generally higher than that of the land cover classes, reiterating the high UHI intensity in 
urban areas. Compact mid-rise (LCZ 2) has the highest LST among the built-up LCZ classes with mean value of 32.5 
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°C. Compact low-rise (LCZ 3) have a mean LST value of 31.3°C.  Sparsely built (LCZ 9) exhibits the least LST among 
the built-up classes with mean value of 27.7 °C. 

Lower LST is generally observed in land cover LCZ classes due to the extensive pervious surface in natural land cover. 
LCZ G exhibits the lowest LST in the region with mean value of 22.1 °C. However, there are certain inconsistencies in 
LST of land cover classes due to the temporal difference in vegetation. LCZ B (Scattered trees) has the highest LST of 
27.1 °C. 

 

Figure 4: Mean LST of identified LCZ classes 

DISCUSSION 

Implications for urban planning 

LCZ classification scheme is based on the impact of urban morphology on microclimate variation in a region. The maps 
in itself has the potential to indicate the spatial distribution of temperature regime within a city. Thus contributing to a 
much more climate sensitive urban design. It acts as a visualization tool for architects and urban planners, providing 
them a more indepth insight in the thermal environment and assisting them in decision making process. Moreover 
understanding of the LST behaviour of of diiferent LCZ classes help to minimize the impact of urbanisation. 

The planned area of Chandigarh is predominantly open low rise and it showed the least LST of the built classes. 
Whereas the suburban area that consists of mostly compact mid-rise and compact low-rise exhibited the most LST. 
Thus stressing that more careful planning strategies are required for future urban development with respect to UHI 
mitigation. Further development should be avoided in these areas and green patches should be introduced in them to 
effectively mitigate UHI phenomenon. Green areas facilitate cooling through evapotranspiration. Areas exhibiting high 
LST, it is also important to improve the thermal environment through measures such as efficient energy use, building 
materials and other ecological measures (Osborne & Alvares-Sanches, 2019). 

Integration of various climate risk resilience measures in urban planning is need of the hour. Chandigarh exhibits most 
of the heat related hotspots in its fringes, which can be handled by providing open space, preserving urban greenery and 
enhancing ventilation. Low building density is therefore preferred in order to maximize the cooling effect and prevent 
any blockage of ventilation from these areas. 

Limitation and Scope of future work 

This study analyses the LST with respect to LCZ classes. This study is limited to just a single season and the LST is just 
limited to daytime. Further exploration in seasonal and diurnal variation of behaviour will help in better understanding 
of the thermal behaviour of different urban morphology. Stereo images can be used for better accuracy in urban 
morphology parameter extraction thus improving the LCZ classification. Air temperature data measured on-site will 
help in comprehensive understanding of the thermal behaviour of LCZ classes. As the LCZ classification scheme is 
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sometime not able to account for homogenous nature of development, future efforts should be made to refine and 
localize the LCZ classification for Indian cities. 

CONCLUSION 

This study provides information about urban morphology and potential LST patterns and can thus help facilitate 
climate-sensitive urban planning and design. LST of the city of Chandigarh is retrieved from Landsat 8 datasets through 
mono window algorithm. The LCZ classification of the city is carried out through the WUDAPT methodology. The 
LST map of the region is then correlated with the LCZ classes of the city to understand the thermal behaviour of 
different LCZ classes. 

Built LCZ classes exhibited higher LST than the landcover classes. LCZ 2 showed the highest mean LST of 32.5 °C 
and LCZ G had the minimum mean LST of 22.1 °C. Inconsistencies in LST variations were found in LCZ 9, A, B and 
C due to the highly variable urban morphology and the temporal variations in vegetation.  

Results of the study further establishes the concept of LCZ and their thermal behaviour, which is in aggrement to 
previous studies (Galal et al., 2020). This study will help urban planners and urban climate researchers to better 
understand the influence of urban morphology on local climatic conditions. LCZ maps can also be used in simulation 
for climate change studies. 
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