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Abstract 

Land surface processes impact meteorology on local as well as climate time scales. Land cover 

and land use (LULC) are essential parameters in land surface processes. Fluxes of energy, 

momentum, water and heat are essentially functions of surface albedo, surface moisture 

availability, surface emissivity, surface roughness, and surface thermal inertia which are in turn 

dependant on land use-land cover.  Thus LULC is an important component of land-atmosphere 

exchange and consequently a vital input for any meteorological model. The continuous 

population growth and the subsequent economic expansion over centuries have been the primary 

drivers of land use /land cover (LULC) changes resulting in the environmental changes across 

the globe. The present work evaluates the land use/land cover (LULC) changes and urban 

expansion in Mega city Delhi and highlights the major impact of LULC changes on local 

meteorology and air quality. Built-up area of Delhi witnessed an overall increment from 540.7 

km² to 791.96 km² or 16.86% of the total city area (1,490 km² ) during the period 1997 to 2008 

which mainly came from agriculture land, waste land, scrub-land, sandy areas and water bodies. 

Along with increase in urbanisation, a consistent increasing trend has also been seen in the 

annual mean minimum temperatures over Delhi city indicating an overall warming trend 

especially after 1990. A consistent increase has also been found in areas experiencing diurnal 

temperature range (DTR) below 11 °C which typically resembled the ‘urban class’ viz. from 

26.4% in the year 2001 to 65.3% in the year 2011 and subsequently the DTR of entire Delhi 

which was 12.48 °C in the year 2001 gradually reduced to 10.34 °C in the year 2011, exhibiting 

a significant decreasing trend. Increasing temperatures have been found to have a direct impact 

on ambient ozone levels in the city thereby creating a link between LULC changes and air 

quality. Some case studies for other regions in India and other countries have also been 



demonstrated which  showcase meteorological and air quality impacts of modifications in 

LULC. Further, urban heat island effect in Delhi has been assessed using Weather Research and 

Forecasting (WRF v3.5) coupled with urban canopy model (UCM). The estimated heat island 

intensities for different land use/land cover (LULC) have been compared with those derived 

from in-situ and satellite observations. The model performs reasonably well for urban heat island 

intensity (UHI) estimation and is able to reproduce trend of UHI. There is a significant 

improvement in model performance with inclusion of UCM which results in reduction in root 

mean squared errors for temperatures from 1.63°C to 1.13°C. Thus, inclusion of appropriate 

representation of urban canopies and landuse-landcover are important for improving predictive 

capabilities of the mesoscale models. The results of the present work lay emphasis on the 

concepts of urban planning to be applied such that more consideration is towards the 

preservation and management of natural land use classes which will increase the quality of life in 

an urban environment. 
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