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• As half of the world's current population reside in urban areas, more 
than 3 billion people, issues such as energy consumption in cities, 
urban air quality and the  impact of urbanization on climate change 
have assumed vital importance and need to be addressed effectively. !
• Improving our current knowledge on urban surface energy budget is key 
to addressing the above mentioned issues, as urban surface energy 
budget is the dominant factor that controls the transport of momentum, 
heat and trace gas fluxes from urban surfaces. !
• Hence our approach here involves coupling eddy fluxes of heat and 
water vapor measured from four different sites with distinct land cover 
characteristics, ranging from dense urban to rural with a multi surface  
Urban Canopy Model to quantify the impacts of urban morphology on 
the surface energy budget.!

Methodology!
Sites!

Figure 1: UMBC site, Baltimore! Figure 2: Cubhill site, Baltimore!

Figure 3: Princeton EC site! Figure 4: Broadmead EC site!

• The Princeton and the UMBC sites were located in a dense urban 
terrain, surrounded by tall buildings and a multitude of built surfaces. !

• The Cubhill site was located in the middle of a suburban neighborhood 
with substantial mature vegetative cover and the Broadmead site was 
located on a grass field, 1 km south of Princeton site. !

• The Distance between Cubhill and UMBC is ~ 27 km. !
• It is important to note that both the pair of sites, while surrounded by 
contrasting land cover were subjected to the same synoptic forcings.!

EC Observations!
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Figure 5: Monthly-means of 30 minute averaged surface fluxes, Jul 09!
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Figure 6: Monthly-means of 30 minute averaged surface fluxes, Jul 09!

PUCM!

Figure 5&6 show the monthly mean diurnal cycles of the sensible and 
latent heat fluxes from the Cubhill-UMBC & Broadmead-Princeton sites. It 
is evident from the figures that at the suburban sites (Cubhill & 
Broadmead):!
• The latent heat flux dominates at the suburban sites (Cubhill & 
Broadmead) due to the presence of mature vegetation. !
• Nearly 70 % of the area surrounding the Cubhill site is filled with trees 
and lawns.!
• At the UMBC & Princeton sites, surrounded by tall buildings, the sensible 
heat flux dominates. !
• Another important phenomenon to note is the delay observed in the 
peak flux time over the more urban surface, observed at both locations. !
• For example, the UMBC site surrounded by built terrain, peaks around 
1330 EDT, almost an hour behind the Cubhill site. !
• This delay is due to the heat retaining capacity of the built surfaces, 
especially concrete. !
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Figure 7: 30 minute ensemble averaged surface energy fluxes, Sep 09!

The Delay  observed in the peak flux times in the summer vanishes during 
the fall season. Figure 7 which shows the half hour ensemble averaged 
sensible and latent heat fluxes from the Cubhill-UMBC stations for 
September 2009, it is clear that the urban UMBC and the suburban 
Cubhill stations peak around the same time. To further explore this 
phenomenon, the Princeton Urban Canyon Model (PUCM) will be used. !

The Princeton Urban Canyon Model (PUCM) combines basic 
meteorological data with aerodynamic and geometric properties of built 
environment and thermal properties of built and vegetated surfaces to 
estimate the surface energy budget for urban canopies.!

Conclusion!

!
• The PUCM was set up 
and run for summer and 
winter seasons at the 
UMBC site.!
• The UMBC site was 
divided in to four non-
overlapping sectors.!
• The area of the sectors 
matched the footprint of the 
flux tower.!
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Figure 8: Graphic depicting the structure of the PUCM  

Figure 9: Daily max temperature at the UMBC site (May24-Jul31, 09) !
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Figure 10: Averaged sensible heat flux from various surfaces (left: May24-Jul31, right: Nov5-Dec14) !

• As expected, large variations in temperature between different surfaces.!
• Nearly 20 ℃ difference between Asphalt and Grass cover is seen.!
 !

• All the surfaces have wider peaks during the summer due to longer 
insolation, particularly the built surfaces, due to their heat retaining 
capacity. !

• Due to increase in available energy, during the summer months, the peak 
plateaus extend to late afternoon.!

 !

• The results have demonstrated the effects of built surfaces on the urban 
surface energy budget. !
• The built surfaces due to their unique properties alter the micro-
climatology in urbanized areas. !
• The next stage of this work involves quantifying the effect of urban 
fraction and incoming energy on the Bowen ratio and on the delay 
observed delay observed between the urban-suburban areas.!
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