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Day Hypothesize 
Observe/
Discuss 

Design 
& Simulation 

Monday Surface/Air 
Temperature 
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& HOBOS 

Introduction to QUIC 
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Tuesday Energy Efficient Cities 
 

Mobile sensor 
measurements 

Test Efficient Designs 
with QUIC Energy 

Thursday 
Effect of vegetation and 

buildings on urban 
energy balance 

Download and analyze 
data 

Friday Effect of vegetation 
QUIC-Energy 

Simulations of UMD 
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What	  is	  Green	  Infrastructure?	  



SimulaNon	  of	  the	  Energy	  Balance	  in	  
CiNes	  



Energy Balance at the Earth’s Surface 
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Types of Energy Fluxes at the Surface 
1.  Net Radiation (RN) 
2.  Sensible Heat Flux (HS) 
3.  Latent Heat Flux (HL) 
4.  Ground Heat Flux (HG) 

Radiation Balance (RN) 
1.  Incoming Solar Radiation 
2.  Outgoing Solar Radiation  
3.  Incoming long-wave Radiation  
4.  Outgoing long-wave Radiation  
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ElectromagneNc	  Spectrum	  

Rs – Shortwave (solar) Radiation:  
~0.15-4.0 µm 
 
RL – Longwave (terrestrial) Radiation:  
~3.0-100 µm 



RadiaNve	  ProperNes	  of	  Surfaces	  

α = RS ↑
RS ↓

= αλ
0.15µm

4µm

∫ dλ

ε = ελ
3µm

100µm

∫ dλ

Albedo of wet grass is a few % less than dry grass 

Albedo	  

Emissivity	  



Surface/Skin Temperature 

•  Ts  - The temperature at the air-soil interface. For 
an “ideal” surface which varies in time in 
response to energy fluxes at the surface 
–  Depends on:  

•  Radiation Balance 
•  Surface exchange processes 
•  Vegetative cover 
•  Thermal properties of the subsurface 

–  Difficult to Measure (very large temperature gradients 
near the surface both in the air & soil) 

•  Extrapolate air/soil temps 
•  Radiometer – uses  
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Surface	  Temperature	  Variability	  

Images	  Courtesy	  of	  Holly	  Oldroyd	  and	  Andreas	  
Christen	  at	  EPFL	  in	  Switzerland	  

Surface	  Temperature	  FluctuaNons	  

Wind	  



Arduino	  Microprocessors	  For	  
ObservaNon	  

•  Open	  hardware	  pla_orm	  
	  
•  Useful	  websNtes:	  	  
•  Arduino	  -‐	  	  

–  blog	  with	  projects	  inspiraNon	  
–  forum	  good	  for	  help	  

•  Sparkfun	  
–  Kits	  geang	  start	  -‐	  sensing	  
–  h@p://www.sparkfun.com/categories/157	  

•  Adafruit	  -‐	  data	  logging	  shield	  
•  4PCB.com	  
•  h@p://tronixstuff.wordpress.com/	  
•  Even	  just	  Google	  searches	  
•  h@p://www.digi.com/xbee/	  

www.arduino.com	  



LEMS	  
Local	  Energy-‐budget	  staNon	  

Incoming	  Solar	  RadiaNon	  

Air	  Temperature	  
Air	  Humidity	  
Humidity	  

Surface	  Temperature	  



HOBOs	  –	  StaNonary	  Air	  Temperature/
RelaNve	  Humidity	  



Mobile	  Measurements	  

•  Infrared	  Thermometer	  –	  measures	  surface	  
radiaNon	  and	  computes	  a	  temperature	  from:	  

•  Stephan-‐Boltzman	  Law:	  
•  Air	  Temperature	  -‐	  Thermistor	  
•  RelaNve	  Humidity	  –	  CapaciNve	  Sensor	  
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