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What	
  do	
  we	
  know	
  about	
  the	
  UCI?	
  

•  Mostly	
  found	
  in	
  fair-­‐weather,	
  low	
  wind	
  speed	
  
condiOons.	
  

•  Strongest	
  in	
  the	
  morning,	
  in	
  some	
  cases	
  can	
  
last	
  throughout	
  enOre	
  day.	
  

•  In	
  most	
  cases	
  UCI	
  <	
  2	
  °C.	
  

Our	
  hypothesis:	
  
The	
  UCI	
  is	
  formed	
  through	
  atmospheric	
  boundary-­‐

layer	
  dynamics	
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How	
  do	
  we	
  test	
  this	
  hypothesis?	
  

We	
  use	
  the	
  following	
  tools:	
  
	
  
•  Mixed	
  layer	
  equaOons,	
  forced	
  by	
  land	
  surface	
  
model	
  	
  

	
  
•  ObservaOons	
  from	
  the	
  BUBBLE	
  campaign.	
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BUBBLE	
  observaOons	
  
Rotach	
  et	
  al.,	
  2005	
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  Appl.	
  Clim.)	
  

	
  
Case	
  based	
  on	
  26	
  June	
  2002	
  

Urban:	
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  Spalenring	
  

Rural:	
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Results:	
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The	
  urban	
  cool	
  island	
  can	
  be	
  explained	
  using	
  
different	
  early-­‐morning	
  boundary-­‐layer	
  heights.	
  

•  LCZ	
  with	
  anthropogenic	
  heat	
  compensates	
  UCI	
  

•  LCZ	
  with	
  vegetaOon	
  enhances	
  UCI	
  

Conclusions	
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c is the heat capacity per unit area and ✓
sfc

is the surface skin temperature. Q⇤ is the95

net radiation calculated as in previous research [33], The storage or ground heat flux96

(�G) is calculated following the objective hysteresis model by [34], and H and LvE are97

the sensible and latent heat flux calculated using the Businger-Dyer relationships [35].98

More details about the land-surface model are given in the supplementary materials.99

In order to evaluate model results with observations at pedestrian level, we estimate100

the air temperature from the ABL to the surface layer using [36]:101

✓(z) =< ✓ > +
H(z) · rah

⇢Cp

(6)102

We use a rural reference height z = 2m, while in the urban environment this is more103

complex. Therefore, a two-step approach is used to evaluate the model performance104

in an urban area: first evaluating the temperature above the roughness sublayer,105

followed by the evaluation of the air temperature in the urban canyon. At the106

observational site used in this study there are temperature observations at 3 and107

33 meter above the surface, later described in section 2.2. First, we use eq. (6)108

to calculate ✓(z = 33m), i.e. at 2.64 times the building height which is above the109

roughness sublayer height. Subsequently, we evaluate ✓(z = 33m) against observations.110

Figure 2b shows the modelled 33 meter potential temperature compares very well111

with the observed temperature measurements at 33 meters (RMSE(root mean squared112

error)=0.71 K, MEAE(median absolute error)=0.65 K), thus we conclude that the model113

can successfully simulate ✓(z = 33m).114

In the next step, we estimate the air temperature in the canyon. Therefore, canyon115

sensible heat flux is estimated using an empirical method [18] that accounts for the116

divergence of the sensible heat flux in the roughness sublayer. The estimated canyon117

heat flux is used to interpolate the temperature from 33 m down in the urban canyon118

at three meter. Consequently, the modelled canyon temperature in figure 2b shows a119

Christen,	
  2005:	
  






