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Secondary circulation between forest and desert 
Hypothesis: Higher surface buoyancy (220 - 290 W m-2) above the forest should 

induce a persistent vertical updraft (Fig. 4) 
 
 
 
 
 
 
 
Doppler lidar measurements: 
 
A persistent vertical updraft , i.e.  
• mean vertical wind > 0.5 m s−1 

• for at least 3 h period  
• extending > 500 m in height, 
was found on 5 of the 16  
measurement days, e.g. on  
10 Sept 2013 (Fig. 5). 
 
 
 
 
 
 
 
Why no persistent vertical updraft on every day? 
A simple large-eddy simulation of the Yatir area (Fig. 6) showed that, under ambient 
background wind (6 m s-1), the strongest effect on the vertical wind speed should 
appear approx. 5 km downwind from the forest centre.  
To date, it is not clear, why we found a persistent updraft on those 5 days. This needs 
further investigation. 

http://www.weizmann.ac.il/EPS/People/Yakir/YATIR 
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Desert (461 m a.s.l.): 
•  CL51 ceilometer 

(Vaisala, Finland) 
•  mobile flux tower 

Forest (660 m a.s.l.): 
• Doppler lidar (HALO Photonics, UK) 
• permanent flux tower 

Fig. 2 Overview: measurement locations and measurement devices  
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Fig. 3 Mean daily cycle of net radiation (-QS*), sensible (QH) and latent heat fluxes 
(QE) at the desert (a) and the forest site (b) between 21 Aug and 10 Sept 2013 

Fig. 1 Location of the Yatir forest (a) and picture of the 
south-western edge of the forest (b) 
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Research question 
The ‘canopy convector effect’ (Rotenberg and Yakir 2010, 2011): 
sensible heat fluxes are higher above the forest than above the desert 
 Does a secondary circulation  develop between desert and forest ? 
 
 

The Yatir site  
• forest dominated by Pinus halepensis, 
planted mostly from 1964 to 1969 

• size: 2800 ha, approx. a triangle, with  
  10 km in East-West  
  direction and 6 km  
  in North-South  
  direction 
• mean annual precip.: 
  285 mm 

Implications for eddy-covariance measurements (the energy balance 
closure problem) 
Hypothesis: The presence of meso-scale circulations should  increase the non-

closure of the energy balance in the area  
 
The surface-layer wind spectra (Fig. 7) showed that low-frequency contributions can 
be found in the horizontal wind components. Above the forest, the low-frequency 
motions are broken up into smaller eddies (Fig.7c,d). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The energy balance is closed at the forest site (R = 1.00),  
but it is not closed at the desert site (R = 0.81). The low- 
frequency contributions at the desert site are larger (Fig.7).  
 
Conclusion 
 

The Yatir forest may induce a secondary circulation which is difficult to 
capture using a single Doppler lidar. However, low-frequency contributions 
can be found in the horizontal wind spectra. These contributions are related 
to the non-closure of the energy balance.  
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Fig. 6 Large-eddy simulation of the 30-min mean of the vertical wind component at 0.6 zi for zero 
background wind (a) and a background wind of 6 m s-1 (b); the difference between forest and 
desert was encoded in different surface fluxes and roughness lengths and topography was 
neglected; the thick black lines indicate the location of the forest in the model domain   

Fig. 7 Normalized wavelet spectra of the three wind components u, v and w using the sonic 
anemometer data from (a,c) 25 August and (b,d) 27 August 2013; the upper panel (a,b) 
shows the data from the desert and the lower panel (c,f) the data from the forest; the 
surface-layer spectra were compared with the spectral model of Højstrup (1981); the 
vertical dashed line indicates a period of 30 minutes, which was the averaging time for 
the eddy-covariance measurements 

Fig. 5 Doppler lidar measurements of 
the wind field above the Yatir forest 
on 10 Sept 2013; the arrows show the 
horizontal wind speed and wind 
direction, the colours indicate the 
vertical wind component 

Fig. 4 Idealized scheme illustrating how the 
increased surface buoyancy flux (QB0) above 
the forest induces a secondary circulation 
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