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Seasonal variation

Conclusions
• Important features of the basic phases of the urban and rural transient CBL 

were captured with 2 year of lidar measurements in London and Chilbolton

UK.

• Results will help towards the basic understanding of the underlying physics  

that controls the daily evolution of the urban CBL.

Introduction

The Atmospheric Boundary Layer (ABL) is a complex system under permanent 

transition. Transition between the convective day-time and night-time boundary 

layers (CBL and NBL) are of particular interest, since during these periods the 

boundary layer flows are non-stationary and poorly understood. The urban 

boundary layer (UBL), as contrasted to the more homogeneous rural ABL, is 

characterised by rapid changes in the urban surface roughness and heat, adding 

further difficulties to the study of atmospheric flows and leading to modified 

phases of the diurnal ABL cycle. In this study the diurnal cycle of the CBL over 

London, as contrasted to the rural (Chilbolton) CBL, is studied, using long term 

lidar measurements. Further, we tackle seasonal differences of the transition 

phases of the urban and rural CBL. 

Methods

In the frame of the ACTUAL project (Advanced Climate Technology Urban 

Atmospheric Laboratory) a Halo-Photonics scanning Doppler lidar was used (1.5 

μm wavelength, PRF is 20 KHz, sampling frequency is 30 MHz, output signals 

every 3.6 s, vertical resolution is 30 m). Eddy correlation systems (Gill 

Instruments R3-50 sonic anemometer, Licor Li-7500 Hygrometer) and weather 

stations were operating at WCC and BT(Fig.1). Similar measurements were 

conducted at Chilbolton Observatory for the period 1/10/2010-30/9/2012.

Mixing height (MH) was derived from lidar turbulence measurements by 

considering a threshold value of 0.1 m2s-2 (Barlow et al., 2010). In order to check 

the sensitivity of the calculated height to changes in the threshold, a 30% 

perturbation of this threshold value was applied.

Urban and rural CBL diurnal cycles
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~ 100 Km

~1.6 Km

~3.6 Km

~2 Km

• 1/10/2010 – 17/5/2011 the 

lidar was located at the 

King’s College London, 

Strand Campus (51.50°N, 

0.12°W, 48m agl) 

• 19/5/2011 – 11/1/2012 it 

was installed at the roof-top 

of the Westminster City 

Council’s building 

• Then the instrument was 

moved to Engineering 

Building Imperial College 

London where it was 

operating until the 8/2/2012.
1.6 Km

lidar gate 

resolution

• The highest 

values (~ 1600 m 

for Chilbolton, 1800 

m for London) are 

observed during the 

summer time in 

midday and early 

afternoon periods. 

• During night time 

in winter period, 

MHChilbolton is lower 

than 100m and 

MHLondon is usually 

higher than 250m.

• Deep CBLs last 

longer in the 

summer time period 

(almost 12 hours at 

Chilbolton, more 

than 14 hours at 

London).

Figure 2: Composite diurnal evolution of the MHs at Chilbolton

(MHChilbolton) per month.

Figure 1: Measurement locations

Figure 3: Composite diurnal evolution of the MHs at London 

(MHLondon) per month.

• The largest 

differences are 

observed during the 

evening transition 

period, (“Urban 

Convective Island”, 

Barlow et al., 2014). 

•There are periods 

when MHChilbolton is 

higher than MHLondon; 

Figure 4: Composite diurnal evolution of the difference MHLondon-MHChilbolton per month.

Figure 5:Composite morning transition (1st row), noon (2nd row) and afternoon transition (3rd row) 

behavior of incoming solar radiation (Sin) MH and sensible heat flux (H) at Chilbolton (left column) and 

London (right column) for the winter period (DJF). Times are relative to: (a) sunrise, (b) noon (c) sunset. 

Dashed lines correspond to zero sensible heat flux value. At London heat fluxes were measured at 18m 

agl (HWCC) and 191m agl (HBT).

Figure 6: As of Figure 5 but for the summer period (JJA). 

• HBT crossover from 

negative to positive 

occurs at, and MHLondon

rapidly develops 

around 4 hrs after 

sunrise

• Morning transition at 

London delays by ~ 2 

hrs

• H, MH peak ~ 2hrs 

after noon and then 

start to decline. At 

London high values 

during afternoon.

• Prolongated afternoon 

transition over London.

• When MHLondon begin 

to rise rapidly HBT

crossover from 

negative to positive 

values occurs .

• Both MHChilbolton and 

MHLondon retain high 

values for several hours 

after noon.

• Afternoon transition 

begins several hours 

before sunset.


