
1. INTRODUCTION

� Data from three months (Summer 2009) collected at 
the CIBA [1] (Research Centre for the Lower 
Atmosphere) site are used to evaluate the main 
characteristics of the evening transition to a 
Nocturnal Boundary Layer (NBL).  See poster XY628 
for site characteristics. 

� Mean properties of the transition as well as some 
case studies are shown. 

� The temporal interval 17.00-23.00 UTC has been used  
in the study with 3 subintervals.

Objectives:
� Study the main parameters (surface wind and vertica l 

temperature gradient) controlling the different 
transitions.

� Analyze the different types of transitions and their  
influence in the later developing of the NBL: turbu lent 
and stability parameters, PM concentrations or time  
between the crossover (change of sign in the Sensib le 
Heat Flux) and the sunset. 
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4. SUMMARY AND CONCLUSIONS

� Evening transitions during Summer 2009 present a hi gh degree of stable 
cases, with an increasing temperature with height i n more than 90% of 
the data from 19 to 23 UTC. Winds at 1.5m less than  2 m/s are achieved 
for the 50% of the data for the global period (17-2 3 UTC). Wind is 
generally higher before the sunset (17-19 UTC) decr easing quickly the 
larger values in the distribution for the 19-21 UTC  sub-period. The 
influence of katabatic winds is present in the dist ribution, especially for 
the sub-period 21-23 UTC. 

� Different kinds of transitions have been found: tho se controlled by 
moderate to high synoptic winds (TKE > 2 m 2/s2; see A in Fig. 4; this 
transition is not very often in Summer), those with  very small winds (TKE 
< 0.5 m2/s2) before sunset (developing early strong surface-ba sed 
inversions and katabatic winds; see B) or those wit h small to moderate 
winds (0.5 < TKE < 1.5 m 2/s2) before sunset developing a soft continuous 
inversion along the night, without important kataba tic winds (see C).

� The different kinds of transitions (some of them wi th a very similar 
synoptic situation) can have a quite different evol ution of the NBL 
depending on the presence (or not) of a katabatic w ind, which can erode 
the strong inversion early developed. MultiResoluti on evaluation of the 
KE and Heat Flux shows the influence of the differe nt scales along the 
transition. Sometimes (very stable nights influence d by the presence of 
gravity waves [4]), larger scales can have important RELATIVE 
contributions to KE or Heat Flux
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3. RESULTS.
3A) Global evening transitions for Summer 2009

�� Fig. 1 shows the distribution of wind speed and tem perature Fig. 1 shows the distribution of wind speed and tem perature 
difference between 10m and 1.5m for the three month s of difference between 10m and 1.5m for the three month s of 
evening transitions (17evening transitions (17 --23 UTC) together with the distributions 23 UTC) together with the distributions 
for the 3 subfor the 3 sub --periods analyzed. Winds at 1.5m are < 1 periods analyzed. Winds at 1.5m are < 1 m/sm/s for for 
less than 10% of the data in the 17less than 10% of the data in the 17 --19 UTC time sub19 UTC time sub --period, while period, while 
these so low values are reached for the 30% between  19 and 21 these so low values are reached for the 30% between  19 and 21 
UTC. This decay in surface wind produces an increas ing stabilityUTC. This decay in surface wind produces an increas ing stability
in 19in 19 --21 and 2121 and 21 --23 UTC sub23 UTC sub --periods: In the first subperiods: In the first sub --period less period less 
than 20% of the data present surfacethan 20% of the data present surface --based inversion, reaching based inversion, reaching 
90% in the second sub90% in the second sub --period and 96% in the third. period and 96% in the third. 

�� Table I presents the mean values of wind speed, the rmal Table I presents the mean values of wind speed, the rmal 
stability, turbulent parameters and PM concentratio ns for the 3 stability, turbulent parameters and PM concentratio ns for the 3 
subsub --periods considered. In general, stability increases  along the periods considered. In general, stability increases  along the 
transition, with decreasing values of turbulence an d increasing transition, with decreasing values of turbulence an d increasing 
concentration of particles.concentration of particles.

2. DATA, INSTRUMENTATION  AND PARAMETERS
1.1.--Meteorological mast (10m):Meteorological mast (10m):

� Sonic anemometer (u, v, w, T): 10m (20Hz).
� Cup Anemometers and Vanes : 1.5 and 10m (1Hz).
� Temperature: 1.5 and 10m (1Hz).
� GRIMM 365 Monitor measuring simultaneously PM10, 

PM2.5 and PM1 every 6 s.

2.2.--Mean variables, Turbulent and Stability parameters:Mean variables, Turbulent and Stability parameters:
� Five minutes means have been evaluated for wind spe ed 

at 1.5m and 10m, temperature difference between 10m  
and 1.5m, as well as stability and turbulent parame ters at 
10m (see Appendix I for definitions).

� MultiResolution Flux Decomposition (MRFD) [2, 3] is a 
multiscale statistical tool which has been used to 
calculate the contributions of different scales to 
Turbulent Kinetic Energy (TKE) and Sensible Heat Fl ux 
along the transition. (See poster XY628 for details  on 
MRFD).

Table I: Mean values of wind speed, Temperature 
difference between 10 and 1.5m, Bulk Richardson 
number, particle concentrations and turbulent 
parameters for the 3 time ranges used. 

3. RESULTS.
3B) Cases studies

�� Fig. 2 shows the two transitions studied in detail.  Synoptic conFig. 2 shows the two transitions studied in detail.  Synoptic con ditions ditions 
are stable in high levels (500 are stable in high levels (500 hPahPa) but the pressure gradient at surface ) but the pressure gradient at surface 
is very different. Day 26is very different. Day 26 thth (low winds and very stable conditions at (low winds and very stable conditions at 
surface) presents surface winds < 1m/s for around 7 5% of the datsurface) presents surface winds < 1m/s for around 7 5% of the dat a and a and 
inversion conditions for more than 70% of the data (17inversion conditions for more than 70% of the data (17--23 UTC) while 23 UTC) while 
Day 28Day 28 thth (near neutral stability produced by moderate(near neutral stability produced by moderate --strong winds) strong winds) 
shows that all the data have winds > 4m/s and tempe rature differshows that all the data have winds > 4m/s and tempe rature differ ence ence 
between 10 and 1.5m is < 0.1between 10 and 1.5m is < 0.1 ººC.C.

�� MRFD MRFD pointspoints out out thatthat onon 2626thth KE KE isis extremelyextremely weakweak andand mainlymainly drivendriven
by by scalesscales >100s (non>100s (non --turbulentturbulent , mesoscale , mesoscale contributionscontributions ) ) whilewhile onon 2828thth

KE KE isis muchmuch more intense more intense andand thethe scalesscales betweenbetween 1 1 andand 100 s 100 s 
showingshowing turbulentturbulent activityactivity prevailprevail . . TheThe transitiontransition in in thethe turbulentturbulent
regimeregime isis more more clearlyclearly seenseen in in thethe sensible sensible heatheat flux. flux. NighttimeNighttime eddies eddies 
havehave shortershorter timescalestimescales thanthan convectivelyconvectively --drivendriven eddies; eddies; speciallyspecially in in 
windywindy , , neutrallyneutrally stratifiedstratified nightsnights ((AugustAugust 2828thth ), ), whenwhen eddies are eddies are biggerbigger
thanthan in in stablestable nightsnights , , butbut movemove fasterfaster ..

�� Nocturnal PM10 concentrations range from 1 Nocturnal PM10 concentrations range from 1 µµg/mg/m 33 on 28on 28 thth August to August to 
30 30 µµg/mg/m 33 on 26on 26 thth , due to the very weak turbulent mixing this last d ay, , due to the very weak turbulent mixing this last d ay, 
favouring the concentrations of particles near the surface. The favouring the concentrations of particles near the surface. The time time 
lag between the crossover of the flux and the sunse t is quite lalag between the crossover of the flux and the sunse t is quite la rger for rger for 
the low winds situation.the low winds situation.

� Both days correspond to the last week of August (Fi g. 3) where quite 
different transitions are found (A, B, C). The evol ution of the TKE and 
Sensible Heat Flux for 4 transitions can be found i n Figs. 4 & 5.

Figure 1: Temperature difference between 10m and 1.5m distrib ution (up),  wind speed at 1.5 m (middle) and wind speed 
at 10 m distributions for 17-23 UTC, 17-19 UTC, 19- 21 UTC and 21-23 UTC (from left to right)

17-23 UTC 17-19 UTC 19-21 UTC 21-23 UTC

MEAN VALUES 17-19 UTC 19-21 UTC 21-23 UTC

U1.5 (m/s) 2.84 2.29 2.20

U10 (m/s) 4.41 4.00 3.87

∆T10-1.5(ºC) -0.46 0.87 0.93

RiB -0.12 0.18 0.15

PM1 (µg/m3) 3.26 5.00 6.94

PM2.5 (µg/m3) 5.04 7.23 9.06

PM10 (µg/m3) 12.75 18.70 17.64

TKE (m 2/s2) 1.16 0.60 0.45

U* (m/s) 0.39 0.26 0.24

H (W/m2) 61.58 -13.75 -18.49

��BulkBulk Richardson NumberRichardson Number::

∆θ∆θ∆θ∆θ∆θ∆θ∆θ∆θ==θθθθθθθθ1010--θθθθθθθθ1.5 1.5 . . ∆∆∆∆∆∆∆∆U=UU=U1010--UU1.51.5 ..

U is the wind speed and U is the wind speed and θθθθθθθθ

the potential temperaturethe potential temperature..

ZZ11=1.5m;  Z=1.5m;  Z22=10m=10m
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APPENDIX I: Stability and Turbulent parameters

�� Friction Velocity:Friction Velocity:
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A. Synoptic Situation B. T10m-T1.5m C. Wind at 1.5m D. TKE at 10m evaluated 
from MRFD

E. Heat flux (<w’T’>  at 
10m evaluated from 

MRFD

F. Heat flux (<w’T’>  at 
10m evaluated from 

MRFD

H. Heat Flux and TKE along the 
transition. 

Crossover (green)-Sunset (black)

G. PM10 vs. T 10m-T1.5m

Figure 2: Synoptic situation (MSLP and 500hPa Geopotential) a nd different information evaluated for the transiti on (17-23 UTC) belonging to August 26 th (up) and 28 th (bottom) 2009. Notice the different scales used in the MRFD figures (D, 
E, F)

Figure 3: Evolution of temperature 
difference between 10 and 1.5m 
(up), wind speed at 1.5 and 10m 
(middle) and Bulk Richardson 
number from 26 to 31 August 2009. 
Notice the different kinds of 
evening transitions. 

Figure 4: Evolution of the TKE 
along the transition times studied 
(17-23 UTC) for different kinds of 
transitions. 
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Figure 5: Evolution of the 
Sensible Heat Flux along the 
transition times studied (17-23 
UTC) for different kinds of 
transitions. 
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