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Abstract 

Like  many  regions,  tropical  West  Africa  often  experiences  a  low‐
level  jet  stream   after  sunset.    In  general,  such  jets  are  believe

d  to  be  produced  as  a  response  to  the   sudden  decrease  in  tur

bulence  in  the  boundary  layer  when  daytime  heating  ceases.     

However,  the  nocturnal  low--

‐level  jet  in  West  Africa  exists  in  a  complex  environment   in  whi

ch  (a)  the  boundary  layer  rarely  gets  especially  stable  at  night,  

(b)  the  Coriolis   force  is  extremely  weak,  and  (c)  the  pressure  g

radient  force  has  a  particularly  large   diurnal  cycle  (due  to  the  f

ormation  of  a  heat  low  to  the  north  of  the  region).    In  this   stu

dy,  the  nocturnal  low--

‐level  jet  is  examined  using  radiosonde  and  UHF  wind   profile  d

ata  gathered  during  the  AMMA  (African  Monsoon  Multidisciplinary

   Analysis)  field  campaign  in  2006.    These  data,  as  well  as  out

put  from  a  WRF   simulation  of  the  region,  are  used  to  quantify  

the  forces  at  work  at  different  levels  of   the  atmosphere  to  expl

ain  the  formation,  maintenance,  and  dissipation  of  this   feature  o

f  the  monsoon  circulation. 

 

 
 

 

Sample Results: Dirunal Wind Cycle at Parakou 

 The average hourly winds were computed using 

radiosonde data at a station in Parakou and the 

average hourly winds were computed using a WRF 

simulation at Parakou.  There results were compared 

to each other in order to determine how accurately the 

WRF simulation was modeling the NLLJ over 

Parakou. 

It was found that the WRF does not do a consistently 

accurate job at modeling the magnitude of the wind 

components or the actual wind, over estimating them 

at every time and height.  The WRF simulation is also 

inaccurate at estimating the timing of the NLLJ.  The 

WRF tends to initiate the NLLJ after the radiosondes 

show it initiating and ends it after the radiosondes 

indicate it ending.  The WRF also consistently 

overestimates the height of each wind component 

maximum and the wind speed maximum.  

Sample Results:  Diurnal wind cycle at Nangatchori 

The average hourly winds were computed using UHF data at a station in Nangatchori and the average hourly winds were 

computed using a WRF simulation at Nangatchori.  There results were compared to each other in order to determine how 

accurately the WRF simulation was modeling the NLLJ over Nangatchori. 

It has been found that the WRF does not do a consistently accurate job at modeling the magnitude of the wind components or 

the actual wind, over estimating them at every time and height.  However, the WRF simulation does a relatively good job at 

modeling the timing of the initial acceleration of the actual wind and the vertical extent of the NLLJ. 

Sample Results:  Forcings at Parakou 

The forcings at Parakou were computed using radiosonde data from a station at Parakou.  Forcings were also 

calculated using a WRF simulation over Parakou.  These were then compared to determine how accurately the 

WRF simulation was modeling the forcings involved with the NLLJ. 

It was found that the radiosonde data and the WRF simulation both show the maximum PGFy occurring in the 

daytime hours and decreasing and reaching a minimum during the nighttime hours, when the NLLJ is occurring.  

The radiosonde data and the WRF simulation both agree the the Corioils becomes negative during the nighttime 

hours and that the nighttime maximum magnitude are for each are approximately the same. 

The Nocturnal Low-Level Jet 

 

Blackadar (1957) is one of the original studies on the nocturnal low-

level jet (NLLJ).  Blackadar (1957) suggests that NLLJs are caused 

by an inertial oscillation mechanism where frictional effects decouple 

after sunset.  When this decoupling occurs the boundary layer wind 

accelerates due to the decrease of friction.  Over the course of a 

pendulum-day, a series of force imbalances cause the actual wind to 

vary with respect to the theoretical wind; in the case of the period of 

time a few hours after the decoupling of the atmosphere from the 

surface, this typically implies supergeostrophic winds.  However, 

Blackadar (1957) made some assumptions that may not be 

appropriate when applied to tropical locations like West 

Africa.  Blackadar’s study was over the mid-latitudes where the 

Corioils parameter is much greater than it is in the 

tropics.  Blackadar’s (1957) mathematical treatment also assumed 

that the magnitude of the pressure gradient does not depend on time, 

which is not useful in West Africa because of the presence of the 

Saharan heat low, with its strong diurnal cycle.  Finally, Blackadar 

(1957) assumes that the friction instantaneously ceases after sunset, 

which other studies and the initial results from this study show not to 

be the case in tropical locations where the surface remains quite 

warm well after sunset. 

Terrain map of West Africa. The star indicates the location of Nangatchori, 

Benin and the P indicates the location of Parakou, Benin. 

References: 

Blackadar, A.K., 1957: Boundary layer wind maxima and their significance 

for the growth of nocturnal inversions. Bull. Amer. Meteor. Soc., 38, 283-290 


