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Fig.1. COLPEX climatology of
Clun Valley CAP strength.

Fig.3. Time-series of 6, valley ELR, RH and M.,. Top right; valley ELR
Fig.2. Analysis at 00:00 obtained using (1) radiosondes launched from Duffryn (red), (2)
UTC 5 March 2010 AWS and HOBO 2m temperature (blue).

Episode 1 — Wave activity Episode 3 — NLLJ and CAP break up

Prinr to Episode 1 there was sustainec Wind speed Wind direction * During Episode 3 the LIDAR vertical velocities are
unlnterru!oted growth ot the FAP’. however, 8 (=0 o= (%08 . :::  00:30 05,03/2010 :: :;ﬁﬁﬂ;ﬁzﬁlg distinctly different compared to any time previous,
d.urm.g Episode 1 the CAI,D 'S dlsturbed, " e ol —— SRR appearing characteristically more turbulent. This is
hlghllg.hted by d change in behaviour of the | 1200 ac0l further emphasised by the Ri, profiles, which show
EI_'R (Fig.3). Dramage tlows also appear 37 3 1200 3 1200 the region between Burfield and Springhill to be
disturbed after Episode 1 (Fig 4). < 4 - Nocturnal Jet 2 | | supergeostrophic sersistently less stable than previous.

Episode 1 is characterised by between 6 and ., E‘ 800 S oo * Radiosonde profiles show the formation of a

8 intermittent increases and decreases in the 3 _?| = . Veering nocturnal jet during the night (Fig 6; 05:35 profile).
LIDAR vertical velocity profile (referring to 1| 400} wof  |Drainage flow * Associated with this jet is a strong V\;ind speed

the L“.)AR measyrements, centre flgur.e) that - jl e o] femdo [ R % i tooe T \ ' gradient and a veering of the wind direction with
occur in the region at and above the hill tops ¢, : - . : - + - - p oL :—f’! S fops ok HL S, zfﬁ;, J height ~1000 m AGL

near Duffryn (200 to 400m AGL). Ascent speed m ™ Wind speed (m s7) winadireetion « CAP breakup occurs .some 3hrs after sunrise

At ~22:30 a wave-like feature is seen at the Fig.4. Radiosonde ascent speed profiles launched from the valley floor site Fig.6. Radiosonde profiles launched from valley floor site Duffryn, between 10:00 and 10:30 UTC. Just prior to CAP
top of the LIDAR profile and at ~23:00 UTC, a Duffryn. showing wind speed and direction with height above ground level. . . .

breakup a region of increased vertical velocities

period of sustained downward vertical descend with time (similarities to Episode 2).

velocities are seen that extends throughout

_ Velocity: NCAS lidar at COLPEX, 04/03/10 - 05/03/10 Final CAP
the LIDAR profile depth. 2000 | | ] , | breakup
Results of radiosonde ascent speed (Fig 4)
suggest evidence of gravity wave activity. Left. NCAS LIDAR
Bulk Rich Its (Ri, Fi h = 1ol | T ' .
ulk Richardson results (Ris Fig 5) suggest the C ' Momentum - Momentum measurements of vertical
region between hill tops and the Burfield = Wave mixed down Nocturnal Low Level Jet = mixed down :
valley are in transition between laminar and o | - velocity, taken at Duffryn.
y € 1000— activity | . | ' 0 m/s
turbulent flow, despite ambient winds being 2 WO - . , | l ' .
relatively light (Springhill, Fig 5). Springhill to = ' i P ki N e Episode 1 = 22:00 to 00:00
Duffryn (50m) is more stable (not shown). 500 ) AR T TR LG UIBTTRY PR 1 2 Episode 2 = 01:00 to 02:00
Hill tops \/ — e Episode 3 = 02:30 to 10:00
oL | | | | | | | | | | |

20:00 21:00 22:00 23:.00 00:00 01:.00 02:.00 03:00 04:00 0500 06:00 07:00 0800 0900 10:00 11:00 12:.00
Time (UTC)

Episode 2 — Erosion of residual layer Discussion and conclusions

* A case study using a unique set of field investigations from COLPEX

Coupled Evening transition Decoupled Morning transition Coupled

F{iB Springhill (30m) to Burfield (30m)

. : : - : ———— Price et al., 2010), highlights a number of meteorological phenomena
Episode 2 is characterised by a region of g oL L (h quri )CAPg gl onin hil : sital P semosphere
Increased Vertlcal Ve|OC|t|eS that 20 [ ILaminarTurbulent t at OoCcur Ur|ng evo Utlon IN I y terra|n. =
’ g0 [ = Turbutent * During the night three episodes highlight the phenomena, which are

Residual layer

descend with time down to hill top

. _ defined using LIDAR measurements of vertical velocity.
regions (centre figure).

* Neither phenomena are significant enough to break up the CAP, but do

Total minutes
k]
=

* The region of increased vertical 10 sffect its evolution. ] Rugetop
velocities is first seen in the LIDAR 012230 1430 16:30  18:30  20:30 2230 00:30 0230  04:30 0630  08:30 10330 Episode 1 — Radiosonde ascent rates suggest the presence of gravity wave - Stable core
~ e T19) ivity in the at here at 23:00 UTC. According to Lalas et al, (1980) - e
around 01:00 UTC at ~800m AGL. By , | | | | . aﬁil\{lty int fe a mofsph erbe at 23: oL . rccord g | , (1980) LR
~01:50 it descends below the 2 : : this is one of one of the best methods to identitying gravity wave activity in o cm [ ot imerion [ Entniomentzone
surrounding hill tops and extends E st , : the troposphere. In addition, according to Ri, results, upper regions of the . .
H Hout th fle depth 84 | ' valley are in transition from laminar to laminar/turbulent flow, these Elg.7.dTyp|c|aI textbolok- examdple OdefAP andhnocturnal
=1 . . . . oy . -
roughout the Pro e _Ep ' . E : - conditions are ideal for HK instability and waves to form. Radiosonde ZOOuOnO ary-layer evolution, adapted from Whiteman
* Over the same time period the ambient 4! profiles show a characteristic residual layer during this period. ( )
wind at Springhill increases sharply 0 Episode 2 and Episode 3 — Episode 2 is defined by a region of increased — — —
over a 1 h period, accelerating from — Springhill 30m —— Duffryn 50m Burfield 30m vertical velocities that descend with time and an increase in ambient winds. e or o
. ) . _ . . NLLJ N\ — — —
around 2 m/s to around 4m/s (Fig 5). 260 | r . | o i} A pre-dawn radiosonde profile (05:35 UTC) shows the formation of a jet. N = = = = =3
— T —— . . N N
* After Episode 2 ambient winds remain T 315) | Lﬁ"hlhr""‘\br}-'h%u rv\ o This jet shares many of the characteristics of a Nocturnal Low Level Jet, as T pre—— N mdced trbutence from above |
: : g 20 | [ 4 .,-"" | i outlined by Thorpe and Guymer (1977). Gravity wave(s) Downverd morertun st gher o shliod regions re | 115
higher than previous at around 4 m/s, 5 28 , - - e e
. . 2 180 : . N, o T e
with fluctuations between 3 and 5 m/s. 5 1as| ' ! L : o 2 _
. . . / E 135 : : A summary of the night is given by Fig 8. The wave activity in Episode 1 may Ki nstablieyand wves_~ ENCHING . . =
* The region between Springhill and £ OSAM ~ ' 1 . . . . o L ®» >
Lo _ S asf WYORPARCAAA |- . ' - be attributed to either gravity waves or HK instability and occurs within a Q) - - = —
Burfield is also changing from a stable 0~ ' = VI ' : - near neutral, residual layer. This residual layer is eroded during Episode 2 as
. . 12:00 16:00 2000 00:00 04:00 08:00 12:00 ’ y ' y g p
laminar regime to a more Time (UTC) momentum is mixed down from the developing NLLJ. The NLLJ gradually
laminar/turbulent regime (Fig 5). Fig.5. Top, bulk Richardson number (Ri,) representing region between the hill strengthens and maintains higher winds in hill top regions, but not strong Fig.8. Generalised depiction of CAP evolution and
top (Springhill, 30m AGL) and Burfield valley (Burfield 30m AGL). enough to cause CAP break up. CAP break up finally occurs ~3 h after associated phenomena during I0P 16 of COLPEX.
Bottom. Time-series of wind speed and direction for three mast sites. sunrise as momentum is mixed down from the decaying NLLJ.
References: A
Hughes J, Ross AN, Vosper SB, Lock AP, Jemmett-Smith BC. 2015. Assessment of valley cold pools and clouds in a very high resolution NWP model. Geosci. Model Dev. Discuss. 8: 4453-4486. i
Lalas DP, Einaudi F. 1980. Tropospheric gravity waves: Their detection by and influence on rawinsonde balloon data. Q. J. R. Meteorol. Soc. 106: 855—-864. Met Office UNIVERSITY OF LEED
Price JD, Vosper S, Brown A, Ross AN, Clark P, Davies F, Horlacher V, Claxton B, McGregor JR, Hoare JS, Jemmett-Smith B, Sheridan P. 2011. COLPEX: Field and Numerical Studies Over a Region of Small Hills. Bull. Am. Meteorol. Soc. 92: 1636—-1650.
Thorpe AJ, Guymer TH. 1977. The nocturnal jet. Q. J. R. Meteorol Soc. 103: 633—-653.
Vosper SB, Carter E, Lean H, Lock A, Clark P, Webster S. 2013a. High resolution modelling of valley cold pools. Atmospheric Science Letters. 14: 193—199. NERC zationaLantsre,for
Vosper SB, Hughes JK, Lock AP, Sheridan PF, Ross AR, Jemmett-Smith B, Brown AR. 2013b. Cold pool formation in a narrow valley. Q. J. R. Meteorol. Soc. 140: 699-714. ‘ | Mﬁm‘:jﬁmﬁgﬁEs::g’:fﬁm

Whiteman CD . 2000. Mountain Meteorology. 376pp. Oxford University Press, USA.



