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Field CaŵpaigŶ— 

SouthǁesterŶ UK 

JulǇ ϯ—August Ϯϴ 

 

ϱ ŵiǆed phase: 
35Ϭ—ϭϬϬϬ Đŵ-3

 

 

ϳ ǁarŵ raiŶ oŶlǇ: 
up to 5Ϭ+ dBZ! 

Clouds aŶd storŵs teŶd to forŵ aloŶg liŶe orieŶted aloŶg spiŶe of peŶiŶsula as ĐoŶǀergeŶĐe 
ďouŶdaries iŶteraĐt ǁith the loĐal topographǇ. Largest preĐipitaiŶg eǀeŶts oĐĐur as Đells 
propagate aloŶg liŶe ;tǇpiĐallǇ to NEͿ as Ŷeǁ Đells forŵ oŶ the upǁiŶd side of the liŶe. 
 

MeasureŵeŶt Assets: 
The UK NCAS X-ďaŶd fast sĐaŶŶiŶg dual-polarizaioŶ radar aŶĐhored the grouŶd-ďased ŵeas-
ureŵeŶts iŶ the ĐeŶter of the doŵaiŶ. Operators at the radar helped direĐt tǁo researĐh air-
Đrat: the UK BAe-ϭϰϲ aŶd the US/NSF UWYO KiŶg Air. Both ǁere iŶstruŵeŶted for Đloud 
phǇsiĐs iŶ situ ŵeasureŵeŶts, the UWKA also Đarried a ǀeriĐallǇ poiŶiŶg polariŵetriĐ Đloud 

lidar ;WCLͿ aŶd a W-ďaŶd Doppler Đloud radar ;WC‘Ϳ.   

IŶtroducioŶ— 

The CoŶǀeĐiǀe PreĐipitaioŶ EǆperiŵeŶt ;COPEͿ, a joiŶt UK-US ield ĐaŵpaigŶ, took plaĐe iŶ 
the southǁesterŶ peŶiŶsula of the UK duriŶg the suŵŵer of ϮϬϭϯ. The oǀerarĐhiŶg oďjeĐiǀe 
of COPE ǁas to studǇ ĐoŶǀeĐiǀe Đlouds that produĐe heaǀǇ raiŶ that lead to lash loods aŶd 
to iŵproǀe foreĐasts ďǇ ďeter uŶderstaŶdiŶg aŶd represeŶiŶg  iŶteraĐioŶs of Đloud ŵiĐro-
phǇsiĐs aŶd dǇŶaŵiĐs iŶ ŶuŵeriĐal ŵodels. 

COPE-MED — ;MiĐrophǇsiĐs aŶd EŶtraiŶŵeŶt DepeŶdeŶĐiesͿ 
COPE-MED ǁas a US-led porioŶ of the larger COPE ĐaŵpaigŶ desigŶed to iŶǀesigate hoǁ 
ĐhaŶges iŶ relaiǀe streŶgths of ŵiĐrophǇsiĐal pathǁaǇs afeĐt preĐipitaioŶ forŵaioŶ. 
 

Hoǁ do difereŶĐes iŶ the streŶgth of the 
ǁarŵ raiŶ proĐess iŵpaĐt, direĐtlǇ aŶd 
through iĐe ŵulipliĐaioŶ, the deǀelopŵeŶt 
of ĐoŶǀeĐiǀe preĐipitaioŶ? 

 

Does the forŵaioŶ of raiŶ through ǁarŵ 
proĐesses result iŶ higher produĐioŶ of pre-
ĐipitaioŶ ďǇ ͚kiĐk-stariŶg͛ iĐe proĐesses due 
to ŵulipliĐaioŶ? 

Aug 0ϯ Case—  Aug 0Ϯ Case—  SouŶdiŶg froŵ AugϬϮ 

CB~ϴϵϬ ŵď, TB~+ϭϮC, TT~-ϭϯC 

Lid at ϳϬϬ ŵď ;Ϭ CͿ that eroded 
throughout the daǇ. SigŶiiĐaŶt 
drǇiŶg aďoǀe lid.   

The UWKA ŵade ϰϴ Đloud peŶetraioŶs oǀer Ϯ.ϱ hours, 
through asĐeŶdiŶg Đloud tops froŵ Ϯ to ϰ kŵ aďoǀe Đloud 
ďase. Oďserǀed Đloud droplet 
ĐoŶĐeŶtraioŶs ǁere as large 
as ϲϱϬ Đŵ-ϯ ǁithiŶ regioŶs of 
LWC ~ϵϬ% adiaďaiĐ. ‘arelǇ 
did large pariĐle ĐoŶĐeŶtra-
ioŶ eǆĐeed ϰ L-ϭ. 

Eǆaŵple of a Đell forŵiŶg oŶ SW ;upǁiŶdͿ side of liŶe oŶ AugϬϮ. This Đell ǁas ǀisiďle oŶ the 
radar for ~ϭϱ-ϮϬ ŵiŶutes, duriŶg 
ǁhiĐh iŵe the UWKA ŵade tǁo pass-
es at the –ϴ C leǀel. DuriŶg the seĐoŶd 
peŶetraioŶ, grouŶd radar iŶdiĐated at 
the leǀel of the UWKA a +ϱϬ dB) eĐho  
ĐolloĐated ǁith high )D‘, iŶ eǆĐess of 
ϰ dB. CoŶsisteŶt ǁith eleǀated, super-
Đooled raiŶdrops.  

 

 

;BELOWͿ   The UWKA passed ~ϭ kŵ uŶderŶeath the top of the groǁiŶg turret, eŶĐouŶteriŶg 
ϭϴ ŵ s-ϭ updrat iŶ the ĐeŶter of Đloud aŶd seǀeral large raiŶdrops, the largest of ǁhiĐh ǁas 
ϲ ŵŵ iŶ diaŵeter! ‘aiŶdrops ǁere fouŶd throughout the Đloud ;Ŷot ĐoŶiŶed to edgesͿ aŶd 
litle or Ŷo iĐe ǁas preseŶt iŶ the Đloud. 
 

Loǁ ĐoŶĐeŶtraioŶs of 
ŵoderate to large 
raiŶdrops ǁere oď-
serǀed  throughout 
AugϬϮ. VerǇ litle iĐe 
ǁas produĐed oŶ this 
daǇ 

RECORD BREAKING DROP!!! 
The paŶel to the let shoǁs aŶ iŵage of a ϲ ŵŵ raiŶdrop iŵaged froŵ the OAP-ϮDP oŶ the 
UWKA oŶ a peŶetraioŶ oŶ AugϬϮ. Drops as large as ϴ ŵŵ haǀe ďeeŶ reported iŶ the litera-
ture ďǇ Beard et al ;ϭϵϴϲͿ aŶd Hoďďs aŶd ‘aŶgŶo ;ϮϬϬϰͿ. Hoǁeǀer, all of these oďserǀaioŶs 
ǁere ŵade at or ďeloǁ Đloud ďase ǁithiŶ tropiĐal ĐoŶǀeĐiǀe Đlouds. To our kŶoǁledge, this is 
the largest eǀer reported drop ǁithiŶ a ŵid-laitude ĐoŶǀeĐiǀe Đloud aŶd the irst eǀer re-
ported oďserǀaioŶ of a super-cooled giant raindrop. 

The UWKA ŵade ϰϬ 
Đloud peŶetraioŶs 
oŶ AugϬϯ. The peŶe-
traioŶs ǁere agaiŶ 
Ŷear the tops of as-
ĐeŶdiŶg turrets, 
aďoǀe aďout ϰ kŵ ;-ϴ CͿ. The UWKA eŶĐouŶtered a 
ŵuĐh ďroader raŶge of CLWCs ǁith sigŶiiĐaŶtlǇ feǁ-
er Đloud droplets ;ϯϱϬ Đŵ-ϯͿ aŶd sigŶiiĐaŶtlǇ ŵore 
large pariĐles ;up to ϰϬ L-ϭͿ. 

 

SouŶdiŶg froŵ AugϬϯ 

CB~ϴϵϬ ŵď, TB~+ϭϮC, TT~-ϭϰC 

SlightlǇ ŵore staďle thaŶ AugϬϮ, 
this likelǇ aĐĐouŶt for ǁeaker oď-
serǀed updrats ;ϱ-ϴ ŵ s-ϭ, Đoŵ-
pared to ϭϮ-ϮϬ ŵ s-ϭ oŶ AugϬϮͿ. 
Note aďseŶĐe of a lid aŶd ŵore 
ŵoisture Ŷear Đloud top. 

;BELOWͿ The UWKA passed through the tops of groǁiŶg turrets. Like AugϬϮ, the Đlouds 
ǁere orgaŶized aloŶg a liŶe, ďut oŶ this daǇ the Đells ǁere ŵore deŶselǇ paĐked aloŶg that 
liŶe as ĐaŶ ďe seeŶ 
froŵ the WC‘ pro-
iles. The Đells ŵore 
readilǇ produĐed 
preĐipitaioŶ re-
suliŶg iŶ higher 
ĐoŶĐeŶtraioŶs of 
sŵaller pariĐles 
aŶd ŵore iĐe. 

DiscussioŶ— 

ϭ.Hoǁ do ǁe eǆplaiŶ suĐh large raiŶdrops iŶ rapid asĐeŶt ;AugϬϮͿ? MiǆiŶg froŵ ŵuliple therŵals? There eǆists Ŷo eǀideŶĐe of preǀious therŵals froŵ either airĐrat 
or froŵ grouŶd-ďased radar. SiŶgle parĐel ŵodel is uŶaďle to eǆplaiŶ the groǁth of large drops eǀeŶ ǁheŶ seediŶg Đloud ďase ǁith ϭϬϬ+ ŵ drops. 

Ϯ.Drops Ϯ-ϯ ŵŵ ǁere ĐoŵŵoŶ oŶ AugϬϮ, ďut oŶlǇ iŶ Đlouds ǁith updrat > ϭϬ ŵ s-ϭ...ǁhat role does lotiŶg plaǇ for large droplet groǁth aŶd supplǇiŶg aŵple CLWC? 

ϯ. AugϬϯ has less Đloud droplets ;ďǇ halfͿ Ǉet produĐes Ŷo raiŶdrop oďserǀaioŶs ǁith D>ϭ ŵŵ. Also, oŶ AugϬϯ, sigŶiiĐaŶtlǇ ŵore iĐe is produĐed aŶd the ŵass of 
preĐipitaioŶ is sigŶiiĐaŶtlǇ larger thaŶ Đoŵpared to oďserǀaioŶs froŵ AugϬϮ. AugϬϮ produĐes ŵore raiŶ through ǁarŵ proĐesses ďut is alŵost deǀoid of iĐe; de-
spite ďoth daǇs haǀiŶg siŵilar therŵodǇŶaŵiĐs… 

ϰ. What role do Đloud-Đloud iŶteraĐioŶs plaǇ for the deǀelopŵeŶt of preĐipitaioŶ, aŶd pariĐularlǇ iĐe at relaiǀelǇ ǁarŵ teŵperatures? OŶ AugϬϯ Đlouds ǁere 
͚paĐked͛ ightlǇ aŶd iĐe ǁas produĐed readilǇ. Does suĐh Đlose proǆiŵitǇ of other Đlouds proŵote iĐe ŵulipliĐaioŶ through seĐoŶdarǇ proĐesses? 

ϭD ŵodel asĐeŶt, seediŶg Đloud ďase ǁith 
ϭϬ L-ϭ of ϮϬϬ uŵ droplets, Ŷote Ŷo suďstaŶ-
ial groǁth of those droplets oĐĐurs duriŶg 
asĐeŶt through the Đloud. 


