
Western.Region Technical Attachment 
89-07 

February 28, 1989 

USING PROFILER DATA TO DIAGNOSE THE ATMOSPHERE-­
A CASE STUDY 

' 

Eric R. Thaler, WSFO Denver, Colorado 

[Editor's Note: The attached paper was recently published as Central Region Technical Attachment 89-4. 
This TA illustrates the usefulness ofprofiler data in operational forecasting and how it provides an impor­
tant supplement to our radiosonde observations.] 

Having upper air d:>servations on an b:lurly basis should be far superior to 
the usual OOZ ani 12Z radiosonde observations currently available. At the 
National Weather Service Forecast Office in Denver we lave rad the privilege of 
access to data f:ran four win:i profilers located in northeast Colorado (see 
Figure 1) • All four provide wi:rxis alcft en an lx:rurly l:asis with Stapleton 
rex;orting tarperature ard de~ IX>int as well as winds (winds only up to about 500 
rrb) • This techni. cal rote will shCM' how the prof il eiS were used to observe the 
passage of a defonnation zore across northeast Colorado. 

Figure 2 shows the 400 mb streamline analysis an Octcber 6, 1988 at 12Z. 
N:>te the well defined closed cyclore CNer southern Nevada with an associated 
defonna tion zone exterding to the northeast CNer the central Rockies. The axis 
of dilatation in this defamation field is very near the Wyaning-Colo:rado border 
at this tirre with westerly winds south of the axis and northerly winds to the 
north. 

Satellite i.nage:ry (not shown) delineated this axis quite well with IR 
ina.ge:ry sho.d.ng a thin bard of cirrus along it. The VAS 6. 7 micron water vaiX>r 
loop shaoled the axis e.ren better with an area of mid-le.rel noisture indicating 
up.o~ard vertical noticn alcng an:i south of the axis an:i an area of little mid­
lev-el noisture (i.e., downward vertical notion) to its north. This loop also 
shewed the axis :maring slowly soutlWcird ani the on~ing stretching almg the 
axis very nicely. 

RAOB's fran 12Z, October 6, 1988, for Lander, Wyaning (LID) an:i Denver, 
Colorado (DEN) (Figure 3) show a ve:ry definite difference in the air nass an 
either side of the axis. The precipitable water differs by nearly .40 inch and 
stability irxli.ces are also markedly different. 

As the day progressed, the defOIIIIation zcne continued 11\0II'ing southward, 
with a bard of altocunulus an:i sene cunulus de.reloping along it. This can be 
seen in the d:>servations at Denver between 17Z an:i 20Z (Figure 4). 

Figure 5 contains vertical tine sections of tffi four profilers. Time 
increases to the left alcng the l::cttan, pressure in millibars is shown on the 
right, and_hei ght al:;lolre _ _s_e;a_ l_~gl_ m kila:neters is_~!_ c:Ji:L~ _l~f_t. __ Th?_ 
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dilatation axis passed by the profiler at Fleming between 13Z and 15Z as ev-i­
denced by a decrease in win:i speed ani a veering of the wind fran northwest to 
north in the layer around 300 Irib. 

Platteville's profiler noted the passage of the axis between 14Z and l6Z 
sh:::Jwn in the wi:r:ds near 400 nb. Winds at all lerels nade a rcarked shift fran 
westerly to rx>rtherly after the axis JBSsed. Stapleton sl'xJwed the passage 
between 15Z and 17Z while the axis never reached Flagler (note constant win:i 
direction). 

BY 19Z, skies north of the axis had virtually cleared of all cla.lds except 
for sate stxa.tus in extreae northeast ColOiado and a few sl'x:Mers 01er the foot­
hills in the northern part of the Front Range. South of the axis, seveml clald 
eecks were observed aloog with sate stronger convection. 

· Figure 6 is another profiler graphic giving a simultaneous display of d:lta 
fran all four profilers. (To get a :perspective of what this graP:Uc is, 
consider yourself sitting in the T~ Panhandle and looking to the northwest.) 
This grapuc clearly shews the locatioo of the dilatatioo axis with northerly 
winds at all the profiler sites with the exception of Flagler, which is sene 100 
miles to the southeast of Dernrer. This graphic has the added feature that it 
can be aninatai with up to eight frames of data in the loop. The anination of 
this grapuc gives the user a very nice picture of the l'I'OV'enent of this axis. 

Anination of the NCAR Doppler radar (CP2) (not shatm) confi:r:med the 
locatioo of the axis in roth the :reflectivity and velccity data. Precipitation 
echoes to the north of the axis were ~ing nearly due south and dissipating 
while at the same tine trose to the south of the axis were IOCNi.ng alrcost 
straight east and reraining strong, with sare even developing into 
thun:ierstonns. Doppler velocities sl1aoled moderate shifting along tlE axis. 

Figures 7 and 8 contain several nore profiler derivai graphics which also 
aid in the diagnosis of the at:ncsphere. 'Ihese types of graphics are often 
discussed in the literature where they are based m twice-a-day radioson:1e 
observations. Until the advent of the profilers, this data was not available to 
the operational forecaster on a real-tirre l:asis. 

Figure 7 is based a1 the Stapletoo p:rofiler only, with time increasing to 
the left. The right l:and side of the figure sh:Jws vertical tine sections of 
tanperature ch:mge, the tcp one fran 17Z to 21Z an:i the rottan one fran 16Z to 
20Z. N::ltice the cooling aloft prior to 1730Z which is right ahead of and at the 
tine of the axis passage. After this, wanning aloft cccurred roc>st likely due to 
subsideJ:"Ce behin:i the axis. 

The left hand side of Figure 7 shows vertical tine sections of :r;otential 
tarq;:>eratu:re far the same tine periods as the temperature changes described 
ab:we. A1 t±ough subtle, note the tightening of the vertical IDtential tanpera­
ture gradient during these tine periods, especially in the layer f:rom 350 nb to 
500 mb. This, of course, i.nplies an increase in stability. 

Even witrout the use of satellite an:l radar data, info:rnaticn gathered by 
the profilers all01ed for a canplete dia91osis of the vertical noticn fieldG 
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The vertical tine sections of the winis aloft sl1a-led the ~ct location and 
m01enent of the dilatatim axis. '!he tanperature change ani :p:>tential tempera­
ture graphics sb::Med h:::w the air ness was changing l::oth ahead of and behind the 
axis. Ahead of the axis u:pa:rd vertical ootian existed as sh:lwn by cooling 
aloft, the production of se'J'eral cloud decks, and m:derate convection. Behin:i 
the axis, ~ vertical ootion was observed almg with wa:mting aloft, an 
in:rease in stability, and clrud and shcwer dissipatim. satellite and Doppler 
radar data served only to confinn what was detennined fran the profiler data ani 
surface cbservations. 

The passage of this dilatatim axis set the stage far 01emight events. 
The subsidence ani atterdmt dzying behin:1 the axis prcxiuced a stable air nass 
with clear skies which provided for excellent radiational CX>Oling. Furthennore, 
a weak pressure surge follaEd the axis passage and light upsloi:e winis devel­
ot=ed through a fairly deep layer based at the surface. Figure 8 sh::Ms the 
Denver RAOB taken at OOZ on Octcber 7, 1988. Note the significant changes in 
precipitable water ·and stability fran the prev:ials sounding. As me might 
expect with st:ralg radiational ani upslope surface winis, fog ani low stratus 
fo:tmed in Denver and, in fact, was quite widespread 01er northeast Colorado by 
S1mrlse. 

Profiler cata was used in this case study to detennire the air nass struc­
ture aver northeast Colota.Cb as a rather strang axis cf dila tatim passed 01er 
the area. This is only ooe of nurerous examples of row the profiler can be 
utilized to help diagnose the atmosphere. Axes of this t:;{l:e can be crucial in 
the cool seasm as they can influence both rate of fall aild total SI'lCMfall in 
winter events. With tre profiler data available, the forecaster can obtain a 
better picture of what is h3.ppening in the forecast area which obviously will 
lead to a better forecast product, in tum impro.ring service to the public. 

----~-~-- ---------------~--~~----- -----~------ --------------- -- ---~-------------
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DEll RS 1153 112 OVC J/2F 264/39/J9/33B4/840/RJ5RVRI6V35 SFC VSBY 1/ 
382 16// 36 RnDnT 22879 

DEll SP 11-tB Ill OVC I/2F 2584/840/R35RVRBBVI5 SFC VSBY I 
DEll Sn 1953 tJa )( 3/8F 264/38/39/BIB ... /839/RJ5RVRI4V29 llJR VS8Y l/2 
DEll RS COR 8951 Ul OVC 3/BF 264/38/38/3605/939/RJSRVR 86-VJB TLR 

VSBY l/2 
DEll RS 8951 111 DVC 3/BF 264/38/38/839/RJSRVR 86-V30 Tt.IR VSBY l/2 • •' 
DEll RS 9951 Ill OVC 3/9f 264/39/39/039/RJSRVR 06-V30 liJR VSBY l/2 
DEll SP COR 8923 til OVC I/2F 3tla6/939/IB5RVR 96-VSS 
DEll SP 0323 111 OVC I /2f 3496/939/RJSRVR 86-VSS 
DEll RS 8852 tJa )( 3/9F 263/38/38/3684/839/RJSRVR 86- TIJR VSBY l/2/ 488 
DEll SP 0834 Ill OVC 3/BF 3583/928/RJSRVR 136-VI4 llJR VSBY l/2 
DEll SP 8819 112 OVC IF 3604/0o10/R35RVR 24V61H 
DEll SP 8889 113 OVC 2F 3684/8<-IB/lWR VSBY IIISG 11111 SPTS IDVC 
DEll Sn 8758 J SCT 7 261V37 /37/3586/939/ 99541 
DEll Sn 8651 CLR 18 268/39/37 /3<184/839/STFRA 5 lllfD IJ 
DEll SP 13635 ClR 18 3B06/B39/STFRA 5 IIIIDIJ 
Dtll Sn 9552 ClR I 8 262/41/39/6396/839/ 112 65 
DEll sn 13452 ClR 15 263/41/38/3667/839 
DEll Sn 8353 CLR 15 261/44/39/3683/939 
DEll SA EJ253 CLP. 15 252/47 /tiB/8989/835/ 3 J 7 
DEll sn 9152 258 -SCT 12 24B/53/4l/I912GI8/933 
DEll sn eos8 CLR 12 233/57/l'll/II06/838 
DEU sn 2351 258 -BKH 12 225/62/41/8285/829/TCU SIJ-IJ OrtrlfS/ 387 1279 

65 RODOT 69115 
DEll Sn 2259 2SB -BI<JI 12 2!4/64/41/3689/827 
DEll Sn 2152 130 SCT 258 -elm 15 211 -'63/39/9 I 66/926/ CB DSHT fiiJ 
DEll Sn 2853 138 SCT E258 Bl<ll 18 211/64/41/3587/827/ CB DSIIT UIJ 983 1372 
DEll sn J 952 88 SCT 129 SCT E229 BKII 7 2 I 3/61/42/8 I 89/927 
DEll SA 1951 78 SCT El28 BKII 229 DJ{II 7 229/69/43/9169/629 
DEif Sn I 758 7B SCT 95 SCT E 128 BKif 7 215/61/45/8 I I I /828/ TCU SIJ/ 
<10086 1279 42 
DEll sn 1650 7e scr 120 scr 7 219/613/45/6166/829 
DEll SA 1558 128 SCT 6F 2l9/56/li7/2187/EI29/Cll SC IJ-IIE 
DEll Sn 1459 129 SCT 6F 226/58/46/1987/829/CU SC IJ-IV 38389 197B 

Figure 4. Surface observations from WSFO Denver, CO. 
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Figure 5. Vertical time-sections of winds aloft at Platteville, Fleming, 
Flagler, Stapleton profilers. . 
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