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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 of profiler data in operational forecasting and how it provides an impor-
‘tant supplement to our radiosonde observations.]

Having upper air cbservations on an hourly basis should be far superior to
the usual 00Z arnd 122 radiosonde observations currently available. At the
Mational Weather Service Forecast Office in Denver we have had the privilege of
access to data from four wind profilers located in northeast Colorado (see
Figure 1). All four provide winds aloft on an hourly basis with Stapleton
reporting temperature and dew point as well as winds (winds only up to about 500
mb). This technical rote will show how the profilers were used to cbserve the
passage of a deformation zone across northeast Colorado.

Figure 2 shows the 400 mb streamline analysis an Octcber 6, 1988 at 12Z.
Note the well defined closed cyclorne over southern Nevada with an associated
deformation zone exterding to the northeast over the central Rockies., The axis
‘of dilatation in this deformation field is very near the Wyaming-Colorado border
at this time with westerly winds south of the axis and northerly winds to the
north,

Satellite imagery (not shown) delineated this axis quite well with IR
imagery showing a thin bard of cirrus along it. The VAS 6.7 micron water vapor
loop showed the axis even better with an area of mid-level moisture indicating
upward vertical motion along and south of the axis and an area of little mid-
level moisture (i.e., dowrward vertical motion) to its morth. This loop also
showed the axis moving slowly soutlward and the ongoing stretching alang the
axis very nicely.

RAOB's from 12Z, Octcber 6, 1988, for Lander, Wyaming (LND) ard Dernver,
Colorado (DEN}) (Figure 3) show a very definite difference in the air mass on
either side of the axis. The precipitable water differs by nearly .40 inch and
stability indices are also markedly different.

As the day progressed, the deformation zane continued moving southward,
with a bard of altoccumilus and sare cumulus developing along it. This can be
seen in the dbservations at Denver between 17Z and 20Z (Figure 4).

Figure 5 contains vertical time sections of the four profilers. Time
increases to the left along the bottam, pressure in millibars is shown on the
right, and height above sea level in kilameters is shown an the left. The
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dilatation axis passed by the profiler at Fleming between 132 and 15Z as evi-
denced by a decrease in wind speed ard a veering of the wind fram northwest to
north in the layer around 300 mb. .

Platteville's profiler noted the passage of the axis between 147 and 16Z
shown in the winds near 400 mb. Winds at all levels made a marked shift from
westerly to northerly after the axis passed. Stapleton showed the passage
between 15Z ard 17Z while the axis never reached Flagler (note constant wind
direction).

By 192, skies north of the axis had virtwally cleared of all clouds except
for same stratus in extreme northeast (olorado amd a few showers over the foot-
hills in the northern part of the Front Range. South of the axis, several cloud
decks were observed alang with same stronger convection.

" Figure 6 is another profiler graphic giving a simultaneous display of data
fram all four profilers. (To get a perspective of what this graphic is, -
consider yourself sitting in the Texas Panhandle and looking to the northwest,)
This graphic clearly shows the location of the dilatation axis with northerly
winds at all the profiler sites with the exception of Flagler, which is same 100
miles to the southeast of Denver. This graphic has the added feature that it
can be animated with up to eight frames of data in the loop. The animation of
this graphic gives the user a very nice picture of the movement of this axis.

Animation of the NCAR Doppler radar (CP2) (not shown) confirmed the
location of the axis in both the reflectivity and velocity data. Precipitation
- echoes to the north of the axis were moving nearly due south and dissipating
while at the same time those to the south of the axis were moving almost
straight east and remining strong, with same even developing into
thurderstomms. Doppler velocities showed moderate shifting along the axis.

Figures 7 ard 8 contain several more profiler derived graphics which also
aid in the diagnosis of the atmosphere. These types of graphics are often
discussed in the literature where they are based on twice-a-day radiosonde
_observations. Until the advent of the profilers, this data was not available to
- the operational forecaster on a real-time basis.

Figure 7 is based an the Stapleton profiler only, with time increasing to
the left. The right hand side of the fiqure shows vertical time sections of
tamperature clenge, the top one fram 17Z to 21Z ard the bottam one fram 16Z to
20Z. Notice the cooling alcft prior to 1730Z which is right ahead of and at the
time of the axis passage. After this, waming aloft cccurred most likely due to
subsidence behind the axis.

The left hand side of Figure 7 shows vertical time sections of potential
temperature for the same time periods as the taemperature changes described
above. Although subtle, note the tightening of the vertical potential tempera-
ture gradient during these time pericds, especially in the layer from 350 mb to
.500 mb. This, of course, implies an increase in stability.

Even without the use of satellite and radar data, information gathered by
the profilers allowed for a camplete diagnosis of the vertical motion field.
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The vertical time sections of the winds aloft showed the exact location and
movement of the dilatation axis. The temperature change and potential tempera-
ture graphics showed how the air mass was changing both ahead of and behind the
axis. Ahead of the axis upward vertical motion existed as shown by cooling
aloft, the production of several claud decks, and moderate convection. Behird
the axis, dowrward vertical motion was observed along with wamming aloft, an
increase in stability, and cloud and shower dissipation. Satellite and Doppler
radar data served only to confirmm what was determined fran the profiler data ard
surface cbservations.

The passage of this dilatation axis set the stage for overnight events.
The subsidence and attendant drying behird the axis produced a stable air mass
with clear skies which provided for excellent radiational cooling. Furthemmore,
a weak pressure surge followed the axis passage and light upslope wirds devel-
oped through a fairly deep layer based at the surface. Figure 8 shows the
Denver RAOB taken at 00Z on Octcber 7, 1988. MNote the significant changes in
precipitable water and stability fram the previous sounding., As one might
expect with strong radiational amd upslope surface winds, fog and low stratus
formed in Denver and, in fact, was quite widespread over northeast Colorado by
sunrise.

Profiler data was used in this mse study to determine the air mass struc-
ture over northeast Colorado as a rather strong axis of dilatation passed over
the area. This is only one of numercus examples of how the profiler can be
utilized to help diagnose the atmosphere. Axes of this type can be crucial in
the cool season as they can influence both rate of fall and total snowfall in
winter events. With the profiler data available, the forecaster can cbtain a
better picture of what is happening in the forecast area which dbvicusly will
lead to a better forecast product, in tum improving service to the public.
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CR TA 89~4
FEBRUARY 1989

—— —
e



200

L

(B¢ Y) odnssed

700
L L]

NN NN N ]

4

N

B T T S S

MG N

W

oy 238
o

b S U W00 e e

LTI
44444 447

J S 441 S

Ve VYA
Bt TP

R
\

208

CI8H %) VBTN

CPdy) sunsssId
e’ @

i

7 T77
1))

JJd AL 1144 LSS

A V2P 2
&AL/ vV

Y T

VP IE i dad
PPP I
F/?‘*ﬂ
]

Al
PR ol L e

x
o

tTVV

L TR WU UL TR . T

—d

NONON N R e Yy
N [N R TNy
o N N NN (Y

Figure 5.

S NS

5
dpocar
'_/_440—;/

130331
mn
T
714013y

J4J))

S
e

74/
”

CIsH W) FUBIOH.

jf; TPHTIT=T7

Vil )

o
Y

e

Tise C(CNT)

28 20 39 i8 17 16 1S 14 33 12 11 18 @Y

13 12 11 e @

19 17 16 13 14
Tine CCHT)

23

Flagler, Stapleton profilers.

Fleoaing Profiler
s For {2 hrs ending

Thu 6=-0CT-1988 212

. For i2 hrs enaing

Platisville Profiler
Thy 6=-0CT~1988 212

CR TA 89-4

FEBRUARY

[ IJQ') .Jl’l'l.:ﬂ‘

1989

8

. ”

¢8R BA) AUSTOH-

Vertical time-sections of winds aloft at Platteville, Fleming,

s § & g Pl
] {77 EER NI [N
1447 1D 1 sk
RN YIS HE RS
/444 JIvN L
/444 Jpge = e
/{4 I |
J 444 144 V¥ ¢ 1]
4474 R
J 444 ] A7~ !
/444 3107 S S
4 14 Ui I

’ ; W/J/ Y N N ‘
: CE- - NP S §§§

IBIRDD e A W M

IR k’*”*“‘vé’dé”:j:::: ‘ ; sk

B A e s e
Y Ji Y 3 - R

33 W SN L .

LLW#JQM%M<¥* o

../,/J./././..V/%/Wi\ - :E 5

/././ﬂ././{_(%/_/_,z/// Tl N :.= ;

IOV RN *~~:/,$é,", 1t . )

W_ms\\u«'\\x.m_ux“\\ P H P P

M}\__\J-RK‘KK A\ N R o :
' ?w.«wé—%‘»—-—.ys\\ e :



CR TA 89-4

FEBRUARY 1989
Heightis are HSL
—1 Skm
| h-r45km
—r—1 5kt~ | \_\_g—‘—l Shkm
W °
. ] m‘-\_‘ ___12
—|-12
—[-12 Wa {2
ML
A S\
‘k \&..\’
-, \g. I — 9 '.
Ry W=
T 9 . ol
{,' \;&_ L M E
1. Ny
l"".—- -"% ’.- ) q
"/ "‘ﬁ\. v -
- \ & Mind
i~ Ay - 6 directions
i |
’{, i M- 6
. N
1 A ‘
\,V{ T
. .§' —=
.—’-FFF--.-
FLMHHG —
FLATT .
STAFL FLGLR

1 HWIHOD IH AUG 2-3 HINDS IN AUG 4+ HINDS IH AUG DISCARDED HIHD

i 33 sa 7@ %8 1igkt goooradserefiler uinds

Figure 6. Simultaneous view of profiler data.



No doto plotied cbove 348 K

°) 8andT4g

F T3

32 —532

3 ~328

1 —324 ——""" |
e

328 — |

kn obove HSL

—316—

@ v, &

*(3y3ta) =8ueyo aanjeaaduol]

Potentlol tenp

—312
3a8
384
' 1 T
. 18 18 17
GNY

- 208

- 380

- 400

- 508

- 708

. Chango since 172

= 98.50e0 C

7

b-0LT-1988

0T

Wo doto plotted obove 348 K

~23 ——————

332

pue (339T) @anjexaduwa) TeTIUs30d JO SUOTIDIS-IWFI TEOTIIANA

- 300

(2 1]
km obove MSL

Fotentiol temp
Inc = 2

316
312
8 308
4 304 .
; T T ”//’——-.—
19 18 17 16

GNT

[~

-

L D~ -

//A/N

@ 4 ¢

- 288

- 900

~ 308

- 508

- 780

2e 19 16 1?

GHT

Temp chonge since 162

B.5aeq C

16

6-0CT-1338

686T XIVNyddd -
7-68 YL ¥




TT

*s191T13oxd uojatdeas pue a913eTg

‘Bu'pma'[,j ‘DTITA9338Td 3B 193eM 2TqelTdroaad jo Suorldas-swWfl TBOTIABA

*g 2and1yg

9 %! 9 1 -4

] k)
[
E 3 4 -3 s 34 -3
9 g
L 2
n L
[*] [=]
2 2. bz |2 21 2
8 ._.'J'{--*‘q .':-—-\t“\-",\._ N ...‘\\.‘}W"so. 8 L“-M
nL_ d _.‘:. A S g o -\‘ OL. M!\-_‘
U’—n-.«-_\ .."-"""’"-"\-v
14 . -1 14 R
IP 12 14 16 i8 28 22 18 12 .C 16 18 20 22
CHT GMT

Rudlo+u:ter‘ aotlo Plotteville | Rodiometer dato Flening
everui 2 min Thu 6-0CT-1988 | every 2 min Thu 6-0CT-198E

4 4 -4 4 - -4
63 L3 & ER -3
g 2
it v
D 0
[~] [«]
- -l
C) ERER 2
[ A y [Y
E \*' e -ﬂp %"-h‘f‘""-’,—-ﬂ.w”\‘ a_o- s T T e e e oy o "--\-‘\'»"o'uM‘-""f--“_,’\h-n."\.-‘. —

1 Fl 14 -1

10 12 19 16 18~ 29 22 10 12 14 16 16 20 ‘22
CMT GHY

Rodlgngter doto . Stopleton | Rodlomeler dolo . Floaler
every 7 nin Thus 6-0CT-198% | every 2 min Thu 6-0CT-1988

6861 AJVIIdHA
P-68 VL W



N ~7: \/‘L/ N~ T |

/S L
900 7 o " — — —{900
1000 N N N Y v TN 1000
i 7 7 7 7 7 7
10565 -20 “10 10 20 30 1050

e
DEN =~ @8Z/0Cs @7/ 28

Fi~-ve 9, Radiosonde observation from Denver, CO (DEN)

6861 AIvNydEdd
¥-68 YL ¥O



