NOAA Technical Memorandum NWS SR-86

A RECORD ARKANSAS RAINFALL - THE EL DORADO DELUGE

Kenneth M, labas, WSF0O, Little Rock, Arkansas

Scientific Services Division
Southern Region

Fort Worth, Texas

August 1976

7y 197

UHITED STATES HATIOHAL GCEARIC AND fational Weather
GEPARTHENT OF COMMERCE ATHOSPHERIC ADMINISTRATION / Service
Efer L Richardson, Sevatory Robert M, White, Administrator Georga P. Cressman, Director







A RECORD ARKANSAS RAINFALL - THE EL DORADO DELUGE

Kenneth M. Labas, WSFO, Little Rock, Arkansas

. INTRODUCT ION

Excessive 24-hour rainfalls of three to five inches are not uncommon over
southwest Arkansas and the Ouachita Mountains of west-central Arkansas,
especially during the winter and spring. The reclrrence of +his phenomenon
over the same area can be linked In part to the terrain,

During the four day period 5-8 June, 1974 much of the Southern Plains and
Lower Mississippi Valley was struck by a series of viclent storms including
ki ller tornadoes, severe thunderstorms and floods. One significant facet
of the outbreak was the occurrence of over I8 Inches (45 oam) of raln in
less than 12 hours in Union County Arkansas. This phenomenal release,
proceeding In the absence of any apparent terrain interaction, was quite
unexpected and is the subject of this Investigation.

Union County 1s In extreme south-central Arkansas. The area Is rolling,
forested countryside with topographic rellef of 60 m or less. Scattered
showers and thunderstorms had occurred over this area during the day of

7 June. Around 9:00PM CDT the thunderstorms intensifled and appeared to
remaln stationary over Union County untl! they moved northward at sunrise
on the 8th. The Flight Service Station at E| Dorade airport (about 10 miles
west of town) measured |1.54 in (29.2 an) of raln during the night. A
Monsanto Company observatory approximately 8 miles north of the alrport
recorded 17,40 In (44,2 cm) during the same period with 9.50 In (24.1 cm)
falling between 2:00AM and 7:00AM of the 8th. An Arkansas Forestry Com-
mission station 15 mlles east of the alrport had 18,19 in (46.2 cm).
Amounts tapered off qulte rapidly outside this small area, although totals
in excess of four inches (10 cm) covered most of the southwest quarter of
the state (see Flg. 1), Along with the deluge, winds up to 50 knots and

a posslble tornado occurred just east of El Dorado about 4:00AM.

2. SYNOPTICS

At O000GMT on June 8th, the helght contour pattern at 500mb over fhe western
two=thirds of the country was dominated by a large diffluent frough., A weak
clirculation center was found in extreme northeast Utah, Thls general dif-
fluent trough had persisted for several days prior to thls time and was
beglnning what turned out to be its flinal phase of development as the
circulation in northeast Utah would initiate major cyclogenesis in the

Texas Panhandie during the next twelve to elghteen hours.

Short wave Impulses had moved eastward from the squthern Rockies into the
Lower Misslisslippl Valley from this large trough for the preceding couple of
days and at OOOOGMT another rather well-deflned Impulse was entering the
wastern border area of the state (Flg. 3A). Consequently, a line of actlve
thunderstorms had organized during the afternoon In south-central Arkansas.
Thls |Ine then moved into northern Mississippl! and northern Louislana in
the evening as a well developed meso-system (Flgs., 2A-B).
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Moisture was abundant through the 850mb level| over northeast Texas and
Louisiana, Surface dew points were in the mid 70's while at 850mb condi-
tions were near saturation with dew points exceeding 18 deg C. Low level
winds were from the south and southwest at 20 to 30 knots with weak anti-
cyclonic curvature in south Arkansas.

By 1200GMT on the 8th the 500mb circulation in Utah had moved southeastward
into Colorado (Fig. 3E)}, Surface cyclogenesis had subsequently begun in
the Texas Panhandle. The short wave which was along the western Arkansas
border at 0000GMT had moved into northeastern Arkansas and northeri

" Mississippl. Winds at 850mb had strengthened and become southerly from

the northeast Texas coast Info central Arkansas, Although moisture at
850mb was streaming northward into central Arkansas {(Fig. 3D), it was still
retarded at the surface along the Arkansas-lLoulisiana border (Fig. 2E).

3, DISCUSSION

A quick glance at the synoptic slituation presented would Indicate a sub-
stantial preclpitation release for some portion of Arkansas during the
night of 7-8 June. As stated earlier the southwest and hilly west-central
portions of the state are prone to excessive release when conditions are
favorabie, as indeed they were here., These areas did receive abundant
rainfall but the record-breaking totals fell near E! Dorado -- some
distance from the major terrain Influence.

To determine the pirobable reasons for the occurrence of such a large amount
of rainfall, let us consider the events and circumstances which were present.
We will also consider how some of the clrcumstances may have interacted
where and when they did. Therefore, loet us examine first +he more common
parametérs which may havé given a clue to this event.

At the outset we see the broad diffluent frough over The western portion

of the country with impulses propagating eastward intc the lLower Mississippli
Valley. A rather well-supported 500mb short wave with a marked tongue of
cotd air is approaching south-central Arkansas at COOCGMT and will be
positioned over the impact area during the heavy release. The initial 500mb
baroclinic vorticity analysis (Fig. 4) shows a tongue of high vorticity
values assocciated with the impulse and which will alsoc be over the E| Dorado
area during the nlggf Absolute vorticity values were forecast to be wel!
in excess of |0xI0 , well above the value of the coriclis parameter”
(about 8x10-5s~1), a+ the latitude of south Arkansas.

I+ Is obvicus that moisture supplies were abundant and were being advected
intc the impact area by the low level wind field (represented by the 85Cmb
winds:., Gradient wind directions were from the south-southwest which

esperience has demonstrated is often associated with heavy rains over Arkansas.

tnitlally, one might wish to counteract these posltive rain indicators with

a negative one. The squall line and meso- system which developed in south
Arkansas during the afternoon of the 7th would normally tend to stabllize

the atmosphere and inhibit convection. Perhaps it did inifially, but therein
fles a key to the phencmenon which was to unfoid during the night.
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As the squall| line developed near Et Dorado during the afternoon, convective
overfturning of the atmosphere brought low ew (wet bulb potential femperature)
alr to the surface (as denoted by surface dew points lowering into the mid
and upper 60's) within the confines of the mesc-hignh/low dipole. A minimum
in 8w can contribute fto intense convectlion in two significant ways: () If
lifted or stretched (elevated minimum), low 8w air will become colder than
the undisturbed environment and the temperature lapse rafte will steepen;

(2y 11 rained into, it will become colder "in situ" than the surrounding
undisturbed environment, and a downdraft will result which can serve fo
provide |iff to the low level high 8w air.

This low 8w surface alr and associated lower dew points were to remain in
south-central Arkansas through the night. Its effect on the surface
analysis was constant from fate afterncon through the right, showing up as
a minor frontal boundary essentially along the Arkansas/Louisiana border.
Characteristic of the boundary was cyclonlic curvature and convergence in
the surface (and near surface) wind field. Further, the dome of low Bw
alr near the surface was to be perpetuated through the night by additional
convective overturning and evaporative coolling.

From avai lable data and analysis [T appears as If the foilowing reasoning
would explain the occurrence of the Union County deluge. As will be noted
later, a number of other interesting conditions existed during this pericd
which may have had a rcle in the event.

During the periocd 0000GMT to |200GMT June 8th, a distinct short wave with
very cold temperatures and high vorticity values was located over south-
central Arkansas in the mid froposphere (700-500mb}. An afternocn squall
line and meso-system had developed in the same area leaving a pool of |ow
@w air in the boundary layer (surface to about 970mb). Exceedingly warm and
moist high 8w alr was located over Loulisiana and northeast Texas and was
being advected northward into south-central Arkansas by the gradlient flow.
This flow (represented by the 850mb winds) had some anticyclonic curvature
in Arkansas at O000GMT but was fo back and become uniformly southerly with
increasing speed during the night. This was in response to cyclegenasis
which commenced after 0600GMT in the Texas Panhandle as a major 500mb cir-
culation drirted southeastward toward central Celorado.

The warm moist alr moving northward into south-central Arkansas was [ifted

over the "cold dome" oi low 8w air which remained below 970mb. The |ifted

air was underneath the cold pocket and high vorticity values assoclated

with The mid tropospheric short wave drifting across from the west. Convection
was thus greatly enhanced. Evaporative cooling near the surface and con-
vective overturning perpetuated the low 8w bubble, therefore conditions
conducive to |ift and massive convection remained essentlal ly unchanged

for many hours.,

Radar patterns during the night support this hypothesis. An east-west
elongated area of convection developed during the evening along the Arkansas/
Louisiana border and intensified markediy after 0500GMT. The northern edge
of the area spread slowly northward during the eariy morning hours but the
southern edge remained nearly stationary until| moving north of the E| Dorado
area about ]1300GMT. During the entire event, radar indicated cell movement
backing from 260/40kts early in the night to 210/18kts by dawn which would
seem reasonable under the synoptic circumstances, A stationary convective
area with elements forming and moving “hrough it would lend credence to the
quasi-static meso-scale boundary hypothesis.
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Additional evidence of the lift In the
moist column can be found when one examines - s SHY (607)
the 8w prOfi ‘e of SHY (Shrevep0r+) and LIT .||'.'l'l'a.'“.."lll"..Ll‘iy('22)
(Little Rock) (Flg. 5). We are assuming :
that 6w is a pseudo-conservative property

of an alr parcel, i.e., It does not change
for wet or dry adiabatic motion or for

rain falling into the air parcei. Com-
parison of the @w profile from 995mb to
700mb at SHV (0000GMT) with the profile

of 922mb to 647mb at LIT ([Z00GMT) would
seem to suggest that the column of air
present over LIT was an elevated reflectlion
of the column which passed SHV (under the
added assumption that the air between

995mb and 700mb passing northward over SHY
had remained essentially uniform in
character fthrough the night). The initial
[if+ which reached 73mb (995mb fo 92Zmb)

by the time the air mass reached LIT

likely occurred along the boundary south

of E1 Dorado.

%
|
|

During the early morning hours, the
northern edge of the convection area | Nl
developed siowly nortiward toward centfral &ﬁﬂiﬁmsmb(maﬁ

Arkansas. By shortly affer sunrise the 1@ % A%
southern boundary also finally had begun - ‘
to shift northward ending the rainfall
rather abruptly over Union County, Temi-
nation of precipltation over south Arkansas Fla.
can be linked To at least two synoptic -
events, The first was the intrusion of warmer and drier air at mid levels
(near 500mb} over the impact area. This air can be i{dentified over the
wastern half of Texas at 0000GMT (Fig. 3A) and further east into northwest
Louisiana by 1200GMT (Flg. 3E). The second event concerns the development
of the cyclonic clrculation over the Texas Panhandle by 1200GMT. In
response to this development, the 850mb (low level) jet was shifted west-
ward foward the mid Red River Valley creating strong anticyclonic horizontal
shear over the impact area. Relocation of the low level jet into eastern

Ok tahoma and Texas may have helped end the record rains in south Arkansas
but 1t served to set the stage for the killer Drumwright and Tulsa tornadoes
which cccurred on the evening of the 8th.

i

Investigation of this event disclosed a number of other circumstances which
may have played a role in the excessive release of rain. First, It appears
that the maximum undisturbed moisture inflow at low levels Yook place over
south-central Arkansas, During the night drier air at 850mb was being
advected Into northeast Texas from the southwest and into central Misslssippi
from the south. Between these areas The flow was unchanged.

-14-



Secondly, the expected diffluence at upper levels (above 300mb) was evident
over the impact area. However, a time series plot of the SHV RAOB shows an
addi flonal interesting feature. Approximately 24 hours prior to the heavy
ralns, a closed cyclonic circulation passed SHV at 200mb. Subsequently the
tropopause rose and cooled significantly (from 160mb/-66.3°C to |15mb/-74.3°C).
This high, cold tropopause feature continued through the rain sequence. A
similar but less dramatic cooling and |ifting occurred at LIT during the
same period.

Thirdly, only massive convection over a prolonged perfod would resuit in

the rainfall totals observed with this event. Radar tops continuously near
60,000 feet for many hours are evidence that this was indeed occurring. Ceil
diameters were mostly quite large or the cells grouped in clusters. The
cores were therefore well insulated from envirommental entralnment, thus
allowing for a very high efficiency of rain production.

4, SUMMARY

There is no question that a rainfall event of this magnitude is rare and,
realistically, impossible to forecast, Historically, this was the greatest
24-hour rainfall ever recorded in Arkansas.

A number of common indicators pointed toward a significant rainfall release
in southern Arkansas and northwestern Louislana, Théese include: (1) an
abundant moisture supply in the form of unstable Gulf air over notrtheastern
Texas and Louisiana being advected rapidly northward; (2) a short wave
impulse moving eastward from southeastern Ckiahoma into southern Arkansas;
(3) the jet at 300mb and above was about 4° latitude north and west of the
release area resulting in (4) diffluent flow at high levels over southern
Arkansas and northern Louisiana,

Further examination of the data reveals additlional circumstances which were
present over the impact area and may have had a signiflcant role to play.
These Include: (1) a persistent dome of low 8w air near the surface in

south Arkansas which was initiated by an afternoon squall meso-system and
perpetuated through the night by evaporative cooling and convective down-
drafts; (2) a very high and cold fropopause cover the area; (3) the convective
area, once formed, remained stationary with cells moving through 11 and;

(4) massive cell diameters allowed minimal outside entrainment and maximum
“rain producing efficiency.

[+ is feit that the circumstance mainly responsible for the |8 inch release
near El Dorado was the thrust of the moist Gulf air being lifted over tThe
dome of low Bw ajir and simultaneous|y cooled aloft under the mid tropespheric

short wave.

Precipitation was ended when warm dry air was introduced at mid levels and
the low level wind jet receded westward in response To cyclogenesis over
the southern Plains resulting in strong anticyclonic shear in southern
Arkansas.
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%. FORECAST NOTES

This event was unique. As stated earlier 1+ was the greatest 24-hour
rainfall ever recorded in Arkansas...and it féli In less than 12 hours!

A critical combination of circumstances occurred over one particular area
and although a repeat performance is highly unlikely it does serve to point
out several factors which may be conducive Yo major rainfall release
somewhere over the state. Some of them are !isted below:

..An abundant moisture suppiy {(and Inflow) from the western Gulf of Mexico
should be present. Surface dew points > 70°F and minimal anticyclonic
curvature In the tow level wind field (E 5,000 1) should be evident.
The most favorable low tevel wind for heavy release in Arkansas is
180°~220°, Check the FOUS data for LIT boundary winds and their speeds.
Speeds in excess of 20 kts are favorable. FOUS is usually effective
at indicating favorable winds and moisture levels (3~layer RH forecasts
at the beginning of the message).

..A diffluent upper trough working toward Arkansas is a positive sign,

especially If the diffluent portion ahead of the system will cross the
state. |f the upper alr pattern (500mb and above) is slow to change,
timing becomes complicated as minor impulses will have more Influence,

as in this case. The baroclinic (or LFM) is better than the barofropic
model at picking up ampiitude with these smaller features.

..Arkansas should be con the anticyclonic side (to the right) of the
300mb jet axls and ideally 2 to 5 deg latitude away from it.

..The topography of the state often results In large release from other-
wise marginal conditions. Although they apparently did not come into
play +this time, the E-W elongated QOuachita Mts. can wring a lot of water
out of a good southerly jet. The Ozarks can do just as well but more
of ten with southwesterly rather than southerly winds,

..Check "K" values (and forecast "K" values). Values above 35 and Into
the low 40's approach the "potential K" and indicate heavy rain rather
than severe weather,

..Precipitable water nearing 2 inches at Little Rock, Longview, or Mcnette
should alert one to potential excessive rain release. To estimate pre-
cipitable water: beginning at 950mb, sum the actual mixing ratio at
50mb Intervals to 500mb (you wlll have |0 numbers). Multiply the sum
by .02. The result will approximate the PW. Maximum rainfall can be
estimated by 3 fimes the PW,

..Be alert +o unusual compiications (like the meso-system in this case

study) which may add further |ift to the moist air...or stabilize the
alr enough so convection may not occur at all.
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