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Introduction

The southwestern United States monsoon results from tropical and subtropical moisture being drawn north on the backside of upper-
level high pressure typically stationed over the high plains and eastern Rockies during the summer months. In combination with
sufficient atmospheric instability, the interaction of this moisture with the varied terrain of the West often results in scattered high-
based convection in the four-corners region. On occasion, when this high pressure area is situated farther west, or when some
weakness in upper level heights develops west of the California coastline, the western edge of higher moisture spills into the Sierra
Nevada. Although this occurrence periodically results in wetting rains for isolated portions of the mountain range, heavy rain events
are quite unusual. Despite their rarity, substantial water runoff due to the steep terrain exacerbates the potential for flash flooding
across this region during periods of intense rainfall. Such an event occurred during the early evening hours of August 20, 2003 near
the Kern county mountain community of Lake Isabella.

Synoptic and Mesoscale Description and Processes

A weak closed low aloft was positioned approximately 450 nautical miles west of Point Conception, California, while strong upper level
high pressure extended from the central Rocky mountains south into the southern high plains. As illustrated by the ETA 500 mb
analysis from 00Z on August 21, 2003 (see Figure 1), the resultant southerly flow aloft provides an effective mechanism for the
transport of any meteorological parameter from lower latitudes. The corresponding 700 mb ETA depiction, as shown in Figure 2,
confirms a substantial fetch of mid level moisture present across the southeastern portion of the WFO San Joaquin Valley County
Warning Forecast Area (CWFA), which includes the southern Sierra Nevada, with the best moisture residing farther south. Much of
this moisture, along with embedded vorticity maxima, were the southern remains of a Mesoscale Convective Vortex (MCV) which
moved across Arizona the previous day and resulted in significant flooding in portions of the Las Vegas, Nevada metropolitan area. As
this increased moisture surges north into the region on southerly winds, the gradually rising terrain forces the air to rise orographically

(see_Figure 3).

However, several other mechanisms had a probable impact in contributing to significant convection late that day. Figure 4 provides a
contour of elevation across the affected area, along with the transport of moisture along this terrain as suggested by high resolution
Local Analysis and Prediction System (LAPS) data. The San Joaquin valley, indicated by the purple shaded area extending from just
south of Bakersfield north to Porterville, is experiencing an up-valley flow typical of late afternoon in the summer. Quite unusual,
however, are the high dew points observed in the valley, with the reading at Bakersfield registering 73 degrees fahrenheit at 01Z.
Meanwhile, farther east, surface moisture transport vectors (depicted by the direction and length of arrows) show a weak
northwesterly transport of moisture across the deserts and higher terrain of Kern county. The resultant surface moisture convergence
area lies east of the highest peaks, or from northwest of Tehachapi to Lake Isabella (see Figure 5). As temperatures across the San
Joaquin valley remain very hot (99 degrees fahrenheit at 01Z in Bakersfield) and lapse rates relatively steep, a high buoyancy
environment helped provide additional lift to induce showers and thunderstorms. The workstation-ETA model indicated a broad swath
of Surface-Based Convective Available Potential Energy (SBCAPE) between 500 and 1,000 joules/kilogram over the area between
00Z and 03Z on August 21. The accompanying forecast sounding at Lake Isabella even registered a 00Z SBCAPE of 1,500
joules/kilogram, along with a boundary layer lifted index of -4.9 Celsius. The model K-index at 00Z stood at 46, substantially above the
35 reading typically associated with heavy rain potential.

Event Chronology

Infrared (Figure 6) and visible (Figure 7) satellite imagery at 01Z on August 21 indicate the cold cloud tops as well as the overshooting
top in association with potent thunderstorm development near Lake Isabella. The KHNX 88D radar, located some 90 nautical miles
northwest of the most intense cell, north of Tehachapi, reported this cell as having a composite reflectivity of 65 decibels (dbZ) at
01142, as shown in Figure 8. Approximately a half-hour earlier, the same cell was estimated to have reflectivity tops approaching
44,000 feet above mean sea level (see Figure 9). Given the high radar reflectivities, radar cross section, as well as the nearly
stationary movement of the storm, the obvious short-fuse impact would be flash flooding. The weather forecast office issued a flash
flood warning at 00492, effective for the following three hours. The KHNX three-hour accumulated precipitation total, ending at 02092,
indicated between three and four inches of rainfall associated with this cell (see Figure 10). Ground truth confirmed the severity of
flooding. Later reports included significant mud and water flows over roads, as well as trees and power lines brought down and swept
onto an adjacent highway by the heavy rains. The maximum observed 24-hour precipitation, 1.78 inches, occurred at the Piute fire
station, located 17 miles south of Lake Isabella, of which, 1.00 inch fell in a 15-minute period as the primary cell was overhead.

Conclusion

The flash flood warning issued for this event proved to be timely and justified, and this event has since been incorporated as a
Weather Event Simulator (WES) case for local office study and training. Although flooding events are fairly uncommon in the Hanford
CWEFA, this event suggests that forecasters be especially mindful of situations where satellite imagery indicates a weak circulation (the
remnant MCV) which serves to enhance not only the transport of monsoonal moisture north, but also dynamically force air to rise. With
instability already present and low-mid level moisture abundant, forecasters should also be watchful for additional influx and
subsequent convergence of low-level moisture, as forecasted using surface moisture flux depictions and transport vectors. Finally, the
use of numerical parameters, such as the K-index and SBCAPE, continue to provide additional information to the meteorologist for the
purpose of planning for probable events, as well as justifying the issuance of flood watches before the event develops.
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