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Preface

On May 12, 2010, recordreaking rains struck Kentucky and the Tennessee Valley region.
Western and Middle Tennessee were hardest hit with local amount26fidéhes to the south
and west of Greater Nashville along the Interstate 40 corridor. Mughstérn and Middle
Tennessee, including Greater Nashville, experienced widespread, devastating flash flooding, as
well as unprecedented flooding along the Cumberland River and its tributaries. There were 26
flooding fatalities directly attributed to thésent in Kentucky and Tennessee, 11 of which were in
Greater Nashville. Preliminary estimates of property damage are in excess of $2 billion in
Greater Nashville alone.

Due to the significant effects of the event, the National Oceanic and Atmospheric
Admini strationdés National Weather Service for]
Nati onal Weather Servicebs performalthee before
findings and recommendations from this assessment will improve the quality of National Weather
Service products and services, and enhance awareness relating to flash flooding and river
flooding. The ultimate goal of this report is to help the Natiddeather Service perform its
mission of protecting life and property and enhancing the national economy.

inistrator
ter Services

January 2011
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Executive Summary

Widespread record flooding occurred across theMigsissippi and Lower Ohio Valleys due
to an unprecedented heavy rain event on May 2010. This flooding prompted a major
response by the National Weather Service (NWS), emergentggaes and responders, state and
local governments, the United States Army Corps of Engineers (USACE) and the United States
Geological Survey (USGS).

Catastrophic flooding occurred in Greater Nashville, western KentanklyMiddle
Tennessee May-4, 2010 The event began with heavy rain on Saturday, May 1. There were
numerous flash floods, and rivers quickly exceeded their banks. A second period of heavy rain
occurred over much the same area on Sunday, May 2, resulting in a repeat of flash flooding and
escalated river flooding to major and record flood levels.

Record levels were set at 11 NWS river forecast locations. River flooding covered parts of
Kentucky, Tennesseand Mississippandinvolved operations at two NWS River Forecast
Centers (RFCq)Lower Mississippi RFC and Ohio RF@nd five NWS Weather Forecast Offices
(WFOs)(Memphis, TN Paducah, KY Louisville, KY; Nashville, TN and Jackson, K)Y

Low pressure over the western United States and high pressure across the East allowed a
plume of moisture from the Gulf of Mexico to push into portions of Kentucky and Tennessee.
This deep moisture interacted with a stationary surface front, resulting in the development of
severe storms with torrential rain over the weekend of M2y 1

WFOs Pducah and Louisville issued flash flood watches the preceding Thursday, April 29,
and WFO Nashville issued a Flash Flood Watch on Frillagl 30. Theteam concludethat the
media and emergency managers were well informed of the potential for sigriificaiing.
Nashville media began 2dour coverage on Saturdday 1,which continued through the
weekend.

WFO Nashville issued severfddshflood warnings Saturday morning, followed by
widespread flood warnings that blanketed most of its county m@area; however, the wording
of these products was such thanyemergency managers and residents underestimated the
catastrophic nature of the flooding.

Additional heavy rain on Sundayay 2,resulted in river flooding that continued through
TuesdayMay 4. The heaviest rain occurred in the uncontrolled basifhthe Cumberlan®iver,
which resulted in the unprecedented flooding.

liUncontrolledo river basins are those in which
hold back or control flood waters, i.e., these basins have limited or no reservoir storage to reduce river
flow. Rain falling into these basins runs ditganto the rivers and tributaries, impacting their levels.



The extreme and widespread nature of this event caused NWS, USACHSGS staffs to
be pushed to the limit in terms of workload. First responders, emergency maaaddosal
officialswe e t hrown into the Aflood fighto on Satur
Personnel in every agency involved were in a reactive mode, making all effort to maintain
operations and provide critical emergency support and services.

Sunday morningVay 2, the Ohio River Forecast Center (OHRFC) coordinated with WFO
Nashville, which issued the first River Flood Warning for the Cumberland River at Nashville at
9:50 am. Central Daylight Time. This forecast called for a crest of 41.9 feet by evening. Flood
stage is 40 feet, and major flood stage is 45 feet.

During a critical period Sunday afternoon and evening, the NWS and USACE did not
communicate effectively regarding updated releases (outflows) from USACE reservoirs. This
lack of critical informatiore x change and mutual wunderstanding
inaccurate river crest forecasts on the Cumberland River. USACE personnel were completely
engaged in critical operations to prevent damage to structures or dam failures along the
Cumberlad River as the flooding intensified. With incorrect or untimely information from the
USACE about their operations, as well as miscommunications and ineffective information
exchanges between the USACE and NWS, NWS forecast crests were quickly exceeded on
Sunday when the river stage at Nashville rose rapidly through moderate and major flood levels.

Manyresi dents of Nashville who were interviewe
numerous watches and warnings issued by WFO Nashville. The residerdivedhat flood
warnings did not directly affect them; they could not relate river levels to flooding at specific
|l ocati ons. The Nashville Mayor s Office of E
for the Cumberland River at Nashville weagding behind observed river levels. One user told
theteamthat his office lost confidence in river forecasts Sunday as forecast crests changed
dramatically and frequently.

Through the weekend into Monday morning, the Cumberland River at Nashville rose more
than 33 feet, cresting at 51.8&ton Monday eveningMay 3 This stage was approximately 4
feet higher than the previous flood control era peak (47.64 feet, March, 89d510 feet higher
than the original forecast issued Sunday morning.

Many other record flood levels were set. Record discharges were made from USACE Lock
and Dam projects in the Cumberland RiBassin including those at Cordell Hull, Old Hickory
(upgream of Nashville), Cheathamnd Barkley.

Theteamfound that everyone involved in this event, including federal, state and local staff
members, were dedicated to their respective missions. In many cases, individuals went beyond
the call of duty. Foexample, WFO Nashville employees risked their personal safety to
supplement operational staffing on Sunday morning, when two of three roads into the WFO were
impassable due to flooding. Tennessee USGS staff braved extreme elements to take manual river
gace readingshatwere relayed to the NWS. USACE staff members at projects along the
Cumberland River risked their own safety to ensure that the integrity of dam projects was not
compromised.

In all, 26 people lost their lives due to flooding. There vi&réatalities in Middle Tennessee
with 11 occurringin Greater Nashville. Property damaggtimatesn Greater Nashville alone
were over$2 billion.

Xi



This service assessment supports a number of key findings and recommendations for
improved NWS servicesThe primary recommendatiodentifiesthe need for improved
communication and collaboration between WFO Nashville, the OHRFC, USACE Nashville
(LRN) and the Tennessee USGS.

Key Findings:

1. Coordination and effective communication between the NWS and primary federal water
partners, the USACE and USGS, was lacking at critical times during the event,
undermining key forecasts, particularly on the Cumberland River at Nashville.

2. Effective comnunication was hampered by a letegm working relationship deficient in a
comprehensive understanding of each agency
and critical data needs, especially during-nautine events.

3. Preevent coordination wgzroactive. Weather forecasts were sufficiently accurate to
alert federal partners and other relevant organizations to the elevated risk for serious
flooding in the region during the weekend. The NWS, along with many partners,
responded by planning inced staffing levels.

4. Despite presvent actions, the increased staffing during the event at the two NWS offices
most impacted, WFO Nashville and OHRF&Gsmot sustained consistently at levels
required to respond comprehensively to the extreme flooding.

5. Many people did not respond to NWS warnings because the products were not tone
alerted via the Emergency Alert System, were not worded in such a miaaner t
adequatelyeflecedthe urgency of the situatipar because the warnings were not
specific enoul to cause listeners to believe the flooding would impact their location.
Some people failed to receive warnings, or chose to disregard warningsetan
television(for example, the tubing fatality on Mill Creek).

Key Recommendations:

1. The NWS shold engage in additional interactions and exercises with USACE and USGS.
Results of these efforts should be a clear understandihg operating needs and
procedures of each agency during routine and extreme etrentseation ofuality long
term relaionships and ensuring opeand effectivecommunication.

2. The NWS should support field office staffing for potentially high impact events by

implementing proven prevent and event staffing models successfully employed by other
field offices.

Xii



3. NWS, USACE and USGS should expedite efforts to develop and implement Integrated
Water Resources Science and Services. This effort should include expanding current
inundation mapping initiatives imajor populated and floeprone areas

Xiii



Service Assessment Report

1. Introduction
1.1. NWS Mission

The National Weather Service (NWS) provides weather, hydrologic, and climate forecasts and
warnings for the United States, its territories, adjacent waterscaah areas, for the protection
of life and property and the enhancement of the national economy. NWS data and products form
a national information database and infrastructwhech can be used by other governmental
agencies, the private sector, the jputdnd the global community.

1.2. Purpose of Assessment Report

This document presents findings and recommendations regarding NWS performance during
the river flooding and flash flooding from May4l 2010. The area most impacted was western
and Middle Tenassee, including Greater Nashville, and western and central Kentucky. This
Service Assessment focused on Greater Nashville and portions of Middle Tennessee due to the
significant loss of life and the extreme amount of property loss in those areas.

The dojectives of this assessment are to identify effective operations, significant findings and
best practices, and to recommend remedial actions to address service deficiencies. This report
focuses on the following key areas:

e Timeliness, quality, accuracgnd usefulness of NWS forecasts and warnings from the
perspective of high impact services and decision support

o Effectiveness of NWS internal and external coordination/collaboration
Effectiveness of NWS information dissemination and communication of umtgrta
and flood risk

e Effectiveness of hydrologic forecasting and warning procedures at NWS offices

e Identification and evaluation of opportunities to improve collaboration among other
federal, state, and local agencies



1.3. Methodology

The NWS formed aassessmerteam on May 20, 201(pége iXY. Team efforts included the
following:

Completed amnsite evaluation from May 2@7, 2010

Interviewed staff from WFOs in Nashville, I (OHX) andLouisville, KY (LMK), andthe
OHRFC in Wilmington, ®1. Theseoffices had primary responsibility for providing
forecasts, warningsind decision support to the residents ameigency Managers KE)

of the most affected areas

Conductedhone interviews with th&leteorologisin Charge (MIC)and Service

Hydrologist alWFO Paducah, K and with the Lower Mississippi River Forecast Center
(LMRFC)

Met with representatives from the USACE Great Lakes and Ohio River Division Office in
Cincinnati (USACE LRD), USACE Nashville District Office (LRN), and United States
Geologica SurveyTennessee Water Science Celffié&d USGS)

Interviewed EM, the media, and the public, as well as other government agency
representatives

Conductedhssessents ofthe damaged areas

Il nterviewed representatives Senmatorrhamtalhe Nas hv
Al exander ORepresénfativé iem @oadper 6s office
Interviewed representatives from Gaylord Entertainim@nners of Opryland Hotel and

the Grand Ole Opry

Evaluated products and services issued by the aforementioned WFOs and RFCs, as well as
national guidance issued from the Hydrometeorological Prediction Center (HPC)
Developedsignificant findings and recommendations to improve the effectiveness of
NWS prodicts and services



2. Event and Hydrometeorological Summary

Catastrophic flooding occurred across western and Middle Tennessee and western and central
Kentucky from May 14, 2010. Flood damage was estimated at more than $2 billion and there
were 26 floodrelated fatalities. The worst flooding occurred in and around Greater Nashville.

At the time of this reporta papeunder peer review entitlgil he Devastating Mid
Mississippi Valley Floods of2 May 2016, by Ri chard H. Grumm, Nat.i
notedthe following A T h e e v2eMay 20k® had.l .key ingredients for a significant heavy
rainfall event (Doswelét al.1996), and for historic events (Bodner 2014)T hi s case i s a
case on the value of anomalies in identifying a potéyntsanificant heavy rainfall event. .
.Clearly defined a threat of a Maddox Synoptic event type with a strong southerly jet and a surge
of high PW [precipitable water] air into the

2.1. Antecedent and Event Conditions

Drier than normal conditions characterized the impacted area from February through late
April. The May 12 heavy rain event increased precipitation to well above normal for the year to
date at Nashville. This rainfall resulteddath the third highesind highest 2dour amounts in
139 years of record at Nashville. The resultadag rainfall total broke the record for the wettest
May on record.

In late April, an upper level trough developed across the western United States, allowing
southerly flow 6 push into the midMississippi and Lower Ohio Valley region. This moist flow
interacted with a stationary front oriented northeastthwest across the Mississippi Valley
(Figure 1).

Weather disturbances in the maVels of the atmospherEigure 2) hdped trigger storms
that produced heavy rainfall over the same areas May |h the lower levels of the atmosphere,
a 65knot (75 mph) jet was the key source of moisture transport into the réggumg 3).
Precipitable Water (PW) values, a measurkeaf much moisture is in the atmosphere
(Figure 4), were up to 2 inches during the event. These values indicated an unusually high
amount of available moisture.



Figure 1:  Surface Weather Map, May 1, 2010, 78fh.Central Daylight Time CDT).

.
500-Millibar Height Contours at 7:00 A.M. E.S.T.

Figure 2: Upper air chart showing flow and disturbances at approximately
18,000 feet Above Grounicevel (AGL), May 1, 7:00a.m.CDT.



Figure 3: Lower levels of the atmosphere showing moisture transport (green lines) from the Gulf
of Mexico into the Mid Mississippi and Tennessee Valleys, at approximately 5,000 feet
AGL; May 1, 7:00a.m.CDT.

Figure 4: Climatological PW isa measure of available moisture in the atmosph@ieserved
PW for Nashville at 7:0@.m.and 7:000.m.May 1 is denoted b¥s. The observed
values arat nearly the maximum ever observed at Nashville for that time of year.
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