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[. Introduction

A series of three low pressure systems traversed Arizona during the weeR3faBuary 2010,
causing extreme smdall, intense rainfall, and strong winds, which combined to cause
widespread impacts to the people and infrastructure of the state (Table 1). Heavy snow was
primarily confined to elevations abovg60 feet, with record flooding below3®0 feet south
andwest of the Mogollon Rim (Gila, Maricopa, and Yavapai Counties). The third event in the
series, which occurred primarily on 21 January 2010, was, by far, the most intense: this storm
brought record low barometric pressure readings, unusually heavy faeeaipianomalously
strong surface gradient winds with dense blowing dust, and isolated severe thundefstorms
tornadowas confirmedhear the Arizona border tovef Blythe, California.

Precipitation totals for the entimeeekexceeded ten inches in soareas (Figure 1), while high
elevation snowfall totals were measured in feet rather than inches. Fordbevents40 to 60+

inches of snow fell over much of the Mogollon Rim above 7,000 feet, with a few reports of over
90 inches at the highest elewts (Figure 2). Eighteen to forty inches of snow fell over parts of

the Navajo and Hopi reservations in Northeast Arizona, severely hampering services in the area.
The Flagstaff Airport received 54.2 inches of snow during this period, the fifth greaiest sn

total on record. Snow water equivalent (Figure 3) was unusually high, which increased the threat
that flooding could be exacerbated, especially if a warm rain event suddenly released much of
the stored moisture.

Table 1.Time line of events during theeek.

Event
Number Dates Impacts
Early Morning of 18 Eight to twelve inches of snow and 0.5 to 1.0 inches of ra
January 2010 throug : Y
Event 1 : below the snow level with the bulk of the precipitation ove
the Morning of 19 ;
Central and Nohtern Arizona.
January 2010
Late 19 January 201 Eight to fifteen inches of snow and 0.5 to 1.5 inches of rai
Event 2 |through the Morning .
below the snow levedtatewide.
of 20 January 2010
The most significant event of the week. Thirty to fiftye-
plus inches of additional snow abov@Qd0 feet, and rainfall
Early Morning amounts of 5 to 10 inches at lower elevations mainly on tf
Event 3 Thursday 21 Januaryfavored upslope locations just south of the Mogollon Rim.
2010 through 23 Winds of 40 to ® mph occurred, mainly in advance of a cg
January 2010 front that moved east across Arizona the evening of 21
JanuarySeveral strong to severe thunderstorms occurred
conjunction with the frontal passage.
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Fig. 1. Storm total precipitatiofliquid equivaént), from 18 January 2010 through 23 January
2010.
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Fig. 2. Snow depth total across Arizona at 5 AM 24 January 2010 (courtesy of the NOAA
National Operational Hydrologic Remote Sensing Center (NOHRSC)).
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Fig. 3. Snow water equivalent across ArizondaM 24 January 2010 (courtesy of the NOAA
NOHRSC).

Given the fact that several strong storm systems affected Arizona in less than one week, and the
unusual intensity of the third storm in the series, it is not surprising that significant impacts,
including loss of life, were experienced. Flooding was observed at many locations along, south,
and west of the Mogollon Rim from late 21 January 2010 thro@gla@uary 2010, with some of

the worst flooding along the Agua Fria River in Black Canyon City, alamgo Creek at Tonto

Basin, and along Centennial Wash in Wenden. High snowfall amounts resulted in the closing of
major highways across Northern Arizona, a temporary loss of access and basic services, and
some structural damage due to the unusually degpnaist snow.

This report, a collaborative effort of the four National Weather Service (NWS) Weather Forecast
Offices (WFOs) that serve Arizona, reviews the meteorological conditions (Section 2) and the
services provided by the National Weather Servieet{Sn 3) during this week of extraordinary
winter weather.



ll. Meteorological and Hydrological Conditions and Impacts
A. Development of El Nifio

The winter of 2002010 proved to be quite active across Arizona, thanks in part to a strong El
Nifio (Fig. 4). El Nifiq aperiodic warming of sea surface temperatures iretheatorialPacific
Oceaninfluences weather patterns across Ed&ttst El Nifio eventisave typically been
associated witlabove normalvinter precipitatiorfor the Southern Unite8tatesincluding
Arizona(Fig. 5) as expected, above normal winter precipitation occurred over Arizona in
conjunction with theéel Nifio of 20092010 (Fig. 6).

Development of El Nifio conditions was expected well ahead of tmeNOAA Climate

Predidion Center (CPC) forecasian enhanced probability for above normal rainéatoss the
southern United Statekiring the 2002010 winter as early as June 2009 (Fig. 7). From
September 2009 through December 2009, the NWS WFOs in Arizona providegddcali

outlook information on their web sites pertaining to the expected impacts of El Nifio during the
coming winter. A joint briefing between the NWS WFOs and the NOAA CPC was conducted in
December for local media and emergency managers.
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Fig. 4. Sea stface temperature anomalies (SSTAS) of the equatorial Pacific waters (5°S to 5°N
and 120°E to 80°W) from March 2009 (top) to February 2010 (bottom). The darker orange
colors in the centelottom of the graph indicate warrgrannormal SSTAZEI Nifio)

devdoped during Fall 2009 and continued throymter 20092010.
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Fig. 5. Precipitation anomaly (in inches) by climate division during nine previous El Nifio

events. Blue (orange) shadings represent above (below) average November through March
precipitation Above average precipitation is common across the Southern Unitedz®ia e
Eastern Seaboariring an El Nifio winter.
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Fig. 6. Precipitation anomaly (in inches) by climate division during the wet season c£22009
Blue (orange) shadings reprasabove (below) average November through March precipitation.
Above average precipitation was measured across the Southwest and the Eastern Seaboard.



December - February 2009-10
Precipitation

Fig. 7. Climate outlook for DecembelanuaryFebruary 2002010 issued June 2009 by the
NOAA Climate Pediction Center. The green areas across portions of the Southern U.S.
represent an enhanced probability for above normal precipitation.

B. Weather Pattern of 1823 January 2010 Overview

Given the extreme weather observed over much of Arizona duengebk of 183 January,
highly anomalous synoptiscale weather conditions had to exisgures 817 depict observed
mean conditions and anomaly maps for a series of key weather parameters.
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Fig. 8.250mb heighttpop) and anomalykiottom) maps during the period 48 January 2010. A
very deep and large low height system, nearly 500 meters below normal, was centered just off
the Northern California coast while a height anonmadgirly 400 meters above normeas

centered over Hudson Bay.
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Fig. 9.500mb heighttbp) and anomalylottom) maps during the period 48 January 2010. A
very deep and large low height system, over 300 meters below normal, was centered just off the
Northern California coasthile a height anomalin excess of 250 aters above normal was

centered oveHudson Bay.
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Fig. 10. 700mb heighttop) and anomalylottom) maps during the period 48 January 2010.
A very deep and large low height system, ®&0 meters below normal, was centered just off
the Northern Calornia coastvhile an anomaly over 150 meters above norwesd centeredver

Hudson Bay.
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Fig. 11.Sea level pressuréof) and anomalyl{ottom) maps during the period 48 January
2010. A very deep and large low pressure system, over 30mb belowl nestadf the Oregon
coast dominated the westetralf of the North American continent.
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Fig. 12.250mb temperatureéqp) and anomalylottom) maps during the period 48 January
2010. Unusually warm temperatures in the upper levels of the atmospleetbeEastern
Pacific Ocean occurred as a resiltargescale latent heat release.
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Fig. 13.500mb temperatureéqp) and anomalylottom) maps during the period 48 January
2010. A very strong baroclinic zone (tight gradient between below avaratjabove average
temperatures) helped create a very strong upper level jet, which in turn led to the development of

severahighly baroclinic disturbanceslifort wavdroughs)that crossed Arizona.
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Fig. 14.700mb temperaturedp) and anomalylottom) maps during the period 48 January

2010.Anomalouslycool temperatures extended from the Northeast Pacific Ocean into the
Southwest U.Swith anomalously warm temperatures over Canada and theasorttal United
States
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Fig. 15.250mb vector wid (top) and anomalyl{ottom) maps during the period 48 January
2010. Anomalously strong upper level winds extended from the Central Pacific into the Desert
Southwest.
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Fig. 16.500mb vector windt¢p) and anomalyl{ottom) maps during the period 48 January
2010. Anomalously strong upper level winds extended from the Central Pacific into Northern
Baja and portions of Arizona.
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Fig. 17.700mb vector windt¢p) and anomalylottom) maps during the period 48 January
2010. Anomalously strong ppr level winds extended from the Central Pacific into Southern
California, Northern Baja and Arizona.



C. Event 1- 1819 January 2010

The firstweathereventassociated wittheanomalous largecale weather patteotcurred
during the early morning heosiof 18 January 2010 through the early morning of 19 January
2010. This event waassociated with thigrst significantbaroclinic disturbancesbortwave
trough)to move through the persistent west to southwest flow paftenprimary impactsvith
this eventwerefelt across Central and Northern Arizomanere light to moderate rainfall of
generally one inch or less occurred in the lower elevations (FigvHiB) moderate snowfall of
8 to 12 inches occurred in the mountains of Northern Arizona méamolyeag500 feet. The main
lifting mechanism in the early stages of this event was primarily from warm air advection and
orographic enhancement into the Mogollon Rassociated with0 knot southwesterly flow at
700mb. As theshortwave skirted through Ndrern Arizona during the early morning hours of
19 January 201@pslope enhancement continyedhile precipitationwas enhanced alongcald
front thateventually became quasiationaryacross the stat&his éset the stagdor the next
weather event.

Precipitation 5AM 18 JAN 2010 to 5AM 19 JAN 2010
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Fig. 18.Precipitation (liquid equivalent) totals from 5 AM 18 January 2010 to 5 AM 19 January
2010.



D. Event 2- 19-20 January 2010

The second event to impact Arizona occurred primarily from 19 January 2010 into 20 January
2010.This weather disturanceproduced gusty winds, light to moderate valley rainfall and
heavy mountain snowfall. In and of itsgliis was a moderate impact evdnguid equivalent
precipitationgenerally rangdf r o m 0 .5Q 6 0 a mastofg¢hestate(Fig. 19). Giventie

return mild southerly flow ahead of this stronghortwaveand associated cold frorddmpared

to Event ), snow levelavere initiallyrather highmainly above 7000 feeDnce the cold front
moved throughsnow levels dropped to 50500 feet. Evie though wind speeds topped off at

50 kts at 850mb and 60 kts at 700mb, widespseafhcewind gusts of35to 50 knaots were
observed across Southeast Arizona. A peiskl gustsof 60 knots wasmeasured at Fort
HuachucaHeaviest rain fell over souttent al Ari zona, with 0.50 to 1.
near Phoenix (Phoenix Sky Harbor ASOS recorde

Preupltatlon 5AM 19 JAN 2010 to 5AM 20 JAN 2010
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Fig. 19.Precipitation (liquid equivalent) totals from 5 AM 19 January 2010 to 5 AM 20 January
2010.



E. Event 3- 21-23 January 2.0

This was the most intense and unusual storm in the selaey. alktime lowest barometric

pressure readings were established®1 January, including the followinBhoenix Sky Harbor
(29.20wma,(29.120) , Las Vegas IMctCarnraan o(n2a9 . 03209
San Diego Lindber gla hFoiee |ldn t(e2r9n. ahdcongkaaC/R e(n208 . 9 9 0)
( 2 8 . Bidure 20.depicts MSL pressure at 0000Z 22 January 28&@0surprisingly heavy

precipitation and unusually high winds accompatinesl storm system.

For lower elevationdheavyrainfall, in conjunction with runoff fronprevious heavy rainfall over

the upstream higher terrain, resulted in floodegpecially overentral anchorthern Arizona,

downstream from the Mogollon Rimherethe greatest amount of precipitatimas observed

Yuma, Arizona, established its all time greateg¥ precipitation amount faJanuary day,

with 1.950 f al Arizonagetsraltinzell-d dpansaowf al | record,
SunriseMountain from 1200Z 21 January to 1200Z 22 January.

Very high winds occurred across much of central and southern Arizona on 21 Jsvindry.
gusts of 45 to 65 mph were widespreaih localized gusts in excess of 90 mph (Figs. 21 &
22). An observem Ajo, a small town in western Pima Countyeasured peakwind gust of 94
mph. These strong winds resulted in considerable damage, especiallycantcsandvestern
Pima CountyStrong southerly winds caussdynificant problemstboth Phoenix SkyHarbor
and Tucson International Airports, since both airports employ-@asttrunwayslhe unusually
strong and persistent crosswinds causadynilightsto becanceled andsome airlines ceas
operationsat those airportdhrough much of the afterno@amd evening. Localized reports of
reduced visibility due to blowing dustere receivedprimarily over the lower deserts sduth
central Arizona during the afternopwhere very little rain had occurregor elevations above
7,000 feetwhere moderatetheavy snow was fallindgpigh winds producedreas oblizzard
conditions a relatively rare phenomenon for Arizoitdie good newsoncerning this wind event
was:for several dayprior to 21 Januaryjumerical weather models had forecasery strong
low level jet with southerly windn excess 080 knotsat 850mb (approximately 5,000 ft MSL)
and90 knotsat 700mb (approximately 10,000 ft MSlip develop over southwest and seuth
central Arizona on 21 January, so forecasters were better able to ighéigotential for
strong, possibly damaging gradient wemkociated with this unusual storm system.

During the afternoon and evening hours of the 21is&reow line of thunderstorms formed along
and just in advance ofald frontthat movedrom westto east acrossoutheast California and
Arizona Unusually strong lownid level wind shear combined with modest instability to
increase the chance for severe multicell and supercell storms, with the possibility for tornadoes
and even stronger straightdi wind.This prompted the NWS Storm Prediction Center to issue a
rareTornado Watch fomost of Southern Arizona and the adjacent portion of far Southeast
California this was the firstornado watch issued for any portion of Arizona since 18 January
1998 and only the third tornado watch issdedArizonasince 1971As the front advanced
eastward, NWS Doppler Radar detected and NWS meteorologists obsémed=aho Wave
Pattern (LEWP)with bowing line segments along the line of storAgew stormsexhibited
moderatestrong lowmid level rotation, and severarhado warnings were issued by the NWS
for these storm®nly one tornado was confirmed: an EF1 tornado occurred near Blythe,



California, shortly before 325 pm PST (a tornado warning wadectdbr the areaMultiple
reports of a tornado in North Scottsdale were received by WFO Phakitéxa tornado warning
was in effect for that area; howevaidamagesurveyconductedoy NWS meteorologighe
following day concludedhatstraight linewindswere to blame for the observed damage.
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Fig. 20.GEFS MSLP (solid lines) and standardized anomaly (colored image) map from
initialization on 00Z 22 January 2010 run. A large area of greater than five standard deviations
below normal extends from rol of Arizona across California and into the Eastern Pacific.



Fig. 21.NAM12 initiaizatin feld of 850mb (approximately 5,00 ft) winds valid 00Z January
22nd. A low level jet of 801kats (90 mph, white areas) can be seen across Southwest Arizona.

Fig. 22.NAM12 initialization field of 700mb (approximately 10,000 ft) winds valid 00Z 22
January 2010. A low level jet of 7D knats (8390 mph, red areas) can be seen across Arizona.



Precipitation 5AM 20 JAN 2010 to 23 JAN 2010
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Fig. 23.Precipitation (liquid equivalent) totals from 5 AM 20 Jary2010 to 5 AM 23 January
2010. Totals in areas mainly affected by snow were likely underestimated.



Certainly,high winds created a huge impactoss most of Arizona; howevéeavyvalley

rainfall andblizzard conditions in the mountaingre also highmpact eventsMountain

blizzard conditions weralso significant event®recipitablevater values in excess of one inch

helped lead to rainfall amound$ one to two inchem the valleyswith localized values in

excess of four inche&ig. 23). These higher values were most common in the mountain foothills
where strong orographic lifting enhanced the precipitati@uid equivalent precipitation across

the foothills and mountains north and east of Phoenix were in excess of tennmeties

locations. Specific precipitation totals for this eveM:u ma, Ari zona, recei ved
wettest January dayonrecpkll agst af f Ari zona r eagesdrdvidad 3. 390
amount for January ( ol9t0)anda@aytatal of42 .206820 20ln 1 J
January)Tucson I nternational Ai r,a@recortdforrthe gateraride d 1.
fifth wettest January day onreco@ghdP hoeni x Sky Har bor recorded
January, a record for the dated fourth wettest January day on record.

a
1
1

Warmsoutherly winds ahead of the cold freasulted in very high snow levels, above 8500 feet,
early in the event; however, snow level quickly lowered to near 6000 feet as the front swept
through, then brieflydwered below 3500 feet the morning of 22 Januaryuick burst of heavy
snow resultedin€0 o f ac cumul adren)dnpreviouslytmerdion&ll btizaaed or
nearblizzard conditions occurrad the high country whereigh winds occurred in compction

with falling snow.Where heavy rainfall occurred on pegisting snow cover, enhanced runoff
and localized flooding occurretbr example, a record flood crest was observed on the Agua Fria
River near Rock Springs, and additional flooding occuorethe San Carlos River and
numerous small streams in central Arizodawever,the rapid lowing of snow level overnight
resulted in less runoff than had been expertesdme areas, including through the Oak Creek
Canyon.

The last part of this evestvent occurredrom late on22 January through the morning of 23
January, as a short wave trough moved east across the fHymdisturbancerovided ample

lift, which acted on the already established deep moisture profile to produce additional valley
rain and higher elevation snowfalls this shortwave originated from higher latitudasd with
colder air already in placenow levels were considerably lower for this portion of the event
Snow was observeak low as 500 feet with a light accumulatirsnowfall between,800 to

5,000 feet rangevith even higher amounts abov@®80 feet. Valley rainfall averaged one quarter
to three quarters of an inch.

F. Weather Summary and Impacts
1. Snow

Three separate snow events combined to produce enosmowsall totals for the weelong

storm. Table 2 shows the snowfall totals (in inches) for each of the three separate snow events
within the weekong larger storm, along with a total for the entire week. Locations in which

totals for individual events werunavailablar e | i sted i n Tabl e 2 with
(A*0) denote those | ocations where estimated
higher tharwhat isreportedhere.



Although Table 2 lists impressive snowfall amounts forriE\Bz as well as for the entire week,
should be noted that snowfall amounts over much of the Mogollon Rim would have been
significantly higher if the snow would not have changed to rain during the afternoon and evening
hours of 21 January 2010.

Table 2. Snowfall amounts for each eveag well as the weeklstorm total(inches.

Location Event 1 Event 2 Event3 |Week Storm Total
Sunrise Mountain 12* 10* 40-60* 90-96*
AZ Snowbowl 8-12 7-10 30-40* 67-92*
Forest Lakes M M M 72
Hannagan Meadow M M 40* 50-70*
Kachina Vlllage 8-9* 8-9* 34* 50-65*
Greer M M 50 60
Clints Well 3-4 16 30-37 50-60
Pinetop 7* 8* 3545 50-60*
Mt. Graham M 12 20* 40-60*
Grand Canyon N Rim M M M 57
Flagstaff Airport (KFLG) 9.4 8.9 36.4 55.4
Bellemont (NWS offie) 9.8 4.9 38 52.7
Heber 3-4 13 30-36 47-53
Munds Park M M M 50
Mt. Lemmon M 9 12* 30-50*
Parks 6 4-7 30* 43*
McNary 5 8.3 24-30 37-43
Williams 4-7 4.5 28-32 3943
Tonto Village 6.5 6 30 41
Show Low M M M 32-36




and a communlty ice rink (right).

Heavy, wet snowfalbf this magnitude resulted in extreme snow loading of roofs over much of

the Mogollon Rim. Numerous flat roofs in Flagstedilapsed under the weight of the snow;

businesses that sustained significant roof damage incBided k manés Ent ert ai nmer
its neighbor JeAnn Fabrics and Crafts, and the Jay Lively Ice Rink and Recreation Center (Fig.

24). The roof of the PinepeLakeside Fire Station Number 2 in Pinetop also collapsed. In

addition, widespread power outagesich lasted up to several daygre reported across much

of the Eastern Mogollon Rim and White Mountains

Eighteen tdorty inches of snow fell over ptrof the Navajo and Hopi Reservations, severely
hampering services in the area. Duéhi® rural and remote naturepdrts of these reservations,
many roads remained impassable for days. When snow finally began to melt, mud became a
problem whichprevered travel on many primitive roads. Two deaths were associated with
snowbound vehicles during the latter portion of the st@ther problems experienced on the
reservations includeshortages ofood, waterandmedicine delayed clearing of paths and
roadways, broken or limited communication, widespread power outages, and delayed rescue
services

2. Heavy Rain and Flooding

Light to moderate rain fell below 6500 feet during Events 1 and 2; however the heaviest rain of
the week fell during Event 3. Altugh much of this precipitation fell as snow aboys96 feet,

lower elevations received anywhere from 4 to 10 inches ofitaing Event 3the heaviest of

which fell over Gila and Southern Yavapai counties. Table 3 lists rain and melted snow amounts
(inches) for a few selected locations for gegiod 1823 January 201('he extreme

precipitation amounts during 4222 January 2010 were, for a four day period, 1 in 100 year

events for many placeand even reached 1 in 500 year levels for isolated losai€ig.25).

Note that a 1 in 100 year (500 year) event means a 1% (0.2%) ¢hahee event of that

magnitude would occur in any given year.



The heaviest rain impacted the Tonto Creek and Agua Fria basins, and consequently resulted in
rapid and sigificant rises in Tonto Creek and the Agua Fria River. The Agua Fria River at Black
Canyon City and Rock Springs sted near 28 feethjgh enough to result in widespread flooding

of land adjacent to the rivencluding several neighborhoods and mobilenegarks. Farther
upstream, along the Agua Fria at Mayor, a six year old boy was swept to his death by flood
waters after his parentsodé6 vehicle became st al
by flood watersFortunately, te v i c t i maddnesiblingesurvived the ordeal. Tonto

Creek also experienced significant floodingpich resulted in evacuations along the creek in the
communities of Tonto Basin and Gisdfooding along the Centennial Wash prompted

evacations in the town of Wendemcommunity in westentral Arizona that had experienced

very significant flooding back in October 2000.

Several other creeks, river tributaries, and washes awabern Arizonabutsouth of the
Mogollon Rim experienced flooding. Table 4 summasizgeek and river crests and associated
impacts acrossorthernand centralArizona.Fortunatelythe upper basins along and just south
of the Mogollon Rimincluding Oak Creek and the Verde Riweere spared significant
flooding. Several factors led tbese upper basins being spared, including:

e A lower snow level at the onset of the precipitation during the morning of 21 January
2010 (Event 3) before the changeer to rain later in the morning. Snow fell for several
hours as low as,800 feet that moiing .

¢ Much of the rainfall over the higher terrain was absorbed by a deep snowipiabk
prevented runoff into the lower elevation basins.

e The heaviest rain during Event 3 fell across the lower basins, generally hBatwé&et.
Much of the rainfall rnoff across these lower basins drained into Tonto Creek and the
Agua Fria River.



January 19 - 22, 2010 Precipitation
4-Day Average Recurrence Interval

LR . ARI (Years)

A
G

=

L]

m

i

3

3

=
o

]
=]

=
{e=

Fig. 25.Recurrence intervals for 122 January 2010 total precipitation. A few locations
experienced rainfall amounts that equate to a 1 in 500 year event, or a 0.2%ilpyoddf
occurring in a given year.



Table 3.Total liquid precipitation (rain and/or melted snow) amounts in inches.
Liquid Precipitation

Location (Rain and/or Melted Snowin inches
Wet Bottom Creek near Childs 12.17
Globe 11.99
Tonto Creek Fish Hatchery 11.12
Payson 9.35
Happy Jack 7.90
Oak Creek Canyon 7.34
Pleasant Valley 7.10
Sedona 6.99
Prescott City 5.54
Flagstaff 5.27
Fort Valley 4.95
Bellemont 4.66
Bagdad 3.78
Heber 3.48
Prescott Airport 3.33
Window Rock 2.81
Ash Fork 2.50
Phoenix 2.40
Grand Canyon Airport 2.15
Winslow 2.00
Tucson 1.77
Page 1.12

St. Johns 0.89






