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METEOROLOGY 
 
Tropical moisture associated with the remnants of Hurricane Norbert and forcing from an approaching 
upper-level trough led to the generation of two Mesoscale Convective Systems (MCS) which merged over 
central Maricopa County early in the morning of September 8 th.  These systems produced 3.30ó inches of 
rain at Phoenix Sky Harbor airport which was the most rain ever recorded on a calendar day in its nearly 
115-year period of record.  Other locations across central portions of the county registered even greater 
totals with upwards of 4.00ó-5.50ó.  Heavy rain from this event ultimately led to significant urban 
flooding in and around the greater Phoenix area.  
 

Synopsis: 
 
In the days leading up to the event, District staff as well as many Federal agencies began keeping close 
tabs on the track of the 14 th tropical system, Norbert, to develop in the eastern Pacific.  Norbert 
organized into a tropical storm on the morning of September 2 nd before qu ickly intensifying into a 
hurricane the following evening.  Forecast tracks projected the hurricane to move northwest toward the 
southern tip of Baja California (BC) by Friday September 5 th before continuing northwest and weakening 
off the west of coast of  the BC Spur (geographical feature that bisects the BC peninsula) on Sunday 
September 7th.  A loop of all forecasts tracks produced by the National Hurricane Center (NHC) can be 
viewed here.  While the circulation center of Norbert was never forecast to make landfall in the 
southwestern US, numerical weather guidance continued to favor a deep surge of tropical moisture to 
move north out of the Gulf of California into southern AZ late Sunday into Monday.  Also of note, models 
were predicting an upper -level trough to continue to dig south across northern California and interact 
with remnants of Norbert creating a favorable region of forced ascent across the Lower Colorado River 
Valley (AZ/CA border) Sunday night before overspreading portions of south-central AZ into Monday. 
 
The synoptic setup on the morning of the event is shown in Figure 1 (below , p.5 ). The remnants of 
Norbert off the west coast of BC and the upper -level trough a cross northern CA can clearly be seen in the 
upper level images.  Of particular note is the large area of upper level divergence seen on the 300mb 
map.  This area of forcing served as a catalyst to help initiate the two thunderstorm complexes earlier in 
the morning that ultimately merged over central portions of Maricopa County.  Looking at the mid -levels, 
moist south/southeasterly flow was evident in both the 700mb and 850mb maps.  Surface moisture values 
were unseasonably high with area dewpoints running in the upper 60s to mid 70s across much of southern 
AZ, image (courtesy of NWS Storm Prediction Center at 07Z, 12:00am MST).  Precipitable water values 
were monitor ed throughout the morning as a deep surge of tropical moisture moved north into 
southcentral AZ.  A value of 2.00ó was observed at 12:00 am MST before peaking at 2.44ó at 6:00 am 
MST.  More evidence on the significance of this moisture surge can be seen by viewing the blended Total 
Precipitable Water (TPW) product here (Courtesy of UW-Madison CIMSS).  TPW values in excess of 200% of 
normal can be seen across large portions of south-central AZ.  
 
Mesoanalysis data over southcentral AZ, including the greater Phoenix area, after midnight on Monday 
revealed an environment favorable for widespread organized thunderstorms.  Evidence of this is shown by 
the 08Z (1:00am MST) RAP Model images show here (images gathered from NWS Storm Prediction Center). 
Thermodynamic variables/indices of note include: the high CAPE/low CIN profile, l argely negative lifted 
indices, and two well defined regions of negative omega (rising motion) coincident over the two MCS 
development areas.  The atmospheric wind profile was characterized by effective bulk shear values in 
the 20-30 knot range, and a RAP model sounding for Phoenix sampled at 08Z (1:00am MST), Figure 2 
below, further shows favorable vertical and directional wind shear, i.e. increasing magnitude and veering 
with height (clockwise turn) present in the near storm environment.  Table 1 shows values from the 
Districtõs hourly Convective Quantitative Precipitation Forecast at 12:06am MST which was generated 
early in the development stages of the two convective systems.  Of note are the abnormally large 1 -hr, 
30-min, and 10-min potential rainfall r ates throughout the Districtõs 16 forecast zones. These rain rates 

http://www.nhc.noaa.gov/archive/2014/graphics/ep14/loop_3W.shtml
http://alert.fcd.maricopa.gov/alert/WY14/td_090814.gif
http://cimss.ssec.wisc.edu/goes/blog/wp-content/uploads/2014/09/140906-08_percent_normal_tpw_anim.gif
http://alert.fcd.maricopa.gov/alert/WY14/meso_090814.gif
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were indicative of the storm environment through the remainder of the morning and portrayed heavy 
rainfall capable of widespread flash flooding.  
 
 

Storm Summary and Radar Imagery: 
 
Two organized thunderstorm complexes developed during the early morning hours on Sept 8th.  These 
MCSs ultimately merged over central portions of Maricopa County while dropping torrential rain across 
the length of Phoenixõs urban corridor.  IR Satellite Imagery (courtesy of UW-Madison CIMSS) depicts the 
merger.  The rain event spanned roughly a 12hr period; however most locations picked up the bulk of the 
heavy precipitation in 6 -hour periods or less.  A radar loop covering the entire event can be viewed using 
the following links (download format: .avi , .gif ).  Radar estimated storm total precipitation amounts can 
also be viewed using the following links (download format: .avi , .gif ).  
 
The first complex of storms developed shortly after 10:00  pm MST on Sunday over portions of La Paz 
County and proceeded to drop heavy rain over the Centennial watershed before  shifting east/southeast 
over northwest portions of the County into 1:00  am MST.  Meanwhile, another large cluster of 
thunderstorms developed across central Pima County around 12:00 am MST.  Over the next hour these 
storms rapidly intensified and congealed into a well -organized cluster as they moved north into the 
Chandler and Queen Creek areas in the Southeast Valley dropping upwards of 1.50ó of rain.  From 2:00 
am-3:00 am MST the southern complex raced across the Central Valley  - radar loop (download format: 
.avi , .gif ).  Heavy rain fell in and arou nd the Buckeye area east across the heart of Phoenix into 
Scottsdale and south across much of the Southeast Valley.  Rain rates peaked anywhere from 1.00ó-2.25ó 
per hour, image.  This line continued northwest into Peoria, North Phoenix, Cave Creek, and Carefree 
areas with similar rain rates.  
 
Around 3:00 am MST attention shifted to the far West Valley as the first complex of storms had moved 
east along the I -10 corridor while u ndergoing rapid intensification on its southern flank.  Strong 
thunderstorms had developed on a line from the White Tank Mountains south through Rainbow Valley. 
Over the next two hours these storms proceeded to drop upwards of 1.75ó-3.25ó of rain (image) while 
continuing to grow in areal coverage.  By 4:30 am MST the two storm complexes had merged into one 
large MCS covering the eastern two-thirds of the county.  Southwesterly steering flow at the mid -levels 
combined with moist low -level southeasterly flow creating a near steady -state pattern of continuous 
thunderstorm redevelopment along the southern periphery of the MCS through the remainder of the 
morning.  Radar loops focused over the western and eastern halves of the Valley can be viewed using the 
following links: western loop (download format: .avi , .gif ) and eastern loop (download format: .avi , .gif ).  
Bouts of heavy rain due to storm -trai ning fell across the US60/93  corridor in the West Valley east across 
the Central Valley into the Ahwatukee and Mesa areas through 11:00 am MST before the MCS finally 
weakened and moved east of the county.  
  

http://cimss.ssec.wisc.edu/goes/blog/wp-content/uploads/2014/09/140908_goes15_ir_PHX_anim.gif
http://alert.fcd.maricopa.gov/alert/WY14/radarloop_090814.avi
http://alert.fcd.maricopa.gov/alert/WY14/radarloop_090814.gif
http://alert.fcd.maricopa.gov/alert/WY14/stp_090814.avi
http://alert.fcd.maricopa.gov/alert/WY14/stp_090814.gif
http://alert.fcd.maricopa.gov/alert/WY14/cent_090814.avi
http://alert.fcd.maricopa.gov/alert/WY14/cent_090814.gif
http://alert.fcd.maricopa.gov/alert/WY14/1hr_rain_3am_090814.jpg
http://alert.fcd.maricopa.gov/alert/WY14/3hr_rain_5am_090814.jpg
http://alert.fcd.maricopa.gov/alert/WY14/WVRV_090814.avi
http://alert.fcd.maricopa.gov/alert/WY14/WVRV_090814.gif
http://alert.fcd.maricopa.gov/alert/WY14/SEV_090814.avi
http://alert.fcd.maricopa.gov/alert/WY14/SEV_090814.gif
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4-Panel 12Z (5:00 am) Synopsis 09/08/2014 
 

 
 

 

Figure 1: depicts the synopsis at 12Z (5:00 AM MST) on Sept 8
th
 2014. The images are from the Storm Prediction 

Center upper air maps archive. A) is the 850mb map: the black lines are heights, the red dashed lines are isotherms, 
the green lines are isodrosotherms, blue barbs are wind speed, and station observations are plotted at each available 
location. B) is the 700mb map: variables colored the same as A. C) is the 500mb map: variables colored the same as 
A. D) is the 300mb map: the black lines are stream lines, the yellow lines are divergence, and station obs. are plotted 
at each available location. 
 
 

 

 
 
 
 
 
 
 
 
 

FIGURE 1 
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08Z (1:00 am) KPHX Forecast Sounding for 09/08/2014 

 

 
 
Figure 2: Skew-T/log P (vertical profile of the atmosphere above Phoenix) diagram at 1:00am MST on September, 
08

th
, 2014.  Sounding generated using NWS Bufkit software and RAP Model 08Z initialization.  The vertical axis is 

pressure in (hPa) and the horizontal axis is temperature in (°C).  The thick solid red line is the temperature profile.  The 
thick solid green line is the moisture profile, and the thick solid blue and yellow line is the atmospheric parcel profile.  
The vertical axis on the right displays the wind speed and direction at each level in knots.  Shaded bars on the vertical 
axis to the left are relative humidity. Green lines sloping from upper left to lower right are constant potential 
temperature (°K).  Thin blue lines sloping from right to left are isotherms (°C).  
 

FIGURE 2 
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TABLE 1: Hourly Quantitative Precipitation Forecast, Valid 12:06 am MST 09/08/14 

 
Convective QPF (in) 

MSP Forecast Zone 1-hr 30-min 10-min 

Gila Bend 2.47 1.73 1.04 

Palo Verde 2.81 1.97 1.18 

Rainbow Valley 2.65 1.86 1.11 

West Valley 2.07 1.45 0.87 

Northwest Valley 2.32 1.63 0.98 

Upper Centennial 2.31 1.62 0.97 

Wickenburg 2.31 1.62 0.97 

New River/Cave Creek 2.55 1.79 1.07 

Sycamore Creek 1.46 1.02 0.61 

Phoenix North 2.47 1.73 1.04 

Phoenix South 2.54 1.78 1.07 

Scottsdale North 2.63 1.84 1.11 

Scottsdale South 2.20 1.54 0.92 

Southeast Valley 2.68 1.88 1.13 

Lower Salt River Lakes 2.51 1.76 1.06 

Superstition 2.51 1.76 1.06 

 

 

Visible / IR composite 
satellite photo of the 
western US, courtesy 
of the Naval Research 
Laboratory.  The 
image was taken at 
8:30 am MST on 
9/8/2014.  Note the 
position of Hurricane 
Norbert to the 

southwest of Arizona.  

FIGURE 3 
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PRECIPITATION 

 
Summary Statistics:  
 
Total FCDMC Automated Rain Gages Installed: 313 
Number of Rain Gages which failed to operate during the storm: 9 
Overall Percent Operational Automated Rain Gages for the Storm: 97.1% 
 
For September 8th, 2014: 
  

Number of FCDMC ALERT gages recording more than: 
 

5.00 inches of precipitation  ................................ ....   2 
4.00 inches ................................ ........................  17 
3.00 inches ................................ ........................  79 
2.00 inches ................................ ......................  169 
1.00 inch ................................ ........................  251 
0.50 inch ................................ ........................  281 
0.10 inch ................................ ........................  297 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4 : This 24-72 hour rainfall forecast was issued by the National Weather Serviceõs National Center for 
Environmental Prediction (NCEP) on September 7th at 2:49 AM MST for the period Sunday Sep. 7th 5:00 AM MST 
through Wednesday Sep. 10th 5:00 AM MST.  Although underestimating the rainfall in parts of central AZ, it  alerted 
many emergency responders and the media to the severity of the expected rainfall in the coming days. 

FIGURE 4 
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Figure 5 below was created with  ESRI ARCMap® using 6-hour return periods calculated for  FCDMC ALERT gages and 
the ònearest neighboró method to interpolate values between the gages.  The return period values come from the 
spreadsheet available on page 10.  The 6-hour duration was chosen because 1) it requires no interpol ation from the 
basic data provided in NOAA Atlas 14, and 2) it was the most common measured duration of contiguous rainfall.  In 
the past we have documented one or two gages that have exceeded the 1,000 -year return interval, but never 20!  
This was truly an unusual storm, one that will play a factor in our future estimations of design rainfall.  

FIGURE 5 




































































