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Anomalies 

 What is significant weather?  
 How do we define significant  
   weather numerically? 

 
 

 By looking at climatology, we can find the 
significant events because they deviate from the 
normal (mean).   
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Anomalies 

 For a normal distribution, recall standard deviation 
 The “tails” represent rarity: < -2 STD, > +2 STD 

Rare Rare 

http://en.wikipedia.org/wiki/Image:Standard_deviation_diagram.svg
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Anomalies 

 Example: Minimum Temperature, Dec-Feb 
 LSE: 1981-2012: Mean: 13F, Standard Dev: 14F 

    -29F  -15F  -1F  13F  27F  41F  55F 

http://en.wikipedia.org/wiki/Image:Standard_deviation_diagram.svg
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Anomalies 

 So, a -25F minT in winter, which has happened only 100 
times in the last 136 years, is a -2.6 standardized anomaly  

    -31F  -17F  -3F  11F  25F  39F  53F 

http://en.wikipedia.org/wiki/Image:Standard_deviation_diagram.svg
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Anomalies in Forecasting 

 So, we assess model anomalies that force a given 
solution at the surface (heavy snow, record lows).  
►Record Lows: 925mb T,  850mb T, MSLP  
►Heavy Snow: Precipitable water, Low-level jet 

strength, low-level moisture/flux, upper jet strength, 
500mb heights.  



   

1996 Extreme Cold Event 

 Average high temperature was -5.7 degrees 
 3 record low temperatures for February 
 1 record low high temperature for February 

 
 LA CROSSE MUNI AP (KLSE) 

Date MaxT MinT 
1/30/1996 -5 -26 
1/31/1996 -1 -28 

2/1/1996 -8 -26 
2/2/1996 -13 -34 
2/3/1996 -9 -35 
2/4/1996 0 -31 



   

3 Feb 1996: Lo: -35F High: -9F 
850mb T:  

-25C 
Std Anom: 

-2 to -3 



   

3 Feb 1996: Lo: -35F High: -9F 

MSLP: 1039mb 
Std Anom: +2 to +3 



    A period of 95-105F. 
 Dewpoint: 68-75F, not unusually high. 

►Drier soil moisture. 
 Heat Index: Afternoons in the 105-110F range.  

Record Heat: July 2-6, 2012 



    925 mb Temperature 
► Warmest days clearly seen (July 4,6) 
► > 30C,  3+ standardized anomaly 
 

Anomalies: July 2-6, 2012 



    Precipitable Water 
►Generally unimpressive 
►PW pooling around 

frontal boundaries and 
weather 

►~ 1 inch PW,  was not 
anomalous 

Anomalies: July 2-6, 2012 



   

From Monday 
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The Big Wet 

Composite Anomalies Aug-Sep 2007 
Depicting an Anomalous Wet Period 

 



   

Wettest in the Country Last 2 Months? 

60 Day Rainfall Accumulations from NWS 
   



   

Rainfall Accumulation Departure 

60 Day Rainfall Departures from NWS 
   



   

Stronger LLJ + Higher Precip. Water = 
Anomalous Moisture Flux 

850mb Moisture Flux Anomaly – August through September 2007 



   

Unprecedented Snowfall in LSE 

La Crosse’s Largest Snow Storms 
Rank Date/Dates Snow Total 

1 February 23-25, 2007  21.0 inches 
2 March 12-14, 1997 19.1 inches 
3 January 25-27, 1996  18.8 inches 
4 March 5-6, 1959  18.5 inches 

February 23-25, 2007 



   

Snowfall Accumulation – Entire Event 



   

Snowfall Accumulation – Friday Night 



   

24 February 2007 00Z 850MB Analysis 



Precipitable Water Loop 
21Z-06Z 

Moisture Transport Loop 
21Z-06Z 



   

24 Feb 07 NCEP Reanalysis – 850MB Wind Anomaly 
Climatology 



   

24 Feb 07 NCEP Reanalysis – PWAT Anomaly 
Climatology 



   

24 Feb 07 NCEP Reanalysis – Moisture Flux Anomaly 

>4.0 Standard Deviations 
Above Climatology 

Climatology 



   

Regional Table: “Surveillance” 
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Real-time Model Anomalies 

 HPC: http://www.hpc.ncep.noaa.gov/training/SDs/ 
 Penn State: 

http://eyewall.met.psu.edu/ensembles/java/ModelDisplay.html 
 Regional Table: 

http://www.wrh.noaa.gov/slc/projects/anomaly/frames_sector_
newvars.php?dom=nc&name=NC&heading=North%20Centra
l 
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http://www.hpc.ncep.noaa.gov/training/SDs/
http://eyewall.met.psu.edu/ensembles/java/ModelDisplay.html
http://www.wrh.noaa.gov/slc/projects/anomaly/frames_sector_newvars.php?dom=nc&name=NC&heading=North Central
http://www.wrh.noaa.gov/slc/projects/anomaly/frames_sector_newvars.php?dom=nc&name=NC&heading=North Central
http://www.wrh.noaa.gov/slc/projects/anomaly/frames_sector_newvars.php?dom=nc&name=NC&heading=North Central


   

Ensembles For High Impact Weather  

 We try to assess impact by using ensemble 
probabilities. 
 

 Target impact graphics  
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Ensembles For High Impact Weather  

 SPC SREF Products 
►http://www.spc.noaa.gov/exper/sref/ 

 
 Plumes 

►http://eyewall.met.psu.edu/plumes/ 
 

 SREF Matrix – new! 
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http://www.spc.noaa.gov/exper/sref/
http://eyewall.met.psu.edu/plumes/


   

SPC SREF Products 

 Useful “impact” products:  
►Probability of FZRA lasting 3 or more hours 
►Probability of FZRA > 0.05” in 3 hours 
►Probability of FZRA changing to RA 
►Probability of new snow/ice on roads in last 6 hours 
►Probability of  Snowfall Rate of 1”, 2”,3” per hour 
►Probability of Dendritic Growth Zone Depth > 50 

mb, > 100 mb  
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December 1 2007 

 5-7 hours of freezing rain in IA and IL. 
►In Des Moines: United Express with 44 people on board 

slid off taxiway. Airport closed 7 hours.  

 3-5 hours of sleet in southern/central WI and 
southern MN. 

 Heavy snow northern MN, northern WI. 
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December 1 2007 

34 



   

December 1 2007 
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>7” 
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SREF Probability of Measurable FZRA Lasting 3+ Hours 
SAT 18Z 
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SREF Probability FZRA > 0.05” in Last 3 Hours 
SAT 18Z 
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SREF Probability New Snow or Ice on Roads – Last 6 hours 
SAT 18Z 

Road Snow/Ice Probabilities Use:  
1. SREF Precipitation-type algorithms (FZRA, PL, SN) 
2. SREF Radiation Parameters 

 Snowmelt parameterization (RSAE)– Evaluates fluxes to 
determine if 3” of snow melts over a 3h period.   

 Boundary-layer Temperature 
 Ground Temperature 
 Surface Net Radiation Flux 

3. Calibration via MADIS road data (e.g., MNDOT) 
** Showed skill in Winter 2004-2005, forecast values usually < 50%. 

(David Bright, SPC) 
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SREF Probability New Snow or Ice on Roads – Last 6 hours 
SAT 18Z 



   

KDSM Surface Obs 
Sat 09Z – Sun 00Z 

KDSM 010854Z 11009KT 10SM OVC075 M04/M14 A3029 RMK AO2 SLP271 T10441139 58025  
KDSM 010954Z 11007KT 10SM OVC070 M04/M13 A3027 RMK AO2 SLP264 T10441133  
KDSM 011054Z 11012KT 10SM OVC065 M04/M13 A3023 RMK AO2 SLP249 T10391133  
KDSM 011230Z 10013G20KT 9SM -FZRA BKN020 OVC050 M04/M09 A3018  
KDSM 011254Z 11012G20KT 9SM -FZRA BKN020 OVC044 M04/M09 A3016 RMK AO2 SLP226 

PLB08E278SNE23FZRAB23 P0002 T10441089  
KDSM 011427Z 11013G23KT 2 1/2SM -FZRAPL BR OVC018 M04/M06 A3010  
KDSM 011547Z 12013G21KT 1 1/4SM -PL BR FEW007 OVC012 M03/M05 A3002  
KDSM 011638Z 12014G23KT 1 3/4SM R31/6000VP6000FT PL BR BKN007 OVC014 M02/M03 A2995  
KDSM 011710Z 13017G27KT 4SM -FZRA BR OVC007 M01/M02 A2990  
KDSM 011836Z 14013G22KT 2 1/2SM -FZRA BR BKN009 OVC014 00/M01 A2981  
KDSM 011951Z 14018G26KT 2 1/2SM R31/5000VP6000FT FZRA BR BKN009 OVC016 01/M01 A2972 

RMK AO2 PK WND 14026/1949 RAB1856E50FZRAE1856B50 CIG 007V013 PRESFR P0010  
KDSM 012038Z 15015G20KT 7SM -RA BKN007 OVC010 01/M01 A2968 KDSM 012129Z 15017G22KT 

6SM -RA BR OVC010 01/00 A2964 RMK AO2 PK WND 16030/2110 CIG 006V013 P0001  
KDSM 012154Z 15017G24KT 7SM OVC010 02/00 A2962 RMK AO2 PK WND 16030/2110 RAE48 CIG 

007V014 SLP040 P0002 T00170000  
KDSM 012326Z 15016KT 6SM -RA BR BKN009 OVC014 02/01 A2960 
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13Z 
FZRA 

 
 
 
 
 

21Z 
RA 



   

KLSE Surface Obs 
Sat 16Z – Sun 04Z 

 
 

3.2” Snow 
 
 
1-2”  Ice Pellets 
 
 
0.10” Ice Accumulation 
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16Z +SN 
 
 
 
19Z PL 
 
 
 
 
 
00Z -FZRA 
 
 
 
04Z -RA 
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SREF Plume Forecasts 
KLSE: 15Z THU SREF 

Slope represents 
 rate 

Color represents 
type 

SAT 

3hr precip 

Run start time 

21 SREF  
Members 

http://eyewall.met.psu.edu/plumes/ 

Location 



   

43 

SREF Plume Forecasts 
KLSE: 09Z FRI SREF 

Data in Forecasters Hand: 11 am 

1.0” 

SAT 
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SREF Plume Forecasts 
KLSE: 15Z FRI SREF 

Data in Forecasters Hand: 4-5 pm 

1.0” 

SAT 



   

Dec 23-24 2010 Snow Total 
 
 



   

Dec 23-24 2010 Snow Ratios 
 Mostly 13-16:1 ratios, with some values over 

20:1.  
 



   

Composite Sounding: Max Snowfall Time 

 Layer between 925-
600mb nearly saturated 
and completely within 
stellar dendrite zone!  



   

23.03Z SREF:  
Prob Dendrite Layer > 100 MB  

 Signals were present that a layer of deeper dendritic crystal growth would be present 
over the SWRN forecast area from about Dec 24th  06Z to 12Z.  

 

 Dec 24 03Z                     Dec 24 06Z                     Dec 24 09Z                      Dec 24 12Z                        Dec 24 15Z  



   

SREF Matrix 
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Items of Interest> 
  Science and Research> 
       Bufkit Cobb Output 
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