Introduction

A blend of knowledge and experience is critical for effective interpretation of model output. However, even experienced

forecasters can fail to identify significant weather events.

Failure to recognize these and similar events may be due to a variety of meteorological reasons, but an overrelianceon

deterministic Quantitative Precipitation Forecast (QPF) values and placement may be the primary cause.
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Methodology - The Big Picture

potential analogs.

Search the 28-yr North American Regional Reanalysis (NARR) dataset against the model forecast (GFS212-40km) for

e 6 months over the winter season (OCT - MAR) with a 6-h temporal resolution

o 20,384 potential analogs (28 winters, 6 months, 4 per day)

Remove “"duplicate” times by choosing the best analog over a 24-h period. 1984011512, 1984011518, 1984011600,

1984011606

Conceptual models, composite analyses, and forecast analogs can all be utilized to support in the identification and analysis

of these weather events. These techniques have been proven successful because their underlying foundation is based on

the quasi-repeatability of atmospheric fields and their resultant sensible weather outcomes.

Refine and rank the resulting analogs using statistics from the following fields:

e 300 HGHT COR, 500 HGHT COR, 700 FRNT COR, 850 HGHT COR, 850 TMPC COR, 850 TMPC MAE, 850 FRNT COR, 850 THTEADV COR, 2m TMPC COR, 2m TMPC MAE,

PMSL COR, and PWTR COR

The focus of the CIPS analog guidance is not to provide a deterministic forecast, but to give the scale and intensity of

historical events that are similar to the current forecast.

Event Overview

Create products that are useful for winter storm guidance.

For a detailed overview of the methodology, please see the corresponding preprint manuscript.

e Colorado Low produced a winter storm as it moved across
the upper-Mississippi Valley and into the Great Lakes on
18 and 19 December 20009.

e Strong mid-level short wave and upper-level jet streak
interaction helped to enhance synoptic-scale lift and _
northward transport of moisture ahead of the surface
low.

e Band of heavy snow (>6") fell from northeast Nebraska
through southern Wisconsin and into southern Lower
Michigan.

e Majoricestorm (~3/4"” FZRA/glaze) across northeast
Missouri, southeast Iowa, western and central Illinois,
and into northern Indiana.
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[ onre [ rs00cor [1500c0r | mosocer | Tos0cer | Totmas | Fosocer | TAGs0cer | F700cor | r2cer T2rmas | isteor | Pwcer | rossror] roseror] rosoror] Ave ]
19041207 /0600 0.950 0.988 0.943 0.9683 2.0 -0.150 0.374 0.162 0.935 2.6 0.601 0.854 7.320 7.235 8.667 741
19901215,’1200 0.980 0.974 0.946 0.928 2.8 0.246 0.313 0.204 0.943 3.2 0.625 0.870 7.546 8.107 4,925 &6.859
20000213/ 1300 0.972 0.972 0.907 0.913 2.6 -0.041 0.243 0.0732 0.873 3.8 0.729 0.8732 6,924 7.932 0.082 |GREE
199202211200 0.974 0.977 0.903 0.972 1.8 0.142 0.4599 -0.029 0.918 3.9 0.684 0.831 7.452 7.693 5.128 |GaFSE
198412101200 0.981 0.980 0.930 0.937 2.3 0.228 0.067 -0.120 0.931 4.1 0.458 0.732 5.345 7.959 5.842 SR
19950215/ 1800 0.985 0.979 0.904 0.915 3.5 0.012 0.222 0.077 0.9032 3.3 0.450 0.709 6.147 7.389 6.1592 |GIGES
198812241200 0.988 0.974 0.955 0.920 2.0 0.032 0.424 0.071 0.927 3.2 0.889 0.847 7.709 5.932 5.122 |GRSEE
2000011320600 0.980 0.959 0.861 0.943 2.2 0.078 0.478 0.050 0.954 3.2 0.508 0.888 7.059% 7.950 4,670 |[BI586
19941209,’1200 0.979 0.978 0.9435 0.926 2.7 0.054 0.157 -0.013 0.9328 4.0 0.5331 0.734 5.437 5.846 6.111 6.463
200002160600 0.960 0.952 0.886 0.931 2.3 0.080 0.212 0.217 0.835 4.0 0.4335 0.663 6.273 5.308 7.308 |GR868
198412220000 0.986 0.978 0.890 0.863 3.2 0.068 0.290 0.050 0.980 2.8 0.479 0.844 6.667 7.509 4,716 |GR2SF
19390106/ 0600 0.987 0.963 0.943 0.834 3.8 0.185 0.240 0.085 0.754 4.9 0.853 0.752 6.0535 5.848 5.955 |GREES
19920215/ 0600 0.965 0.969 0.869 0.5944 2.8 0.233 0.427 0.084 0.941 2.6 0.571 0.736 7.308 F.733 3.761 |GR26F
19871220/ 0600 0.964 0.96856 0.960 0.906 2.6 0.165 0.201 -0.158 0.928 = 0.734 0.679 6.3566 7.051 4,935 |[B.184
19890112 /0600 0.982 0.955 0.832 0.825 2.1 -0.032 0.087 -0.195 0.924 3.2 0.44% 0.843 S5.664 8.087 4,577 |GSL0S

Columns in the table are sortable by header. For more information about
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domains used to find the top 15 analogs.
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GFS212 20081217/1200F048 PMSL [black,mb], 10m WND [barbs,kts],and 6h ACCUM SNOW
[shaded,in,13:1] (top left); 850-hPa HGHT [black,dm], ISOTACHS [shaded, kts],and WND [barbs, kts]
(top right); 500-hPa HGHT [black,dm], WND [barbs,kts],and ABS VORTICITY [shaded,s-'] (bottom
left); 300-hPa HGHT [black,dm], ISOTACHS [shaded kts],and WND [barbs, kts] (bottom right).

GFS212 20081217/1200F048 2-m TEMPERATURE [C] (top left); 850-hPa TEMPERATURE [C] (top
right); 700-hPa FRNT [red,K 100km-! 3hr-1] and 700:600-hPa EPV [shaded,PVU] (bottom left);
PRECIPITABLE WATER [in] (bottom right).

e Strong mid-level short wave
with coupled upper-level jet
streaks.

e Heavy snow (>6") fell from
northeast Nebraska/north-
central Iowa to southern Lower
Michigan.

e Ice storm (~1.0"” FZRA/glaze)
from northeastern Kansas
through northern Missouri and
into northern Illinois.
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GFS212 48-h forecast of 850-hPa heights (m, red) and mean 850-hPa heights (m, black) based on
the top 15 analogs valid at 20081219/1200.

NARR 19941207/0600V000 PMSL [black,mb], 10m WND [barbs,kts],and 3h ACCUM SNOW
[shaded,in,13:1] (top left); 850-hPa HGHT [black,dm], ISOTACHS [shaded, kts],and WND [barbs, kts]
(top right); 500-hPa HGHT [black,dm], WND [barbs,kts],and ABS VORTICITY [shaded,s!] (bottom
left); 300-hPa HGHT [black,dm], ISOTACHS [shaded kts],and WND [barbs, kts] (bottom right).
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¢ Strong mid-level short wave and
upper-level jet streak support.

e 2-4" snow fell from southwestern
Minnesota into central Wisconsin
with embedded heavier amounts
(>6").
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NARR 19901215/1200V000 PMSL [black,mb], 10m WND [barbs,kts],and 3h ACCUM SNOW
[shaded,in,13:1] (top left); 850-hPa HGHT [black,dm], ISOTACHS [shaded,kts],and WND [barbs, kts]
(top right); 500-hPa HGHT [black,dm], WND [barbs,kts],and ABS VORTICITY [shaded,s!] (bottom
left); 300-hPa HGHT [black,dm], ISOTACHS [shaded,kts],and WND [barbs, kts] (bottom right).
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e Mid-level short wave with upper-
level jet streak interaction.

e Heavy snow (>6") band from
south-central Nebraska through
northern Illinois and into
southern Lower Michigan.

e Ice storm (~0.5" FZRA/glaze)
from southern Iowa/northern
Missouri into north-central
Illinois.
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Probability of COOP event snowfall >2" within 25 km of a grid point based on the top 15 analogs
valid at 20081219/1200.

Probability of COOP event snowfall >4" within 25 km of a grid point based on the top 15 analogs
valid at 20081219/1200.

NARR 20000218/1800V000 PMSL [black,mb], 10m WND [barbs,kts],and 3h ACCUM SNOW
[shaded,in,13:1] (top left); 850-hPa HGHT [black,dm], ISOTACHS [shaded kts],and WND [barbs, kts]
(top right); 500-hPa HGHT [black,dm], WND [barbs,kts],and ABS VORTICITY [shaded,s!] (bottom
left); 300-hPa HGHT [black,dm], ISOTACHS [shaded kts],and WND [barbs, kts] (bottom right).
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e Mid-level short wave with upper-
level jet streak support.

¢ Heavy snow (>8") fell from
northeast Nebraska into southern
Wisconsin and into southern
Lower Michigan.

e FZRA/glaze (~0.25") from
southern Iowa and into northern
Illinois.
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NARR 19930221/1200V000 PMSL [black,mb], 10m WND [barbs,kts],and 3h ACCUM SNOW
[shaded,in,13:1] (top left); 850-hPa HGHT [black,dm], ISOTACHS [shaded kts],and WND [barbs, kts]
(top right); 500-hPa HGHT [black,dm], WND [barbs,kts],and ABS VORTICITY [shaded,s!] (bottom
left); 300-hPa HGHT [black,dm], ISOTACHS [shaded kts],and WND [barbs, kts] (bottom right).
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Event Overview

e A fast moving area of low pressure tracked from the
northern Rocky Mountains across the upper-Mississippi
Valley and into the Northeast on 30 and 31 December
2008.

e Strong mid-level short wave and upper-level jet streak
accompanied the surface low pressure.

e Band of heavy snow (>6") fell from western and central
New York into interior New England.
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20050102 Snow Event 120h ending at 1200 UTC

COOP snowfall for the 120-h period ending at 1200 UTC 20090102.

CIPS Winter Weather Analog Guidance

- 31 December 2008
GFS212 Forecast

7

L % "
I “t- (A f_aﬂ
s 45 4 ",2'.;3!
FS 081231/1200V048 2m TEMP [F] i
; :

[ _«_ _I '- § _J = _..: Ll ] :
e RS T

3

4

e e 582 —"

A

r [ = A 3 ;
A et

I 'LL ~X ‘_.- o G e \ :\.\\\ e ot R es P
X' 08123171 200V048 300MB HGHT [dkm] and WND [kiz] a

GFS212 20081229/1200F048 PMSL [black,mb], 10m WND [barbs,kts],and 6h ACCUM SNOW
[shaded,in,13:1] (top left); 850-hPa HGHT [black,dm], ISOTACHS [shaded, kts],and WND [barbs, kts]
(top right); 500-hPa HGHT [black,dm], WND [barbs,kts],and ABS VORTICITY [shaded,s!] (bottom
left); 300-hPa HGHT [black,dm], ISOTACHS [shaded, kts],and WND [barbs, kts] (bottom right).
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GFS212 20081229/1200F048 2-m TEMPERATURE [C] (top left); 850-hPa TEMPERATURE [C] (top

right); 700-hPa FRNT [red,K 100km-! 3hr-1] and 700:600-hPa EPV [shaded,PVU] (bottom left);
PRECIPITABLE WATER [in] (bottom right).

oAt [1s00cs: | 1i500cor | nssocer | To30cer | ro3omas | Fasocor | tAssocer | Frovcer] T2cer | rzmas | Prsteor | Pwcor | rossror] rosoror] resoror] Ave]
2000011218300 0.996 0.993 0.914 0.949 2.1 0.090 0.381 0.270 0.950 2.4 0.797 0.888 7.786 8.217 9.236 |[Bd44T
199402261200 0.988 0.978 0.876 0.922 2.0 0.444 0.429 0.601 0.975 5.7 0.751 0.859 7.426 8.075 2.903 |[SN1ES
2002120320600 0.982 0.976 0.896 0.911 3.2 0.110 0.201 -0.026 0.962 2.5 0.6328 0.862 7.033 7.966 7.102 S
19960110/ 0600 0.929 0.9432 0.967 0.927 3.8 0.420 0.459 0.197 0.920 4.3 0.844 0.878 7.022 5.924 8.319 288
200602260000 0.978 0.974 0.908 0.925 2.7 -0.139 0.402 0.002 0.961 2.7 0.847 0.808 7.329 5.982 8.162 224
19940219 /0000 0.980 0.962 0.941 0.911 4.7 0.207 0.572 0.189 0.908 5.2 0.849 0.866 5.796 8.296 5.415 LGS
19890120/ 1800 0.954 0.954 0.951 0.933 3.8 0.133 0.526 0.493 0.932 3.4 0.839 0.785 7.255 5.821 8.325 LS4
200702181200 0.933 0.947 0.891 0.902 4.5 0.273 0.439 0.2435 0.933 4.0 0.652 0.834 6.650 5.961 8.727
19830204 1300 0.966 0.988 0.980 0.972 2.5 0.237 0.558 0.136 0.945 3.2 0.776 0.937 7.978 4,736 8.336 017
189212051200 0.987 0.930 0.902 0.913 2.5 0.353 0.336 0.551 0.915 4.5 0.720 0.832 7.356 5.350 2.062 |GIE36
1991[}121,{1200 0.9389 0.978 0.775 0.974 2.4 0.258 0.327 0.407 0.973 4.0 0.640 0.917 7.4935 5.624 7.6838 6.926
200201101200 0.992 0.989 0.891 0.974 1.9 0.220 0.293 0.556 0.961 3.1 0.718 0.828 8.275 5.354 5.086 |GR8ES
199002250600 0.382 0.984 0.932 0.904 S.4 0.278 0.453 0.048 0.976 4.7 0.837 0.788 5.357 5.968 8.122 B8B83
20060202 /0000 0.956 0.9432 0.727 0.914 4.7 0.009 0.396 0.196 0.908 4.6 0.576 0.849 3.404 7.050 8.157 |G8F0
19910211 /1800 0.96839 0.971 0.857 0.942 5.0 0.141 0.187 0.398 0.948 3.2 0.682 0.774 5.198 5.340 S.010 |e.84S8

Columns in the table are sortable by header. For more information about lick on the date.
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Statistics for GFS212 20081229/1200F048

Total number o
exceed set thresholds: 19024
d set thresholds: 1020

Mumber of potential analogs that «
Number of potential analogs that exce

MNumber of distinct analog events: 520

Percentage of potential analogs that did not exceed the set threshold at each step of th

300-mb HGHT corr

PMSL correlatio

850-mb HGHT correlation: 0.14 %

Top 15 analogs based on the GFS 48-h forecast valid at 20081231/1200. Inset figure shows the
domains used to find the top 15 analogs.
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e Strong mid-level short wave
accompanied by weak surface low

pressure developed in the lee of the
Rockies and quickly moved eastward.

e Narrow band of heavy snow (>6")
extended from the Upper Mississippi
Valley through the lower Great Lakes
and into interior New England.
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GFS212 48-h forecast of 500-hPa heights (m, red) and mean 500-hPa heights (m, black) based on
the top 15 analogs valid at 20081231/1200.

GFS212 48-h forecast of 850-hPa heights (m, red) and mean 850-hPa heights (m, black) based on
the top 15 analogs valid at 20081231/1200.

NARR 20000113/1800V000 PMSL [black,mb], 10m WND [barbs,kts],and 3h ACCUM SNOW
[shaded,in,13:1] (top left); 850-hPa HGHT [black,dm], ISOTACHS [shaded,kts],and WND [barbs, kts]
(top right); 500-hPa HGHT [black,dm], WND [barbs,kts],and ABS VORTICITY [shaded,s!] (bottom
left); 300-hPa HGHT [black,dm], ISOTACHS [shaded,kts],and WND [barbs, kts] (bottom right).
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Probability of COOP event snowfall >2" within 25 km of a grid point based on the top 15 analogs
valid at 20081231/1200.

Probability of COOP event snowfall >4" within 25 km of a grid point based on the top 15 analogs
valid at 20081231/1200.

valid at 20081231/1200.

Using the Analog Guidance

The analog system does not provide a deterministic
forecast, but rather forecaster confidence by examining
outcomes of events with similar environments to the
forecast.

Comparing mass fields of the GFS212 forecast and the
mean of the top 15 analogs can assess the overall viability
of the analogs to provide guidance for the forecast.

Utilizing COOP-based event snowfall probabilities derived
from the top analogs can give the location and
accumulation potential for an upcoming snowfall event.
These probabilities should be used in conjunction with an
assessment of individual cases for best results.

In the Midwest case, solely using the COOP-based event
snowfall probabilities as guidance would place the snowfall
potential too far north. The top four analogs suggest that
the snowfall potential is further to the south.

NCDC storm data from the individual analogs can be used
to quickly gather more information on impacts for each
event. In the Midwest case, there was a significant ice
storm to the south of the heavy snow band. Three of the
top four analogs also experienced significant ice storms to
the south of the heavy snow band.

Probability of COOP event snowfall >6" within 50 km of a grid point based on the top 15 analogs

NARR 19940226/1200V000 PMSL [black,mb], 10m WND [barbs,kts],and 3h ACCUM SNOW
[shaded,in,13:1] (top left); 850-hPa HGHT [black,dm], ISOTACHS [shaded,kts],and WND [barbs, kts]
(top right); 500-hPa HGHT [black,dm], WND [barbs,kts],and ABS VORTICITY [shaded,s!] (bottom
left); 300-hPa HGHT [black,dm], ISOTACHS [shaded,kts],and WND [barbs, kts] (bottom right).

Conclusions

The goal of our analog system is NOT to make a forecast; but to provide guidance for heavy snow events by using a historical
dataset.

In addition, a forecaster can quickly gain historical experience while becoming familiar with the meteorological patterns
associated with past similar events. In turn, this information can provide a range of scales and intensities of sensible
weather that are potential outcomes of the current forecast.

The current approach is independent of QPF yet can still provide precipitation guidance (i.e., we already have the answers).

Ensemble-like and probabilistic products based on the top 15 analogs can provide a quick overview of the historical events.
However, to fully determine the range of historical events a short analysis of the top analogs is recommended.




