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Background and Goals

e CSTAR Goal:

* Foster collaboration between researchers and operational forecasters to help
improve operational forecast accuracy and methods

 Research Questions:

 What environmental conditions are most important in determining
precipitation type during winter mixed-precipitation events?

 How can multiple different data sources be combined to improve our
forecasting ability?
* Project Goal:

* Synthesize multiple data sources to best represent the environmental
conditions during winter mixed-precipitation events and develop a useful tool
to improve operational forecasts
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Random Forest
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‘Forest’ of decision trees T 925 = -1°C
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* |dentify patterns and nonlinear

interactions in data

. No Yes
* Train the trees to make a

prediction from its previous
knowledge

* Generate a probabilistic outcome
and relative feature importance
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* CoCoRaHS Reports

* Trained, consistent observations

* New York State Mesonet (NYSM)

* Hourly Statistics
* 5-minute observations

* Upper Air Soundings
 BUF, ALB, OKX offices and WMW (Canada)

* North American Mesoscale Nested Domain (NAMNEST) Forecast Model
 BUFKIT profiles for state of NY

* High-Resolution Rapid Refresh (HRRR) Forecast Model

* 40-km grid of vertical profiles
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Random Forest Configuration & Evaluation

» Configuration: 650 trees, 75/25 training and testing split, stratified
* Accuracy, Precision, Recall, F1 Scores

True Positive + True Negative 0.70

Accuracy =
Y Total Cases 0.65
_ Sleet 0.58 : 560
Q
p o True Positive % 0.55
recision = — — ©
True Positive + False Positive O 0.50
E -0.45
— Freezing o
True Positive in
Recall = Rain -0.35

True Positive + True Negative -0.30

Precision * Recall

Fl =72
. Precision + Recall

Predicted label
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Random Forest Results (NAMNEST)

@ Accuracy ® Sleet . Freezing Rain B Rain A Snow

Top 10 Feature Importance Scores for NAMNEST

RF Evaluation with NAMNEST Soundings
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Random Forest Framework

Training Datasets Testing Datasets
Dataset Cases: CoCoRaHS Reports & Cases: 20km grid spacing
Formation 1| pata: NYSM, In-situ radiosondes, NAMNEST =| Live Data: NYSM, In-situ radiosondes, NAMNEST
Dataset Prepare & calculate variables to identify Prepare & calculate variables to match final
Preparation 2 precipitation type 6 training dataset
Testing 3 Evaluate training dataset, Calculate statistics to
- evaluate accuracy, Pick best dataset
' 4 Final Training Datasets 7 Final Testing Datasets
Operational 8 Combine best training dataset with real-time testing dataset,
RF = Run RF to generate probabilistic predictions and most important variables
Output 9 Plot probabilities of each precipitation type and reflectivity, Mask for temperature
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Operational Product Guidance

* Website was developed in Fall 2021 to display RF output and forecast
guidance

* Currently have guidance based on 4 datasets:
* NYSM and Upper Air: Nowcasts

* Operational Forecasts available from 11/2020

* NAMNEST: Forecasts with 12 hours of lead time
* Operational Forecasts available from 11/2020, until 11/2022 only 5 hours of lead time

 HRRR: Forecasts with 12 hours of lead time
* Operational Forecasts available from 11/2022

e HRRR and NYSM: Nowcasts

* Operational Forecasts available from 11/2022
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Operational Product Guidance

* Live updating map of probabilities with radar or reflectivity
* Probabilities represent if precipitation is falling, what is the chance it is
a specific precipitation type

* 6 probabilistic products are available: Rain, Freezing Rain, Sleet, Snow,
Mixed Precipitation (Sleet + Freezing Rain), and Dominant Precipitation
type

 Dominant precipitation type product is highest probability at each point
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Operational Product Guidance

Rain Probabilities with NAM Composite Reflectivity Shows forecast Dominant Precipitation Probabilities with NAM Composite Reflectivity
Valid 02_04 2022 0400Z « time and for > Valid at 02 04 2022 0400Z Values
45 zfg‘{\ e 7 | ‘, which 45 3}:‘{\ _4 \ J r| represents
AT / / precipitation Ao ases ‘\‘ ‘\.‘ é\ 5 \,7{ probabilit‘y at
/’." 000 01 LAV “1 00 "SR 4 N ; type 91919191857“ 777711’%’713 /N \/4 1 each point
100001 1‘1 1 \1 1 :o ‘ J“/}” \/\ i a291919191777z7777r77777777 v /}\A t
0117311311110 \J o 2575 asazazaznzazsz77717777ln777777 '
44 11 1 3 ‘11\11 1‘,,\“1 111 T, 75 44 : 5azszszazt}282 77777#777777777 75
REE \)1 11 \1;1:‘,3,“ B 35 85 66 66 66 66 6659 97777§7~49 949498 )
1 1'*,‘1 1 11\ 11144434 4[;‘! ] v 65 ss:;f::yfss ~959494§i4949’¢ 9 [7 Vi 65
S X111 “‘ 14 ‘\j 4344 5 665 595159;959494 agasagasasl | :
j1i111 {1 e 444 als ol T ?1 .55 N 5181818179797979_ 7973 L 66,66 650505059505 294 493@94494 B ' L55 N
] e, A1 T1/11111 : [1{11 1}:1\1 1 1ghgl 66666444 903 £ 7}181«?1’7'9’97;?7979737179% |sa£sl—ssss%25 soiogoso 4949 4989 49 49 49 48 ) 1 %
43 L L 1R5 1;'1‘.'1,“,‘1 ‘ ’/ 1}1 11 ‘1 14} 1\111 666 619K1ﬁ E +45 > 431 81811@]2’9?79319 | ssEsssss sso\soso 95051 494949 40404 45 >
1000111 — /3 333 i mnnnne 4:.4141 - > ois1797979797978 s343%383 sesrsi}5151515149 \ >
0. ? 0000 b },;“ku ——;.‘ ‘Lq‘;%ﬂsqis 3 E 5 11i11111‘11§’:¢ 14141414 g 5:; 35 g o : 3434343505051 515151515149 . ((’ 35 g
60000000112/21 2 ﬁi‘;?‘ {?uuﬂnul 4141 1414 ’w ‘/‘1‘,_‘ © 57575797979797939393939  43434343434350505051 ﬁ b i ¥ S
©0o0dooo0 o‘ 11 1“1 1222223555 55 111111111&1989}33981 J il - 250 7575757575797979 393939393943 4343434343 505050505051 5151515 5198989898 4 ) J’ﬁ 1250
42 000 & : uu)‘é&asasabam 15 42 lsszszs 570 |303030.393043 434343 5050505050508 48484848434 9898 9893 97 i
‘ / | 8484 49898%898 49893}9893 15
/,J S | o '_ - -T;§ uu@ggﬁssa Ll R dyg28pes) 4 U
b — Aova {Ie = \ / /< \ 348499 99999898 N /‘/4 848499 99999898 A
1 Fepfes¢n S 4 \ ? ou/so‘essa v \ 09999558 98 e
{ probabilityat ¢ Wl e ¢ ; / > <o
e b 2L A SO S 2 BOAREY i
AV / iv ) /\%\ } i '/ ¢ ; paas Radar/Reflectivity es """ Radar/Reflectivity
| Mol ud , , : Scale : , Y AR < A , Scale
-80 -79 -78 -77 - = 5 -74 -73 -72 —-80 -79 -78 =77 ~76 X —75 -74 ~73 -72

Black=Rain, Red=Freezing Rain, Purple=Sleet, Blue=Snow

UNIVERSITYATALBANY

Stare University of New York




993
FXUS61 KALY 040234
AFDALY

AREA FORECAST DISCUSSION
National weather Service Albany NY
934 PM EST Thu Feb 3 2022

. SYNOPSIS. ..

Tonight, a cold front will stall over eastern New York and
western New England causing periods of rain to turn to snow,
sleet, freezing rain and rain. A low pressure system moving
along the stalled front will cause the snow and wintry mix to
continue through Friday. A moderate to heavy snowfall is
possible north and west of the Capital Region with mainly sleet
and freezing rain forecast south and east. Much colder weather
moves into the forecast area Friday into the weekend as an
arctic high builds in.
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.NEAR TERM /THROUGH FRIDAY/...

wWinter Storm wWarning for Herkimer, Hamilton, northern Fulton,
northern warren and northern washington Counties until to 1 pm
Friday. ..

winter Storm warning for southern Fulton, Montgomery, Schoharie,
western Schenectady and western Albany Counties from 1 pm today
to 5 pm Friday. ..

winter Storm warning for Southern vermont, the Capital Region, Glens
Falls and northern Saratoga Region, and the northern Taconics

in eastern New York and northern Berkshire County in western
Massachusetts from 5 pm this afternoon to 5 pm Friday...

winter weather Advisory for western Greene and western Ulster
Counties from 5 pm this afternoon to 5 pm Friday...

winter wWeather Advisory for the mid Hudson valley, southern and
central Taconics, and Litchfield County, CT from 7 pm tonight
to 5 pm Friday...

Temperatures still cooling everywhere and freezing rain has
accumulated a bit in the capital Region, while a transition to
sleet is slowly occurring this evening. The CC on radar shows
the line between all snow and the sleet and freezing rain in the
central Mohawk Valley to Saratoga Region and north of
Bennington VT. Upper air data including the 00Z KALB sounding
shows the tight temperature gradient at 925 hPa and 850 hPa and
the warm nose aloft. wWarm advection and moisture advection will
increase through the night, so the area of sleet and freezing
rain will persist as the warm nose persists through much of the
night, until the surface low begins to exit.

Based on reports from spotters, social media and data from the
NY State Mesonet, and experimental precipitation type CSTAR
output, sleet and freezing rain occurring to the
Johnstown/Amsterdam area and even near the Herkimer sawtooth.
Some slight reductions in the snow forecasts out there and a
alight increase in the ice forecasts from the capital Region
east and south.
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AREA FORECAST DISCUSSION
National Weather Service Albany NY
643 PM EST Thu Jan 19 2023

.SYNOPSIS. ..
Low pressure moving off the east coast will bring a wintery mix

of rain, sleet, snow, and freezing rain to the area into this
evening. The precipitation will taper off overnight, however
some rain and snow showers will persist through the day Friday.
Saturday will feature dry weather, then our next weather system
will bring a chance of snow or rain back to the area by late
Sunday .
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.NEAR TERM /THROUGH TONIGHT/...

..Winter weather advisories continue into Friday for the
Adirondacks, southern Vermont, upper Hudson Valley, Capital
District, Helderbergs, Catskills, Berkshires and northern
Litchfield county in Connecticut...

Mixed precipitation continues over our region with temperatures
near or just above freezing from the Capital Region to southern
VT and points south into the mid Hudson Valley and NW CT, where
mostly rain is falling with occasional sleet at times. There
are some colder spots around freezing or just below freezing in
the Berkshires and southern VT that are getting some freezing
rain. The rest of the area has temperatures hovering between
31-33 degrees and rain and sleet are falling in areas where it
is 32 to 33 and freezing rain and sleet where temperatures are
31-32.

The impacts KALB sounding from 21Z shows a warm nose aloft,
which supports the precipitation type of rain, a little sleet,
and freezing rain where temperatures are just below freezing.
There is more snow and sleet from Lake George into areas around
warren County and there is just a chance for a mix with rain or
freezing rain but a deeper layer below freezing in those areas
should keep the precipitation type more snow and sleet through
the night.

CSTAR data fusion output shows a very fine line between rain,
freezing rain and sleet across the region but does acknowledge
all the precipitation types with the freezing and frozen
precipitation in the colder areas and cold rain in areas just
above freezing. Again, the difference in one degree or two
either side of freezing makes a big difference in precipitation
type through the night. The as the deep layer over our region
cools between midnight and daybreak, precipitation will become
more rain and snow as the upper deformation precipitation
approaches from the OH valley.




Verification Methods

e VVerification Data Sources  Diagonal shows

percent of
* MPING Correct
* ASOS Predictions

3.48% 2.06% 0.8

e Verification Method

* Reports grouped by 1-hour
windows around valid time or
or use report at valid time ASOS )

* Match reports to nearest RF
prediction (must be within
40km of prediction location)

e Generate Confusion Matrix
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Verification: Winters 2020-2022
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Verification: Winters 2020-2022

NYSM
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NWP Verification: Winters 2020-2022
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Winters of 2020-2022 Lessons Learned

* Rain and Snow was well predicted by random forest

* Freezing Rain and Sleet cases were usually identified as mixed
precipitation, but not always correctly predicted

* Improved spatial resolution of vertical profiles could make a significant
difference

* Representative data is key

e Lessons of this and other events led to HRRR and HRRR and NYSM
products
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Product Development

Dominant Precipitation Probabilities with MRMS Reflectivity

Valid at 11_17_2022_1330Z

NYSM and
Upper-Air
Reduced
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pl\lHVEl}\SITY ALBANY Black=Rain, Red=Freezing Rain, Purple=Sleet, Blue=Snow _




Product Development

Original NYSM NYSM Reduced
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Product Development
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2-meter Temperature (°F) for NBM and NYSM
Valid at 11 03 2022 1200Z from the 10Z NBM
Valid at 2022-11-03 12:30:00 for NYSM Observations

Product Development

 Compare model’s surface
temperature and
dewpoint to NYSM
observations

* Understand what input
data will be more
representative

* HRRR, NAMNEST, RAP,
NBM

_80 -79 -78 -77 -76 -75 —74 —73 -72
Top=NBM, Bottom=NYSM

. U N lV E RS ITY AT ALBANY Red=Warmer, BIack=SE|me, Blue=Colder than NYSM
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Operational Product Summary

* NYSM and Upper-air- Made hourly between 0-4 UTC and 12-16 UTC

* 5-minute NYSM data
e Upper air data from/between mandatory pressure levels

* NAMNEST- Made 4x daily, forecasts give 12 hours of lead time

* Data from/between mandatory pressure levels at BUFKIT profile locations

* HRRR- Made 8x daily, forecasts give 12 hours of lead time
« Data from/between mandatory pressure levels on 40-km grid of vertical profiles
e Also includes data from every pressure level at or below 900mb

* HRRR and NYSM- Made hourly
* 5-minute NYSM data
* Same data as in HRRR only dataset
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Future Research Directives

* Nationwide Precipitation Type Observation Database

* Combine all possible outlets of precipitation reports into one
location

* Similar to SPC storm report database

* Updated studies on with verification of Precipitation Type
algorithms
* Not just empirical methods/relationships
* Instruments and Forecast Models
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Conclusions

* This product is a complementary tool to aid in the forecasting
of winter precipitation types

* It provides a unique, probabilistic forecast based on both
observations and NWP data

* There will always be room for human interpretation of ML
generated guidance
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Questions?

Contact: Brian Filipiak, bfilipiak@albany.edu

https://www.atmos.albany.edu/student/filipiak/op/
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