GIS Applications in NWS Operations
& Lake Effect Snow Forecasting

ATM 362 - Forecasting & NWS Operations Course

Joe Villani
WFO Albany NY

March 15, 2021

\“EATH@

P
~

< w»

2 m

o 2
v <
¥, s

Do



Outline

* |Introduction to GIS

* Elevation mapping

* Flash Flood Potential Index

* Rainfall/Snowfall analysis maps

* NWS zone-based verification

e NWS forecast error maps

* Snowfall composites stratified by flow regime

* Hi-res model verification

 Automation “GAZPACHO” program

* Forecasting Lake Effect Snow (Albany forecast area)
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Introduction to
Geographic Information Systems B
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* Whatis GIS?

From ESRI.com: “A geographic
information system (GIS) is a
framework for gathering,
managing, and analyzing data.
Rooted in the science of
geography, GIS integrates many
types of data. It analyzes spatial
location and organizes layers of
information into visualizations
using maps and 3D scenes. With
this unique capability, GIS reveals
deeper insights into data, such as
patterns, relationships, and
situations—helping users make Analysi Apps
smarter decisions.

Maps Data
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ArcMap is the main
ArcGlIS software used
at NWS Albany

(contains ArcCatalog for
organizing GIS files)
Powerful mapping
application: creation
of shape files
rasters (digital
dataset made up of
grid points)

Crucial aspect of
Rasters @ can be
mathematically
manipulated
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Introduction to GIS
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[ Interstates

NWLakes

NWSRiversl

NWSRivers2

NWSRivers3

NWSRiversd

NWSRivers3

NWSStates

NWSCounties

NWSZones

Rainfall Analysis 0 - 15"
Rainfall Analysis 0" - 50"
[® Rainfall Forecast 0" - 15"
[F Rainfall Forecast 0" - 50°
[ Rainfall Average 0" - 15"
[ Rainfall Average 0" - 50"
[? Rainfall Difference

[® Rainfall Percent Error
Snowdfall Analysis 0" - 36"
Snowall Analysis 0" - 100"
Snowdall Forecast 0" - 36"
Snowfall Forecast 0" - 100"
Snowfall Average (" - 36"
Snowfall Average 0" - 100"
Snowdall Difference
Snowfall Percent Error

L2 Snowfall 10th Percentile
[F Snowfall 90th Percentile
L2 Snowfall 90th-10th Percenti | —J
[F Snowdall GTE 90th Percentil
[® Snowfall LTE 10th Percentils
[ IeeAccum Analysis Points
[ IceAccum Analysis 0° - 2°
[ IeeAccum Average 0" - 2"
LocalPoly

[ DDP_Reference
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No Clipping
CitiesMoExtract

[ Cities

[ Rainfall Analysis Peints
Snowdall Analysis Points

I 3

=1 3 Folder Connections
= £ N:A8D_GIS
# £ Adirlandclass20150428WGS84
5 GAZPACHO
3 GAZPACHO archive
3 GAZPACHO bkup
3 GAZPACHO_prev_ver
B a6is
3 GIs_LEC
3 GoogleEarth
EJ Meetings
E3 ModelDownload
5 ModelDownload_HRRR
5 NewSPC_outlook
5 SPC_Outlook
# 3 Training_Data
= [ FFPL final.gif
+# { FFPL final tif
|Z] LACZO7_KNHC_201604080013.txt
[ Isr_201604041600_201604050353.shp
£ 1sr_201604041600_201604050359.csv
%) [ test2FFPL final.tif
%) [ test3FFPL final.tif
# {8 testdFFPL final.tif
%) [ testFFPI finaltif
+] TY¥Xradarlatlon.xdsx
£ ﬁ Toolboxes
# {3 Database Servers
] E@ Database Connections
# [ GIS Servers
# [ My Hosted Services
# [ Ready-To-Use Services
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9 Local Application

Uses USGS
Digital
Elevation
Model (DEM)
data 30 meter
resolution

Download in
tiles, then
mosaic using
ArcMap
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DEM Mosaic in ArcMap




Delineate
elevation
thresholds in 500
ft increments for
elevation-specific
maps
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4 Local Applications: Elevation Maps &%

* Create
contoured
elevation map
with 500 ft
range bins | e

. L 4 -" “‘A w
* Select different [{ien 1 s <18 soxmney

color for each

A SR, S S_"A
|| | State Boundaries

range bin
e Useful for I 5001000
. . . 1 1000-1500
visualizing key ] rsooamoo
. | 2000-2500
topographlc 2500-3000
features in the P swoss

Albany forecast E
area
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/' Flash Flood Potential Index (FFPI)
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* The FFPI incorporates
physiographic characteristics of
an individual drainage basin to
determine its hydrologic
response

* For Flash Flooding, hydrologic
response influenced by four main
factors:

1. Soil type

2. Terrain slope

3. Vegetation and forest canopy
4

. Land use, especially
urbanization
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@ Flash Flood Potential Index (FFPI)

* High resolution maps obtained

and conver’Fed to raster B: | Lowest Flash
datasets using GIS software M2 | Flood potential
(ArcMap) 93

* Data processed over the s
domain of interest (ALY 16

L 17

forecast area) —

* Use ArcMap tools to resample, Mo | Highest Flash
reclassify and combine the 10 | Flood potential
data

 Resultis a numerical index
of flash flood potential specific
to the ALY forecast area (2011)
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Flash Flood Potential Index (FFPI) &®:

IS
. D

L)
s, =
R, o
e MENT OF

e Combine slope, land
use, soil type and
forest density using the
following formula:

 FFPI=(1.5*Slope + LU +
FD + Soil)/ N

 Average the index over
each basin
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@ Flash Flood Potential Index (FFP1) #&%:
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* Helps identify areas
of greater/lesser
Flash Flood Potential

* Areas of steep slope,
agricultural use, and
urban areas have
higher FF potential

 Areas of dense
forest, lakes/ponds,
and less slope have
lower FF potential
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. 1 Site name Snowfall Source LAT LON Loc
° C re a t e I n t e r p O | a t e d 2 Bakersville 6.2 Co-Op Observer 41.85833 -73.0103 ALY
3 MNew Hartford 6.2 CoCoRaHs 41.8417 -73.0092 ALY
4 Canaan 6 WeatherNet6 42.01215 -73.3505 ALY
° 5 Norfolk 6 Co-Op Observer 41,9725 -73.2208 ALY
rainfall/snow ma S - P ey
7 Litchfield 4.9 CoCoRaHS 41.77445  -73.169 ALY
° 8 'Woodbury Center 3.5 Amateur Radio 41.5558 -73.2261 ALY
fro m O bS e rva t I O n S 3 New Milford 3 CoCoRaHs 4151472 -73.436 ALY
10 New Milford 3 Amateur Radio 41.5885 -73.4068 ALY
11 Roxbury 3 Amateur Radio 41,5539 -73.305 ALY
12 New Milford 2.6 CoCoRaHs 41.59392 -73.4515 ALY
13 Woodbury Center 2 Amateur Radio 41.5466  -73.207 ALY
14 Savoy 20.3 WeatherNetb 4259784 -73.0436 ALY
15 Pittsfield 7.2 Trained Spotter 42,4518 -73.2609 ALY
° ° 16 Lenoxdale 7 Social Media 42,337 -73.2456 ALY
( CO m pl Ie S n OW/ra I n 17 | pittsfield 6.5 CoCoRaHS 42.47878 -73.2738 ALY
18 Housatonic 6 CoCoRaHS 42,2379 -73.3503 ALY
19 Housatonic 6 CoCoRaHs 42.28983 -73.3195 ALY
re p O rtS fro m P u b I i C 20 Sandisfield 4.5 Social Media 42.09872 -73.1377 ALY

Information Statement

 Generate GIS shape
file of snowfall reports :
from spreadsheet

Sullival
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Rainfall/Snowfall Analysis Maps @
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° Run an |nverse National Weather Service Albany New York
1-2 February 2021 Snowstorm
D i Sta N Ce Analysis Data Source: NOHRSC and Regional Observations

Weighting (IDW)
function in
ArcMap

« IDW takes into g~ \, @‘*ﬁ" S o o -

. : A % M 1.0"-2.0"

account distance oty e |
: o I T o i

between points . e __gon 0 o =

Y 12.0" -18.0"

& interpolates O g

* Creates a Raster Loen | W oo o 24000
. . O e 36:0"-48:0"
(digital) dataset ETR e Bes e
and contoured " ' oo

rainfall or

S n O Wfa I I l I I a p Thisis an experimental product. Care should be taken in using the data. Unofficial observations are plotted. Values at interpolated locations may not represent actual reports at that location.

Snowfall Example
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Rainfall/Snowfall Analysis Maps @

) RU nan I nverse National Weather Service
DlSta nce Tropical Storm Isaias Total Rainfall

Analysis Data Source: AHPS Stage IV and Regional Observations

Weighting (IDW : - S
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o
‘qﬁrMENT o O

@ ; >
iy ~ Plansrgh - ) ) 1.457
. . 140,00 S 5 e 328 3109 s oo P N0
fu nctlon In 152; > 1071 IO 7 2‘,47,,,) ZBumng . o
- 1075 §

: 104", 1’604 27 2 190 54 28
loar, 22

ArcMap : o o A =
e |IDW takes into 5 =

1.01"
1.33" 1 - .‘ ¢ Y -199 2 - Rainfall Analysis 0" - 50"

account distancLEIEARE v L o oo e o S | =

i 0.01" -0.09"
1.19"3 OneidafF Utica -

between points [EEEHEF | - o5 -lvx(f’ . ;m,, { , e

1.08"
0.50" - 0.99"

. 7. j Y S S, T2 135
& interpolates W - i [T s
Y o S i . Il 150" -1.99"
Il 2.00"-299"

* Creates a Rasterf...; o P l” | s

(digital) dataset Ble w i ® v 3 tm |

A : < New:Bntaln < 8.00" -9.99"
3 1 ) /7. a " "
3, : el 5 . A ¥, S 10.00" - 14.99
£, “efa < Mddletown } v b o B "’
and contoured [og i SuiEe EE wean UH ) g DI, I
978 5748 .89 g o et o
. 2 Haverstraw £ 3
. 3 ”~ e
‘.4< - 2. 83 Spnng‘Valley b/ 5
raintall or KT & Sem ford
) East stroudsburg\ F Oakland < . -
Hazleton had Hopatcong Yonkers o, y PortDetferson
Sy ) - Cllfton A o | Ts G rove
S n OWfa II l I Ia p This is an experimental product. Care should be taken in using the data. Unofficial observations are plotted. Values at in lated locations may not represent actual precipitation totals at thatlocation.

Rainfall Example



@ Zone-based Snowfall Verification #&#:
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* NWS Verification
computed from
mean snowfall in
each forecast zone

Zone layer

Defines the zones
(shapes, values and locations).

Value layer

Contains the input values
used in calculating the output
for each zone.

 Run Zonal
Statistics in
ArcMap (including
mean) on the
observed snowfall
analysis Raster

Output

The result of the statistic
applied to the value input
(Maximum in this example).
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National Weather Service Albany New York
Snowfall Zonal Average 01/31/2021 07:00PM EST to 02/02/2021 07:00PM EST

L]
[ ) O u t p u t V I a m a p Analysis Data Source: NOHRSC and Regional Observations
]

with more
specific data in —

spreadsheet \.-.. | =l

format = Qe

N s.0"-12.0"
M 12.0" - 18.0"

18.0" - 24.0"

e Mean snowfall o - 1L -

for each zone aon B

used for NWS

S n OWfa | I 1 [MNAME MIMN MLAX RAMGE | MEAN TD
. e R 2 NY083:Southeast Warren 12.1 23.4 11.3 21 1.4
Ve r | f| Ca t | O n 3 |NY050:Southern Saratoga 13 21.1 8.1 18 1.3
4 MNYD57:Delaware 7.9 17 9.1 12.3 1.8
5 MNY060:Western Columbia 5.6 12 6.4 2.9 1.3
6 NY038:Southern Herkimer 10.3 20,4 10.1 15.6 2.7
7 NHOO07:Sullivan 7.4 13.4 5.5 10.6 1.5
8 MNY052:Eastern Albany 10.4 17.2 6.8 13.9 0.9
9 NY032:Morthern Herkimer 11 19.3 8.3 15.4 2.5
10 NY046:0tsego 8.2 19.1 10.9 13.5 2.2
11 MY029:Southeastern 5t. Lawrence 10 13.9 3.5 12.2 0.7
12 |NYD42:Morthern Warren 13 234 10.5 19.5 21
13 WTO015:Eastern Windham 9.4 15.4 f 12.7 1
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Creation of Forecast Error Maps &%
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e Methodology:
Create gridded
observed
snowfall map
after an event,
then subtract
from the
forecast
snowfall
(obtained via
NWS National
Digital Forecast
Database)
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Monthly Rainfall/Snowfall Maps

Rainfall Snowfall
December 2020 December 2020

National Weather Service Albany New York National Weather Service Albany New York
Monthly Liquid Equivalent Precip. December 2020 Monthly Snowfall December 2020

Analysis Data Source: Regional Observations Analysis Data Source: Regional Observations

Snowfall Analysis 0" - 120"
25.47
1.3" 47 N 0.0

>
Py ]
227 M <10

I o.00" ém@ P M 1.0m-20"
I 0.01"-0.09" m 35 5 5 20" -3.0"

W b

B 0.10" -0.24" R o 07 2757 3.0"-4.0

t ; B 0.25" - 0.49" 19.2° “s o D < 93 NG 3 A 4.0"-6.0"

555:0 5032 syl - 0.50" - 0.99" P 87 ~26:27 CEDACTS . M 60" -80"

1.00" - 1.49" = T &1 : An I 80" -12.0"
i : B 150" -1.99" ; 5] S M 12.0" -18.0"

8.10" " 6. 89 " 6" !

o // 63y 761" M 200" -2.99" i’ :9S 20 SES 184" 18.0" -24.0"
: B 3.00" -3.99" ozl ) P f 24.0" - 30.0"
4.00" -5.99" Tor 30.0" - 36.0"
6.00" -7.99" S h Yo 36.0" - 48.0"
8.00" -9.99" i - i I 48.0" - 60.0"
10.00" - 14.99" e S 2173 N P 1 60.0" -72.0"
15.00" - 19.99" A 2lst o UEER 72.0" -96.0"
20.00" - 29.99" N ! 5D : : 96.0" - 120.0"

Rainfall Analysis 0" - 50

6.01"" "gTp3" .561"

Same method used for event precipitation analysis maps,
but instead using monthly rainfall/snowfall reports (based
on local reports from observers)




Seasonal Snowfall Map

* Methodology: 2019-20 Seasonal Snowfall
Complle (SUM) Seasonal Snowrall 2U19-202V

monthly
observed
snowfall maps
from October o S
through April P e é k- ...

(inches)

using ArcMap TR Ams.e,dam” ﬁseg; 9o, i = A

p 1 95 | 1-10

-~ ey 84 M 11-20
e Colorscale & SRR Jriaes
o Moy g . 88 31-40
range bins must - Sy, A e
be altered to p 5 st
- ' 101 -125

account for L E o e

-200

large snow TN
totals  gw




Use 30-year
climate
normals from
Cooperative
Weather
Observers to
create a
snowfall
analysis

ALY Snowfall
(inches)

M <1
1-10

. 11-20

- 30
- 40
- 50
- 60
-75
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Snowfall Composites Stratified by @
925mb Flow Regime

\ONA(

<

KALB I{?lElBj 30,/00 4245 -7348 g2m LI (S500mb):

° : WMO PARTS INCLUDED: TTAA TTBB PPBB TTCC TTDD PPDD
Identlfy patterns Of PRESS TEMP DWPT WDIR WSPD HGHT THTA

. . . MB C C DEG KNTS M K
snowfall distribution | .. ... S e B
101@.@ 17.4 12.7 @.a 8.0 92.8 289.7
baSEd on |OW |eve| 1000.0 16.2 11.2 35.9 3.8 179.8 289.4
985.3 15.4 9.1 55.8 5.8 384.8 289.7
965.0 14.2 6.2 92.1 5.6 481.3 298.3
ﬂOW reglme a54 5 13.0 6.4 L11a a 7.8 609.6 298.4
925.9 11.0 6.7 |13e.0 11.8 | 837.8 298.6
* Use Albany, NY G23.0 11.0 7.0 131.3 11.2 856.4 299.7
916.6 1.8 6.6 135.0 12.8 914.4 291.1
892.0 9.8 5.1 154.8 5.8 1148.6 292.3
Soundlng data to 886.0 9.8 8.8 161.6 7.3 1196.9 292.9
. . 883.6 9.7 8.9 165.8 7.8 1219.2 293.8
determine wind at
865.0 9.2 -5.8 152.1 6.3 1395.5 294.3
925 mb g850.0 8.8 -7.2 140.0 6.8 1548.2 295.4
844.0 8.4 7.6 136.4 4.2 1602.2 295.5
. . 829.0 9.8 -16.0 28.3 1.8 1751.8 297.7
[ )

Soundlng time (OOOO 821.3 8.7 -16.7 345.9 3.0 1B28.8 298.2
792.0 7.6 -19.4 149.4 1.9 2126.8 388.1
UTC or 1200 UTC) 791.3 7.6 -19.4 150.80 2.8 2133.6 3ee.1
] . 783.0 7.8 -19.8@ 168.3 1.7 2219.7 3e@.4
CIOSGSt to m|dpo|nt 762.3 5.1 8.8 220.9 2.0 2438.4 300.7
759.0 4.8 -7.2  227.7 2.8 2473.7 3e08.7
746.0 5.2 -3.8 254.3 2.4 2614.1 382.7
Of eaCh event 734.2 4.2 4.8 270.9 3.8 2743.2 3@3.0
707.8 2.9 -7.8 180.9 3.8 3048.2 303.8
700.0 1.4 -7.6 165.0 7.8 3128.@2 384.0

Example of Data Selection



Stratify by wind
direction &
speed at 925
mb:

* 4 quadrants for
wind direction

* 3 categories for
speed

=12 combined

categories

Snowfall Composites Stratified by
925 mb Flow Regime

Quadrants

Oij
Wi
il

miv
1 0-19 kt
2 20-39 kt

3 40+ kt
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Snowfall Composites Stratified by

925 mb Flow Regime
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925 mb

-1

-2

-3

-1

-2

1
2
3
4
3
6
7
B8
9

10
11
12
12
14

20170331 0600-20170401_1800
20170314 0000-20170315_1200
20170107_0000-20170108_1200
20160208_1200-201602039_1200
20160117_1800-20160118_1200
20140121 1800-20140122 1200
20140102 _0000-20140103_1800
20130208_0600-20130209_1800

15 850 mb |I-1

20170123 1800-20170125_ 1800
20160205_0600-20160205_1800
20150126_1800-20150128_0600
20141209_0600-20141211_1200
20140312 1200-20140313_1800
20140213 1200-20140214 1800
20130318 1800-20170319_ 1800

-2

20130207_1800-20130308_1800

-3

20170212 1200-20170213_1800
20170131 1200-20170201_1200
20150205_0600-20150210_1200
20140204_1800-20140206_0000

-1

20170117 _1800-20170118 1800
20161207 _0000-20161207_1800
20161205_0000-20161205_1800
20150202_0000-20150203_0000
20131214 1200-20131215_1300

-2

16
17
18
13
20
21

20170209_0600-20170210_0000
20170107_0000-20170108_1200
20140121 1800-20140122_1200

20150126_1800-20150128 0600
20141209_0600-20141211_1200
20130318_1800-20170319_1800
20130307_1800-20130303_1800

20140213_1200-20140214 1800

20170331_0600-20170401_1800
20170314 _0000-20170315_1200
20140204_1800-20140206_0000

20170212 1200-20170213_1800
20170123_1800-20170125_1800
20160208_1200-20160209_1200
20140102_0000-20140103_1300
20131214 1200-20131215 1800
20130208 _0600-201302039_1800

* Separate events into the 12 categories using a
spreadsheet

e 81 total events from 2014-2019 winter seasons
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Snowfall Composites Stratified by @
925 mb Flow Regime
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0-90 degrees, 0-19 kt 0-90 degrees, 20-39 kt 0-90 degrees, 40+ kt

e Sum the et s e, T
snowfall
analyses for
events in each
of the 12
categories using
925 mb wind at
Albany ey M e

201320 Saowhill Composite (i 1r Cak. 1M (12 wwerrin) 201320 Snowtet Compentts |
0440 degrees, 0-19 b} (30530 dwgr
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Snowfall Composites: Notable Regimes @
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Moderate SE Flow Moderate SW Flow

2013-20 Snowfall Composite (in) - 925 mb Cat. ii-2 (12 events) 2013-20 Snowfall Composite (in) - 925 mb Cat. iii-2 (12 events)
(90-180 degrees, 20-39 kt) (180-270 degrees, 20-39 kt)

20_sncomp_ii2 ~ & - ) 20sncomp_iii2

(inches) s By B > =4/ (inches)

- <1 N A S ‘  Eanfiogen ] f,,‘ - <1

. 1-10" , sy A / ; - ! .1 10T

11 - 20" B R : . 117 - 207
21" - 30" e : 21" - 30"
31" - 40" T L Y Yy € 4 31" - 40"
41" - 50" 3 { P, T 41" - 50"

. 51" - 60" ; B~ B 51" - 60"

. 61" - 75" T 3 N [

= 76" - 100" 2 / ok : = 76" - 100"
101" - 125" -1k . 101" - 125"
126" - 150" i g« ; - 126" - 150"

/ ‘! " m"

Maximum snowfall in favored “Snow hole” in Albany area due to
upslope areas north and east of down-sloping off Catskills
Albany
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Snowfall Composites: Notable Regimes @
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Moderate NE Flow Moderate NW Flow

2013-20 Snowfall Composite (in) - 925 mb Cat. i-2 (9 events) 2013-20 Snowfall Composite (in) - 925 mb Cat. iv-2 (15 events)
(0-90 degrees, 20-39 kt) (270-360 degrees, 20-39 kt)

indian

20_sn_comp_i2 &
(inches)
- <1
. 1"-10"
.11 - 20"
21" - 30"

20_sncomp_iv2

(inches)

- <1"

. 1" - 10"

.11 - 20"
21" - 30"
31" - 40"
41" - 50"

I 51" - 60"

61" -75"

76" - 100"
101" - 125"

31" - 40"
41" - 50"
I 51" - 60"
. 61" - 75"
1 76" - 100"
101" - 125"
126" - 150"
151" - 200"
201" - 250"
> 250"

126" - 150"
151" - 200"
201" - 250"

i 50"

e i

Snowfall dominated by Maximum snowfall !n favored

Nor’Easters upslo;?e areas of Adlronc?acks and
Taconics, Green Mountains &
Berkshires
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Snowfall Error Maps Stratified by
Flow Regime

0-90 degrees 0-19 kt

72)
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* Same
methodology as
snowfall
composites, but
summing
difference maps
for events in
each of the 12
categories using
925 mb wind at
Albany

e Used for
assessing +/-
forecast biases

0-90 degrees 20-39 kt 0-90 degrees, 40+ kt

1320 Snowrtel Bias (g - 435 md Cat. b3 {1 &
vgrees Sbe 4T

90-180 degrees, 40+ kt
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Error Maps: Notable Regimes &%

Weak NE Flow Moderate NW Flow

2013-20 Snowfall Bias (in) - 925 mb Cat. iv-2 (16 events)

2013-20 Snowfall Bias (in) - 925 mb Cat. i-1 (12 events)
(270-360 degrees, 20-39 kt)

(0-90 degrees, 0-19 kt)

20_925bias_i1 20_925biasiv2
(inches)

(inches) o R il B - ;
<-30" ) - * - < -30'
B -30" --24"
. D) o -24" --18"
Ll )i 18" --12"
1 p 12" -.8"
. J . 8" - 6"
—~ il 6" - 4"
-4 -2t
- -2 -0
o2
-2-ar
a6
me -8
-2
12" 18"
18" - 24"

B -30" --24"

B 24" --18"
48" --12"
~12=--g=

Negative/positive snowfall Under-forecast of upslope and
forecast errors likely due to max  lake effect snow
QPF displacement error Over-forecast in “snow

shadowing” areas



HRRR and NAMNest Snhowfall @
Verification e

NWS Albany verifies
snowfall from high-
resolution models

HRRR

such as the 3 km 1-3 Dec 2019
HRRR and NAMNest
Use positive show
depth change from
beginning to end of
an event

NAMNest

1-3 Dec 2019




HRRR and NAMNest Showfall

Verification
HRRR Pos SD Change

e Thechangein
snow depth more
accurately depicts
model snowfall
(correspondence
with EMC)

e Subtract observed
snowfall from
model positive
snow depth
change (using
ArcMap) for each
event to determine
model forecast
error
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Automation using GIS Scripting:

The ”GAZPACO” Program

* Not talking about —
cold soup here... o

* GAZPACHO =
Gridded Automated
. . . National Weather Service Albany New York
ZO n a | P reC| p |tat|0 n Hist:ri:: ?n:\:vsstormle-?? [I)::embt-er 2020
And Complete Hi-res
Output

e GAZPACHO s a
program that was
created to assist
NWS Weather
Forecast Offices with

snowfall verification
(rainfall added)
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Automation using GIS Scripting:
The “GAZPACHO” Program ‘

Required Fields

Y C re a te d by D a n n y Choose Phenomena Type(s) To Verify Choose Phenomena Analysis Data Source(s)

(\0N4<

2
i
)
g
%
&
&

Rainfall Snowfall Icefccum PNS/Other MNOHRSC/AHPS Blend
o Select or Enter Start Date Select or Enter End Date
Gant (Morristown, o Febuay s | o Febuay s )
Sun Mon Tue Wed Thu  Fri Sat Sun Mon Tue Wed Thu Fri  Sat
TN), Vasil Koleci & .o .o
) 03 04 05 06 07 08 09 et 03 04 05 06 07 08 09
0 1 12 13 14 15 16 o 1 12 13 14 15 16
Joe Vlllanl (Albany 7 18 1920 2 2 2z M7y o o190 00w a 2 2
V4 24 25 b 27T 28 24 25 b 27 28
N Y) vy MM DD Fests to Verify vy MM DD
Select Start Time = 0000 - None ~ Select End Time = 0000 ~
° U A G IS ft Archive Sources = | Locate Data File|| xmACIS
S e S rC S O Wa re Real-Time Sources = IRIS MRMS = Over Previous (N) Hours = 24 =~
and Python scripts Optional Fields
Elevation Threshold (Feet) = Min Stats Only Max <
Incorporate Topography Enhancement Yes Only Elevations =
L]
Y GAZ PAC H O Only Zero Values From NOHRSC/AHPS Yes
I S ru n O n Analysis Smoothing Factor @ Mone 2 4 8 16

a PC (With ArcG IS 7| States Counties || Zones V| Points [V| Cities V| Interstates V| Lakes || Rivers

Enter Custom Headline

10 * 8 I n Sta I I e ! , ' | ! ! ' Align Fields From Custom Data File (Red=Required)

SiteName Phenomena Source Latitude Longitude Location

S“ I lple G U I None - None - None - None - None - None -

Create Datafile

Archived Verification Data
Locate Archive File 1 Archive Type Locate Archive File 2

None ~

Close Download Model Data Create Maps




tis GAZPACHO

National Weather Service Albany, NY National Weather Service Albany, NY
Snowfall Analysis 03/01/2018 07:00PM to 03/03/2018 01:00AM Snowfall Average 03/01/2018 07:00PM to 03/03/2018 01:00AM

Data Source: Regional Observations(PNS) Data Source: Regional Observations(PNS)

),
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9
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o
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* Creates maps of:

Snowdall Analysis 0" - 36" 3 Snowtall Average 0" - 36"

* Observed precipitation & &= = ! = ,
(rain or snow) TR =~ i

20°-30"
30°-40"

407-60"
6080

* /one-average 3 7 N/
rain/snow '

Snowfall Forecast 03/01/2018 07:00PM to 03/03/2018 01:00AM Snowfall Difference 03/01/2018 07:00PM to 03/03/2018 01:00AM

Data Source: Regional Observations(PNS) Data Source: Regional Observations(PNS)

e NWS forecast or model
rain/snow (HRRR,
NAMNest and NAM)

 Difference (or error)
maps of forecast minus

A
b d 1 NAME MIN MAX  RANGE MEAN  STD sum
O S e rve ra I n S n OW NY033:Hamilton 2 20.3 18.3 9 3.4 68045.7
NY040:Montgomery 8.7 32 23.4 21.8 5 36949.1
o NY047:Schoharie 244 a1 17 33.1 3.2 84837
I n h e S a n d (y VT013:Bennington 0.6 18.1 17.4 10.1 3 28266.1
C (0] CTO01:Northern Litchfield 0.3 17 16.7 5.8 28 138611
CT013:50uthern Litchfield 0.4 9.2 8.8 35 15 50058
MA025:Southern Berkshire 15 18.2 16.8 6.8 2.6 144159
MAOOL:Northern Berkshire 3 15.8 12.8 8.9 2.3 15532
. S p re a d S h e et ta b I e Of NY084:Southern Washington 2.4 14.3 11.9 7.8 2.1 15503.6
ek f , NY043:Northern Washington 18 16.4 14.6 7.4 29 112545
Vi ¥ 7 NY042:Northern Warren 3 20.1 17 11.1 3 36642.1
M M > 4 4 & NY083:Southeast Warren 6.6 18.1 11.4 13 2.4 7398.6
Zzone-average statistics ; gt : e me s T oo e
: ‘ Jt 1 ! : NY082:Northern Fulton 13.5 229 9.4 17.9 22 23869.2
RECCT | e NYD32:Northern Herkimer 7147 77 w8 18 34557
@ = NY038:Southern Herkimer 7 23.7 16.8 15.2 3.3 43453.4




National Weather Service Albany New York National Weather Service Albany New Yor
Snowfall GTE 90th Percentile 12/16/2020 01:00PM EST to 12/17/20% Snowfall LTE 10th Percentile 12/16/2020 01:00PM EST to 12/17/202

e Also verifies some
Probabilistic Snowfall
Forecast data:

 Areal coverage of
observed (analyzed)
snowfall > 90th
percentile

 Areal coverage of
observed (analyzed)
snowfall < 10th
percentile

 Difference of 90th
minus 10th percentile
(‘goal posts’)
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National Weather Service Albany New York
Historic Snowstorm 16-17 December 2020

Analysis Data Source: Regional Observations

* Snowfall =)

a na IVSiS based | e ' \0 o 25 Snowfall Analysis 0" -

. P 7 8 : 420" M o0

on |nterp0|ated o 220/ 0T 255/ 735.0" 395" gqe 3007 M <10"
: " 25.5" . 38.0° < ' B 1.0"-20"
. N N (Gloversville I szm “38'0 32.2" S il 0" -3.0"
Observat|0ns % ( .38'0 26.0" 123420 i 150_,(2'{1 0" ;:.. ig,.

6" = 34.07° 21.0 ARG

28.0" 29.0" MSchenectady P, 23.0:0 1 527.0z <22 v ) 4.0" -6.0"
frOm 16‘17 o~ Nort! .0" M 60" -8.0"

M 80" -12.0"

December AL | ¢ Bt
v o Y,

2020 v e T e N el
: Tgn -84 : ' 36.0" -48.0"

SnOWStOrm i ' ; 09; : :.:::::.::

‘Observed Snowfall
16-17 December 2020



Difference map s
computed from
official NWS Albany
forecast minus
observed analysis

Large under-forecast
error in the Capital
District and areas
north/west

Large errors due to
both band placement
and magnitude of
snowfall rates

Snowfall Difference 12/16/2020 01:00PM EST to 12/17/2020 01:00PM EST

Forecast Data Source: NDFD

Snowfall Difference
(Forecas t - Observed)
<-12"
12" --10"
-10" - -8"

6"
" 4"

2

-1

Forecast Error
16-17 December 2020



Instability Class
(derived from lake/air
temp differences)
used to assess
potential strength of
lake effect snow bands

Three main categories: -

1) Conditional
2) Moderate
3) Extreme

Forecasting Lake Effect Show
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MARCH 1995 NIZIOL ET AL.

LAKE EFFECT GUIDANCE: ONTARIO
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LAKE -
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Niziol Instability Class
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)  Forecasting Lake Effect Snow

From Niziol, 1987
Conditional: Heavy

S = 12.6kts

ﬂ.a -> 675 mb Wind>-268 &1 36 Kty LS
R

snowfall rates possible
with trajectories along
the longest fetch of the
lake and 500 mb cyclonic -
vorticity advection (CVA)

M Od e rate : H e a Vy I_— S\er:aLvél ISLma B | - B”’;:': r
WV MeanWind | 1 28 | Band Sel
Mets | CONRAD

S VR

snowfall rates can occur e
with moderately long ; ‘ T
trajectories & 500 mb  wassa
CVA

Extreme: Heavy snowfall

EQL 14077
NCAPE 178

gt Moderate

“WEEEE

rates possible with little
dependence on fetch or BUFKIT — Instability category (must
CVA obtain observed lake temperature too)



Inversion heights also
used to determine
potential strength of lake
effect snow bands

Higher inversion heights
result in a deeper mixed
layer and taller
convective plumes

Inversion heights of 750 mm
mb (~2.5 km) and higher
can be associated with
intense snow bands,
assuming other favorable
factors are present

.___233. 27

oy 290w 27
2059 27

264w 22

2558 16
- 239.8-6—

20 o458 7

BUFKIT — KRME NAM 26 December 2017
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Forecasting Lake Effect Show

Flow trajectory can be determined by using the mean wind in the
mixed layer. Flow trajectory and fetch modulate the location and

classification of snow bands as:

&

S, =
A rment oF <

Single Band: wider in
shape; typically more
intense

Multi Band: narrower;
typically weaker due to
smaller fetch




Multi bands typically
affect the southern
Mohawk Valley,
Schoharie Valley, and
eastern Catskills with a
300° to 310° flow
trajectory

Single bands can affect
the central and
northern Mohawk
Valley (even rarely the
Capital District), and
especially the western
Adirondacks with a 260°
to 280° flow trajectory

Forecasting Lake Effect Show

300°-310°
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¥




ATMO:

\‘),40 SPH"?/C

S %

%

$ % ° L)
< =
z 2
2 2

4 <

#Thent oF <©

Shallow inversion heights
result in very weak snow
showers/flurries

If the directional wind
shear is > 30° snow bands
tend to become less
organized or break up

Diurnal mode especially
early/late season, as
bands tend to become
cellular during the
daylight hours

v

Forecast Challenges @

Inland extent of snow
bands: Not always
modulated by wind speed;
can lead to over-forecasting
significant events

Model forecasts of QPF
associated with LES can be
highly inaccurate at times

Snow to liquid ratios can
range from 15:1 to as much
as 30:1 (even rare
occasions of > 50:1)



Favorable Env. far-reaching Inland Extent
* Type A
 MLC present (not shown)
* Strong 0-1 km shear; weak shear in 1-3 km layer

* Conditional lake-induced instability

Sounding Location |

(b)

(a) Example of a Type A sounding (0O-hr NAM sounding from near KUCA) featuring strong 0—1-km
bulk shear (weak in 1-3-km layer) and conditional instability. (b) Associated 0.5° reflectivity
(dBZ) at time of sounding. Sounding and radar image from 1200 UTC 2 January 2012




Non-Favorable Env. far-reaching Inland Extent
* TypeB

e MLC not present (not shown)

e Weak 0-1 km shear; stronger shear in 1-3 km layer

* Extreme lake-induced instability

liididdddaa;

(a) (b)
As in previous figure except for a Type B event from 1200 UTC 8 January 2014.



Questions/Comments?

Joe.Villani@noaa.gov



