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Training ODbjectives

 |dentify remote sensing data relevant to tropical storms
 Monitor conditions before, during, and after a storm using remote sensing data
 Understand how remote sensing data can be used in decision-making activities

NASA’s Applied Remote Sensing Training Program 2



Impacts of Tropical Storms

Impacts of Tropical Storms (1980-2009) e Southeast Asia, the
Western Pacific, and
Frequency by Region Deaths by Region Affected Population by . .
(n=1,080) (n=393,201) Region (n=151,425,74) regions of America are
6% % 5% Impacted substantially

'  The Western Pacific and
American regions have
high storm frequency but
the Southeast Asian
_ region has the highest
WHO Regions

| | | number of storm-related
m AFRO = African Region ® EMRO = Eastern Mediterranean

® AMRO = Region of the Americas
m SEARO = Southeast Asia Region

WPRO = Western Pacific Region

= EURO = European Region

Image Credit: Doocy S, et al. The Human Impact of Tropical Cyclones: a Historical Review of Events 1980-2009 and Systematic Literature Review. PLOS Currents Disasters. 2013 Apr
16 . Edition 1. doi: 10.1371/currents.dis.2664354a5571512063ed29d25ffbce74.

NASA’s Applied Remote Sensing Training Program 3 .




Impacts of Tropical Storms

o

https://www.nhc.noaa.gov/prepare/hazards.php

Major Causes For Damage, Destruction,
Loss of Lives:

« Storm Surge and Coastal Flooding
 Heavy Rainfall and Inland Flooding
High Sustained Winds and Gusts
Tornadoes

Rip Currents

Chart Data Source: National Hurricane Center
NASA’s Applied Remote Sensing Training Program

U.S. Deaths Directly Attributable to
Hurricanes (1963-2012)

Storm Surge

49%
\
Offshore

6%
Surf
6%
Wind

8%

Unknown
1%

Tornados
3%

Rain
27%

4.


https://www.nhc.noaa.gov/prepare/hazards.php

Monitoring Tropical Storms for Emergency Preparedness ﬂ

 ARSET offered an introductory training in May 2018 focused entirely on monitoring
tropical storms

* The four-hour training goes into more detail on some of the information presented
In this session, if you would like more details

 Available at: https://arset.qgsfc.nasa.qov/disasters/webinars/18-tropical-storms

h NASA’s Applied Remote Sensing Training Program



https://arset.gsfc.nasa.gov/disasters/webinars/18-tropical-storms

Potential Problems to Address Before/During/After a Tropical Stoﬂ

Before Making Landfall

 Where is the storm now, what is its wind speed, and how much rain is it producing?
 Where is the storm going, is it going to make landfall? When and where?

 When it makes landfall what is its projected wind speed, rainfall, and storm surge?
 What are the areas at risk for flooding?

During Landfall

How much rain is the storm producing and what is its wind speed?

What is its projected path, rain, and wind speed?

What areas are flooded and what areas are most likely to flood?

What is the current storm surge and what is it projected to be?

After the Event

 What is the extent of flooding and how fast is it receding?

 What is the extent of the damage?

h NASA’s Applied Remote Sensing Training Program 6 \Qas
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Tropical Storm Information Portals
https://www.nhc.noaa.qov/aboutrsmc.shtml

Worldwide Tropical Cyclone Centers Tropical Cyclone Centers and their Regions
(click to enlarge)
{Image courtesy of the World Meteorological Organization)

R ESEAPAIG R i The World Meteorological Organization Tropical Cyclone Programme is tasked to establish national and regionally coordinated systems to ensure that the loss of
ane . n .
on Tropleal Cyckenes Typhoon Committee Commite life and damage caused by tropical cyclones are reduced to a minimum.
w0 e we et woe e e e 16 o 2w The following table is a list of the Regional Specialized Meteorology Centers (RSMC) and Tropical Cyclone Warning Centers (TCWC) participating in the WMO
. -~ 2 s = - Tropical Cyclone Programme.
Region Description Links to Centers (RSMC and TCWC)
40°N 40N -
Tokyo ] 222;‘;‘; *;,';"ciﬁ . U.S. National Hurricane Center (RSMC Miami)
5 " | n Central Pacific U.S. Central Pacific Hurricane Center (RSMC Honolulu)
) 0 v Northwest Pacific Japan Meteorological Agency (RSMC Tokyo)
| P i - \' North Indian Ocean India Meteorological Department (RSMC New Delhi)
s | \ ﬂ . V:Wn Vil =" j,.! s Vi Southwest Indian Ocean Météo France (RSMC La Réunion)
- A el o 3, Vel - VII: Australian Bureau of Meteorology (TCWC Perth)
2 5 v | : VIII: Indonesian Agency for Meteorology (TCWC Jakarta)
e L vixi | gouthwest Paciicand | IX: Australian Bureau of Meteorology (TCWC Darwin)
gors ) \ / S X: Papua New Guinea (TCWC Port Moresby)
w0 20k 40 [ e SDE I00E 120 140% 160E  flar Sle0W  MOW 120W  100W  BOW  60W 40w 20W Xl: Australian Bureau of Meteorology (TCWC Brisbane)
RAI Tropical Cyclone RAVTropical Cyclane XII: Fiji M i i i
Committee o R b . Fiji Meteorological Service (RSMC Nadi)
e Conmites Xi-Xi- fSouth Pacific Xll: Meteorological Service of New Zealand, Ltd. (TCWG Wellington)

NASA’s Applied Remote Sensing Training Program 8



https://www.nhc.noaa.gov/aboutrsmc.shtml

Tropical Cyclone Operational Information Portals

Western/South Pacific and Indian Central Pacific (140W to 180) Eastern Pacific & North Atlantic (East

Oceans (West of 180) Monitored by the: of 140W)

Monitored by the: » Central Pacific Hurricane Center, Monitored by the:

« Joint Typhoon Warning Center: Honolulu, HI:  National Hurricane Center, Miami,
http://www.metoc.navy.mil/jtwc/|t https:.//www.prh.noaa.gov/cphc/ FL: https://www.nhc.noaa.gov/
wc.html

« Japan Meteorological Agency
120°E  140°E  160°E  180° 160°W  140°W 120°W  100°W  80°W  60°W  40°W

Joint-Typhoon Warninq' CPHC ¥
Center -~ Updates NHC
Updates every 6 hrs evety 3 hrs Updates Syery 3 hrs 7
RSMC i -
Tokyo
q | ® | :
RSMC
3 Honolulu

120°E  140°E 160°E 180° 160°W  140°W  120°W  100°W 80°W 60°W  40°W

NASA’s Applied Remote Sensing Training Program



https://www.prh.noaa.gov/cphc/
https://www.nhc.noaa.gov/
http://www.metoc.navy.mil/jtwc/jtwc.html

Accessing Storm Tracking Information (Atlantic and Eastern ﬂ
Pacific)

 The National Hurricane Center (NOAA) is the portal for hurricane tracking in the
Atlantic and Eastern Pacific: https:.//www.nhc.noaa.qov/

 YOou can access current information and forecasts during the North American
hurricane season (June 1 - November 30)

 We will use Hurricane Harvey (August 2017) as a case study for accessing archived
Information from the National Hurricane Center (NHC) and interpreting the 5-day
forecast for hurricane path and wind speed

e Hurricane Harvey caused more than 100 confirmed deaths with total damage

estimated at $125 billion (USD), making it one of the costliest hurricanes in US
history*

« NOAA uses GOES-E and GOES-W geostationary satellites

— Provide full-disk images of the Earth every 15 minutes, with a spatial resolution of
0.5-2km (0.31-1.24 mi)

*https://www.nhc.noaa.gov/data/tcr/AL092017 Harvey.pdf
NASA’s Applied Remote Sensing Training Program



https://www.nhc.noaa.gov/
https://www.nhc.noaa.gov/data/tcr/AL092017_Harvey.pdf

Accessing Storm Tracking Information (Atlantic and Eastern Pacific)

e Go to NHC https://www.nhc.noaa.qgov/

« At the top of the page go to ARCHIVES At the left of the page click on “Hurricane
- Tropical Cyclone Advisories HARVEY”

S & NATIONAL HURRICANE GENTER } * This page displays all advisories and wind
2 AML;;E;‘:F;;E:ANS:;:‘CEAbn;TLN:T:&:L;THrRIE:D;;:'II':O:IAz:E;URCES' ARCHIVES ~ ABOUT NHC ~ SEARCH~ Speed prObabilitieS for Hurricane Harvey from
Top News of the Day... view past news | 1'33‘:::&"’"’““ 15 Fab 2018 17:31:00 UTC Aug 17_31

+ BOES-17 is now operational as GOES West
+ Nalional Hurricane Center updates National Storm Surge Hazard Maps- Hawaii, U.S. Virgit
+ Recent NHC Publication; Have we reached the limits of predictability for tropical cyclone tre  Outlooks

Once the page has loaded, click on “2017”

e Click on “Graphics Archive” in the top-center
of the page

) & NATIONAL HURRICANE CENTER P

ANALYSES & FORECASTS = DATA & TOOLS ~ EDUCATIONAL RESOURCES ~ ARCHIVES ~ ABOUT NHC = SEARCH~

Reports
Tropical Cyclone
Forecast
Verification
Atlantic Current
Season Summary

Atlantic Graphical Marine Forecasts

Lo

Gulf of Mexico

E. Pacific Current
Season Summary

NHC News Archive

Product & Service
Announcements

Hurricane HARVEY Advisory Archive

Other Archives:
HURDAT,

l Graphics Archive l

Track Maps,

Marine Products,

and Forecast Public Wind Speed
ikt Advisories Advisories Discussions Probabilities

Thursday August 17, 2017

1: 1100 AM AST
. 1a: 200 PM AST 1: 1100 AM AST -
S aeaure 2: 500 PM AST 2500 PM AST o uTe
: 2a: 800 PM AST 3 1100 PM AST "
3: 1100 PM AST
Friday August 18, 2017
3a: 200 AM AST
4: 500 AM AST
3: 0300 UTC 4: 500 AM AST 3: 0300 UTC
: 4a: 800 AM AST : :
4:0800 UTC fa. 800 A AST 5 1100 AM AST 4:0900 UTC
51500 UTC 5 1100 A AST & 500 PM AST 5 1500 UTG
6: 2100 UTC 6 :ﬂ)ﬂ FM AST 7: 1100 PM AST 6: 2100 UTC
7. 1100 PM AST

NASA’s Applied Remote Sensing Training Program
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Accessing Storm Tracking Information (Atlantic and Eastern Pacific)

 Once directed to the Graphics G T IONAL H R R AN CENTER )

Archlve, at the top left of the page R Bl Ao
CI| Ck On “Leg aCy Cone 9 5_d ay W|th 5-day Forecast Track and Watch/Warning Graphic

| I n e 7 Legacy Cone Cone w/ Wind Field Wind Speed Probabilities  Arrival Time of TS Winds Wind Field
3-day no line 3-day no line 34 kt (39mph) Most Likely Initial Wind Field
3-day with line 3-day with line 50 kt (58mph) Most Likely & WSP Wind Histary
5-day no line 5-day no line 64 kt (74 mph) Earliest Reasonable
5-day with line 5-day with line Earliest Reasonable & WSP
Start - + < > | Rock Zoom |< | >| | Savelimage

Note: The cone contains the probable path of the storm center but does not show
the size of the storm. Hazardous conditions can occur outside of the cone.

NASA’s Applied Remote Sensing Training Program




Storm Tracking (Atlantic and Eastern Pacific)
Hurricane Harvey, August 17 — 30, 2017

Potential Tropical Cyclone Nine Current information: ® Forecast positions:
Thursday Auwgust 17, 2017 Center location 13.1 N 541 W @ Tropical Cyclone O Post/Potential TC
11 AM AST Advisory 1 Maximum sustained wind 35 mph Sustained winds: D = 39 mph
NWS National Hurricane Center Movement W at 17 mph 539-T3 mph H 74-110 mph M = 110 mph
Potential track area: Watches: Warnings:

Day 1-3 @I Day 4-5 | Hurricane Trop Storm IR Huricane [ Trop Storm

Image Credit: NHC
NASA’s Applied Remote Sensing Training Program 13



https://www.nhc.noaa.gov/archive/2017/HARVEY_graphics.php?product=5day_cone_with_line

TS

Accessing Storm Tracking Information (Atlantic and Eastern Pacific)

« The HARVEY Graphics Archive shows the 5-day Forecast Track and associated
watches and warnings

* The series of images show the location of the hurricane and its potential track,
updated every 3 hours from August 17-31

 The orange dot indicates the hurricane’s present location while the cone indicates
Its projected path. The white area of the cone is the projected path for the next 3
days, and the dotted cone is the projected path 4-5 days out.

 The black circles in the middle of the cone forecast sustained wind speeds
— D: <39 mph
— S:39 - 73 mph
— H: 74 - 110 mph
— M: > 110 mph

.-. . NASA’s Applied Remote Sensing Training Program




Accessing Storm Tracking Information ﬂ
(Southwest Pacific and Southeast Indian Ocean)

 The Australian Bureau of Meteorology (BOM) is the portal for hurricane tracking in
the Southwest Pacific and Southeast Indian Ocean:
http://www.bom.gov.au/cyclone/?ref=ftr

* YOou can access current information and forecasts during the Australian cyclone
season (November — April)

» A tropical cyclone forecast map will be issued every six hours, increasing to every
three hours when cyclone warnings are required

« BOM uses Japan’s Himawari-8 geostationary satellite

— Provides full-disk imagery every 10 minutes http://www.ma-net.go.|p/msc/en/

h NASA’s Applied Remote Sensing Training Program 15 .



http://www.bom.gov.au/cyclone/?ref=ftr
http://www.jma-net.go.jp/msc/en/

Storm Tracking (Southwest Pacific and Southeast Indian Ocean)

TROPICAL CYCLONE FORECAST TRACK MAP

BOM forecast map contains:

Issued at 11:54 pm AEST Tuesday 19 February 2019. No Tropical Cyclone Advice is current for this system

* A quick update on the tropical cyclone

 Recent track of the cyclone and forecast track up
to 72 hours after

* The latest position with a graphical representation of
the current and forecast extent of gale-force (62
km/h), storm-force (89 km/h) and hurricane-force |

(117 km/h) winds e ———————

Community Threat

cccccc

e The intensity category of the cyclone (1-weak to 5- e
St r O n g ) Past Cyclone Details Current Cyclone Detalls Il:nr‘r:c?a?s‘to Cyclone Details ’

. . . . Intensity Number L Intensity Number Intensi ) h
« A grey uncertainty zone depicting the likely range e < ggpeeee @ omanw O
Destructive Winds =] Deastructive Wind o)
of movement of the cyclone e e | e
Most Likely Futura .
S ©
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Near Real Time Visualization of IMERG
https://svs.qsfc.nasa.qov/cqi-bin/details.cqgi?aid=4285

IMERG fror

h NASA’s Applied Remote Sensing Training Program
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Monitoring Rainfall with the Integrated Multi-satellitE Retrievals ﬂ
for GPM (IMERG) Precipitation Product

« Can provide dally precipitation, accumulated precipitation, and half-hour rain
rates

 Global Coverage from 60°S-60°N

e Available through NASA’s Giovanni portal:
https://qgiovanni.gsfc.nasa.qov/qgiovanni/

o Specify the dates Aug. 25-29, 2017 in the top left

 Draw your area of interest, which in this case is the Gulf Coast of the United States:
-99.668,22.9395,-91.2305,31.6406 — _— .

J!!
ﬁ - | 30°00N
& A »> o O S \ \
. - )
!

.V { ™ 3 \
l - E ™ b ’ .
| ¢ S [ ¢ | . 20°00N
110°00'W 100°00'W 90°00'W/ 80°00'W . 70‘?6C
NASA’s Applied Remote Sensing Training Program 19 .



https://giovanni.gsfc.nasa.gov/giovanni/

Monitoring Rainfall with the GPM (IMERG) Precipitation Product ﬂ

e Select “Maps: Animation” in the top left

» Select "Precipitation” on the left column (this will result in over 100 precipitation
products)

« We are interested in the GPM IMERG Precipitation product. It is an operational
product and there are several options:
— “Early” run — now 5 hours (for flash flooding) — will be 4 hours
— “Late” run — now 15 hours (for crop forecasting) — will be 12 hours
— “Final” run — 3 months (for research data)

« Native time intervals are half-hourly and monthly (final only)

h NASA’s Applied Remote Sensing Training Program




Monitoring Rainfall with the GPM (IMERG) Precipitation Product ﬂ

e Select:

— “Multi-satellite precipitation estimate with climatological gauge calibration -
Early Run (GPM_3IMERGHHE v05)” from the list. It is a half hourly product at 0.1
degree spatial resolution. Units are in mm/hr.

— Then “Plot Data” at the bottom

RTC TR NDAr I MWt LN v oA g

Multi-satellite precipitation estimate
with climatological gauge calibration - mmlhr v 2019-02-07
Early Run (GPM_3IMERGHHE v05)

Random Error for multi-satellite
prg0|p|t§t|0n with climatological gauge AT Half- 01° 2014-03-12  2019-02-07
calibration - Early Hourly

Run (GPM _3IMERGHHE v05)

Powered By A  Contact Us m ' Plot Data ‘

h NASA’s Applied Remote Sensing Training Program




Example: GPM IMERG Precipitation During Hurricane Harvey H
Half-Hourly Precipitation, August 25-29, 2017

Muli-satalile pracipilation estimata with cimatological gauge calibration - Early Hun hak-hourly 9.1 dag. [GPM QPM_3IMER2HHE v35] mm/hr
2017-08-25T00:00:00

AAH

Analyses and 36.9
visualizations were 32.8
produced with the ve 7
Giovanni online data
system, developed and a4 g
maintained by the NASA 205
GES DISC: 164 £
https://giovanni.qgsfc.nasa 12.3
.qov/qgiovanni/ 8.2

4.1

0

- Salactad date ranga was 2017-08-25 00:002 - 2017-08-28 23:582. Titla raflacts tha dala range of the granulas that went into making this rasuk.

NASA’s Applied Remote Sensing Training Program 22 .
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https://giovanni.gsfc.nasa.gov/giovanni/

Example: GPM IMERG Precipitation During Hurricane Harvey
Accumulated Precipitation, August 25-29, 2017

Map, Accumulated of Daily accumulated precipitation (combined microwave-IR) estimate - Final Run daily 0.1 deg. [GPM GPM_3IMERGDF v05] mm
over 2017-08-25 - 2017-08-29, Region 88.3057W, 25.6641N, 89.2969W, 31.8604N

0.7m=
~30 inches

NASA’s Applied Remote Sensing Training Program



Example: GPM IMERG Precipitation During Hurricane Harvey
Half-Hour Rain Rate, August 25-30, 2017

Time Series, Area-Averaged of Multi-satellite precipitation estimate with
gauge calibration - Final Run (recommended for general use) half-hourly 0.1 Py

deg. [GPM GPM_3IMERGHH w05] mm/hr over 2017-08-25 00:00Z - 2017-08-29 23:59Z,
Region 98.3057W, 25.6641N, 89.2969W, 31.8604N

e I I B B

2.5 — Al ]

&

2 = L," f —1 Image Credit: SC National Guard

mm/hr

0.5 Hr ) % Fhh

o Lo v I I T NI I B

00Z 127 00Z 127 00Z 127 00Z 127 00Z 127 00Z
25 Aug 26 Aug 27 Aug 28 Aug 29 Aug 30 Aug
2017 2017 2017 2017 2017 2017

- The user-selected region was defined by 98.3067W, 25.6641N, B9.2988W, 31.B604N. The data grid also limits the analyzable region to the following bounding
points: 98.25W, 25.75N, B9.356W, 31.B5M. This analyzable region indicates the spatial limits of the subsetted granules that went into making this visualization
result.

NASA’s Applied Remote Sensing Training Program




Projected Rainfall

NASA’s Global Modeling and Assimilation Office (GMAO)

 The Goddard Earth Observing System (GEOS-5) model is being developed by the
GMAO to support NASA’s Earth science research in data analysis, observing system
modeling and design, climate and weather prediction, and basic research

GEOS Forward Processing (GEOS FP) are analyses and forecasts produced in real

time, using the most recent validated GEOS system

Forecasts can be downloaded in
NetCDF file format as time-averaged,
hourly data forecast up to 10 days

Data is output as total surface
precipitation flux in kg m-=s?

Forecast data can be accessed using:
https://fluid.nccs.nasa.gov/weather/

NASA’s Applied Remote Sensing Training Program

Global Modeling and Assimilation Office | G MAO

Navigation

» Dalagrams

» WxMaps

» Chem Maps Datagrams WxMapS
» Observing System Stats i e e -y e

Weather Analyses and Forecasts

» Radiances Monitoring
» Observation Impacts
» WMS Viewer: GEOS Aerosols

Data Access
» HTTPS

etative Marriaty )
w

Assimilation | Forecast
» FTP {No Password)
Assimilation | Forecast



https://fluid.nccs.nasa.gov/weather/

Projected Rainfall ﬂ

NASA’s Global Modeling and Assimilation Office (GMAO)

 Products are saved in a geographic coordinate system (longitude-latitude grid) at
a horizontal resolution of 0.3125-degree longitude by vertical resolution of 0.25-
degree latitude

« Data products are shared via the NASA Center for Climate Simulation (NCCS)
portal hosted at NASA Goddard Space Flight Center

N R <
\‘ ; % 4 - \1‘
‘?‘ ¥y i i
/ > ” .
5 }‘?q 'fﬁ: i < g iy = o~ /54
B - 3 - ; S h,' e q_: e 3 Rt . b ._ﬁ“
Thaw P ¢ :'s:; _ e _ g
= E"‘;‘ ::n- ; , Jﬂﬁ”—s( "'J g "
: s -2 HA"G--; A . "i;e ) {k
- Ny A 3
- S5 - L, M S
E i‘..f“‘ ¥ -é\ s . iy z 4 "
b - N N, y R
: s 3 . A A
? = 4? ) i 3 v —
h NASA’s Applied Remote Sensing Training Program




Projected Rainfall ﬂ

NASA’s Global Modeling and Assimilation Office (GMAO)

 When accessing the HTTPS site, you will go through subsequent folders starting at
the year 2 month - day - forecast images: https://fluid.nccs.nasa.gov/weather/

« HOO/ folder is the 10-day forecast

« H12/ is the 5-day forecast

* For surface precipitation forecast you should download files from:
GEOS.fp.fcst.tavgl 2d Ind_Nx_ [timestamp]

* For more information on GEOS-5 refer to the document on “File Specification for
GEQOS FP”

https://gmao.gsfc.nasa.qgov/GMAQO products/documents/GEOS 5 FP File Specifi
cation ON4v1 2.pdf

h NASA’s Applied Remote Sensing Training Program 27 .



https://fluid.nccs.nasa.gov/weather/
https://gmao.gsfc.nasa.gov/GMAO_products/documents/GEOS_5_FP_File_Specification_ON4v1_2.pdf

GPM Tropical Cyclone Portal

https://pmm.nasa.gov/applications/tropical-cyclones

[~ NATIONAL AERONAUTICS GODDARD SPACE
NASA  AND SPACE ADMINISTRATION | FLIGHT CENTER *

18 Wednesday, April 4,
2018

Monday, April 2, 20 Friday, April &, 2018

. L
=y
2Ry

PRECIPITATION MEASUREMENT

Data Access

Science Applications Meetings

Applications

Tropical Cyclones
Extreme Weather
Floods
» Landslides
Land Surface Models
Climate Prediction
Soil Moisture
Agriculture
Freshwater Availability
» World Health

Tropical Cyclone S
Josie's Dendly  GPMSatellite ~ GPM Shows

Flooding Rainfall Probes Tropical Rainfall

Examined With Cyclone Iris Near >o0utheast Of

IMERG Australian Coast ~>heared Tropical
Cyclone Iris

Connect With Us

Q Twitter
Facebook

You

1 Measurement mission, or GPM, a joint
rainfall data on storms and hurricanes like
maove out of the tropics. The data has been made available
since the GPM Core Observatory launched in 2014 and shows in 3D how
these storm systems develop and intensify as they move poleward. GPM's
Core Observatory, partnered with a constellation of international satellites,
provides a global picture of rain and snow every three hours.
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https://pmm.nasa.gov/applications/tropical-cyclones
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GEOS-5 Winds

https://fluid.nccs.nasa.gov/weather/

Global Modeling and Assimilation Office G M Ao

Weather

Navigation
N Weather Analyses and Forecasts
» Datagrams
» WxMaps
» Chem Maps Datagrams
» Observing System Stats —
» Radiances Monitoring i W
» Observation Impacts : m
» WMS Viewer: GEOS Aerosols . .
E g 750 -
g
Data Access £3 "
» HTTPS i N
Assimilation | Forecast il
Data - » OPeNDAP T

Assimilation | Forecast
» FTP (No Password)
Assimilation | Forecast

3-hr Accum Precip [mm], SLP [mb] and 1000-500mk Thickness [dam]

.
e E3
Y | 2s !
o— LY y I / ‘lgﬁ 035 1 2 a & 8 10 15 20 25 50 7% 100 150 200
a

Total Rain
Snow {Lig)

12z oz 12z ooz 12z o0z 12z o0z 12z o0z
Apr Sat 21 Apr Sun 22 Apr Men 23 Apr Tue 24 Apr Wed 23 Apr

2018
Lat = 38.90, Lon = -77.00, Location = Washington_DC, Fest _Init = 2018-04-20 00:00:00
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https://fluid.nccs.nasa.gov/weather/

GEOS-5 Winds
https://portal.nccs.nasa.qgov/datashare/gmao ops/pub/fp/das/

NCCS Dataportal - Datashare NCCS Dataportal - Datashare

NCCS Dataportal - Datashare

Name Last modified  Size Description Name Last modified  Size Description
a Parent Direclory . a Parent Directory Name Last modified  Size Description
j GEOS.fp.asm.const_2d_asm_Nx.00000000_0000.V01.nc4 24-Jan-2019 01:50 22M lj e feAg:2017 032
Do2/ 03-Aug-2017 08:46
g veoru 03-Jun-2015 09:42 g > a Parent Directory -
Do3r 04-Aug-2017 08:44.
& veors! Pldmanistets - B3 oov e j GEOS.fp.asm.insti_2d_lfo_Nx.20170825_0000.V01.ncd4  25-Aug-2017 07:42 13M
D Y2018/ 01-Dec-2018 04:35 - §
Data ACCGSS | P o1 Donzor7 0508 } (&3 oos/ 082070027 j GEOS.fp.asm.inst1_2d_lio_Nx.20170825_(100.V01.nc4  25-Aug-2017 07:42 13M
a E a DO6/ 07-Aug-2017 07:58 -
g veorer 01-Dec-201805:44 - &3 oo 06-Aug-2017 0BS5S j GEOS fp.asm.insti_2d_Ifo_Nx.20170825_0200.V01.nc4  25-Aug-2017 07:42 13M
» HTT PS e Han2iedas - (B oo 03-Aug2017 0318 - :J GEOS fp.asminsti_2d Ifo_Nx.20170825_0300.V01.nc4  25-Aug-2017 07:42 13M

Do8/ 10-Aug-2017 08:40
=] j :
GEOS fp.asm.insti_2d_Ifo_Nx.20170825_0400.V01.nc4  25-Aug-2017 11:01  13M

lj D10/ 11-Aug-2017 07:59

ASSimilation Il Forecast NCCS Dataportal - Datashare £ ot 12-Aug-2017 07:46 j GEOS.fp.asm.insti_2d_lfo_Nx.20170825_0500.V01.nc4  25-Aug-2017 11:01  13M

_ [~ B H—— j GEOS.fp.asm.insti_2d_lfo_Nx.20170825 0800.V01.ncd  25-Aug-2017 11:01 13M
» OPeNDAP By e
g0 S aer :J GEOS fp.asm.insti_2d_lfo_Nx.20170825_0700.V01.nc4  26-Aug-2017 11:01  13M
A . I t. F t Name Last modified  Size Description B3 o1 16-Aug 2017 1452 - j GEOS.fp.asm.insti_2d_lfo_Nx.20170825_0800.VO1.ncd4  25-Aug-2017 11:01 13M
I I I D16/ 17-Aug-2017 08:16
ssimilation | orecas . e j GEOS.fp.asm.inst1_2d_lfo_Nx.20170825_0800.V01.nc4  26-Aug-2017 11:01  13M
a Parant Diractory o a 24/ 18-Aug-2017 08:02 -
)} FTP (No PaSS Ord) aMm, 31-Oct-2017 23:49 ~ £ orer 19-Aug-2017 07:52 - j GEOS.fp.asm.insti_2d_lfo_Nx.20170825_1000.V01.nc4  25-Aug-2017 18:33 13M
£ moz 28-Fon-2017 1247 - [~ R AN :J GEOS.fp.asm.instl_2d_lfo_Nx.20170825_1100.V01.ncd  25-Aug-2017 18:33 13M
a D20/ 21-Aug-2017 07:53
Asslmllati on | F ore CaSt 2 Moa/ N-Mar-2017 0727 - 53 o2 22 A0 2017 13084 j GEOS.fp.asm.inst1_2d_lfo_Nx.20170825_1200.V01.nc4  25-Aug-2017 18:33 13M
&) Mo Bhpe s s 29 o2 20°Aug 2017 08:02 j GEOS fp.asm.inst!_2d_lfo_Nx.20170825_1300.V01.ncd  25-Aug-2017 18:33 13M
M5/ 31-May-2017 07:35 - D23r 24-Aug 2017 07:59
@ B gDM T 1085 j GEOS.fp.asm.insti_2d_lfo_Nx.20170825_1400.V01.nc4  25-Aug-2017 18:33 13M
MO&/ 30-Jun-2017 0B:49
= 5 oesr 26-Aug2017 0748 - :J GEOS.fp.asm.insti_2d_lfo_Nx.20170825_1500.V01.nc4  25-Aug-2017 18:33 13M
@ MO7/ 31-Jul-2017 07:42 50 S e
ik ” .
? GEOS.fp.asm.insti_2d_lfo_Nx.20170825_1600.V01.ne4  25-Aug-2017 23:02 13M
hﬁ Mos/ 31-Aug-2017 0745 | - £ o2 20AUg 20170800 - j
£ Moar 30-Sep2017 0750 - 23 o T T j GEOS.fp.asm.inst1_2d_lfo_Nx.20170825_1700.V01.nc4  25-Aug-2017 23:02 13M
oMo 31-0ct-2017 0851 - = B Con ot Ul j GEOS fp.asm.inst1_2d_lio_Nx.20170825_1800.V01.nc4  25-Aug-2017 23:02 13M
M11/ 08-Jul-2018 22:36 lj o SR
] ul : g R :J GEOS.fp.asm.insti_2d_lfo_Nx.20170825_1800.V01.nc4  25-Aug-2017 23:02 13M

HTTP Files Year & Month Day Hourly File Name*

*Refer to document below for flename convention: https://gmao.qgsfc.nasa.gov/products/documents/GEOS 5 FP _File Specification ON4v1 1.pdf
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https://portal.nccs.nasa.gov/datashare/gmao_ops/pub/fp/das/
https://gmao.gsfc.nasa.gov/products/documents/GEOS_5_FP_File_Specification_ON4v1_1.pdf

GEOS-5 Winds During a Cyclone
https://portal.nccs.nasa.qgov/datashare/gmao ops/pub/fp/das/

« Download wind data following  NetCDF-4 file for Aug. 24, 2017

Instructions from the previous slide . Opened in QGIS
* Refer to document below for filename

Compression

convention:
https://gmao.gsfc.nasa.gov/products/ ;&

documents/GEOS 5 _FP_File_Specificati

on_ON4v1l 1.pdf e o]

 Download and install QGIS (open G
source analysis and visualization
application)
— Instructions:
https:.//www.qggis.org/en/site/

— Open the NetCDF-4 file using QGIS

NASA’s Applied Remote Sensing Training Program

* add_offset=0

* fmissing_value=9.999999%e+14
*long_name=surface_wind_speed
*missing_value=9.9999999%e+14

* NETCDF_DIM_time=0

* NETCDF_VARNAME=SPEEDLML
*scale_factor=1

# standard_name=surface_wind_speed

* STATISTICS_APPROXIMATE=YES
*STATISTICS_MAXIMUM=34.603988647461
*STATISTICS_MEAN=7.5242485984638
*STATISTICS_MINIMUM=0.091164015233517
* STATISTICS_STDDEV=4.4662193771622

s units=m 5-1
*valid_range={-9.9999999¢+14,9.999999%+ 14}
*vmax=9.999999%%+14
*vmin=-9.999999%+14

es_nortl
alid_range={-9.9999999%+ 14,9.9999999e+ 14}
9.999999%e+14
-9.9999999e+14
*lon#long_name=longitude
#units=degrees_east
* lon#valid_range={-9.999999%e+14,9.9999998%e+ 14}
n#vimax=9.99999%%e+14
*lon#vmin=-9.9999999e+14
* NC_GLOBAL#Comment=CMAQ filename:

f516_fp.instl_2d_Ifo_Nx.20170824_1400z.nc4

* NC_GLOBAL#Contact=http:/fgmao.gsfc.nasa.gov
* NC_GLOBAL#Conventions=CF-1
* NC_GLOBAL#DataResolution=0.25 x 0.3125



https://gmao.gsfc.nasa.gov/products/documents/GEOS_5_FP_File_Specification_ON4v1_1.pdf
https://www.qgis.org/en/site/
https://portal.nccs.nasa.gov/datashare/gmao_ops/pub/fp/das/

-

Example: GEOS-5 Winds During Hurricane Harvey

o All data from GEOS-5 are global, use Coordinated Universal Time (UTC), and are in
a geographic coordinate system

e The area in red shows high wind speeds (m s1) from Hurricane Harvey in the Gulf of

Mexico
e Date: August 24, 2017 - 1400 UTC

« Spatial resolution:
— 0.3125-degree longitude

— 0.25-degree latitude e
« Temporal resolution: ™ las
— Hourly, daily B 208
Y
Meters per
second

(m s?)
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GEQOS-5 Winds - Forecast

https://fluid.nccs.nasa.gov/weather/

Name Last modified Size Description
NCCS Dataportal - Datashare
a Parent Directory
Name Last modified Size Description li HOO/ 08-Feb-2019 05:00
NCCS Dataportal - Datashare & Parentorecy ] (L Hos/ 08-Feb-2018 09:01
(2 posr 25-Feb-2019 1510 - L:_? H12/ 09-Feb-2018 15:48
Data Access MO B c s =3 &3 oo 09Feb-201920:10 - g Hiwr 09-Feb-2019 21:02
@ Pasent Dirociory - [ pio/ 10-Feb-2019 20:04
» HTTPS & vaoe R = g o1 11-Feb-201920:08 -
Assimilation || Forecast | » » el i » HOO/ = 10-day forecast
» OPeNDAP 7 7 (g o1/ 14-Feb-201920:06 - H12/ - 5-da‘y forecaSt

0 0 E L.:J D15/ 15-Feb-2019 20:07 -
Assimilation | Forecast NCCS Dataportal - Datashare 23 o1e RS NCCS Dataportal - Datashare
g o7 17-Feb-201920:08 -

» FTP (No Password)

LJJ D18/ 18-Feb-2019 20:06 . Name Last modified  Slze Description
Assimilation | Forecast i s e B e o LU 10-F0-20192008 - @ P ity
a D20/ 20-Feb-2019 20:09 _ _] GEDS fp fostinst_2d_twd_Nx.20190217_DD420190216_2200V01 ned  17-Feb-2019 0232 G3M
a Parent Directory _] GEDS fp.fostinst_2d_bei_Nx.20190217_00+20150216_2300.V01.ncd  17-Feb-201902:32 &2M
L:J Mo/ 26-Feb-2019 02:11 R d pz21/ 21-Feb-2019 20:25 i __] GEOS fp.festinst]_2d_d_Nx 20190217_00+20100217_0000.VO1.not  17-Feb-2018 02:41 62M
LJJ D22/ 22-Feb-2019 20:09 . _j GEDS fpfostinst_2d_hwl_hx.20190217_00+20190217_0100V01.ncd  17-Feb-2019 02:41 62M
- _-] GEOS fp festinst!_2d_bred N 20190217 _00+20190217_0200.V01.net  17-Fob-2010 02:41 83M
lJ D23/ 23-Feb-2019 20:11 j GEOS.fp.foestinst]_2d_bd_Mb.20190217_00+20190217_0300.V01.nc4  17-Feb-2019 02:48  62M
a D24/ 24-Feb-2019 20:05 - _] GEDS fpfestinst!_2d_hwd_Nx20190217 00+20190217_0400V01ncé  17-Fab-2010 0256 G1M
a D25/ 26-Feb-2019 20:21 _‘] GEOS fp.fesbinstl_2d_tl_Nx.20190217_00+20190217_0S00.V01.ncé  17-Feb-2010 02:56 62M

HTTP Files Year & Month Day Hourly File Name*

*Refer to document below for flename convention: https://gmao.qgsfc.nasa.gov/products/documents/GEOS 5 FP _File Specification ON4v1 1.pdf
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https://fluid.nccs.nasa.gov/weather/
https://gmao.gsfc.nasa.gov/products/documents/GEOS_5_FP_File_Specification_ON4v1_1.pdf

GEOS-5 Winds
10-Day Forecast — General Circulation Model (GCM)

-

Bl o2
W 543

10.7
16
21.3

B 266
B 310

! e

aty
o
Typhoon Wutip forming off the Meters/second

. coast'of the Philippines (m s)

speed are acquired through “Ifo” files via the HTTPS
— e.g. GEOS.fp.fcst.instl_2d _Ifo Nx.20190217_00+20190227 0000.V0l1l.nc4

* The subfile for surface wind speed is “SPEEDLML”

» Refer to document below for flename convention;:
https://gmao.qgsfc.nasa.gov/products/documents/GEOS 5 FP File Specification ON4v1 1.
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https://gmao.gsfc.nasa.gov/products/documents/GEOS_5_FP_File_Specification_ON4v1_1.pdf
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Tracking Storm Surge



Monitoring Storm Surge ﬂ

* In the U.S., storm surge is responsible for 47% of deaths directly attributed to
hurricane deaths*

 The Sea Lake and Overland Surge from Hurricanes (SLOSH) model computes storm
surge heights from tropical cyclones to create a model of the wind field using
pressure, size, forward speed, and tracked data

— Applies to:
e Entire U.S. east coast, Gulf of Mexico, Hawali, Guam, Puerto Rico, and the U.S.
Virgin Islands coastal regions

— Available at https://slosh.nws.noaa.qgov/psurge?2.0/

 The Coastal Emergency Risks Assessment uses a model to predict impacts and risk
— Available at https://cera.coastalrisk.live/

*Data Source: National Hurricane Center
NASA’s Applied Remote Sensing Training Program 37 .



https://slosh.nws.noaa.gov/psurge2.0/
https://cera.coastalrisk.live/

Example: Probabilistic Tropical Storm Surge (P-Surge)
https://slosh.nws.noaa.gov/psurge?2.0/

. ege - Click Map to Zoom NN | o —
* Graphics show probabilities of storm surge Ao 1 R s >
» Products are provided as cumulative U VI~ -y — (A

probability: the overall probability the event .2z, v A i

will occur at each grid cell from the start of EecoTIRR I ) = el . '
the run until 102 hours in the future ’““ TR T N

« Provided as 13 cumulative probability m,:“®
products with 6 hour spacing: probability the ...

event will occur from the start of the run until

hign_ | a5 -00 85— 8B L7

a specified time (e.g. 0-6 hours, ..., 0-102) P DEnEesemaes e e oo @)

 Updates to the product made 1 hr after the
NHC tropical cyclone advisories issued

More Information »

« Available for download in shapefile or GRIB
file types

NASA’s Applied Remote Sensing Training Program 38 .



https://slosh.nws.noaa.gov/psurge2.0/
https://slosh.nws.noaa.gov/psurge2.0/about.php?S=Harvey2017&Adv=42&Ty=e10&Z=m1&D=agl&Ti=cum&Msg=17&Help=pdd

Example: Probabilistic Tropical Storm Surge (P-Surge)

Storm Name & Year, most B e ——

. Archive data HERE % 0 S AT G
recent storm first \ M; i AR

Storm and Year @
Harvey2017 [

Advisories put out every 6-hrs —_, Advisory ©

Gl ¢ |
Exceedance and probability .+ woermer
products Datum ©
Above Ground ﬁ
i Time Grouping ©
| 6-hr latency showing o el
incremental water level e
. . op
iIncrease (cumulative total Frame: 17
water height) Download Data @
QE
Animation showing above- P-Surge 1.0
ground P-Surge results
1 ) PSS L \J
i i S =180 =95 ~90 85— PR8 . TS =70 ~65
Avallable for download In @ Troplcal Storm Harvey(2017) nd\usorg 16: Storm surge (with tide) heights ‘,-‘im“f
SHP & GRIB2 file formats W L R 3l ald SaTSR B bagne wxomeded -
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Example: Probabilistic Tropical Storm Surge (P-Surge)

Above Datum data:
are the “raw,” modeled water levels,

)& NATIONAL WEATHER SERVICE

from the SLOSH model runs. P GUIDANCE from the Probabilistic Tropical Storm Surge (P-Surge) model -
Click M z L I L___ . | | [
takes the above datum data and Arcchlvea:a:g H‘::E 3 5 R} 43 15 47 _ 19 @1 2 25 27 o290 31 3@ 3B

subtracts a DEM from it and then s e
averages over each SLOSH grid cell.
Advisory ®

The result is an “average depth” over
the cell.

It will always overestimate depth at
local high spots and underestimate
depths in local low spots.

If you have known elevations, like

roads, foundations or other critical |

infrastructure, you CANNOT estimate Download Data ©

flooding at those locations. ® W adl N T}

To calculate flooding at known P-Surge 10 | I YL
locations, you need to use the Above = {}B-R:‘\x
Datum datasets. Lhel e w e el ml w e

K o Hurricane Test(2019) Advisory 1: Storm surge (with tide) heights

STy
BN ST
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