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Tornadoes & Derechos

Tornado: Narrow, rotating column
of air, smaller section of a larger
storm

Produces a narrow swath of

concentrated damage

Image Credit: Justin1569

Derecho: Family of downburst
clusters which produce rapid,
straight-line winds

Produces a wider area of less

concentrated damage

Image Credit: Jokullmusic
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Severe Weather: Community Hazards

Direct Tangible Costs

Image-Credit: Ellie Burgin

Examples:

Destroyed crops,
damaged elecitric
grids, and damaged
buildings
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Indirect Tangible Costs

Business interruption,
vulnerabllity to carbon
monoxide and
temperature

Infangible Costs

Image Credit: Chris Martin

Examples:

Potential for
diminished emotional
security and long-term
health complications




Project Partners Address Community Hazards

0
B Dwel

Great Lakes

Environmen tal Researc h
Laboratory and

Wikipedia National Weather Service Texas Division of Emergency
(NWS) - Paducah, Kentucky Management (TDEM)
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2021 Western Kentucky Tornado Background

Date of Event

e Paducah 1 Counties

+ woies el .+ December 10, 2021
0 Kenueky Siale & impacted states Length of track
« 165.7 miles
Intensity

« EFO-EF4
o Potential EF5

NV

Esri, TomTom, Garmin, FAO, NOAA, USGS, EPA, NPS, USFWS
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2024 Houston Derecho Background

. Housion Date of Event
[ Texas State ° MOy ] 6, 2024

Boundary
— Chief Rogion 4 | Length of track
Counties
« ~900-1000 miles

o Central Texas
through Louisiana
and Florida

Intensity
« Peakrecorded wind

speeds of 78 mph
Ol e s | o Estimates of 100

Esri, TomTom, Garmin, FAO, NOAA, \ M p h
USGS, EPA, NPS, USFWS
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Project Objectives

Demonsitrate if Earth observations
are informative for post-disaster
analysis in rural and urban areas

Sy

» ldentify damage extent

through power outages

:' * ldentify domage extent
through vegetation damage

ImogeCredi.T: NASA Goddard Space Flight Center
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Earth Observations

Image credits: NASA, RAMA

NOAA/NASA European Space Agency NASA
Suomi NPP

Sentinel-2 Landsat 8
Visible Infrared : -
Radiometer Suite (VIIRS) Multispectral Imager Operational Land Imager
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Methodology

e | >0 K > B v
Landsat 8 *
z>z>-»->

MSI

Acquisition >——
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Western Kentucky Tornado: Nighitime Lights

Change in Nighttime lights (NTL)
November 28 to December 11

Change in NTL Values
50 — 100% NTL Increase 03 Counties Impacted

- Western Kentucky

25 - 50% NTL Increase Tornado Track

0 -25% NTL Increase @® Paoducah

No Change @® Mayfield

0-25% NTL Decrease Kentucky Counties

Bl 25-50% NTL Decrease Graves County
Boundary

Bl 50-100% NTL Decrease Cloud Cover

Date Tornado Occurred:
December 10-11, 2021

Esri, TomTom, Garmin, FAO, USGS, NOAA, EPA, NPS, USFWS
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Graves County, Kentucky — Change in NTL Values

"Ej Change in Nighttime lights (NTL)
November 28 to December 11

Change in NTL Values
Counties
50 — 100% NTL Increase Impacted

25 - 50% NTL Increase Western Kentucky
Tornado Track

0-25% NTL Increase Paducah

No Change Mayfield

0 - 25% NTL Decrease Kentucky

Counties

Bl 25-50% NTL Decrease Graves County

Boundary

Hl 50- 100% NTL Decrease Cloud Cover

Miles

Esri, TomTom, Garmin, FAO, USGS,
NOAA, EPA, NPS, USFWS
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Graves County, KY - NTL Value Time Series

NTL Time-Series for GRAVES
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Graves County, KY - NTL Recovery Time Series

100
140 - ‘/.—.* . 2 =0
10 ___/\/ T 0 NTL recovery trend
) S s post-tornado shows
! [ A A R 4t R - T o initial disruption
o o nmmm .\ J’, 602
2 g \ y £ followed by gradual
> N/ ko normalization, with
1 . I c
z ¢ s/ © 3 cloud cover
0. L) fluctuations
- 20 influencing data
20 visibility.
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Western Kentucky Tornado: NDVI Difference Map

Kentucky & Texas Disasters

Normalized Difference
Vegetation Index (NDVI)
shows damaged vegetation

Difference between
December 13th and
December 8th

Shows a false "green-up", an
increase in NDVI across the
tornado track, where NDVI
should be decreasing

Only visible on a very narrow
range, 0.02 to —-0.02

14



Spring NDVI Difference Map

T toecea ] © Springtime NDVI differencing fixes the
lenacetieck 14 false "green-up" problem

NDVI Difference

« This track was used to distinguish
potentially damaged landcover

Area
Land Cover Percent (km?)
Tree Cover 64.46% 35.90
Grassland 15.21% 8.46
Cropland 12.99% 7.24
Built-up (Urban Areas) 0.93% 0.52
Bare/Sparse Vegetation | 0.47% 0.27
Permanent Water
Bodies 5.01% 2.80
Herbaceous Wetland 0.93% 0.52
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Houston Derecho: Nighitime Lights

Change in Nighttime lights (NTL)
April 30 to May 17

Change in NTL Values @ Houston

50 — 100% NTL Increase - TRDEM CZief
egion

25 -50% NTL Increase 1 Texas Counties

0-25% NTL Increase [ Cloud Cover

No Change

0 -25% NTL Decrease

25 - 50% NTL Decrease

50 - 100% NTL Decrease

e I Date Derecho Occurred:

e May 16, 2024
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Texas Counties — Change in NTL Values

A AL T ' Lbery Coon Change in Nighttime lights (NTL)
:‘ “'5"— - TC i April 30 to May 17

\&I

e

Change in NTL Values

50 - 100% NTL Increase

25 -50% NTL Increase

0 - 25% NTL Increase

No Change

0 - 25% NTL Decrease
Bl )5-50% NTL Decrease

Bl 50- 100% NTL Decrease

D~ et 10 20 oL = S
[ mmm WV i Fy i
Miles e .
CONANP, Esri, TomTom, Garmin; FAQ, NOAA, USGPH
" EPA, USFWS, DETOG, Texas Parks & Yildlife S Al
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@ Houston

[ selected
Counties

- Texas Counties

Cloud Cover
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Texas Counties — NTL Time Series

Confident Clear (%)

NTL Time-Series for Harris NTL Time-Series for Liberty
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Texas Counties — NTL Recovery Time Series
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NTL Time-Series for Harris NTL Time-Series for Liberty
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2024 Houston Derecho - Sentinel-2

same methodology to the
2 Imagery was

Attempted to apply the
Texas Derecho

Sentinel

highly cloud contaminated,
evident on May 20th image
obscure storm damage by
covering the vegetation

Cumulus clouds can

20
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2024 Houston Derecho - Landsat-8

'y .
» ..*
&

1 - ,

A Ay T T vg.gm..
AR e A %= :
) V- l}r's.,;“l ‘l % ';
fres » - ! . [ B > 5"‘ .' &"’

{‘5,; | - Imagery from May 20th was
T some of the only post-storm
Imagery available under

25% cloud cover

o
E 4

« Obtaining pre-event
imagery was equally difficult
due fto cloud contamination

« Climatological distinctions
prevent application of the
Kentucky Method
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Limitations

High resolution (~ 1 m) data are desired to monitor
vegetation damage due to disasters

L
Coarse Spatial Resolution from Landsat and Sentinel-2 m‘

J
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Conclusions

Identify damage extent through power outages

 NTL data can be used to detect areas of damage post-disaster in highly
populated urban areas. Cloud cover should be considered to monitor NTL
change.

Identify damage extent through vegetation damage

« Vegetation analysis can be used to detect areas of damage post-disaster
in rural areas where NTL data was limited.

« Vegetation analysis was better for narrow damage extent events
compared to widespread damage extent events.

Demonstrate if Earth observations are informative for post-disaster
analysis of rural and urban areas

« Earth observations can be informative depending on type of event and
seasonality.
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Western Kentucky Tornado: Normalized
Difference Vegetation Index (NDVI)

December 8th NDVI December 13th NDVI

Kentucky & Texas Disasters




Spring 2022 NDVI Shows Track P

re-Differencing
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Kentucky Tornado: Spring NDVI Difference in
Track-Break Reglon

'-_.

’ Gk
AO. NOAA, USGS, EPA, 'N% USFWS, SafeGraph,
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