Troy P. Swift, PhD student,

COLLEGE OF NATURAL Reconstructing Hurricane Sally’s (2020) Geospatial and Environmental Analysis
RESOURCES AND ENVIRONMENT Lisa M. Kennedy, PhD, Associate Professor Geography

VIRGINIA TECH. maX|mum-W|nd flEld Wlth tree_lean aZImUthS Stephanie E. Zick, PhD, Assistant Professor Geography

1. Project Summary 2. Methods 3. Landfalling Eyewall Reconstruction

Context: Sally was part of the hyperactive 2020 north Atlantic hurricane \ _ _ (Below) A least-squares linear regression was fit to tree-lean-azimuth vs. (Below) Mosaicked Nexrad radar imagery
season, making landfall at Gulf Shores, Alabama, USA as a high-end Skl & - geographic longitude for the combined ‘central’ Subsites 2 and 3. This simple model  displays Sally’s tree-damaging eyewall mid-
A Spanish Fort B 12 ~ L 1521 . . . oy . .
category 2 hurricane inflicting long-duration winds of up to 95 knots. 9 | B = reon Point Water enables decent estimation of two important quantities during Sally’s prelude to rampage through Subsites 2 and 3.
Sustained hurricane-force winds impacted both coastal Alabama and the | Management Area, FL [ landfall: eyewall diameter (52-66 km) and position of the offshore wind-center
far-western Florida panhandle [1]. e ‘ e z Boqad (lower-right) showing agreement with independent center estimates [2], [3]).
95°W 90°W 85°W 80°W 75°W (Lo | e y ﬁ 4 v Response Azimuth of tree lean, °S of W
i P ey r B — )z | Cllarlelsis ' AWhole Model
11_1¢‘g;i:t1'::bse?"2);20 = = »7/ - I ) :,i [ » Ensley FeryPass 4 Actual by Predicted Plot
wes Major Hurricane - __? T \:‘H'\ . 128 ft
i 4. * | — el Tarkiln Bayou Preserve | ° 281
| | /f e StateyPa rk, FL
son | | T SubtropcalDepression . o pr J : Gulf State Park, AL ’ _
- W . _ j 193] Bon Secour National / Myrte Grove. por 2o g
> vomm e | o | g { e " Audubon Bird Sanctuary, || Wildlife Refuge, AL Eoley | | : . ' ' e ot e moeme e
<y s i | Dauphin Island, AL @!;;5;{;;; ﬁ g e 2/
/ " el ° “v 4 “ : : | Park ‘2 o wwess s . e semm s+ - e wemecs om @ wmem .-
A e & S L o
25°N |- | ' ; | 12 I‘ ‘f | .
' | { \ | o ﬁ* Weather station [1] y
' \TL{ # ‘ \‘)‘ » - ' N O 5 1 0 20 30 B B Azimuth of tree lean, °S O_f1\.f:|’ Predicted RMSE=32.139 RSg=0.19 PValue=< 00?)1 10
$ =L o= | _ ﬁ @ [180] ﬁ @ A 1 Kilometers Analvsis of Vari | | | |
B 4 ) “ 4 Analysis of Variance
- — \?g _. » | FDEP, CONANP, Esri, HERE, Garmin, SafeGraph, FAO, METI/NASA, USGS, EPA, NPS Source DF ssqun::r:sf Mean Square  F Ratio
Abaman < AN s S (Above) Study site along the FloriBama coast. Five subsites were selected and sampled in Tem G teror cRat o Lowe 3% Upper 5% ey ¢ ol —g-
N i . . . SO&autical Miles | - i NHC 2021 . . . - . . . . € 30.267017,-87.676166 x 9 Lon 16028871 2211441 856 <0001° 14577862 23279879 @2 Mon'Louis § )
, - January—February 2022 with high prioritization given to data quality. Weather stations Prediction Expression G, R e penaiedla
90°W 85°W 80°W 75°W . . . . . ¢ lon La Ei?t_"e ,;Saulriw]csu Eoley={ og g - @ Woodlawn
represent a well-distributed source of time-stamped maximum winds. | . (ORI RO SREOSEN i g @ Gulflgands Genc
. . . . . . Gulf Shores High School . . o AL : . qq‘-'ﬁ : Seaaé%gare 399
Purpo§e. This stuc!y fills importa njc gaps in the instrumental record by | (Right) Radar shows an initial 24 ... B
statistically analyzmg tree-!ean aglmuths ’Fo reFonstruct 1. An eye-spa.nnlng (Right and right-below) Raw field data for each sample-tree includes information about eyewall strike on Subsites 2 \ By o) ey ?Bh.
transect. of Hurricane Sally’s ’maX|mum-wmd fleld at landfall, |t-)I.us estlm.ate geographic position, magnetometer bearing relative to tree-lean, and a high-resolution visible- . and 3 as Sally continued U i
of eye diameter; and 2. Sally’s offshore eye diameter and position of wind- color photograph to support quality control during data entry/classification. | strengthening over unusually \HC Advisan Hurricane Sally
. . Wind center, onc
center threc? hours before landfall. T.hese analyses could help validate é warm shelf waters. Maximum MVind center /0900 UTC center-position
: : : : . : 3 _ _ oa .
meteorolooglcal hindcasts, I?e USEfL:I| in the event of Doppler. radar | (Below) Subsites with their respective distributions of sampled trees, which themselves » winds at central Subsites 0810 ——, reconstruction,
malfu.nctlon (?S happened immediately after landfall for this event!), and represent only a small fraction of high-quality candidate trees. Most points lay within 10 m of an | 533 oreceded those at outer 16.5ept.2020
contribute uniquely along the many vulnerable coastlines of the world established hiking trail—and all of them did after the incident with the snake. The mid/late- | Subsites by up to five hours SUP.
i i 1 1 1 1 1 1 1 1 Droppjiop)z::q,fmtiShores‘AL 36542 - & 1 min \' . . :
lacking access to such technologies. G somshoron winter timing of field work was important for quality with respect to deciduous hardwood lluOa (ol thanks to Sally’s very slow o S 07:00-08:30
he last fow scans of #5411 before KMOB went down. dormancy, favorably droughty conditions, and hazardous reptile/insect sluggishness. w0 < forward speed of <1 m/s. N WSTallahiascees NHC Advisories
Likely a comms issue. Thinking of my many : ' 0700, 0800 UTC Map data ©2022 Google, INEGI 10 kmiL—_1
Tweet Broadcast, and EM friends in the path of this system. 7
Ry WS Mobile © 2. d @ High-quality, leaning pine
6am FY| - KMOB Radar is down. Please use KEVX ) k E E
radar to monitor . When we have updates we will & vy 4. Landfalllng Wlnd_ce nter ReCOnStrUCtlon
pass them along. 1 :
: We fit a Logistic 4-Parameter regression to the complete dataset - Logistic 4P
: (right, below) to more completely explore the study site’s Prediction Model
a0z lationship bet tree-| imuth and hic longitud
i c : relationship between tree-lean-azimuth and geographic longitude. (d _C) -+ —Growth Rate
1 gfg;;‘;;;;;‘z AL Very High 5228 0 _—| 100 Bayphin ls)and o f L/ tsand . . . . o . C+ _ . ;
2 S rgeyng s o pe—— W v,' N : This model explains 57% of variance by optimizing four important b =Inflection Point
12033002604 9 9 9] 8, . . . . _
s Gt A ot 2698 o o A PN o A spatial parameters of Hurricane Sally. Eyewall curvature is derived 1+bxp (‘a '(L“” -b )) ¢ =Lower Asymptote
4 Census tract AL Relatively Moderate 25.88 0 | 100 ’ ’ M 141 M M =
B | ’ @ ) from ‘Growth Rate’, wind center east-west position is derived from d =Upper Asymptote
01003011406 elatively Moderate 2408 0 | 100 - 9 ¢
'y §° ¥ y ‘Inflection Point’, and a tremendous amount of information about Model AlCc~  BIC SSE MSE ~ RMSE R-Square
. . . . LB " , . Logistic 4P =—— 54872043 5508.6991 6177147 1119.0484 3345218 0.566945
Methods: Five study subsites were selected for locations spanning the A the eyewall’s far-western/eastern limbs may be gleaned from
. . . . . : : . Parameter Estimates
coastline impacted by Sally’s inner eyewall as it made landfall. These barrier | ——— — ‘Lower/Upper Asymptote’, respectively. e
islands and peninsulas host a mosaic of fire-managed longleaf pine (Pinus , , . Parameter Estimate StdError  ChiSquare ChiSquare Lower95% Upper 95%
_ = , This model returns an eyewall diameter of 43-60 km, which is once Growth Rate 6180752 10114108 37453407 <0001+ 42074233  8.1720807
palustris) savanna and also maritime forest. The subsites host a robust . : : Inflection Point 8768721 00227108 14907568 < 0001%  -8773172  -876427
. N : ) 5 again in good agreement with our radar-based (below right) | | | |
population of excellent bio-indicators: open-grown mixed-age pines & o _ Lower Asymptote  -7473247 81504865 84072041  <00C -90.70713  -58.75781
. . : e . . . : validation estimate. Upper Asymptote 6657473 58677335 12872949 <0007% 55074184 78075277
satisfying strict selection criteria. We sampled a total 557 high-quality pines -
of mixed maturity. We infer clock-times for the most destructive winds at orange Beach Foaen
Jack Edwards canal Rd A A 32%1:63/3542;1!]413#5.03 GMT
each subsite by referring to ground-based weather stations mentioned in |
y g g 2L R i mm ;' 'g 1 = A ] :;:::EZ:'ZIVIW
[1]' W Canal Dr Gulf Shores ' ' ' ' E ] Zﬁgeﬁqr?;i::ig:‘os:msm
Oyster ! ; 'ﬂ \ 9 WW& “" ”'%“:‘ ; A iy
_ _ . Bay Ggg”sgfurss . N ‘ L) " v L4 Pe(d\(\oaeac\wﬁ\\l % AR A
. y | _National % ' e She/bb'
( ® > Wind azimuths €= “~ puldifeietige 4 9 Loke A AA
= S [ e S o Gulf State Park ' %@Q " =
DRONES ) R ST 1 o % # ¥ o ) ;6 5 A A A
PROHIBITED | & ".‘ @ =
- 4% ,": A b “1 i (O £ 1st Ave & Beach pivd kS B A
G |#e Vo 70 e ) . O T -
Launching, landing, or disturbing of wildlife by -\:' - .‘} within eyewall ," 2 Pinc Beach _g
aircraft (drones) on the Refuge is prohibited. T AR = & LN AOBROAOM A Piy
S, ¢ ; 0o 1 2 4 6 8 10 E @
us. DEpARTMENT OF THE TERioR || N o 1\ , I I 1 Kilometers g 15 Y, %) [0, A\ M A AN D BN A ] ]
= ' B U S @ ok " (Left) Data from Subsite 1, on Dauphin
J2le CONANP, Esri, HERE, Garmin, SafeGraph, GeoTechnologies, Inc, METI/NASA, USGS, EPA, NPS, USDA . . .
: ool . Island, shows hints of contamination from
a Hurricane Nate (2017). Nate made landfall
o . . _ £ m P S A . to the west, in Mississippi, and is likel
Findings: We determined Sally’s pre-landfall wind center to be in good B L . pp " y.
, L . . , responsible for tipping significant fraction
agreement with advisories from the National Hurricane Center (NHC) during i 88 678 76 874 872 . ) . .
: : - / SIS of Dauphin Island’s north-leaning pines.
a 3-hour interval just before landfall [2]. Furthermore, our two estimates of , WY ' . ':3
Sally’s eyewall diameter—calculated from different models as 52-66 km ’c! ' \ " - sy =LY
. . g . Yo ¢ ’ ’
before landfall and 43-60 km at landfall—not only fail to significantly differ prot ! \ I ! )
. | K/ ' sy 0 5. Conclusions
from each other, but are also both validated by radar-based estimates. ’ 2 v e 'j
o A
 JR " ﬂ‘
\i v We have successfully demonstrated both the viability and utility of this novel fusion of tree surveys and statistical analysis.
Vet ¢ o : : ) :
References * Most all the details of Hurricane Sally’s landfall were remarkably well-suited to our methodology.
National Oceanic and Atmospheric Administration, National Hurricane Center. ‘Tropical cyclone X . * The field work was remarkably thrifty with respect to financial cost, equipment, and labor-hours. The main author collected all
report: Hurricane Sally AL192020', (2021). | | | A L 2 R | raw data in ~60 hours on-site with only a smartphone. No expenses were incurred except for those travel-related.
National Oceanic and Atmospheric Administration, National Hurricane Center. ‘Hurricane Sally T
: - . : : 0 025 05 1 15 2 25 qore™" B . . . .
Advisory Archive’, https://www.nhc.noaa.gov/archive/2020/al19/ (accessed 1 April 2022). ometers * Perhaps some variant of this method could be applied to other wind-related damage such as that from tornadoes, supercell
National Oceanic and Atmospheric Administration, Hurricane Research Division. ‘Hurricane Sally
2020’, https://www.aoml.noaa.gov/hrd/Storm_pages/sally2020/ (accessed 7 April 2022). downburStSr or derechos.




