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What is Search and Rescue? (SAR)

XY,z (t)

e | ocate
e Stabilize
e Extract

© -0

e Prevention?

Action occurs at a time and a place




Framework

e |f Search and Rescue is an inherently spatial
process, then:

— The application of GISystems should enhance the
likelihood of desirable outcomes — rescue/prevent

— The study of SAR in a spatio-temporal context can
contribute to GlScience




GlScience topics

Probabilistic time geography
Dynamic GIS
Geographic one-class data

Spatial uncertainty, data quality, and
iInnovative uses of human geography




Yosemite Seak hiahd Rescue (YOSAR)'
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Table 1. Most common injuries and illnesses needing SAR

Yose m ite services (n = 2077)

Tvpe of Injury or lliness N Percent
National Park
290 14.0
Unspecified 253 12.2
® A n n u a l Iy Dehydration/hypovolemia‘hunger 172 8.3
Contusion 157 16
‘11 . ® Laceration [43 6.0
= +3 -5 mi I I 1on VISItO 'S Cold injury/hypothermia/frostbite u5 4.6
Abrasion ol 44
2 +200 SA RS H'._mr;ca.-"'-_zmnilmg ﬁf_* 3.0
Dislocation S0 24

e How do we find and
able 2, Most common activities victims were participating in
? Table 2. M oy T——
rescue them . at time of incident (n = 2327)*

Activity N Percent

e Where and when do
they get rescued? @Q’”D w10

Drivimez |39 6.0
Skiing | 30 5.6
Leisure/working 101 4.3

Hung et al 2007







What is Search and Rescue? (SAR)

e |ocate




When location is known

Notification:

* |n Person

e Radio

e Cell-phone (Enhanced-911)
e S.E.N.D. (SPOT)




When location is unknown

Point Last Seen (PLS)
Last Known Point (LKP)
Withesses

Itinerary

Clues

ArcGIS Modelbuilder for custom tools

Are they missing or overdue?
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Planning

e Probability of Area (POA)
e Probability of Detection (POD)

Small Search Area = Low POA Large Search Area = Low POD

X = last known point
O = current location

***Probabilistic time geography




Lost Person Behavior Statistics for the
Hiker Category (ISRID)

184 Lox IAGE8-184-185 in Lost Person Behavior by RRbert Koester (dbs Productions, Charlottesvillgieifhegories 185
Hiker

- m Hiker
z i S|
Distance (horizontal) from the IPP (miles) e m T Mobility (houss) T Dispersion Angle
Temperate Dry Urban - E (degrees)
Mt Flat Min Flat I Temperate | Dry Temperate | Dry
n 568 274 221 58 8 om S n 232 112 n 134 28
25% 0.7 0.4 1.0 0.8 . 25% 0 4 25% 2 20
50% 1.9 1.1 2.0 1.3 1.6 | 50% 3 8 50% 23 47
75% 3.6 2.0 4.0 4.1 - S 75% 6 12 75% 64 124
95% 11.3 6.1 11.9 8.1 I I 95% 14 26 95% 132 175
Distance (horizontal) from the IPP (kilometers) m-. ‘S Find Location (%) Scenario (%)
Temperate Dry Urban I Temp | Dry | Urban [n 2242
Mrtn Flat Mtn Flac - n 312 196 17 Avalanche
n 568 274 221 58 8 - E Structure | 13% 10% 24% Criminal
25% 1.1 0.6 1.6 1.3 Road 13% 17% 35% Despondent
50% 3.1 1.8 3.2 2.1 2.6 - Linear |25% [31% | 18% Evading 1%
75% 5.8 3.2 6.5 6.6 - E Drainage | 12% 18% 6% Investigative 1%
95% 183 9.9 19.3 13.1 Water 8% 9% 12% Lost 68%
B E Brush 2% 2% Medical 2%
- ! S\);ml:i ;Zﬁ) 22;0 Drowning
T - 'oods o o Overdue 16%
Elewatm'lr‘; I(:s::::) Change from the IPP l()f;::t) : v rz Eel(]i( lf% 12/0 6% Stranded 4%
Uphill Down | Same | Uphill | Down [ Same o % = Trauma 7%_|
% 32% 52% 16% 48% 52% W o
25% 182 160 317 500 ) :
50% | 480 | 400 956 | 975 Survivability Track Offset
75% 1175 1166 1500 2109 m l: _ Wilderness | Urban (meters)
95% 2634 2175 3623 5094 T . Uninjured 78% 59% n 40
Injured 16% 249% 25% 50
Horizontal Change from IPP (miles) for Min Terrain _‘ o '= E? ta};ty 6% 120% 50% 100
Temperate Dry . h Slfrvir::liility Ali = 752/0 8
Uphill Down | Same | Uphill | Down | Same - <24 hours ‘)71‘;’: 241160 Lo 2
n 58 131 34 47 | 57 0 S q i hours 76% 361
25% 0.5 0.7 0.0 1.8 1.0 >48 hours 60% 118
50% 1.4 1.7 0.0 2.2 2.0 - “ >72 hours 52% 51
75% 2.6 4.0 1.5 4.0 5.0 t‘ \ j >96 hours 49% 23
95% 7.2 17.4 12.8 10.7 12.3 )
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Assignments

e Search Segments
— Terrain
— Man-made features
— Water

e Teams
— Tracking
— Ground
— Dog
— Helicopter




Search Baundary -~ 28 6 "




Lakes

= =Trail

— Road

— Stream




@ Trailblocks
HastyTrailSearch
DSearch Segments




DSearch Segments
= Lakes
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== Aerial Tracklogs

Ground Tracklogs

Search Segments
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| ¥ Point Found
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ﬁ;' | |search Segments




1 The role of GIS within

Places not seen \ Incident Command

. Digitize search assignments
Planning Hazard analyses
/ Print assignment maps
oad assignments onto GPS units

Re-group Briefing

GPS unit download, Provide Ops and Search Teams
Plot GPS tracks and clue with/assignment maps

Debrief

Operations

Real-time GPS unit tracking
Clue logging

* The GISS falls under the Planning Section, working directly for the SITL



What is Search and Rescue? (SAR)

e Stabilize




Watkins,
p Mount

NAD 1983 Zone 11N

1:12,500

Time: 3:48:48 PM
Date: 11/15/2010

Computer-Aided Diqu’gg\h

/ Airplaie
Gully \

Pywiack
.Cascade

Yasoo
.Dome

Black Forrest
- Tenaya
.Canyon
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Common Operational Picture

e Unified cartography

e Real-time tracking
— GPS enabled radios
— Smart phones
— Automated flight following

e Web-GIS

***Dynamic GIS




What is Search and Rescue? (SAR)

e Extract




Types of Extraction

e Ground
— Walk/crutch-out
= | itter Carryout
— Technical Rescue

e Water

— Shore-based

— Rescue Swimmer/Technical Rescue
e Air

— Direct

— Short-haul




@z ndmg Swtabillty Model

Recla55|fy (expert knowledge)
and spatial uncertainty

Slope

Raster
suitability
categories

Vegetation Reclassify (expert knowledge)
(N DVl) and spatial uncertainty

Aej4anQ pa1y3Ia

Hazards Reclassify (expert knowledge)
and spatial uncertainty




Suitability

[ ] Notsuitable
[ ] NotlLikely
[ ] Possibly
[ | MostLikely
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Ranked Maxent scores

N = 4000, Kruskal-Wallis P < 0.001, Nemenyi test shows separation of all groups
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What is Search and Rescue? (SAR)

e Prevention?




Preventative Search and Rescue

e Use our knowledge of past incidents to
inform:

— The visitors
— The management

— The rescuers

***Spatial uncertainty, data quality, and innovative use
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What is an /deal georeference?

A numerical description of
a place that can be
mapped and that describes
the spatial extent of a
locality and its associated
uncertainties as well as
possible.

Engilsh el ~ Georeferencing Calculator
[ETE T e Ladliagy v Ui akfual b
Lescality Typs [Distance Glona pah (6813 mi € iby read| Gabwrstaln [l

Step 3) Entar all of the parameatars for the locality.
Coondinala Source gazetieer =
Conrndnabe Syoiem
iimaa | Edtart of Named Prace |
| Disknes Unils ™ =
Dalum Sumnolmcorded 0000000 =0 DigjancePredsion 1 mi
Cioondinata Praci =2} ol

Decamal Latmsal mmal Longhade murm Emor Cestanoe
Calculato

Déstance Carwerie |
Scals Commtar | mem = 124000
Yeuben 309TIMENN ST 5 ERE-IMT Pagenin o e Umrey @ Cabfemin

Ceoreferencing Cuidelmes

Mannal para el Uso de la Calculadora (Espatiol)

This application was written by Jobhn Wisczorek. Earlier versions benefitted from contributions

from lfingtu;'l Grue, Carmen Bourean, and Craiz Wieczorek

Guide to Best Practices for Georeferencing

Wieczorek et al 2004; Chapmah'and Wieczorek-2006, Guo et al 2008; Liu et al 2009




Put it on a map, do it well, and know how
confident you should be

Reference object vs. Target object




Georeferencing SAR

Locality  Description Example Figure
F Feature “Patient fractured ankle at Columbia Point”.
P Path or linear “Patient twisted knee while on the Mist Trail
feature between the Steps and the top of Vernal Falls”.
J Junction “Patient was found unconscious at the junction
of the John Muir and Panorama Trail”.
BE Between “The missing person’s body was located

features or

paths

between the Tioga Road and Gaylor Lakes

Trail”.
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Engiizh fotal) - Geoneferencing Calculator

LRGN 1FDe B iy = milen Ll fun Ui i al kacaliy

Lescaliy Typs DEskanca Rlona path (8.3 . 13 miE (b raad) Baersfald - i‘
Stap 3) Enter all of tha paramatars for the locality. p

Coondinale Source gazelesr - ¥

Cnnrdinzh Syslom fRermal Qegress -

timee | Edert ol Mamed Pace |

Longitims: | Disknca lnlls ™M ¥

Oalum  Satum nol mecorded - Distance Predsion 1 mi -

Coondinatn Precisaan meanssf degee -

| | | | e | NP

—_— e
Coataress Camsnsr m vl m = i

Srzs Cowemer mm v 124000 = km._ ¥ /N

Vemten S09TEICIMN ST (5 E-30ET e of the Ueivemty of Cettemie ofe

| - Ceoreferencing Cuidelines /

Calcalator Mannal b LcRnTRIErEnTIng L-maetnes

. Ll Al

Mannal para el Uso de la Calculadora (Espatial) ,{ }.]' j:-'
/.-'.J’

| This application was written by Jobm Wieczorek. Earlier versions benefitted from contributions
from Qinghoa Guo, Carmen Bourean. md Criz Wieczorek I et







Probability-field method

Guo et al. 2008 1IGIS

> qipi(xoyo)t Gapa(Xoo)

0,93 probability
remon

Weghted mean eivor

Maximmm ervor
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Fall 2007




2006 - 2009 SAR - 164 SARs involved a helicopter
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2006 - 2009 SAR - 330 SARs with lone Female patient

Female Only
Incident per km2




2006 - 2009 SAR - 453 SARswith lone Male patient

Male Only
Incident per km2




ArcGIS Services Directory,
ArcGIS Online Services Catalog,
ArcGIS Server Geoportal Extension.
Google, Microsoft Bing Search, Yahoo! ...

Cataloging

Consuming
Connect and use =

Author with
ArcGIS Desktop

ArcGIS Server

Custom Web, desktop, an
mobile applications,
development in SOA or
mashup styles

ArcGIS Explorer, ArcGIS Desktop.
Google Earth, NASA World Wind.,

OpenLayers viewer, Gaia ...




“As a collector, you may have an intended use
for the data you collect but data have the
potential to be used in unforeseen ways;
therefore, the value of your data is directly

related to the fitness of those data for a
variety of uses”.

“As data become more accessible, many more
uses become apparent”.




GlScience topics

* Probabilistic time geography
e Human geography

e Geographic one-class data

e Machine learning algorithms

e Spatial uncertainty, data quality, and
Innovative use

2010 Doctoral Dissertation Research Improvement Grant

‘@ National Science Foundation




Get involved!

@ esri

Using GIS in SAR for Emergency
Responders Google Group

Q, National Alliance for public safety G S a

=te

Regional Coordination * Information Clearinghouse * Best Practices Recognition # Political Advocacy

===

&4 National Science Foundation

-/{WHERE DISCOVERTIES B EGIN

When E very Second
Counts

By Jesse Theodore, ESRI Writer

Gl lsa helped the Yosemine Search and
loescoe (VOSAR) mam mprove
Is methods of operation and has been med
sucoeadully in searches for missng peesons in
Yiorarndie Matonad Fark.

Every year, three million visliom come o
Yowembte Natonal Park 1o enfoy e cuidooms
O of e nation’s greaiest ivel destinationa,
Vosemodte provides camping, fshing hiking,
s other activities for guests 1o exgoy. While
moat vidioes have the dme of their lives, &
few Face dhe frightening ot of by i

Yosemite uses GIS
for coondinating
search and rescue
operations

disomiented or geming injured while hiking e
park’s mamy indla

Each year, Viosemine Natonal Park responds
o hundeeds of culls pepoeting missng peraon.
Pediomst cften, & ot bilcer or vacationer is found
during the first 24 hows, However, when
smennt b missing for more than 24 hourm,
muliiple search teams we dispaiched. Search
mnd rescme operations require & agn| foase,
conndinated effort on the groend and in the de
For ihese incldemis, e Nadonal Park Service
calls o Y CEAR, o ieam of specialisis.

|
|

Foramiie's conrracs Bekcopier H-J5I.

&5 Arpliser Surmmer 2005

Snewe Shackelbon envislom applying duw e
techmology and services 10 all breaches of
ERTREnCY Feaponae ||, search and resome,
law erdnrcemnent, disisle miigeren and

Maneging & Complen Opsration
Missing pessom wre common in
Yeosermute. When o bakier 5 missing or ovesdoe,
i meqquines an {nftisd response knows asa “hasty
search” These searches we carried out in te
fiest 24 hows In the immediate vicnty where
e Dot [pesreom W Lanl seen. Timad bboclios are
caahibbed o imerview poadble witieme

The Yosemite Search and
Rescue team ard Chief
Ramger Steve Shackalton
of Yosemite National Park
ware selected to receive

a Spacial Adhbevement in
Gi5 award this year.

e gather ifoemnatinn on leking comdinon.

If the person §a it found quickly, & lage
mearch aed of 1300 aquare milbes i drem o6 o
mip. Thes area |s segmented to coeate smaller

Fimsding o mlsdng perenn (0 the wikianess
is & complex process Maps o af e core
of Thia proces, Iacident managers and Seld
reams Bt 1o know e coordaates whems e
porsin Bas laa seei 0 determine where they
should begin e search. They alsn want in
ke aboiur the serounding Hindaoaps: o they
can salely ssd efficiently locase, sabilize, and
entrmed wlotims e quickly as possihle.

These search snd rescoe  opersdons,
marigedunder the Incldent Command Sysiem,
can increase im complexity very gquichdy.
YOSAR memthers e adept ol implementing
e search theary i well 15 nang leson
Iearesed firom previnos seasches








