ATTACHMENT C TO EARTHQUAKE PLAN
USGS PAGER

Prompt Assessment of Global Earthquakes for Response

Background

PAGER prowides shaking and loss estirmates following slgnificant earthquakes amywhere In the world. These estimates are generally avallable
within 30 minutes and are updated as more information bacomes avallable. Raphd estimates include the number of people and names of cities
exposed to each shaking Intensity level as well as the likely rangec of fatalities and economic losses. PAGER does not conslder sscondary
effects such as lamdslides, liquefaction, and tsunami in loss estimates at this tme. For tsunaml warnings see hitpatsunami.noaa.go.

Infarmation on the extent of shaking will be uncertain in the minutes and hours following an earthquake and typlcally Improves as additional
sensor data and reported intensities are acquired and incorporated Into rodels of the earthguake’s source. Users of PAGER need 1o account for
urcertainty and always seek the most current PAGER releass for any earthquake.

PAGER alerts are avallable in a one-page summary and Web pages with extended content at httpuyfearthquake usgs.gow/pagerl.

Summary of the basic earthquake parameters, ezmhqmue Impact Scale summary alert level. The higher of the two alert
including orgin time, local time, magnitude, lewels (D Is shown as the summary alert at the top-center of the page.
hypocenter, and the name of the reglon where the
earthquake took place: For events with high
likelihood of a tsunamil, a link to the MOAA teunami

Wb page Is provided (bold red text). @ﬂrevemim of the PAGER alert and the time the alert was created. Mew

versions of the alert are generated when the earthquake information is
improved as supplemental ground-shaking constraints become avallable.

@ Earthguake Impact Scale alert levels for fatalities {left) and economic

losses [right). The alert levels are based on the range of most Bkely losses due
1o earthquake shaking; the uncertainty in the alert level can be gauged by the
histogram, deplcting the percent likelihood that adjacent alert levels for
fatafity/loss ranges) ocour. Accompanying text clarfies the nature of the alert
based on exparience from past earthguakes. IF the economic alert s yellow or
greated, the text will also give a range of economic losses in tarms of the
coumitry's Gross Domestic Product. The higher level of the twio alerts is shown
as the summary alert at the top-center of the page (Bl

G Table showing population exposed to different estimated Modifed
Mercalli Intensity (MMI] levels and the possible damage at different intensity
lewels for resistant and vulnerable structures. MMI describes the severity of an
earthquake In terms of its effect on humans and structures and Is a reugh
rmeasure of the amount of shaking at a given location. Unlike earthquake
rmagnituds, Intensity varies with distance from the fault. Fopulation outside the
rmap bounds are not induded Inthe totals:

o Map of MMI contours plotted over the Landscan (Oak Ridge National
Laboratory) population baze map. The reghons labeled with Roman numeral
MM values are separated by half intensity unit contowr lines, e.g. 5.5, 6.5, 75,
The total population exposure to a given MM value is obtalned by surmming
the population between the contour lines. This total ls shown in the population

0 exposure table (E).

Table of MMI estimates for selected settle-

ments. A maximem of 1T settlaments that fall within @
the map boundary are included In the table. The Reglon-specfic structure and earthguake commentary The Structures
table contalns country capitals and the six sattle- comment may contain the most vulnerable bullding typels) in the region ora
ments with the highest estimated intensity. The general description of the vulnerability of the bulldings in the reglon. The
remaining settfements listed are selected by Historical Earthquakes saction includes a table of population exposure znd
population. Semlement name, location, and popula- fatalitles for three previous nearby earthquakes, and, In some cases, the
tion are obtained from the fresly-available potential for fires, landstides, liquefaction, or other hazards, based on past
GeoMames geographical databaze (GeoMames.org). earthquakes in the region, will be noted.

o Footer, Including a link to the PAGER Web page, the event-identification number, and a disclalmer noting that the content was automati-
cally generated and has additional sources of uncertainty. All possible uncertainthes are not considered In the determination of estimated
earthquake fatalities and economic losses; the actual Impact of the earthquake may differ from PAGER's automatically generated estimate.
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ATTACHMENT C TO EARTHQUAKE PLAN
USGS PAGER

PAGER (Prompt Assessment of Global Earthquakes for Response)

https://earthquake.usgs.gov/data/pager/

PAGER Distribution:

There is up to a 5-minute delay from the time the initial earthquake solution is posted to
the web and when the PAGER results are available to view.

Earthquakes larger than M5.5, PAGER estimates are generally available online within 20-
30 minutes of the earthquake's occurrence and are updated as more information becomes
available.

USGS may distribute PAGER for earthquakes as small as M3.5 — M4.0.

Earthquakes that result in initial "orange" or "red" PAGER alert levels, seismologists will
further review the earthquake information as well as the PAGER results prior to releasing
loss information to users. This may result in additional delays on the order of 10 to 20+
minutes.

For initial "orange" or "red" alerts, exposure-based PAGER information will still go out
immediately to all users.

PAGER uses a new Earthquake Impact Scale (EIS) that is based on two complementary criteria:

Alert Level and Estimated Fatalities Estimated Losses (USD)
Color
| Red | 1,000+ $1 billion +
Orange 100 - 999 $100 million - $1 billion
Yellow 1-99 $1 million - $100 million
0 < $1 million
SC Earthquake Plan

Estimated cost of damage; yellow, orange, and red thresholds are estimated losses reaching
$1 million, $100 million, and $1 billion.

Estimated ranges of fatalities; thresholds for yellow, orange, and red alert levels are 1, 100,
and 1,000.
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USGS PAGER

Reported Intensitie -Saii Amplification | Fault & Ground Motions F| | Seismic Intensity

Steps in the PAGER Process
1. After the magnitude and hypocenter of an earthquake are determined, Global ShakeMap
retrieves any strong ground motion data and intensities reported by people via the USGS
"Did You Feel 1t?" system. The colored circles show the reported intensity at a city and
the circle's size is proportional to population.

2. ShakeMap generates a soil/rock site-specific ground-motion amplification map based on
topographic slope. This map accounts for the tendency of soft-soil sites to experience
stronger ground motion amplification than rock sites.

3. Information about the fault geometry and size (black rectangle) is added when it becomes
available. The ShakeMap system then produces regional ground shaking estimates
(yellow contours) using the reported intensities, the site-specific ground-motion
amplification map, and seismic wave attenuation equations that account for the variation
of seismic shaking intensity with magnitude, fault distance and depth.

4. The ShakeMap system then converts the estimated ground motions to a map of seismic
intensity.

5. The population affected at each intensity level is computed and intensities and
populations at nearby cities tabulated by combining the map of intensity with the
Landscan population database.

6. Based on the population exposed to each shaking intensity level, the PAGER system
estimates total shaking-related losses based on country-specific models developed from
economic and casualty data collected from past earthquakes.

7. The alert levels are determined by estimated ranges of fatalities and economic loss, with
the higher of the two setting the overall alert level. The alert level determines which users
are actively notified, and, at the same time, all PAGER content is automatically
distributed to the web on the USGS Earthquake Hazards Program Web pages, as part of
the earthquake summary information, for immediate consumption.
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ATTACHMENT C TO EARTHQUAKE PLAN
USGS PAGER

USGS twoPAGER
twoPAGER Distribution:
e Following the initial distribution of the PAGER, USGS may distribute a “twoPAGER”.

e The twoPAGER report will supplement the standard onePAGER alerts for significant
domestic earthquakes (for any events likely to have caused fatalities; or, PAGER’s orange
alert level or higher, signifying more than US$100M in estimated damage).

e As soon as Hazus runs are completed and reviewed, the second alert page will be created
with comprehensive Hazus loss model results. Including estimates of:

o Affected population
o Economic impact

o Non-fatal injuries

o Displaced households
o Damage to structures

o Post-earthquake safety tagging needs

The USGS twoPAGER consists of the PAGER plus the Hazus-PAGER. The top portion depicts
PAGER loss model estimates and the lower portion presents Hazus loss model estimates. The alert
level color-coded arrow connects the loss models, allowing for PAGER/Hazus economic loss
model comparison. Example below.
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USGS PAGER

Content of the twoPAGER

9 Summary of the basic earthquake parameters, ‘I’ Table of Hazus-estimated non-fatal injuries for

inciuding arigin tims, lacal time, magnitude, hypocen- sawven counties with the highast estimated lossas.

ter, and the name of the region where the earhguake Losses are only given when available; nearby countiss
took place. For events with high liketihocd of a tsuna- where Hazus losses were not calculated will show

mi, a link to the NOAMA tsunami Web page is provided los52s a5 -,

{hald red taxt).

@ PAGER Earthquake Impact Scale summary alert o Table of Hazus-estimated shelter needs by

level. The higher of the two PAGER alert levals is county, given as number of displaced househalds and
shown a5 the summary alert af he top-center of the number of people needing shelier for seven counties
page. with tha highes! estimatad losses. Lossas are anly givan

when availabie; nearby counties where Hazus losses

@ were not calculalad will show lossas as --.
The version of the PAGER alert and the time the

alert was created, Mew versions of the alert are

genarated when the earthguake information is ZUSGS gt A FEMA

improved as supplemental ground-shaking consfraints it O ol el T sk PAGRE

become available. FAGER Estimaled Falainias Sracon W wwons enee ok PAGER st Economic Losses

e i e i

B e G
@ PAGER alert level information far fatalitias (lsft) ._=_FI_EI_-_I_-:-,_-:_:::_'-:..-_“
and economic lesses (right). Text (center) clariiies the AT il
nature of the alert basad on experenca from past
earhguakes.

@ Distribution of buildings by Hazus occupancy
type and tag color, (Left f Green) The total number

of bulldings in the countles nearest to the epicantar T

based on their accupanay type. (Canter / Yellow) :-..:.::E & i

Mumber of buildings with extensive damage, “vellow gl

tapged™. (Right / Red) Number of buildings with

complete damage (collapsed), “red tagged”, mt&;ﬁ“x“
e |
o [ ] [

Q =il | B
Map of estimated direct economic losses by -
Census Tract, color-coded in ranges of millions of Earthquaks Debria
Dodlars (sea lagend above the map lor loss ranges). ..n.:..'j

Census Tract boundaries are not shown, Thin black
lings daliniate Caunty boundaries, thick black lines
deliniate State boundaries.

' s A
s . P A e G o Ty
rmmw—vﬁ-‘-‘w—

@ Table of Hazus-aestimated total direct economic
losses in millions of dollars for seven counties with the
hinhest estimated losses. Losses are anly given whan
available; nearby counties where Hazus losses were
ol caboulated will show losses as --,

0 Table of Hazus-estimated debris in millions of lons
by materizl type and total number of ruck loads.

@ Faoter, including a link to the PAGER Web paga, the USGS event-identification number, and a disclaimer roling
that the content was automatically generated and hias additional sources of uncertainty. All possible uncerainties are
not considenad in the determination of astimated lossas; the actual impac! of tha earthguake may differ from the
FAGER and Hazus automatically generated estimates. For events with high likelihood of a tsunami, a link to the NOAA
1sunami Wb page is provided (bold rad text).
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ATTACHMENT C TO EARTHQUAKE PLAN

USGS PAGER
Example PAGER for a M7.1 scenario modeled after the 1886 Charleston, South Carolina,
earthquake.
ZUSGS coate @ e Bl ©usaip
ki o i g worl Shaking Alart 58 paeesffi o
M 7.1, Scenario Charleston fit ANSSII*  pAGER
el T 2a 1A 11 A D S0 Version 1
Estimated Fatalities Aed alert for sconome kzzes. Exen- Estimated Economic Losses
Eve damMage is profedle and the deacsr
b bhely widospreac., Esimaled coonamic
o kasss arw fess than 1% of GDP ol the
Unkee! Stiies. Past mants with s slari
O T 11% leved have requred a naticnal or inlema-
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ATTACHMENT C TO EARTHQUAKE PLAN
USGS PAGER

Example twoPAGER (second page) for a M7.1 scenario modeled after the 1886
Charleston, South Carolina, earthquake.

= USGS = Shaiang (@) er & rEMA

science for a changing world a0
M 7.1, Scenario Charleston fit Hazus-PAGER
Origin Time: 2017-05-12 18:52:32 UTC (Fri 14:52:32 local) Version 1

Location: 33.0286° N 80.1912° W Depth: 20.2 km

PAGER Estimated Fatalities Red alert for economic losses. Exten; PAGER Est Economic Losses

sive damage is probable and the disastel
is likely widespread. Estimated economic
58% losses are less than 1% of GDP of the
United States. Past events with this alert
O Z4% 17% level have required a national or interna- .
| tional level response.

-——F Yellow alert for shaking-related fataliies. -:':w
1 100 10,000 Some casualties are possible. 1 100 10,00

10 1000 100,000 1,000
Fatalities USD (Miffions)

Hazus

Hazus Building Tagging Estimates

Estimate

Direct Economic Losses by County

County State Total ($M)
Charleston  SC 10,778
Dorchester  SC 7,058
Berkeley SC 5,897
Beaufort SC 1,218
Horry SC 817
Chatham GA 758
Richland SC 534
Total (122 counties) 33,741

Non-Fatal Injuries by County
County State  Population  Total NFI

Charleston SC 350k 4k
Dorchester SC 137k 4k
Berkeley SC 178k 4k
Beaufort SC 162k 290
Horry SC 269k 181
Chatham GA 265k 151
Richland (o4 385k 110
Total (122 counties) 10,877k 15k

Shelter Needs by County
Total Displ People
House- House- Needing
County State holds holds Shelter

Charleston SC 144k 13k 8k
Dorchester ~ SC 50k 10k 6k
Berkeley sC 65k 7k 5k
Beaufort sC 65k 685 423
Horry sC 112k 595 344
Chatham GA 103k 527 380

Richland sC 145k 330 236
Total (122 counties) 4,190k 35k 23k

Earthquake Debris

Tons
Category (millions)
Brick / Wood 5.065
Reinforced Concrete / Steel 5.000
Total 10.065
Truck Loads (@25 tons/truck) 402,603

Event ID: usceus 0 37 m7p1_se

http://earthquake.usgs.gov/data/pager/

gis.fema.gov
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