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Overview



Why is Climate Risk Assessment Important?

"You can't stop the waves, but you can learn to surf." - Jon Kabat-Zinn

« Even with drastic reduction in carbon
emissions, short and medium-term impacts
are inevitable

« Climate change impacts and risks are
becoming increasingly complex and more
difficult to manage (I[PCC AR6, 2022).

« Climate change impacts on human
iInfrastructure are not well understood and
vary drastically by location

« Understanding community-specific risks to
climate change is critical to evaluating
adaptation strategies

—

Credit: Scoft Pena
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Training Outline

Part 1

Development of
Regional Exposure
Data with EO

October 03, 2023

10:00-12:00 EDT
(UTC-4)

Part 2

Development of
Site-Specific
Exposure Data with
E=C)

October 05, 2023

10:00-12:00 EDT
(UTC-4)

Homework

Part 3

Assessing Utility and
Communicating
Uncertainty

October 10, 2023

10:00-12:00 EDT
(UTC-4)

Opens October 10 — Due October 24 — Posted on Training Webpage

A cerfificate of completion will be awarded to those who attend all live sessions and
complete the homework assignment before the given due date.
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Part 3 Objectives

By the end of Part 3, partficipants will be able to:

Evaluate the appropriate use of modeled building exposure data to a given
community

Apply strategies to identity and address equity and bias considerations
Apply approaches to validate building data with imagery for regional datasets

Document your exposure development process through metadata so that others
can understand the process used, the limitations, and how to update if necessary.
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Part 3 - Trainers
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Executive Vice  Senior Programmer Project Engineer Project Engineer
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Part 3:
How to check exposure data and ensure fit for
purpose



Objective

Overview of levels of exposure data

Pre-event
— How can the data assist in mitigation strategies?

— How can the data further building safety through code
adoption/enhancement or risk managemente

— Implications to insurance/reinsurance?

Post-event
— How can the data be used for post-disaster response?

Limitations
— How should the data NOT be used?
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Level 1 Global Data - Overview

Description

« Rely on best available global
datasets, but can be contfinental
or regional

« Counftry-specific information is
minimal while proxy countries are
often be used

« Global population data sets used
as primary source, with very
rough mapping schemes typically
broken out by rural and urban
regions

Data Available
* High level building descriptors
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Level 1 Global Data - Mitigation and Preparation

® Broad-scale prioritization of further study
® Development of international risk indices

® |nsurance and Reinsurance
— Risk Diversification
— Climate Change / ESG risk assessment

T

Prioritize global risk

Anfticipatory action assessments
Pre-staging of resources

Building code needs and implementations
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Level 1 Global Data - Limitations

« Very high-level exposure data

 Metadata and accuracy will vary
based on underlying source

* Proxy countries may be used so
reliability of data is guestioned

« Generally trying to capture
residential development

* Not to be used for region or
building specific reconnaissance
post-event
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Level 2 Overview - Country Level Exposure

Description

Exposure data has been
collected and reviewed at a
national level (e.g. HAZUS)

Data Available

General country-wide
structural/material type
distributions

Census data

— Household Size

— Building replacement cost
per square meter/foot
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Level 2 - Mitigation and Preparation
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Level 2 - Post-Disaster Response
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Level 2 Limitations consiucies

« No account for variations in regional building exposure B
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Level 3 Overview - Data Improvement / Sub-National Scale

Description

« Subdividing the country to
reflect unigue development
patterns

— Review of literature and o FORSHBRER RS ES
imagery to develop region e R R SR :
specific mapping schemes e R e 1e:

* |dentifying major urban areas
and enhancing building
attributes FH e e

Data Available R i

« Mapping schemes at
development pattern resolution
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Level 4 Overview - Aggregated Building Specific Data

* Uses building data (OSM, building
footprints, tax assessor, etc.) and
aggregates up to polygonal level

By aggregating, inferred data such
as structural/occupancy, height
distribution and other fields will not
be mistaken for point-specific data

* May need to fill in the blanks for
structural information at the
aggregate level

— Best guess given known data
 Height
« Occupancy
* AgQe
* Aggregate up to avoid false
precision.

NASA ARSET — Transforming Earth Observation (EO) Data into Building Infrastructure Data Sets for Disaster Risk Modeling



Level 3/4 - Mitigation and Preparedness
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Level 3/4 — Post-Event

« Search and rescue missions

«  Which region to focus on building reconnaissance

 Where to allocate personnel and equipment
« Where emergency shelters and aid should be focused
i « Coordination, collaboration efforts and mutual aid
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Level 3/4 Limitations

« Befter understanding of the built-up environment,
o however not 1o be used for site-specific analyses or
= individual building tagging post-event

« Caveat: with good quality point data in Level 4
analyses, building specific data can be used to
— identify key facilities for further study. E.g. school,
hospitals, emergency operations, pre-retrofit
residential, efc.

« Level 4: Loss of geographic precision
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Level 5 Overview

Site-specific data, as with Level
4, but running it at building level.

Optimal when you have enough
data o make an assessment at
site specific
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Site location precision is
necessary for analyses e.g. flood,
landslide, tsunami, etc.
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Level 5 — Mitigation and Preparedness
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Level 5 - Post-Event
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Level 5 Limitations

« Building characteristics only
As accurate as the source
provided

— Where or who does the
base data come from?e

 |Nnsurance

« Engineering team

- Field survey
« Ofher
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Conclusion

« Assess the needs and level of effort required for the analysis

« Each level has their own advantages and disadvantages that should be
acknowledged by the user

« Understand the source and collection of data
— Who collected it and how reliable can it conservatively bee

« Never make building specific decisions or assessments, such as red fagging

— Pre and post-event assessments need to be performed through engineering
review
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Developing and Understanding Metadata



What is the....?

« Spatial resolution
« Source of the data
 Replacement cost
« Data vintage

« And why is this point in the
rivere
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A Language for the Science of Exposure Development

* llluminate the process - Develop robust methods of representing exposure
assumptions with respect to vintage, progeny, resolution, and limitations-
particularly when fusing multiple datasets collected over a considerable
period of fime.

 Acknowledge the uncertainty - Establish methods of characterizing the
uncertainty of exposure datasets through the incorporation of modeling
techniqgues. It is particularly important that end users understand
uncertainties in key factors such as location, the taxonomy, and
replacement cost before data use.
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Why is Metadata Important for the Creator of Exposure Data?

« Track exact steps used to produce the data so that when it's fime for an updated
version with better sources, can determine which steps need adjustment and
which can be replicated as written

« [t's often not the same people or organization that will be updating it
« Can update the dataset without commissioning a whole new study
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What Useful Things Can You Find in the Metadata?

Mapping Scheme and Development Pattern definitions

« Detailed country-specific source data information and references
* Detailed country-specific processing steps

 Replacement Cost information

« Data field descriptions

e Limifations

- <processStep>

- <LI_ProcessStep>
. . - <description>
) CO n 'I'O C'I' | nfo rm O 'I'l O n <gco:CharacterStri_ng>POPulation Data proce_ssing: T_he population valut_as are from the nationa_ll Ieyel 2020
Total population estimates from the United Nations World Population Prospects. Population is converted
to an estimate of the number of households using the national average estimates of persons per
household at the country level collected from various sources including IPUMS (Minnesota Population
Center, 2019), national census, and the UN population database. The national level population and
household values were mapped to the national statistics and IPUMS then interpolated to a 15-arcsecond

(~500m) grid cell and used to infer the number of buildings. Administrative GIS data was not used to
aggregate or allot population or buildings but GADM administrative levels 1 (national), 2 (state), and 3
(county or district) names and numeric code are added to the final result for ease of use by data users.

</gco:CharacterString>
</description>
</LI_ProcessStep>
</processStep>
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Determining What to Include in Metadata

 How do we know what information is importante
« How can we cut through the complexity of gathering this informatione
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lowcharts!

Tools to help you determine what information should be captured.

Population Number of Buildings

Was the dataset inferred from Describe the point/polygon
By what type of spatial unit was R point or polygon level data for dalapsel polyg | mm— Extent
the population data provided? Population Grid an extended region?
Yes T
i Source Data Description
Describe source of
gridded data
Population by Admin Unit T Method of extrapn_lanng these i linear reg i n on
| No numbers to a wider area or percent urbanization

Source Data Description

Is there a separate source used

GIS boundaries? Was a remote sensing .
Describe the method of N
No Yes dataset used to infer the Source Data Description
P data extraction
number of buildings?

Describe source of Describe source of | _____
population data GIS boundaries GADM, GUAL, WB

Example sources:

Describe the base data layer

Source Data Description
or source

Was the population data
Source Data Description scaled to adjust to a different Source Data Description
year?
Yes
Yes WWas the number of buildings inferred

from an interpreted global remote
sensing product? Describe the method of

inferring the number of buildings

Describe scaling methodology | ____ Describe source of scaling
and factors factors and assumptions

Example: GHSL

f Source Data Description ;;

Describe the method of
sampling and the number
of samples

No

Source Data Description

Yes

Regional Improvements?

Define Region

Was sampling used?

Source Data Description
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Replacement Cost
(figure 3.8)

<

Are the replacement
costs estimated or are
they site-specific
assessments?

Estimate

Was the replacement
cost estimated based
on square footage
and occupancy?

Yes

ya

Source Data Describe the sources and
Description methods of estimation

e.g., Next
Administrative Unit

Are there any
additional

Site-specific Assessment

Describe the method of
site-specific assessment

Describe the sources and
methods of estimation

Source Data
Description

/

regions to
specify?

Next

Yes
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Example Flowcharts for Different Exposure Levels

Exposure Level 1 — Population Flowchart Exposure Level 5 — Location Precision Flowchart

Population (figure 1.1) Desqri_be t(t;_e Ioca;ic;r;
precision (figure 5.

By what type of spatial unit was
the population data provided?

Population Grid

e.g. GPS coordinate represent the

L Was the data acquired precise building location,
through GPS? Describe the GPS GPS coordinate represent location
Describe source of collection method where photo or survey was conducted,
gridded data There could be inaccuracy because of
Population by Admin Unit L TS

T
|
Source Data Description

Projection and Datum of GPS readings

Is there a separate source used
GIS boundaries?

Was it digitized as footprints (polygons)

No Yes g - -
or as building centroids (points)?
For points derived from polygons, what part
i i Was the data digitized from Describe the imagery of the building do these points represent?
Describe source of Describe source of Example sources: o i N .
populatenldat GIS boundaries GADM. GUAL, WB satellite or aerial imagery? used (geometric center, internal center, front door, other)
Will you have the difference in elevation

i between the derived point and
1

the portion of building with lowest elevation?
/ Source Data Description /

Source Data Description

f Source Data Description l

Was the population data y s
scaled to adjust to a different Describe scaling methodology
year? and factors
T
1
| Was theldata oo Describe the streetdatabase | Metadata field:
’ . 0. 9 ' or platform used Data geocoding resolution sources
No Describe source of scaling | __ Source Data Description
factors and {

/ Source Data Description /

Next

Y

Next
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Store

1SO
h=w-d

ISO/TS 19139:2007

Geographic information — Metadata — XML schema

implementation

Store

A
ISO
v

1ISO 19110:2005

Geographic information — Methodology for feature
cataloguing
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< #  Store » Standards catalogue > Browse by ICS » 35 > 35.240 > 35.240.70 > ISO/TS 19139:2007
- <dataQualityInfo> Replacement COSt

- <DQ_DataQuality>

 <scope guoiniReason="missing’/> (ﬁgure 3 8) ISO/TS 1 91 39:200 7 ® Preview

- <LI_Lineage>

T Proteasstep> Geographic information -- Metadata -- XML schema implementation

- <description>
<gco:CharacterString>Replacement Cost Determination: Replacement
cost was determined using the methods outlined in Huyck, Eguchi
2017. The method profiles structural durability by development
patterns, as determined remote sensing segmentation and <
digitization. The structural durability was classified into 3 tiers;

porary, p t, d t. E: | f
!:empurar; hOI:ISiI‘Ig in Tanz?ni:\nincﬁiiinérgzahe:,awgo;sf:ame, and Are the _replacement Site-speciﬁc Assessment
informal; semi-permanent includes adobe block, unreinforced COStS CStlmated or are Descrlbe the method Of

masonry; permanent includes reinforced concrete frame and

reinforced masonry. The replacement costs for temporary and o o . .

semi-permanent structures were gleaned primarily from the they Slte'speC‘lﬁC Slte-SpeCIﬁC assessment
resettlement action plans referenced (Centre for Affordable 9

Housing Finance in Africa, 2016, 2017, Tanzania National Roads assessments &

Agency 2012, The United Republic of Tanzania Ministry of Works
2011, The United Republic of Tanzania Ministry of Works 2015)
and the replacement costs for permanent structures were taken
from construction cost manuals (AECOM 2014, 2017, Deloitte
2012, Turner and Townsend 2017). The replacement costs for
each development pattern was determined by weighting the Estimate
mapping scheme for each structural type, which was asigned a
durability class for eacdh development pattern.
</gco:CharacterString>

</description>

- <dateTime>
<gco: > -11- :00:00< : >
</datge£:|'?m[;a>te-nme 2017-11-01T00:00:00</gco:DateTime WaS the replacement

" PTel ResponsibleParty> cost estimated based
- <individualName>
<gco:CharacterString>Charles Huyck</gco:CharacterString> on Square fOOtage

</individualName>
S and occupancy?

No
Yes
Source; D.ata Desche th?f sources and Describe the sources and Source Data
Description methods of estimation methods of estimation Description
Are there any
e.g., Next additional

Administrative Unit regions to Specify Geography

specify?

Yes

Next
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Creating the Metadata Documents

ICS » 35 » 35.240 » 35.240.70

ISO/TS 19139:2007

Geographic information — Metadata — XML schema
implementation

®

deL\J/SeeIoArc’?k?eG:r?le?rgc;g’ro Can export as both ISO-19139 and
P ESRI Native Metadata Format, 1o
reach the widest audience
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Creating the Metadata Documents

 ArcGlIS format
— Default XML format used by ArcGlIS
— Ofther metadata formats can be derived from this
— De facto industry standard — but it is proprietary

« [SO-19139
— Infernational standard compatible with many typical GIS software tools
— Non-proprietary
— Expected to gain in popularity

« [SO-192110 (component of ISO-19139)

— Also called the “Feature Catalog”, stores metadata for specific fields of the
GIS dataset

— Designed to be used along with the ISO-19139 metadata file
— In future revisions, this information will be embedded within ISO-19139
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Creating the Metadata Documents

« ArcGIS will create metadata related to a dataset by default — This can be edited
through the ArcGIS metadata editor or ArcCatalog

 To initialize the metadata for use with the ISO formats, the metadata should be set
to use the ISO-19139 template.
— See the ArcGlIS site for more information

« ArcGlIS will automatically save 1o its proprietary format
 To create the ISO-19139 XML file, export from ArcGlIS to ISO-19139 format

« To create the ISO-12110 XML file, there is currently a convoluted process
— Export the metadata in FGDC CSDGM XML format (an intermediate format)
— Download the NOAA FGDC-to-ISO XSLT transform file for ISO-19110

— Use an XSLT processing tool to combine the FGDC XML file with the NOAA XSLT
file, producing an ISO-12110 XML file

— In the future these steps will hopefully not be needed!
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https://pro.arcgis.com/en/pro-app/latest/help/metadata/create-iso-19115-and-iso-19139-metadata.htm

Metadata Sections of Note

* Lineage Section

— Designated for tracking the input databases, data manipulation procedures or
methodologies, and data processing. Data processing can give insight as to
how a new survey was conducted, how various input data sets are fused or
iImproved upon, and how various modelling or stafistical methods are
performed.

— Contains multiple “Process Steps” 1o describe each exercise undertaken to
develop the final dataset.

 Report Section
— Evaluation of the quality of the input data, processing methods, final data set
quality review, and results summaries. The data evaluation consists of @
quantitative or qualitative assessment.
— Contains multiple “Reports” to describe each evaluation undertaken to
develop the final dataset.
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Resources for Creating Exposure Metadata

Exposure Metadata Flowcharts

— Supplementary document containing the flowcharts that have been created for each
exposure data level (1 through 5)

— Includes discussion about the type of information that should be collected for each
segment

METEOR: Exposure data classification, metadata population and confidence assessment

— Appendix A includes details for mapping information into the ISO-19139 metadata
structure, the ISO-19110 metadata structure, and optional linkable tables

METEOR: Bridge to commercial CAT model

— Section 3 includes an example of the metadata fields that were generated for actual
Level 1 exposure data created for the METEOR project

METEOR Exposure Data
— Includes ISO-19139 metadata that can be used as reference
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http://imagecatinc.com/transfer/meteor/METEOR_Exposure_Metadata_Flowcharts.pdf
https://nora.nerc.ac.uk/id/eprint/533436/
https://nora.nerc.ac.uk/id/eprint/533438/
https://meteor-project.org/data/

Flowchart Example — Nepal Level 3 Exposure Development

« The following slides will go through a truncated set of the Level-3 flowcharts used
for gathering data to develop the Level-3 building exposure for Nepal. The
flowchart sections shown will include:

— Building Height
— Structural Distribution
— Number of Buildings
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Building Height
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height values - IPUMS and the field
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(Humanitarian OpenStreetMap Team,
2019).
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Data collected by the HOT field
team is used to characterize
the height distribution in urban
areas. In rural areas, the
distribution of buildings by
administrative level-2 was used
to characterize the building
stock, as gleaned from IPUMS
data. Building height varies
throughout the country
depending on terrain, but the
buildings are primarily low rise.
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Structural Distribution

Structural Distribution
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Structural Distribution

Structural Distribution

v

- Describe the source

Estimates of structural distributions, or mapping
schemes, was two-fold. First, a structural engineer
conducts a web reconnaissance of any available data
regarding both typical construction materials and
methodologies within the region, as well as any data
inferring structural distribution within the country.
Sources such as the World Housing Encyclopedia
[WHE], Prompt Assessment of Global Earthquakes for
Response [PAGER] (Wald, et al. 2008), and Global
Earthquake Model [GEM] (Brzev et al., 2013) were
reviewed to identify all known structural types within
the country. These preliminary types were validated
through the Nepal National Building Code and Google
StreetView survey.

After the web reconnaissance the structural engineer
begins to formulate the mapping scheme by
development pattern. Using the 2011 Nepal VDC-level
census data the rural development pattern was
assigned a mapping scheme using the building wall
material type and number of household value. The
building height values for UFB-1 and UFB-5 within the
rural development pattern zones were obtained from
Integrated Public Use Microdata Series (or IPUMS)
data set. Based on discussion with Sharad Wagle, a
Nepali Structural Engineer, cement mortar was
assumed for those unreinforced masonry structures 5
stories or greater. The increased durability and
bonding strength (in comparison to mud mortar)
required for multi-story buildings was the logic behind
such decisions. For low-rise, rural regions, mud mortar
assumed as the bonding agent. For the remaining
non-rural development patterns, the field survey data
collected by HOTOSM was used to establish the
mapping scheme for each of those development
pattern types.

data for a given region

Was data available directly,
or inferred from neighboring region?

Directly

Describe the source
data for this country

/ Source Data Description / Was there an adjustment for urban/rural?
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\Was there an adjustment for any other factor?
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Structural Distribution

Structural Distribution

v

- Describe the source

data for a given region

Was data available directly,
or inferred from neighboring region?

Directly

Describe the source
data for this country

There was no urban-rural adjustment
factor however Kathmandu Living Labs
conducted a building survey for
HOTOSM. The field team implemented
a stratified sampling strategy and used
a Bayesian updating approach. (Porter,
et al. 2014). The survey data provided
the structural mapping scheme for each
development pattern.
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No

Was the data collected through

site surveys?

No

|s there an additional region

or dataset to descrnibe?

Inferred

Describe the source
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/Source Data Description/
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Structural Distribution

Y

Describe the source
data for a given region

Structural Distribution

Was data available directly,
ar inferred from neighboring region?

Directly

Describe the source
data for this country

/ Source Data Description / Was there an adjustment for urban/rural?

No

Was there an adjustment for any other factor?

Was the data collected through
site surveys?

No

|s there an additional region
or dataset to describe?

Next

Inferred

Describe the source
data for the country that
it was inferred from

~—=—1 Country inferred from

~—

/Source Data Descnpnon/

Describe the source
of the adjustment

Describe the source
of the adjustment

MUR+ADO/HBET:1,3 1% - - - - - -
MUR+ADO/HBET:4,7 - - - - - - -
CR/LFINF+DNO/HBET:1,3 49% 37% 14% 28% 8% 17% 19%
CR/LFINF+DNO/HBET:4,7 22% 35% 56% 23% 4% 45% 22%
CR/LFINF+DNO/HBET:8,20 = 1% 3% = = 8% 1%
MATO/LN - - - 2%  23% - -
S/LFM = = = = = = =
S/LFBR - - - - - - -
S/LO 2% 1% - 9% - - 1%
S/LFINF 2% - - 3% - 3% 1%
MUR+CL99/HBET:1,2 16% 13% 5% 30% 54% 14% 32%
MUR+CL99/HBET:3,5 7%  13% 21% 5% - 13% 22%
W = = = = 6% = 1%
W+WWD 1% - - - 6% - -

Describe site survey
details

The HOTOSM building survey data was verified by a local in-country
engineer (Sharad Wagle) and in-house engineer (Michael Eguchi).
All of the mapping schemes are then mapped to the PAGER
standard structural types. These structure types are overlaid with
the manually delineated development pattern sample polygons to
create a refined mapping scheme. A final round of sanity checking is
conducted by ImageCat engineers.

Affiliations of people
that collected the data

1

Sharad Wagle (NSET) and Michael Eguchi (ImageCat)
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into Building Infrastructure Data Sets for Disaster Risk Modeling 53

Affiliations of people
that collected the data

/

Development patterns are patterns of construction in a given country that typify the building structure development
and density as much as possible. They sometimes correspond with land use, but not always. The development
patterns are determined by a structural engineer working with GIS analysts to conduct a web reconnaissance
exercise using Google Earth, and structural distribution web searches to characterize the urbanity density and
development patterns for each country. For Nepal, the ImageCat engineer characterized 8 development pattern
types:

Development Pattern 1: Rural development found outside of city boundaries and is typically associated with
agricultural development. The regions typically consist of small, remote villages with single roads in and out.
Buildings are typically spaced far apart and are almost exclusively 1 to 2 stories. Local materials and construction
practices are generally used and performed in these areas.

Development Pattern 2: This development pattern reflects areas typically dominated by single family residential
structures. Commercial properties, such as local markets, are present, however residential structures are the
primary occupancy. The built-up area is denser than rural class 1, however open land (yards, vacant lots, etc.) are
present and can be observed via satellite imagery. All structures are low-rise, with most in the 1 to 2 story range.

Development Pattern 3: This development pattern is representative of regions with dense residential and
commercial development. Apartments are typically located above first floor commercial properties. Structures are
predominantly low to mid-rise, with an occasional high-rise structure located within the development pattern.
Buildings are tightly spaced.

Development Pattern 4: This development pattern is typically associated with extremely dense, informal
settlements. They are usually found within boundaries of large cities and are typically comprised of very small
(<100 m”2) standalone structures with little to no space between adjacent buildings. The settlement is unplanned,
therefore there is no organization to the configuration of building layouts. Almost all structures are 1-story and are
typically erected using cheap and accessible local materials.

Development Pattern 5: Development pattern 5 is characterized by urban areas predominantly occupied by low
to mid-rise residential and commercial structures. An occasional high-rise apartment or office building may be
present. These developments are typically found near or around major city centers. Buildings are tightly spaced
and are fairly regular in shape.

Development Pattern 6: This development pattern is the central business district of urban areas within the major
cities. The region is occupied by low to high-rise apartments and commercial offices. Most structures are under 7-
stories, however high-rise (8+ stories) can be found within the region. Building footprints are larger than most non-
industrial development patterns. This development pattern will be found only in major cities and along the major,
paved roads.

Development Pattern 7: This development pattern is characterized by areas dominated by ports, mining or
industrial activities. Structures are typically closely spaced and regular in shape. A majority of buildings within
these regions are warehouses, rectangular shape and single story. Smaller low-rise, office and commercial
structures can also be found on site.

Development Pattern 8: This development pattern is typically located within the urban region and is comprised of
large developments, such as universities. The built-up environment is typically comprised of low to mid-rise
structures with large building footprints.
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of samples Nepal.GoogleEarth, 2018. Map

OpenStreetMap contributors. (2018) Geogabrik Public

/ Source Data Description /— Server [nepal-latest-free.shp]. Retrieved from
https://download.geofabrik.de/asia/nepal.html

Was sampling used?
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Number of Buildings

In addition, the model was constrained using
OpenStreetMap building footprints with an area
between 10 - 5,000 meters square to create an
aggregated 3-arcsecond grid OSM building count
raster (Humanitarian OpenStreetMap Team, 2019; People per
ImageCat, 2019) as a minimum value.

Was a population
dataset used to infer the
number of buildings?

What type of factor is being used,
people per household, or
people per building

People per
building

Describe source of
people per building factor

/SourceDataDescription /

Describe method of inferring the
wmber of people per household

Provided directly in census data at the VDC level v

Describe source of

/ people per household factor

The VDC GIS data was provided by Sharad Wagle /

from NSET /# Source Data Description /
/ Describe source of
Nepal, C. B. S. (2011). National Population Census 2011- rousehelteper Buldng e

Nepal [dataset]. Provided by IPUMS International. ’

/ Source Data Description /

Was there an adjustment for urban/rural?

Describe source of adjustment/

/ Source Data Description /

Describe source of adjustment/

Nepal, C. B. S. (2012)-1. National population and housing
census 2011 [National Report]. Gov’t of Nepal, Natl Plan
Comm Secr Cent Bureau Stat, 1, 1-278

Yes

Nepal, C. B. S. (2012)-2. Village Development Committee
GIS data [dataset]. Provided by the National Society for
Earthquake Technology — Nepal (NSET). \ / Source Data Descrition /
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More Examples

To see a continuation of this flowchart example for Nepal, please view this
presentation (available from the METEOR training materials for Nepal).

« For more examples of actual metadata documents that have been produced for
the METEOR project, see the METEOR Exposure Data site.
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Equity and Bias Considerations



Overview of Equity and Bias Issues

« We are on the side of justice, righte

« Noft necessarily
— Economic perspective
— History
— Bias
— Data feeds into a larger decision-making framework
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° ° &% Reuters
qus In -I-he Expos Ure Dq‘l‘q Citizenship question on U.S. Census would cause Hispanic

undercount by millions: study

The Trump administration’s proposal to ask a citizenship question on the 2020 U.S.
census could lead to an undercount of some 4.2 million...

— Unhoused, undocumented, and iz s
nomadic people more difficult to ~ Mzms

Ethnic minorities missing from census, say Bangladesh

find (or easy to ignore). activists
. MOSS m ig rO _I_io n d U e .I.O CO nﬂ iC.I.I Ethnic minorities have been undercounted in Bangladesh's latest census, Indigenous

activists said Thursday, with implications for some of ...

other factors- are missed. R

2020 Census Undercounted Hispanic, Black and Native

— |nform0| hOUS”’]g Qnd BlPOC' American Residents (Published 2022)

The Census Bureau said that the overall population total was accurate but that counts

e.l.h nic minori-l-ies ignored Or of minorities were skewed. Advocacy groups threatened...
undercounted. -

—_ Some census dQTQ iS jUST O|d Milwaukee challenge says 2020 census undercounted

minorities

The city of Milwaukee has joined the ranks of other major cities challenging their 2020
census figures, claiming the once-a-decade U.S. head...

Dec 20, 2022
B8 Nikkei Asia
Pakistan census sparks accusations of manipulation

ISLAMABAD -- Pakistan's outgoing government is taking criticism for allegedly using
the recent national census to delay elections for its_

4 weeks ago
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Bias in the Exposure Data

« Datais extrapolated from tracts to
grids using different assumption:s.

« Building footprints more difficult to
extract in some rural environments NN O

— Under tree canopies
— |In mountainous terrain
— Biased training data

« Datais better where people pay
more attention (more assefts).
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Adam Smith’s Dystopian Hand

« Those with less power and resources
gravitate to higher risk areas (typically).

* Less power means less ability to impact
social change.

« Risk analysis may feed into this process.

« When land is reclaimed, important to
pay attention to the displaced.

* |n some countries, it may mean keep
quiet or you'll be cleared out.

l/-

Lives here
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An Accountant’s Perspective

) ) How much does it cost fo
« Risk modeling tools ouild this hut2

— Descend from sophisticated actuarial
tools (CAT models)

— Moved over to FEMA in the 90s,
— Are a template for international tools

* This means:
— Money over people (we tried)
— Buildings over systems
« Mathis hard
 Datais sparse

— Vulnerability focused on engineered Does it mattere?
consfruction in developed countries
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An Accountant’s Perspective

. How do we price
 Focus on Annualized Losses disruption?

— Annuadlized losses don't
adequately assess the big
onesl

— Less frequent, high-impact
events can overwhelm
communities- cascading
Impacts

— Regions with frequent impact
are often better prepared

NASA ARSET — Transforming Earth Observation (EO) Data into Building Infrastructure Data Sets for Disaster Risk Modeling



Benefit Cost Analysis Does Not Help Society Answer the
Question of “Who”

 Wealthy and highly populated cities
have beftter risk consultants.

* Rural and less wealthy areas do not
have the expertise.

« Wealthier constituents have more
political leverage.

« The equations favor conditions where
higher-value property is protected.

« Homeowners over renters

 The equations themselves don’t care if
the recipients are billionaires.

“Federal Emergency Management Agency spent disproportionate
amounts of money elevating homes in communities that are wealthy or
overwhelmingly white”

Source: https://www.politico.com/news/2022/06/16/fema-flood-program-civil-rights-00037261
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An Accountant’s Perspective

* Benefit cost analysis-BCA is not designed to address
a shifting climate

e BCA provides a quantitative basis for
evaluating investment options. By discounting
future benefits, you effectively are comparing
the benefit with investing the inifial cost with a
return that is equivalent to the discount rate. ( |
wish | would have put the money in the bank)

* Not suitable for the unique condition where
benefits accrue substantially in the future. (Wish
I'd paid for the mitigation- or retreated)

Climate change is shifting storm patterns, reducing the Stranded Asset
frequency of lower-category storms and increasing the

occurrence of more destructive Category 4 and 5

storms

e ESG indices show reduced risk!
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An Accountant’s Perspective

Focus on individual properties, not

communities
« Mifigation has synergy, difficult to P 4 A N
Ccd pTUI'e 3 Flod i St 3 05 b s icn \

g ——1 Boundary of Extreme flooding gt S8 p N7 e "'-d;gbi. ""-Globe\

* Vulnerable populations may not
CI”gﬂ with the si’re—specific risk ?th Ward needed the levee strengthened, not raised structures

« |dentifying risk requires a
comprehensive view of the entire

community
« Example: Hurricane Katrina's risk —gb

from breached levees had distant

impacts.
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Geographic Precision is Not Accuracy

« Exposure data that is not based on
engineering reports should not be used or
publicized at the building level.

« False precision leads to inappropriate
decisions that impact people’s lives.

* In GIS, more accuracy always seems
better- but we need a more holistic
perspective.

city’s earthquake warning

The group says the policy will reinforce gentrification
in Portland’s historically black neighborhoods.

@ https://www.oregonlive.com
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A Conundrum

« Exposure data is essential to
understanding risk.

« Exposure data can be used for
nefarious purposes in totalitarian
regimes.

« Exposure dataq, lifeline data, can be
repurposed for terrorism, conflict.

“Informal’” to “no lateral force-resisting system”
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So, What Can You Do?

« Contribute to more sophisticated research in the area
« Encourage transparency (but not always openness)

« Protfect privacy

« Acknowledge uncertainty
 Aggregate

« Speak up

* Find the accidents waiting to happen

What questions are we trying to answere

NASA ARSET — Transforming Earth Observation (EO) Data into Building Infrastructure Data Sets for Disaster Risk Modeling



S T

Case Study: Assessing Climate Change
Impacts with Building Exposure Data in Antigua
and Barbuda



National Adaptation Plans (UNFCCC)

The objectives of the national adaptation plan process are:

(a) To reduce vulnerability to the impacts of climate
change, by building adaptive capacity and resilience;

(b) To facilitate the integration of climate change
adaptation (...) info relevant new and existing policies,
programmes and activifies...

L4 41/

Cnrwe (Imu Ch

Technical qmdellnes for the NAP

PL<
‘(
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LEAST DEVELOPED COUNTRIES

NATIONAL ADAPTATION PLANS

Technical guidelines for the national adaptation plan process

LDC EXPERT GROUP, DECEMBER 2012



https://unfccc.int/topics/adaptation-and-resilience/resources/guidelines-for-national-adaptation-plans-naps

7 AN\
The NAP Process ((C'V
\l“ V TABLE 1. STEPS UNDER EACH OF THE ELEMENTS OF THE FORMULATION OF NATIONAL

~ N ADAPTATION PLANS, WHICH MAY BE UNDERTAKEN AS APPROPRIATE®

United Nations Framewark
Conventian an Climote Change

ELEMENT A. LAY THE GROUNDWORK AND ADDRESS GAPS

1. Initiating and launching of the NAP process

2. Stocktaking: identifying available information on climate change impacts, vulnerability and adaptation
and assessing gaps and needs of the enabling environment for the NAP process

3. Addressing capacity gaps and weaknesses in undertaking the NAP process

4. Comprehensively and iteratively assessing development needs and climate vulnerabilities

/]. Anolyze current climate and \ 4 ELEMENT B. PREPARATORY ELEMENTS )

fU'I'U re C | | mda 'I'e C h an g e 1. Analysing current climate and future climate change scenarios
. . 2. Assessing climate vulnerabilities and identifying adaptation options at the sector, subnational, national
scendarios Ond r|S|(S and other appropriate levels
. e 3. Reviewing and appraising adaptation options
2' Assess C||mC|'|'e \/Ulner(] b|||'|'|es 4.  Compiling and communicating national adaptation plans
. . . K 5. Integrating climate change adaptation into national and subnational development and sectoral planning j
3. ldenftify adaptation options
4 . Re\/|eW d nd a p DI’OISG ELEMENT C. IMPLEMENTATION STRATEGIES
C]d(_'] p'I'Ohon Opﬂons 1. Prioritizing climate change adaptation in national planning
2. Developing a (long-term) national adaptation implementation strategy
3. Enhancing capacity for planning and implementation of adaptation
4. Promoting coordination and synergy at the regional level and with other multilateral environmental
agreements
ELEMENT D. REPORTING, MONITORING AND REVIEW
1. Monitoring the NAP process
2. Reviewing the NAP process to assess progress, effectiveness and gaps
3. Iteratively updating the national adaptation plans
4. Outreach on the NAP process and reporting on progress and effectiveness

Technical quidelines for the NAP
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1. Analyze Current Climate and Future Climate Change
Scenarios and Risks

“- ¥ Climate Change Risk Modelling Project for HAZARDS i A 6 o
j . Antigua and Barbuda SIS Hazards considered: N ‘?{\ g ezt |
gf = Tropical Cyclone - Wind and Surge ./ %\ % cery -~
~ = Extreme Temperature §e- /\\\ ///\\ | annualrin
= Extreme Rainfall N V/amiE 'l
= Sea Level Rise - 4 -

The Department of

Environment (DOE)

provided Leadership
and Strategic Direction

Set New Standards for
Climate Risk Modeling
and Adaptation
Planning

Participatory Process
helped guide the
development of the
Final Results

Regional Climate Model Rainfall Projections

driven by HadGEM2-ES
(1 of 3 downscaled Global Climate Models)

World Renowned
Consortium with
expertise in Climate
Risk led by ImageCat

8.

Achieved International
Standard of Excellence
through Technical

1 Year

12 km downscaled climate data from the UK
Project

Met Office was a key component in the
climate change risk modeling process

Implementation

Stochastic Wind Field Model
3-second gust at 10-meters elevation

in open terrain (m/s)
CLIMATE SCENARIOS

ADDRESSED

RCP

High Emissions

{5 ImageCat KINETI

ANALY SIS

455

Stabilization

.SCR]PPS

wsnirenion or WillisTowers Watson LI"I"lsl
OCEANOGRAPHY
Dbt

Met Office

NASA ARSET — Transforming Earth Observation (EO) Data into Building Infrastructure Data Sets for Disaster Risk Modeling




Climate Change Risk Modeling

2030 to 2100

SST Hazard-

(higher Wind and Surge
winds,

waves)

Vulnerability
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Building Exposure Development

e ~98 GIS layers

* LIDAR data

* Building footprints

* Valuation from parcel level data
_ _ oot | * Essenfial facilities- several places
T e bk A e _ e Utility datasets
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!‘4.: Use detailed elevation
data- Digital Surface-
Terrain to yield height-
then stories

e O

e Y T
:&."‘-v:;_ﬁr"‘;uj. “
*‘:a-‘hu.;'. A Wy 4
;L': -

- o e



Critical Facilities:
 Medical
Office/Clinic
Grade Schools
Police
Utilities
Government/Milit
ary
Port Facility
Hotels and resorts




Building Exposure

m Number of Buildings | Total Building Area (Sqg.Feet) |Total Replacement Cost (USD
Saint George 6468 11,836,548 $1,138,239,173
Saint John 34748 48,419,388 $4,594,454,640
Saint Mary 6449 8,586,452 $853,092,079
Saint Paul 7419 9,460,809 $989,763,100
Saint Peter 4158 4,563,539 $442,813,969
Saint Philip 3711 6,384,213 $780,192,246
Barbuda 1463 1,895,324 $196,563,273
Replacement Cost (in Million USD)
[ o
Mo-s
[s-25
[]25-50
[ 50- 100

I 100- 200
M 200

.SCRIPPS vrion or
OCEAISQGM P

LI"I"L1
Willis

Towers
Watson
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Average Annual Loss

Future Anticipated Probable Losses
from Building Damage based on Storm Surge

Future Anticipated Probable Losses
from Building Damage based on Storm Surge
in Average Annual Loss (Per 1K Exposed)

Future Anticipated Probable Losses
from Building Damage based on Storm Wind

in Average Annual Loss (AAL)

in Average Annual Loss (AAL)

,, $400 ,, $400 $35
S $350 S $350 $30
S $300 S $300 -
$250 $250
$20
$200 $200
$150 $150 $15
$100 $100 $10
$50 $50 $5
$- §- 50

e Climate Stabilization Scenario (RCP4.5) emmmmmHigh Emissions Climate Scenario (RCP8.5)

2020 2030 2040 2050 2060 2070 2080 2090 2100

2020

== Climate Stabilization Scenario (RCP4.5)
e High Emissions Climate Scenario (RCP8.5)

2030 2040 2050 2060 2070 2080 2090 2100

2020 2030 2040 2050 2060 2070 2080 2090 2100

ww=Normalized RCP4.5

4O
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Loss in Millions {(USD)
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M oo-025
[Jozs-10
[110-25
[J25-50

M s0-150
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100-Year Event

Future Anticipated Probable Losses
from Building Damage based on Storm Surge
in a 100-year Event (1%-chance)

Future Anticipated Probable Losses
from Building Damage based on Storm Surge
in a 1%-Event (Per 1K Exposed)

Future Anticipated Probable Losses
from Building Damage based on Storm Wind
in a 100-year Event (1%-chance)

» $900
£ $10,000 £ 10,00
= $8,000 = $8,000
$600
$6,000 $6,000
$4,000
$4,000 $300
$2,000 $2,000
$- ¥ $0
2020 2030 2040 2050 2060 2070 2080 2090 2100 2020 2030 2040 2050 2060 2070 2080 2090 2100 2020 2030 2040 2050 2060 2070 2080 2090 2100
Climate Stabilization Scenario (RCP4.5) e High Emissions Climate Scenario (RCP8.5) Climate Stabilization Scenario (RCP4.5) e High Emissions Climate Scenario (RCP8.5) Normalized RCP4.5  emm=Normalized RCP8.5
2020 2030 2040 L 2090 L2030 Ll
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5| =as £ i : B ’ ' [CJ10-25
g ] [ i T | o H [ 25-50
o " T I it S8 B 50 - 100
s ; ———— == e ; EEEHEy- FREEEREEREEEE v I 100 - 200
050 060 2070 20 i 60 & H R0 I 200 . 450
g SERESE|SE B
EeReen = 2| 2aEa a8
!!!F};] ! - ] jEEmE] I el - [EEEES
2080 "090 100 }“ I||II|_ %BE I‘1 T _gﬂ’: }III e \
KINETIC @scrrrs i
[l H - H = [N N
i HEHEH H : T | _h mEE Willis._
Q1dZEEEERBRESnNAREE 4"  BmEmmBE|AARSRSSSEERNAR ol | T Watson




NASA ARSET — Transforming Earth Observation (EO) Data into Building Infrastructure Data Sets for Disaster Risk Modeling




Nuisance
flooding

Community
Shelter

Disruption
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2. Assess Climate Vulnerabilities

.
Sensitivity

of climate change, including climate variability and
extremes. Vulnerability is a function of the character,
magnitude and rate of climate variation to which a
system is exposed, its sensitivity and its adaptive
capacity.

®* Adaptive capacity: The ability of a system to adjust to
climate change in order to moderate potential

Adaptive o
Capacity
damages, to fake advantage of opportunities or to —

cope with the consequences. ]

®* Exposure: The presence of people, infrastructure, natural ~
systems, and economic, cultural, and social resources in Vulnerablllty
areas that are subject to climate hazards.

* Sensitivity: The degree to which a species, natural Adspd
system, or community, government, and other $
associated systems would be affected by exposure to a
changing climate.

®* Potential Impact: Potential negative effects on a system,
population, or asset based on its exposure and sensitivity
to a climate hazard.

®* Vulnerability: The degree to which a systemis Exbosure
susceptible to, or unable to cope with, adverse effects P .

Potential
Impact

UNFCCC Glossary
California Adaptation Planning Guide dgh stakeholder consultations
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Vulnerability Scoring

Score
Low

Potential Impact

Impact is unlikely based on projected
climate hazards; would result in minor
consequences to the sector.

Adaptive Capacity

The population, organization (business)
or asset lacks capacity to manage climate
impact; major changes would be
required.

Medium

Impact is somewhat likely based on
projected climate hazards; would result
in some consequences to the sector.

The population, organization (business)
or asset has some capacity to manage
climate impact; some changes would be
required.

High

Impact is highly likely based on projected
climate hazards; would result in
substantial consequences to the sector.

The population, organization (business)
or asset has high capacity to manage
climate impact; minimal to no changes
are required.

California Adaptation Planning Guide

[Ex posure

Potential
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Potential
Impact

a2

Impacts

Adaptive ()

Capacity p\ (O\

2%
l

!

-
Vulnerability

k&;&

T :

( .
Adaptation

é&& “‘6"&;
23% Stakeholder consultations
High 3
Medium 2 3
Low 1 2 3
High Medium Low

Adaptive Capacity



https://www.caloes.ca.gov/wp-content/uploads/Hazard-Mitigation/Documents/CA-Adaptation-Planning-Guide-FINAL-June-2020-Accessible.pdf

Data Sources

COB%% =

Risk Modelling Stakeholder Reports on Past
Consultations Events
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Climate Hazards

Relative Sea Level Rise + 10% Nuisance Flooding

8.0
Climate Projections 7.0
6.0
g
Lo
== r:.) Severe wind and higher surge 8.0
—_— 3
Ss0
ot
&
,t--I___T/ Risi | | -
= 1SIng sea levels o
Vo
o
0.0
o 3-secondeustat 10- 2030 2040 2050 2060 2070 2080 2090 2100
- - meters elevationin Climate Stabilization Scenario (RCP4.5) =High Emission Climate Scenario RCP8.5)

. 0 110 cpenterrain{m/s)
@: Extreme heat

100-year Event RCP8.5 Total

N

Drought : 7

Loss in Millions (USD)
[] Oo

HWo-s

5-10
Cio-25

25-50

M s0- 100

W 100-200

Il 200 - 450
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Vulnerability: Thematic Areas

= o i
Buildings Lifeline / Ciritical Supply Chain Economic

Infrastructure
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Hurricane Vulnerability Example

Hazard Thematic Vulnerability Description Vulnerability
Area Score
Hurricane |Buildings |[Certain commercial buildings in Antigua and Barbuda are likely to be damaged by
wind from hurricanes and impacts are projected to become more severe by 2050. 5

Loss in Millions (USD)
o

MWo-s

Es-10
[J10-25

[ 25-50

M 50 - 100

M 100 - 200

M 200 - 450

Roads

- Commercial Zones

B SERD Speas o WTRRAL e
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Supply Chain Vulnerability Examples

Hazard Thematic Vulnerability Description Vulnerability
Area Score

Hurricane |Supply Hurricanes directly impacting Antigua and Barbuda cause disruptions to supply chains
Chain due to impacts on shipping operations affecting trade. Hurricanes impacting overseas

suppliers cause disruptions to supply chains. 5
Sea Level | Supply Rising sea levels and frequent flooding increases the vulnerability of ports in Antigua
Rise Chain and Barbuda. The risk of disruption to port operations is expected to increase in the

medium term. 4

Respond to these statements - and share with us the leve| ~ “Vertime=r
of potential impacts on your business

e

e T 1

Business sales and operations are affected by hurricane impacts on

customers and emgloxees @

Impassable roads due to floods, debris, and damage from hurricanes
impact W&R operations and are likely to worsen in #'a future

An increase in the intensity and possibly frequency‘:ofhurricones makes
the water and sewage systems more vulnerable, which can affect W&R

ogerdtions @
Anincrease in the intensity and possibly frequency of hurricanes makes

the telecom systems more vulnerable to CC, which can affect W&R
operations. 47

Low Impact
High Impact

Hurricanes directly impacting Antigua and Barbuda cause disruptions to
supply chains due to impacts on shippin ] W&

d
A e e =y
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Sea Level Rise Vulnerability Examples

Hazard Thematic Vulnerability Description Vulnerability
Area Score
Sea Level [Economic Under sea level rise projections, beach will be lost to sea and erosion is expected to
Rise accelerate. This phenomenon directly affects the profitability of the tourism sector and
may indirectly affect commercial businesses. 5

Sea Level |Lifeline / Some areas may become completely inaccessible during coastal flood events due to
Rise Crifical flooded or damaged roads, which will be progressively exacerbated through time due to

Infrastructure |climate change. 2
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3. Identify Adaptation Actions: 4 Key Areas

Adaptation Actions: 4 Key Areas

e Lt

e
Physical Adaptation and Climate-Proofing
Policy Planning Buildings

Financing and Financial Training, Capacity Building,
Instruments for Adaptation Knowledge Transfer for Climate
Adaptation & Business
Continuity Planning
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3. & 4. Identify and Review Adaptation Actions (Examples)

Area Action Co-benefit Cost Timeframe
Physical Building code implementation and enforcement Yes $$% Medium-Long
Adaptation and s : :
Poli Building retrofit programs Yes $$% Medium
olicy
Building elevated structures Yes $$ Medium-Long
Zoning / land use planning Yes $$$% Long
Encouraging and incentivizing the use of pervious and climate-smart Yes $$ Short
surfaces in new development
Climate- Use hurricane shutters and other impact resistance coverings for Yes $ Short
proofing openings
buildings Install roof-to-wall anchorage via hurricane straps and improved Yes $ Short
nailing of roofs
Increase presence of cool roofs and cool walls Yes $$ Medium
Use water membranes to prevent roof leakage Yes $ Short
Install barriers to keep flood waters out of building Yes $ Short
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3. & 4. Identify and Review Adaptation Actions (Examples)

Area Action Co-benefit Cost Timeframe
Financingand Work with the insurance sector or other developmental organizations  Yes, but limited $$$ Medium
Financial to introduce climate change-related microinsurance schemes
Instruments Improve access to finance after disasters for MSMEs, utilizing Yes $5% Medium
business assets and accounts as bank account collateral
Support the collaborative development of solutions to address the Yes $$% Medium-Long

insurability gap by working with the government and other insurance
programs in the region

Strengthen dialogue between insurers and policymakers around Build Yes, depends $$ Short
Back Better on stakeholder
engagement
Provide access to climate-proofing financing, rebates, and incentives Yes $% Medium
for building owners
Training, Have an emergency plan with business continuity, considering Yes $ Short
Capacity climate change effects
Buildingand  Develop and deliver education and training resources to equip Yes $ Short
Knowledge MSMEs with an understanding of climate projections and climate risk
Transfer in their business
Increase access to business-related emergency preparedness and Yes $ Short
mitigation resources
Supply Chain Management: Identifying alternative suppliers, off-site  Yes $$% Medium
inventory of goods, stress testing and scenario planning
Create a compendium of climate change adaptation practices Yes $ Short
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Closing Thoughts, Future Directions



Future Directions

 More Al in exposure development

* More detailed in situ data:
— Streetview, UAVsS...

= Buenos Aires, Argentina
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Computer Tech Hardware

i Higher Production Capacity

Lower Production Capacity



Higher Production Capacity

Lower Production Capacity



Warnings A

« Al can introduce more bias
 The use of detailed in situ data can aggravate privacy and security concerns
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Summary



Summary

 Whatis exposure data, and how is it used in the loss estimation process?
« The basic process of developing exposure data

« Structural mapping scheme development and building sampling

« Case Study: walkthrough of building exposure data for Tunisia
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Infrastructure Data Sets for Disaster Risk Modeling
Summary



Training Summary

Part 1: Development of Regional Exposure Data with Earth Observations

*  What is exposure data, and how is it used in the loss estimation processe
* The basic process of developing exposure data

* Structural mapping scheme development and building sampling

* Case Study: walkthrough of building exposure data for Tunisia

Part 2: Development of Site-specific Exposure Data with Earth Observations

* Developing a building-level exposure data set for HAZUS Flood Study in New York
* Using Earth Observations to develop a building structures dataset

* Case study: Sampling from streetview to characterize vulnerability

Part 3: Assessing Utility and Communicating Uncertainty

* Exposure data best practices

* Developing and understanding metadata

* Equity and bias considerations

* Case study: Assessing climate change impacts with building exposure data in Antigua and Barbuda
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Homework and Cerlificates

« Homework:
— One homework assignment
— Openson 10/10/2023
— Access from the fraining webpage
— Answers must be submitted via Google Forms
— Due by 24/10/2023

« Certificate of Completion:
— Attend all three live webinars (attendance is recorded automatically)
— Complete the homework assignment by the deadline

— You willreceive a certificate via email approximately two months after
completion of the course.
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Contact Information

ARSET Website

 Charles Huyck Follow us on Twitter!
— ckh@imagecatinc.com — @NASAARSET

ARSET YouTube

Trainers:

« Paul Amyx
— gre@imagecatinc.com

* Michael Eguchi
— mie@imagecatinc.com

Visit our Sister Programs:
« Marina Mendoza & DEVELOP

— mim@imagecatinc.com
S @& SERVIR

 Brock Blevins
— brock.blevins@nasa.gov
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Thank Youl!
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