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LESAM - Landscape-based Environmental System Analysis & Modeling



- Region/Basin
- County/Watershed

- Township
- Parcel/Field
- Hillslope

- Plot scale

of interest

Interface

- Single event

- Short-term

- Multiple events
- Long-term

- Historic data
- Scenario

LESAM - Landscape-based Environmental System Analysis & Modeling



The GeoWEPP Project — Decision Support for

Post-Wildfire Rehabilitation & Fuel Load Reduction
to prevent SO|I Erosmn In Forest and Rangelands
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School Fire 2005,
Pomeroy, WA

LESAM - Landscape-based Environmental System Analysis & Modeling


http://www.bianifc.org/�
http://www.fire.blm.gov/�
http://fire.r9.fws.gov/�
http://data2.itc.nps.gov/fire/index.cfm�
http://www.usgs.gov/�

Cattaraugus Creek
Watershed $trategy

U.S. Great Lakes Basi

'.____environmental condition by watershe
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Soil and Water Assessment Tool (SWAT)

- Climate & land use change analysis



http://www.law.buffalo.edu/Cattaraugus�

Integrated planning for slow- (e.9. SLR) and fast-approaching
extreme events (e.g. hurricanes) in coastal watersheds

Calcasieu Parish
FEMA Flood Map

. Coastal Conservation Plan Areas (Louisiana DNR)

Louisiana Daparmani of Natural Res Om

LESAM - Landscape-based Environmental System Analysis & Modeling



The Impact of Extreme Events
on System Functionality



MCEER’s main goal is to enhance the resilience
of communities against multiple hazards.
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Resilience Modeling Engine:
Modeling Indicators of

Community Disaster Resilfience

. Miles
Western Washington University

Stephanie E. Chang

University of British Columbia

A project of the MCEER - Earthquake Engineering to Extreme
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Assess community resilience against multiple
siow- and fast-approaching extreme events
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Understand and account for the dynamic variable
resilience of ecosystems against multiple hazards

Ecosystem Resilience /
Adaptive Capacity

Multiple
States of 10

Dynamic
Ecosystem \
“Configuration” 5 . . _
Stress it can sustain to retain the same
Attractor controls on function and structure
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Solls - Five crucial ecological roles

Medium for
plant growth

System for
water supply &%
and purification . "

Recyeling system
for nutrients and
organic wastes

Habitat for
soil organisms

Engineering medium

Weil, 2004)




Soil Quality, Degradation & Resilience

Soll quality = measure of the ability of a soll to carry
out ecological functions.

Soll erosion, salt accumulation, nutrient depletion and
organic matter depletion =» processes by which poor

management can lead to solil degradation.

Some solls are more resilient than other as evidenced
by their ability to recover their quality more rapidly
after such disturbances (or extreme events).
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Drained Wetlands - Soll Subsidence due to
rapid organic matter decomposition after
artificial drainage (1.2 m in 60 years)
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Weil, 2004)
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Remote Sensing Imagery

= monitor and quantify recovery/change in
environmental service/quality following an
extreme event (Hurricane Rita)

m develop a series of resilience indices and
methodologies to provide input and
validation for resilience/recovery model

m Integrated index assessments at regional,
local, and individual scales (e.g. NDVI)




Change in vegetation
reflectance (Landsat TM 5)

Before Rita (215t Sep 2005) After Rita (23" Oct 2005)




Change in vegetation
reflectance (Landsat TM 5)

Before Rita (215t Sep 2005)
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Model Implementation - ResilUS

MATLAB & Simulink -- modular design
Co-event and Post- Event Modules

Majority of co-event functionality based on log-
normal fragility curves

o Calibrate by adjusting log-normal distribution

Majority of post-event functionality implemented as
Markov Chains

o Variables treated as probabilities (0-1)
o Calibrate by adjusting random distribution
Any number of neighborhoods & agents




ResilUS alpha version —
Modeling toolkit for assessing community resilience

@
“Perspectives

®
“Policies and.Decisions

“Communit CapltaLS‘ '--i"'T‘i‘rrle

'/%Organization

'--i"'EcoIogic.:_gl Capital
--3'-"Econ0rgi% Capital '--i'-"PoIiticaI/Orgagiz‘ationaI Capital

'--i"'PhysigEI .Capital

“Human Capital ~Social/Cultural Capital




ResilUS alpha version —
Assessing resilience of economic system
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ResilUS alpha version —
Assessing resilience of economic system
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ResilUS alpha version —
Assessing community resilience (post-event)

s
“Time
L 2

L]
cCo-event

e @
'-?'-Pre-eye nt

“Post-event
i

©Building Récgnstruction SElectric Nzet;zvork LOS 'iii'Houseriold Loan .._-.-Sheli:e; LOS
'-?'-Busin§s§ Debt '-Ii-FaciIlm LOS '-?-Insplegtion '-7"TranSp0rtatio.n.Network LOS
'ﬁii-'Busin§s§ Loan oFail §1atus 'ii-'lnsuran::g Outlay “Water Net\a}fork LOS
'ﬁii-'Constructlog Capacity 'ii-'FinanciaI.R;esources 'ﬁ?-'Leawi §tatus
“Critical F.agility LOS 'ii-'Houser.I‘d Debt 'ﬁ?-'LoaQ Iime
'ﬁ-?-'Demgnd 'l?ﬁ'Householgl Health 'ﬁ-?-'Produgtivity

(LOS = level of service)




ResilUS alpha version — Model input

Legend
Shucyhrea

State of Loussana

Study Area - Southwestern Loulslang ———————— =

Legend - Business Size
0.001 I 0.006 - 0.008
0.002 I 0.009 - 0.010

0.003 I 0011 -1.000
0.004 - 0.005 State of Louisiana

Water Bodies

Defined by Zip Code

N NOAA CRI
Average Normalized Size

Normalized by the size value
of Business averaged over each zip code

Datum: North American 1983

Date: Qctober 2008




ResilUS alpha version — Model input

Legend
Stucyhnea

State of Lodsana

Study Area - Southwestern Loulsiana -

Legend - Business Damage

0.000 - 0.025 [ 0.259 - 0.286
0.026 - 0.089 M 0.287 - 0.330
0.090-0.173 M 0.331- 0.371
0.174 -0.258 State of Louisiana
Water Bodies

Average Normalized
Business Building Damage

Normalized by the building value
averaged over each zip code

Defined by Zip Code

NOAA CRI
Datum: North American 1983

Date: Qctober 2008




ResilUS alpha version — Model output

Legend
Shucyhrea

State of Loussana

Study Area - Southwestern Loulsiana

- Legend (Weeks)

1 B 38

35 Il 39

36 M 40
State of Louisiana
Water Bodies

Defined by Zip Code

. N NOAA CRI
Business Demand Results of ResilUS Model A

Datum: North American 1983

Recovery Time (By Zipcode)

Date: Qctober 2008

Please note that this figure is based on preliminary data and used for illustration purposes only




ResilUS alpha version — Model output

Legend
Shucyhrea

State of Loussana

Study Area - Southwestern Loulsiana

Legend - Employment
0.689 - 0.719 N 0.832 - 0.864
0.720 -0.761 M 0.865 - 0.922
0.762 -0.784 Il 0.923 - 0.962
0.785 - 0.831 State of Louisiana
Water Bodies

Defined by Zip Code

N NOAA CRI
Employment After 6 Years Results of ResilUS Model A

Datum: North American 1983

(% of Pre-Disaster) (By Zipcode)

Date: Qctober 2008

Please note that this figure is based on preliminary data and used for illustration purposes only




Smaller Facilities
All Businesses w/ Damage

Larger Facilities
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Continuous

Data Input

from all Ecosystem & Socio-cultural Resilience
_rgs_ea_rch | Infrastructure Resilience
Initiatives | Social Resilience

(incl. remote Economic Resilience
sensing,

GIS, census, Continuous Monitoring
surveys) over time and space ...

Continuous Management Decisions Continuous Quantification
to Increase Resilience of Resiliencies
over time and space ... tlme over time and space ...

Ecosystem Resilience /
Adaptive Capacity
States of 404 =

Dynamic
Ecosystem

Continuous Resilience Modeling
over time and space ...

NOAA CSC
Coastal Community
Resilience Index

Continuous Feedback
over time and space ...
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Extreme
Event .«




Conclusions — Model engine ResilUS

m Big Improvement over previous prototypes

= Model input and calibration data requires
community input

m Need to make model interface more user friendly
m Model output data Is vast and complex
m Further expanding range of modeled indicators




Conclusions

The Integrated Geolnformation Management M4R#4
and Comrnunity Resilience Index approach will allow
interdisciplinary teams to continuo

dynamicenvironmental processes,
spatlotemporal properties,
natural process variability & extremes, and
geospatial data

to effectively communicate and assess
community resilience against
extreme events across various scales.
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