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Construct site-specific flood hazard
curves for the full range of return
periods of interest for nuclear power

plants.

Credible
extrapolation
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probabilistic models,
allow for
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PFHA Framework

Step 1 (Repeat K times)

Data Analysis Causal Information Expansion  Spatial Information Expansion Data Temporal Information Expansion Data’

. Data Regionalization (5.2 808 s,
o . . . g ‘
" | Model selection / grril(;?;ormatlve N il b 1| Climate
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Available tools: R packages SpatialExtremes Spatio-temporal BHM / Spatial Extremes
Step 2 Apply a multi-model averaging technique
K
Bayesian Model Averaging p(A |M1, ey My, ) = E Wkgk(A |Mk)
k=1
For example or
1 I
exp|— 71k
Information Criterion Averaging 'B —
£ K 1 e ]
Zk—1 expl\—> I k 7
B E 2 COASTAL &
» Available tools: R packages MSClaio2008, SpatialExtremes HYDRAULICS
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Trenberth, Kevin & National Center for Atmospheric Research Staff (Eds). Last modified 02 Feb
2016. "The Climate Data Guide: Nino SST Indices (Nino 1+2, 3, 3.4, 4; ONI and TNI)." Retrieved
from https://climatedataguide.ucar.edu/climate-data/nino-sst-indices-nino-12-3-34-4-oni-and-tni.
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Historical data is available for the period of record on their website:
http://www4.des.state.nh.us/rti_home/snow _sampling stations.asp

New Hampshire Department of
Environmental Services (NHDES) —
The NHDES conducts bi-weekly
snow surveys throughout the winter
season in several basins in central
New Hampshire where the agency
manages reservoir water supply and

Demonstration
Site & Data

Snow Survey, 3 Jan 2017, USACE New England District
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Historical SWE Observations at the MERRYMEETING NHDES Station
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http://www4.des.state.nh.us/rti_home/snow_sampling_stations.asp

Causal Information Expansion Data

Livheh daily CONUS near-surface gridded meteorological and derived
hydrometeorological data.

The land surface is

: _ modeled as a grid of large
The VIC model is a large-scale, (>>1km), flat, uniform calls

semi-distributed hydrologic model

s This CONUS daily dataset from 1915 to 2011 is 1/16 resolution. The dataset varables have been generated using the
Variable Infiltration Capacity VIC hydrologic model v.4.1.2. ¢ which was driven with the companion meteorological data.

Brief Description:

Sub-grid heterogeneity
(e.g. elevation, land cover)
is handled via statistical

Temporal Coverage: http://vic.readthedocs.io/en/master/ VIC Snow Algorithm distributions
» Daily means from 1915/01 to 2011/12 I VIC uses an energy balance approach
« Monthly means from 1915/01 to 2011/12 i'|"~"~”"”-‘—’ shorwave 1O represent snow accumulation and Inputs are time series of
shortwave .
+ Daily long term means using 1981/01 to 2010/12 v \ ' *‘ ablation on the ground open wind sub—daily
) L } open wir i 2
= Monthly long term means using 1951/01 to 2010/12 Cmmj{)y wind profile meteoro|og|ca| drivers
profile 2 A g .
Spatial Coverage: . _JI 4,‘ (e.g. preC|p|tat|on,_a|r
! I I ino
« 0625 degree latitude x 0625 degree longitude CONUS grid ! — Lg‘ﬁg&?;‘i.z . .4 tempergtgre, wigs
. o [ speed, radiation, etc.)
« 21.21875-52 90625, 235 4688E-293 0312E é $ |/ l .
= [ [ |
x| | . Land-atmosphere fluxes,
Levels: ™ 3 Cano ™
: . Py . and the water and
i [ Longwave |
- Surface ransmitted | _ energy balances at
shortwave - \ .'I . . ,
Update Schedule: [ 4 || T | Sensible & .the land Surface.’ ae
- None ‘ _ ' Outgoing / Laent simulated at a daily or
\ Longwave| |, sub-daily time step
Variables: surface layer § ack layer ;
P : Water can only enter a grid
= Meteorological Variables(station variables input) Soil Layers cell via the
+ Flux Variables(model generated) Ground Heat Flux atmosphere

Livneh data provided by the NOAA/OAR/ESRL PSD, Boulder, Colorado, o

USA, from their Web site at http.//www.esrl.noaa.qgov/psd/ COASTAL &
HYDRAULICS
LABORATORY

®

Livneh B., E.A. Rosenberg, C. Lin, B. Nijssen, V. Mishra, K.M. Andreadis, E.P. Maurer, and D.P.
Lettenmaier, 2013: A Long-Term Hydrologically Based Dataset of Land Surface Fluxes and States for the
Conterminous United States: Update and Extensions, Journal of Climate, 26, 9384—9392.
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http://vic.readthedocs.io/en/master/

Causal Information Expansion Data
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Causal Information Expansion Data
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Model Dependence & Marginals

Extremal Coefficient
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Model Spatial Covariates

P*= mean winter precipitation; T'= mean winter temperature; a = parsimonized

version of model; NAO = use of North Atlantic Oscillation climate —==
- Index temporal covariate data

COASTAL &
HYDRAULICS

P,= mean annual precipitation; T,= mean annual temperature;

BUILDING STRONG, !
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= gridded covariate dataset of mean annual temperature




Temporal Information Expansion Data

NAO Index (Dec-Mar) 1864-2017
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Cold air drains southeast from
Canada, and Alaska

1000mb Air Temperature (C) Composite Anomaly (1968—1996 Climatology)
1/10/66 to 1/31/66

NCEP/NCAR Reanalysis

Roughly speaking, the NAO is an
atmospheric process with two

different phases, positive and
negative, which relate to how the
atmospheric mass is distributed.
The gradient between two large
scale pressure cells over the
Atlantic Ocean, a low located near
Iceland and a high over the
Azores, affects the strength of
westerlies and storm track
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Fit Models
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1000 Year Pointwise Return Levels

Pointwise Return Levels
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Model Choice
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Generalize Model Selection
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Areal-based Exceedances Heximum SHE n Demin

% ; - -
With max-stable process ' - S
applications, additional = 3
more complex g I /
assessments of risk can o | //Blue_ NHDES
also be evaluated. For - Black - NHDES+Livneh
example, the joint spatial S T T T
modeling Of 5 10 15 20 25 30 35 40
observations (e.g., SWE (in)
precipitation, snow water Ave. SWE in Winnipesaukes
equivalent (SWE), o
snowmelt rate, or > | - | |
temperature), denoted 2 =7
for generality by Y(x), e .
over a basin B, supports . §
the capacity to compute, |5 -
via simulation, an < 2 )
integral such as ] * Blue-NHDES

o Black - NHDES+Livneh
Pr {fB Y(x)dx > Zcrit} s _“J!' : | | I 2 4 Swzfin} 8 1”
“By spatially modelling raregevenfs Swz - 8 ) e
one can simulate uLns-u‘al—episoderra‘rherJrhan—merely-p'oduce pointwise maps /-CSASTAL &
- of high quantiles, and thus allowing a more powerful risk analysis.” HYDRAULICS

LABORATORY
BUILDING STRONGg A c. Davison, M. M. Gholamrezaee, 2012. Geostatistics of extremes. Proceedings of the Royal

Society A: Mathematical, Physical and Engineering Science. DOI: 10.1098/rspa.2011.0412.




Extremal Coefficient
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Future Related YVork

Further develop and demonstrate cool season design R N )
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scenarios via max-stable areal exceedance simulation °
and comparison with years with high SWE AM
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Skahill, B. E., A.Viglione, and A. R. Byrd. 2016. A Bayesian analysis of the flood o
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- Engineer Research and Development Center. HYDRAULICS
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