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USACE Extreme Storm Team

= Chandra Pathak, Proponent, HQ

= David Margo, Hydraulic Engineer, RMC

= Matt Fleming, Hydraulic Engineer, HEC

= Larry Schick, Meteorologist, NWS

= Angela Duren, Hydraulic Engineer, SPK

= Marian Baker, Meteorologist, NWK

= Simeon Benson, Hydraulic Engineer, SWF
= Kent Walker, Hydraulic Engineer, RMC

» Hayden Smith, Hydraulic Engineer, RMC

= Doug Clemetson, Hydraulic Engineer, NWO
= Chuck McWilliams, Meteorologist, NWO

= George Hayes, Geographer, NWO
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USACE Extreme Storm Data Needs

= Dam Safety Program
» Site-Specific PMP Studies
» Hydrometeorological Reports (HMR’s) updates
» HMR Tools
» |Levee Safety Program
» Update Standard Project Storm Criteria
» Precip-Frequency (NOAA-14, TP40, NOAA II)
= Extreme Storm Database
» Extreme Storm Data Archiving/Retrieval

» Analysis of Recent Extreme Storm Events
» Linked with HEC-HMS, HEC-MetVue, etc.
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Misc Extreme Storm Data Needs

= Computation of Areal Reduction Factors
= Calibration of Hydrologic Models
= Stochastic Extreme Flood Modeling (SEFM)

= Atmospheric Modeling of Extreme
Precipitation
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Current Extreme Storm Applications

= Extreme Storm Database
= Process Radar Imagery
= Digitize Historic Isohyetal Maps

= Site Specific PMP Studies

= Completed: Moose Cr, Bluestone, Whittier Narrows
» |n progress: Martis Creek, Ft Peck, Garrison, Kajaki

= HEC-MetVue Tool

= Process storms (DAD, Isohyetal, gridded precip)
» Rotate, Transpose, Maximize, link with DSS/HMS
* HMR51/52, HMR55A plugins

= HMR57 Tool

Atmospheric Modeling @
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Extreme Storm Database

= Common Database shared with all federal
and state agencies, academia, private
consultants

= Historic and Future Extreme Storms

= Depth Area Duration, Isohyetal maps, mass
rainfall curves, meteorological characteristics

* |[nterfaced with Hydrologic Models, tools, etc
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Radar Estimates of Precip

.

Radar Data can be downloaded from the NWS
http://dipper.nws.noaa.qgov/hdsb/data/nexrad/nexrad.html

Itation
Click RFC area for
local information
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Data Sources

= US Storm Rainfall (1882-1973)

» Bucket Surveys (COE, USBR, NWS)

* NOAA COOP Observations (1753-2014)
» NWS Radar Estimates (1993-2014)

» CoCoRaHS (1998-2014)

» Local & Regional Precip Networks
(NERain, SD-AWDN, NDAWN, DOT, ALERT, etc)
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Planned Database Enhancements

= |Lat Long Search Box or Location & Radius
* Field for Storm Type (ie, synoptic, convective, etc)

= Access by non-Corps (read-only, edit, add rights)
» Fleld to ID who entered/edited data

= Enter entire DAD Table
» Search & Interpolate any area or duration
» Plot DAD Curves

= Show Reference Location on Map
= Pull off Dew Points from Map

= Pull off PMP from Map
» Compute % PMP
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USACE Site Specific PMP Studies

HMR Regional Coverage Location of USACE Dams

CONTINENTAL UNITED STATES

*— Locations of USACE Site Specific PMP Studies
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HEC-MetVue

Arc GIS based

» Accepts Shapefiles in any coordinate system (precip, basin)
» Drop & Drag or menu driven

Inputs

» QPE, QPF (XMRG, NetCDF)

» Gage Data, (ASCII, DSS)

Outputs

» DSS Hyetographs/ Gridded Precip (HRAP,SHG)
Analyze Historic Storms

» Compute DAD

» Translate, Rotate, Maximize

» Calibrate QPE to gage data or PRISM data

» Aggregate/Segregate Storms

Develop Design Storms

» Hypothetical Frequency Based

» PMP (HMR51/52, HMR55A, HMR58/59)

Linkage with HEC-HMS/Extreme Storm Database
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HEC-MetVue
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HEC-MetVue

Stor Refinement
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HEC-MetVue Design Storm
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HMRS57 Tool

» Pacific Northwest Region (HMR57)
= Developed by AMEC for MMC ArcGIS plugin
* Input basin shapefile

= Computes basin average All-Season PMP at
2000 meter grids

= Seasonal adjustments and PMP for each month

= Depth-Duration for each subregion, subregion
welights and aerial adjusted PMP for durations
of 1, 6, 24, 48, 72 hour

= Temporal distributions for 6-hr intervals and
creates hyetographs in DSS file
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Atmospheric Modeling
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Physically Based Estimation of Maximum Precipitation
over American River Watershed, California

N. Ohara, AM.ASCE'; M. L. Kavvas, F.ASCE?; S. Kure®; Z. Q. Chen, Ph.D., P.E., AM.ASCE*:
S. Jang®; and E. Tan, M.ASCE®

Abstract: A methodology for maximum precipitation (MP) estimation that uses a physically based numerical atmospheric model is
proposed in this paper. As a case study, the model-based 72-h MP was estimated for the American River watershed (ARW) in California
for the December 1996-January 1997 flood event. First, a regional atmospheric model, MMS, was calibrated and validated for the December
1996—January 1997 historical major storm event for the ARW, on the basis of the U.S. National Center for Atmospheric Research (NCAR)
reanalysis data to demonstrate the model capability during the historical period. Then, the model-simulated historical storm event was
maximized by modifying its boundary conditions. The model-simulated precipitation field in the ARW was successfully validated at nine
individual rain gauge stations in the watershed. The computed basin-averaged precipitation was somewhat higher than observations obtained
by the spatial interpolation of the rain gauge observations. This result suggests a limitation of the spatial interpolation of ground rain gauge
observations because they are mostly located in valleys, and the distribution of precipitation is highly heterogencous over the mountainous
terrain of the ARW, Next, to maximize precipitation over the watershed, the initial and boundary conditions in the outer nesting domain of
the atmospheric model were modified. In this demonstrative study, the boundary conditions were modified by three methods: (1) maximizing
the atmospheric moisture by setting the relative humidity at 100%:; (2) maintaining the atmospheric boundary conditions corresponding to the
state of the heaviest precipitation (maintaining equilibrium conditions); and (3) spatially shifting the atmospheric conditions to render the
atmospheric moisture flux to hit the watcrshed. Because these modifications significantly increased the precipitation over the ARW, they
clearly show the importance of wind and moisture conditions at the boundary of the atmospheric modeling domain. These different
maximization methods produced similar 72-h precipitation depths, which were 549 mm by the combination of 100% relative humidity
and equilibrium high precipitation conditions at the outer boundary of the model domain, and 541 mm from shifting the historical atmos-
pheric conditions to the south by 5.0° Accordingly, the 72-h maximum precipitation over the ARW was estimated to be approximately
350 mm. Although this study presents only a demonstrative maximization work, it shows that the presented modeling approach can be
a polential alternative to standard probable maximum precipitation (PMP) estimation without depending on the linear relationships required
in the standard PMP method. Also, because the proposed modeling approach is based on the initial and boundary atmospheric conditions
from a synoptic scale that may be obtained from the NCAR/National Centers for Environmental Prediction reanalysis data for the historical
period and from the general circulation model (GCM) climate projections, it can account for any nonstationarity that may be present in the
hydro-climate system. DOI: 10.1061/(ASCE)HE.1943-5584.0000324, @ 2011 American Society of Civil Engineers.
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Introduction term flood frequency analysis require stationarity that underlies
stalistics, such as the time average value, staying constant. Climate

Flood frequency analysis has been a standard tool for designing change itself implies nonstationarity because of the evolution in

flood protection structures. However, as evidence of global climate
change is emerging [Intergovernmental Panel on Climate Change
(IPCC} 2007], the fundamental assumption on the stationarity of
the atmospheric and hydrologic processes, is being questioned
(e.g.. Milly et al. 2008). All standard statistical tools for the long-
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time of the Earth’s hydro-climate system. Therefore, the analyses
that solely rely on historical records and their sample statistics may
no longer be suitable for making inferences on the future behavior
of the hydro-climate conditions over a watershed. In this context,
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