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Probable Maximum Precipitation

Definition: The theoretically greatest depth of
precipitation for a given duration that is physically
possible over a given storm area at a particular
geographic location at a certain time of year (HMR 59,

1999)

Types of PMP studies:

m Generalized (Hydrometeorological Reports)

o Provides PMP values for a region
o HMR 51 - East of the 105" Meridian from Canada to Mexico

m Regional/Statewide

= Provide PMP values over regions with varying topography

® |ndividual basins are included in the regional/statewide results
m Site-Specific

o Provides PMP values for individual drainage basins

o Considers unique meteorology and topography AGeli
pplied
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How Do Site-Specific, Statewide,
Regional PMP Studies Provide
Improved PMP Values?

e More storms considered
* New technologies used

 Problems/Unknowns in the HMRS
corrected

e Topographic features addressed

o Updated climatologies used
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Do These PMP Studies Provide
Improved PMP Values?

e The accuracy of PMP estimates depends
upon the quality or refinement of data and

the technical knowledge and ability of the
analyst.

 |f any of these factors are improved, the
PMP will become more reliably estimated.
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Method for Computing PMP Values

e Observed extreme rainfall events are used
e Storm based approach

o |dentify extreme storms in Virginia and regions
that are considered transpositionable

* ldentify recent extreme storms since publication of
the appropriate HMRs

* Review older rainfall data records
 |dentify extreme storm types
 Local storms (thunderstorms/MCC)

e General storms (frontal systems
: ( : Y ) Applied=—""
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Method for Computing PMP Values

 |dentify unique topography
 Precipitation enhancement/decrease
e -orographics
 Effects on rainfall center location
» -physically possible storm centering/orientation
 Review HMR/Hydro/Tech Memo procedures
e |dentify Inconsistent assumptions
* Apply new technologies and data
Applied=—""
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Probable Maximum Precipitation
Study for Virginia

Project Overview

 Comprehensive evaluations of extreme rainfall storm events
o Extreme rainfall storm identification
o Storm analyses
o Storm maximization
e Storm transpositioning

«Synoptic extreme rainfall systems (General Storms)/Tropical
Storms

*Thunderstorms and Mesoscale Convective System (MCS)
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Probable Maximum Precipitation
Study for Virginia
Background

*PMP values as provided in HMRs are over due for updating
« Storm data base grossly out of date
* Procedures used to analyze storms outdated
 PMP values generally conservative

*Provide greater confidence and more accurate/reliable values
*Apply updated meteorological understanding and techniques
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Probable Maximum Precipitation
Study for Virginia
Procedure

sUpdate the storm database

* Produce Depth-Area-Duration (DAD) analyses for all major
storm events

*Use updated dew point analyses to maximize storms
« Storm representative & maximum dew points

*Use of state-of-the-science procedures and tools
* GIS & Orographic Transposition Factor

*Provide PMP values for all location within Virginia
» All locations considered in this study
o All durations and area sizes as required

*Utilize PMP Evaluation Tool to produce PMP on a gridded
basis (~2.5sqmi grid)




Probable Maximum Precipitation
Study for Virginia

Procedure

*Follow the basic procedures used in previous AWA studies
* Nebraska, Arizona, Ohio, Wyoming statewide PMP studies

e Numerous individual basin PMP studies
* Michigan and Wisconsin, Virginia regional PMP
sIncorporated storms through 2014

*Used GIS to provide efficient and effective distributions of PMP
values across the Virginia

*PMP to provide continuity of PMP values across the region in
space and time while taking into considerations differences in
topography and climate
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Issues to Consider

e Storm Search Processes

— East/West of Appalachians
— Seasonality

— PMP storm type-General-Tropical-Local
e Hurricane landfalls

e Orographic vs Non-orographic
e Transposition limits

— Similarity of meteorology, topography

— Different parameters depending on
e Storm type

_ Applied=—
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Issues to Consider

e Temporal distribution of PMP and Virginia
precip

— Not constrained to specific durations-can go
longer than 72hrs if data supports

— Use data to develop/confirm

o Gridded PMP depths provided, work with
Virginia/users for application
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Probable Maximum Precipitation
Virginia

Transposition Limits

 Homogeneous meteorology and topography from original location to area
of interest (HMR 51 Section 2.4)

* Transposition not permitted across Appalachians
* Tropical storm rainfall not transposed w/out additional adjustment

* Region of large elevation difference, transposition restricted to
narrow elevation band (usually 1000 feet of the elevation of the storm
center)

» Eastward limits of Central US storms was first upslopes of
Appalachians

« Southern limits to transposition not define since other storms

roduced higher values =
i : Applied=—"
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Probable Maximum Precipitation
Virginia
Transposition Limits

*Subjective judgment Is used

*Most choices obvious, It’s the “gray” area that
matter

o|_et the data talk to us
 OTF very helpful
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Seasonality Examples -60 minutes
Mountains

- 60-min duration
Based on 0 stations and 0 cumulative years of record
Coordinates: 37.7913, -79.1803

Annual excesdance
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Seasonality Examples -60 minutes
Richmond

60-min duration
Based on 0 stations and 0 cumulative years of record
Coordinates: 37.5304, -77.4334

Annual excesdance
probabilit
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Seasonality Examples -60 minutes
Virginia Beach

60-min duration
Based on 0 stations and 0 cumulative years of record
Coordinates: 36.8214, -75.9942

Annual exceedance
probability
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Seasonality Examples -60 minutes
Far West

60-min duration

Based on 0 stations and 0 cumulative years of record

Coordinates: 37.1286, -82.2235
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Seasonality Examples -24 hours
Mountains

~ 24-hr duration
Based on 54 stations and 3089 cumulative years of record
Coordinates: 37.7913, -79.1803
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Seasonality Examples -24 hours
Richmond

24-hr duration
Based on 64 stations and 4011 cumulative years of record
Coordinates: 37.5304, -77.4334

Annual exceadance
probability
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Seasonality Examples -24 hours

Virginia Beach

24-hr duration
Based on 40 stations and 2555 cumulative years of record
Coordinates: 36.8214, -75.9942
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Seasonality Examples -24 hours
Far West

10-day duration
Based on 20 stations and 969 cumulative years of record
Coordinates: 37.1286, -82.2235
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Seasonality Examples -10 Days
Mountains

10-day duration
Based on 41 stations and 2458 cumulative years of record
Coordinates: 37.7913, -79.1803

Annual exceedance
probabibity
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Seasonality Examples -10 Days
Richmond

10-day duration
Based on 48 stations and 2998 cumulative years of record
Coordinates: 37.5304, -77.4334

Annual exceadance
probabilit

(=]
=
e
c
o)
=)
o
4]

o

;] = [

Jan Feb Mar Apr May june July Aug 5Sep Oct Nov Dec
Month




Seasonality Examples -10 Days
Virginia Beach

10-day duration

Based on 30 stations and 1755 cumulative years of record
Coordinates: 36.8214, -75.9942

probabilit
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Seasonality Examples -10 Days
Far West

10-day duration
Based on 20 stations and 969 cumulative years of record
Coordinates: 37.1286, -82.2235

Annual exceedance
probability
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Probable Maximum Precipitation
Study for Virginia

Task 1
Review of previous studies for applicability

1. AWA PMP studies (Virginia, Ohio, Tarrant, Quad Cities,
etc)

2. HMRs 33, 51, 52, 53, etc
3. Virginia HMRs 41, 45, 47, 56
4. USACE and USGS storm and flood analyses
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Probable Maximum Precipitation

Study for Virginia
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Coverage of HMRs
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Elevation Statistics
Virginia Statewide PMP Study
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Probable Maximum Precipitation
Study for Virginia

Task 2

Storm Search and Short List Development

- Complete a storm search to identify the most significant
storms that could have occurred over the
region where storms are transpositionable to Virginia

- Identify storms used in HMRs and other PMP studies

- ldentify the most significant flood events that have
occurred in region

- ldentify extreme rainfall-producing storm types and seasons
associated with those storms

- Use SPAS to analyze extreme rainfall events
that have not previously been analyzed A]pphcdl/

- Use SPAS to reanalyze extreme rainfall events Weather
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SPAS Storm Locations -
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Probable Maximum Precipitation
Study for Virginia

Task 2

Current Storm L.ist
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Probable Maximum Precipitation
Study for Virginia

Task 3

SPAS Storm Analysis

All storms used for PMP develop analyzed with SPAS
SPAS produces gridded rainfall analysis and required data sets
USACE storms will need to be re-analyzed
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Probable Maximum Precipitation
Study for Virginia

Task 4

Storm Maximizations/Transpositioning/Orographics

*Utilize the updated maximum dew point climatology for use Iin
storm maximization and transpositioning

Maximum average dew point values
- 6-hour
- 12-hour
- 24-hour

«SST climatology for some events
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100-year Return Frequency 24-hour Maximum Dew Point Climatology
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Probable Maximum Precipitation

+2 sigma (1982-2010) Sep SST (DegF)
NOAA Ol.v2 Sea Surface Temperature
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Probable Maximum Precipitation

+2 sigma (1982-2008) Sep SST (DegF)
NOAA Olv2 Sea Surface Temperature
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This is not a NOAA product. It was produced by a web user.

Job |1D: 347959 Job Start: Tue Nov 27 18:29:37 UTC 2012
Source 1 lat.: 41.67 lon.: -75.37 hgts: 0, 1280, 2900 m AGL

Trajectory Direction: Backward uration: 72 hrs

Vertical Motion Calgulation Metheod: Model Vertical Velocity
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SPAS 1047 Tamaqua, PA Storm Analysis

June 24-26, 2006
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100-year Return Frequency 24-hour Maximum Dew Point Climatology
July (°F)
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Temporal Transpos
(Moisture Inflow Dire @115 miles

rm Center Location 41.68 1 3 [Basin Average Flevation . feet

rm Rep Dew Point Location 3 rm Center Elevation feet

Transposition Dew Point Location 39.68 N 3 rm Analysis Duration hours
[Basin Location

The storm representativ is 7L Wi p itable water abo rel of . inches.
The in-place maximum Tdis  76. P itable water abo rel of . inches.
The transpositioned maximum Tdis 7 P itable water abov vel of 7 inches.
The in- storm elevation is i i
The in-place storm elevation is
The transposition basin elevation at f vhich s i f vitable water at
The inflow barrier/basin elevation height is N, feet which subtr: .34 sitable water at

The transposition factor is

- . 16372
The barrier adjustment factor is &

The total adjustment factor is

Storm
Spreadsheet
for Tamaqua
June 2006

Elevation Adjustment Factor
Total Adjustment Factor




HYSPLIT
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Backward trajectories ending at 1200 UTC 21 Jun 72
CDC1 Meteorological Data

This is not a NOAA product. It was produced by a web user.

Job |1D: 392879 Job Start: Thu Nov 29 19:11:41 UTC 2012
Source 1 lat.: 40.22 lon.: -76.85 hgts: 0, 1160, 2790 m AGL

Trajectory Direction: Backwar uration: 72 hrs

Vertical Motion Calculation Method: Model Vertical Velocity
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USACE NA 2-24A Zerbe, PA Storm Analysis
June 18, 1972
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USACE NA 2-24A Zerbe, PA Storm Analysis
June 19, 1972
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USACE NA 2-24A Zerbe, PA Storm Analysis
June 20, 1972
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+2 sigma (1982-2010) Jun SST (DegF)
NOAA Olwv2 Sea Surface Temperature
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+2 sigma (21982—2[}10) Jul SST (DegF)
NOAA Ol.vZ Sea Surface Temperature
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i Zerbe, PA SPAS 1276-DAD Zone 2

/19-23/1972 Storm Adjustment for PBAPS Basin
2/7/2013

Long [Moisture Inflow Direction SE @ 610
orm Center Location 76.62 W [Basin Average Elevation 1.300
Storm Rep Dew Point Location 3600N 67.00W
Transposition Dew Point Location T0N
Basin Location

rm Center Elevation 1,650
rm Analysis Duration 24
N/A

1
inches.
which subtracts .4 inches of precipitable water at
The in-pl: subtracts L inches of precipitable water at
The transposition basin eles which subtracts inches of precipitable water at
which subtracts k inches of precipitable water at

e storm maximization f:
The transposition/elevation to basin fz
The barrier adjustment £

The total adjustment f:

Storm
Spreadsheet _
for Zerbe —
(Agnes)

144 Hours

Transposition Adjustment Factor 1.03
rage Basin E

Elevation Adjustment Factor 1

.03
Total Adjustment Factor 1.13



Probable Maximum Precipitation

Study for Virginia
Task 5

Develop PMP
*Values will be provided on a gridded basis or other format

sAppropriate durations, 1-hr, 6-hr....as needed

— Not confined to 72-hrs

— ~2.5mi?
*Analyze the orographic effects of elevated terrain
*Transposition limits for each storm will determined

- Use the procedures developed in previous PMP studies
- Precip frequency data to calculate the Orographic Transposition

Factor
] _ o Applied=—"
Corrects stippled region in HMR 51/52 Weather

/ a2
Associates
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30-year Mean Annual Precipitation (1981-2010) in Inches
“ u _ Virginia Statewide PMP Study

30-year Mean Annual Precipitation
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Elevation - 500 foot Contour Intervals
“ u _ Virginia Statewide PMP Study

Elevation Bands 500-ft
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Probable Maximum Precipitation
Study for Virginia

NOAA Atlas 14 volumes
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100-year 1-hour NOAA Atlas 14 Precipitation Estimates (inches)
Virginia Statewide PMP Study
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100-year 6-hour NOAA Atlas 14 Precipitation Estimates (inches)
Virginia Statewide PMP Study
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100-year 24-hour NOAA Atlas 14 Precipitation Estimates (inches)
Virginia Statewide PMP Study
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100-year 48-hour NOAA Atlas 14 Precipitation Estimates (inches)
Virginia Statewide PMP Study
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Probable Maximum Precipitation
Study for Virginia
Task 6

Quality Control and Sensitivity
- Compare results
- HMR PMP values
- NOAA Atlas 14 precip frequency data

- Discuss sensitivity of various parameters and assumptions on
the final PMP values
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Probable Maximum Precipitation
Study for Virginia
Task 7

Review Meetings
*Present and review the approach and procedures to be used as
well as work completed
* Pre-meeting packages will be provided to reviewers prior
to each meeting

«Conference calls with reviewers and Virginia Dam Safety are
planned between formal meetings to discuss technical
ISSues

A final meeting to present the results and provide discussions

on the draft final report
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Probable Maximum Precipitation
Study for Virginia
Task 8

Final Report

A Draft final report will be submitted for review

*Review comments will be incorporated into a comprehensive final
report as appropriate

*An appendix will be provided with all storm details and
calculations used to determine the PMP values

throughout the Virginia region

*Maps of PMP values will be provided both in the
report as well as in GIS format
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Extra Slides
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Questions

* Need peak flow data with date of occurrence for
each watershed or major river/stream to help
with seasonality and storm identification

o Seasonality

 How to handle TVA overlap and areas west of
Appalachian crest
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