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Learning Objectives

e Summarize a process
for precipitation-
frequency analysis

* Describe prior
distributions for
guantiles

 Demonstrate how to
enter quantile priors
iIn RMC-BestFit
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Precipitation-Frequency Information
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NOAA Atlas 14
project area

* Volumes 1to 11
(published)

* Volume 12 (2023)

Volume 3
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Source: https://www.weather.qov/owp/hdsc
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Point Precipitation

PDS-based depth-duration-frequency (DDF) curves
Latitude: 39.7633°, Longitude: -104.8694°
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NOAA Atlas 14, Volume 8, Version 2
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Created (GMT): Mon Mar 7 14:46:33 2022

Duration

— 5-min — 2-day
— 10-min — 3-day

15-min — 4-day
— 30-min — T-day
— 60-min - 10-day
— 24r — 20-day
— 3-hr — 30-day
— G-hr — 45-day
— 12-hr - 60-day
— 24-hr

24-hr PF estimates with 90% confidence intervals
Latitude: 39.7633°, Longitude: -104.8694°
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NOAA Atlas 14, Volume 8, Version 2

— Upper bound of the 90%
confidence interval

— Precipitation frequency estimates

— Lower bound of the 90%
confidence interval
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Created (GMT): Mon Mar 7 14:47:34 2022
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Basin Average Precipitation

Average Rainfall Depth Over Given Area as
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Fraction of Point Rainfall Depth
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100000

Areal Reduction Factor
o

0.400

0.200

2-Day 100-Year Areal Reduction Factors
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* Areal reduction factor
= ARF
= Range (0, 1)

* Average precipitation
depth over a basin
= Always less than point

Psvg = Ppoint * ARF
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Spatial and Temporal Pattern

* Observed storms
« Hypothetical storms
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Precipitation-Frequency Procedure

Precipitation (in)

Scale Precipitation Hydrologic Model Inflow Volume
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Precipitation-Frequency Results

Uncertainty

» Simple
= Range between
reasonable low and
reasonable high is equal
to +/- 2 standard
deviations

 Advanced

= Quantitative analysis
using Monte Carlo method

Standard Normal

95.4%

U.S. ARMY

eeeeeeeeeee
Safety Programs



Precipitation-Frequency Results

RMC-BestFit

* Prior distribution for
a quantile
= Volume at a given
AEP
* Improves frequency
curve

* Reduces
uncertainty

4-Day Flow (cfs)

100,000

10,000 -

1| == 90% Credible Intervals
Posterior Predictive

1,000
0.999

0.99

09

0.5 01
Exceedance Probability [P(X = x]]

0.01

0.001
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Precipitation-Frequency Results
Quantile Prior

| Regional Skew X
Distribution Results
Parameter Sets
Kernel Density
Histogram
Bivariate

Mean Likelihood
Autocorrelation

Markov Chain Traces

Message Window

| 0Erors|| # 0Wamings| @ 0of 13 Messages % Dof3Events | %y | O

Frequency Plot Tabular Resuits

EHAlternative Results

4-Day Flow (cfs)

BRRO+ELEF

1,000,000

== 90% Credible Intervals
=== Posterior Predictive
— Posterior Mean
® Exact Data ~
© Interval Data

100,000 1

10,000
1,000
0.999 0.99 0.9 05 01 0.01 0.001 1E-4 1E-5 1E-6

Exceedance Probability [P(X > x)]

1E-7

General Options Qutput
4 UNIVARIATE ANALYSIS PROPERTIES

Name Regional Skew
Description
Created On 1/28/2026 1:57:55 PM

Last Modified 1/28/2026 1:59:12 PM

Input Data Paleoflood

Distribution Log-Pearson Type Il

4 PARAMETER PRIORS

Parameter Distribution
Mean (of log) (u) U (0, 6)

Std Dev (of log) (o) U0 2
Skew (of log) {v) N (-0.17, 0.346)
Use Default Flat Priors
Use Jeffreys’ Rule for Scale
4 QUANTILE PRIORS

Ex. Probability Distribution
Enable Priors on Quantiles
Use Single Quantile

P Estimate

Univariate Distribution Analysis

Uses Bayesian MCMC to estimate distribution parameters
from input data based on a specified parent distribution,
providing peint estimates and quantifying uncemainty

U.S. ARMY
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Entering Quantile Priors in RMC-BestFit

u Precipitation Frequency X ~ | Properties
Distribution Results Frequency Plot  Tabular Results General Options Output e AL
. Select Distribution for 0.001:
P B et el UNIVARIATE ANALYSIS PROPERTIES
1,000,000 Name Precipitation Frequency Log-Normal (base €) e
Kernel Density ] R‘ o
1| ® ExactData 5'"7 Description Mean () 95500
Histogram 1! © Interval Data ’ .
Al Dat Created On | 1/28/2026 2:00:58 PM
1 ® Quantile Prior Q Std Dev (g) 20100
Bivariate 1 23 Last Modified |1/31/2026 9:23:01 AM -
Mean Likelihood T :l: InputData | Paleoflood v @ Probability Density Plot
AuiseTTEkier | (& | Distribution Log-Pearson Type Ill v 7
> 2e-05
Markaov Chain Traces I PARAMETER PRIORS
| 2 |-
U0 l Q Parameter Distribution
_ ] i ‘ Mean (of log) (1) U6
£ ] o® Std Dev (of log) (o) U2 £
2 ]
2 Skew (of log) (y) N (-0.17, 0.346) 5
= 1 o le-05
r?? Use Default Flat Priors O
D. 1 Use Jeffreys' Rule for Scale
<
4 QUANTILE PRIORS
10,000
] "/ Ex. Probability Distribution
. 0
] 0.1 v LN (40500, 5800)
1 L 50000 100000 150000
0.01 v LN (65100, 9700)
° 0.001 || LN (95500, 20100) X Value
1 .
| Enable Priors on Quantiles @ Statistics
Use Single Quantile O
1,000 P Estimate
0.999 099 0.9 05 0.1 0.01 0.001 1E-4 1E-5 1E6 1E-7

Exceedance Probability [P(X > x)]
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4-Day Inflow (cfs)

Comparing Results

Without quantile priors With quantile priors

1,000,000

1,000,000
=~ 90% Credible Intervals 1| == 90% Credible Intervals
--= Posterior Predictive 1| — Posterior Predictive
— Posterior Mean 1| — Posterior Mean
® Systematic Data 1922-2017 ’/ 1| ® Systematic Data 1922-2017
© Historical & Paleoflood Interval ] © Historical & Paleoflood Interval ~
B NA14 Quantile Prior
100,000 - 100,000
o
S
=4
o
=
£
>
)
&
<t
10,000 4 10,000
Measure Posterior Mean Measure Posterior Mean
Mean (of log) (1) 42102 1 Mean (of log) (u) ‘ 42159 ‘
. Std Dev (of log) (@) 0.2796 . . Std Dev (of log) (o) ‘ [}.2?94‘
Skew (of log) (y) -0.0802 I ‘"'eu-(d-bgi-(-ﬁ—)l -0.1445 I
1,000 1,000
0.999 0.99 0.9 0.5 Q.1 0.0€1 0.001 1E-4 1E-5 1E6& 1E-7 0.999 099 09 05 0.1 0.01 0.001 1E-4 1E-5 1E-6 1E-7

Exceedance Probability [P(X > x)] Exceedance Probability [P(X > x)]
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Precipitation-Frequency
Prior Distributions for Quantiles

1,000,000
Se|e€t DiStrIbutIDn fDr 0.001: é 90% Credible Intervals
-== Posterior Predictive
Log-Mormal (base e) " 1| — Posterior Mean
] ® Systematic Data 1922-2017
|| |Mean ([.I) 95500 || © Historical & Palecflood Interval /—‘
: B NAT4 Quantile Prior
Std Dev (o) 20000 oo ——.—____4DayPMF Volume (195,000cfs) < .~ |
; () Probability Density Plot
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AN R e S
50000 100000 150000
X Value
L 1,000
@ Statistics 0.999 0.99 09 05 0.1 0.01 0001  1E-4 1E-5 1E-6 1E-7

Exceedance Probability [P(X > x)]
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@ Questions
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