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Learning Objectives

 Describe the why, what and when behind RMC-BestFit

» Explain Bayes' theorem
* ldentify 4 project elements within RMC-BestFit
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Why Use RMC-BestFit?

* To develop a flow or volume frequency curve

* The Bayesian method can incorporate a wide variety of

information and data resulting in more confidence and less
uncertainty

 Higher confidence in flow frequency curves
» Developed by the RMC, in collaboration with ERDC-CHL
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What is RMC-BestFit?

Bayes Theorem
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What is Bayesian Analysis?

s About RMC-BestFit X

RMC-BestFit

Version 2.0

The Bayesian estimation and fitting software (RMC-BestFit) was
developed to enhance and expedite flood hazard assessments
within the Flood Risk Management, Planning, and Dam and
Levee Safety communities of practice.

Risk Management Center

Institute for Water Resources

.S, Army Corps of Engineers M
12596 W. Bayaud Ave. Suite 400

Lakewood, CO 80228
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When to Use RMC-BestFit?

* Any level of study
* Any type of analysis
 Various sources of data
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RMC-BestFit User Interface

Modern
interface

Customizable
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User Interface
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4 INPUT DATA PROPERTIES

Name Paleoflood
Description 4-Day Average
Created On 1/28/2026 1:48:45 PM

Last Modified | 1/28/2026 1:49:44 PM

Unit Labe Value

ndex Labe Vear

4 EXACT DATA OPTIONS
Data Entry Method Manual Entry N

Period 4

4 PLOTTING POSITIONS
(@=00) v

Parameter Weibu

‘Pmpertiesv

Multiple GruJ..)s-Seck Test

Window

Thresh

Run Test

Input Data

A data frame with exact, uncertain,
nterval-, and threshold-censored data.
Used for univariate and bivariate

Aictribution analicac
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RMC-BestFit Time Series Data

Data entry
method

4 Time Series Data
&8 Example Time Series

E Input Data

=3 Example Input

Distribution Fitting Analysis

ij_ Example Distribution Fitting

E Univariate Distribution Analysis
u_ Example Bayesian Analysis
Bivariate Distribution Analysis
Rating Curve Analysis

e

Time interval
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Time Series Data

Properties * QX

‘ 4 TIME SERIES PROPERTIES

Name Example Time Series
Description

Created On 1/28/2026 3:30:03 PM
Last Modified 1/28/2026 3:30:03 PM
Unit Label Value

mmmmm) 4 TIME SERIES OPTIONS

4 TIME SERIES OPTIONS

Data Entry Method

Time Interval

Start Date

4 TIME SERIES OPTIONS

Data Entry Method

Time Interval
Data Entry Method Manual Entry v

Start Date
Time Interval 1-Day ¥ —
Start Date 01/01/2000 12:00 AM

Manual Entry

Manual Entry

HEC-DSS
GHCN
USGS

Manual Entry

1-Day

15-Min

30-Min
1-Hr
6-Hr
12-Hr
1-Day
1-Month
1-Quarter
Irregular
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Time Series Data

>

Time Series Data Summary Statistics

%= o 6 - {—

Date Time Value
10/1/1921 12:00 AM 300
10/2/1921 12:00 AM 250
10/3/1921 12:00 AM 200
10/4/1921 12:00 AM 150
10/5/1921 12:00 AM 120
10/6/1921 12:00 AM 100
10/7/1921 12:00 AM 90
10/8/1921 12:00 AM 80
10/9/1921 12:00 AM 70

10/10/1921 12:00 AM 60
10/11/1921 12:00 AM 55
10/12/1921 12:00 AM 50
10/13/1921 12:00 AM 45
10/14/1921 12:00 AM 45
10/15/1921 12:00 AM 45
10/16/1921 12:00 AM 40
10/17/1921 12:00 AM 40
10/18/1921 12:00 AM 40
10/19/1921 12:00 AM 40
10/20/1921 12:00 AM 40
10/21/1921 12:00 AM 40
10/22/1921 12:00 AM 40
10/23/1921 12:00 AM 40
10/24/1921 12:00 AM 40
10/25/1921 12:00 AM 40
10/26/1921 12:00 AM 40

1-Day Inflow (cfs)

— Time Series Data

T I T
1931 1941 1951
Date

(® Time Series Plot [_) Seasonality Plot

1961
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Time Series Data

Time Series Data

summary Statistics

—

Measure Value

Record Length 16,436
Missing Values 0
Minimum 1
Maximum 90,600
Mean 1,501.0095
Std Dev 3,669.8736
Skewness 8.4782
Kurtosis 109.9365
1% 13.35
5% 41
25% 151
50% 482
75% 1,440
95% 56445
99% 16,600

1-Day Inflow (cfs)

10,000

= 90% Confidence Interval |
=~ 50% Confidence Interval
— Median

= Mean

Feb Apr Jun Aug Oct
Month

() Time Series Plot (®) Seasonality Plot

U.S. ARMY
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RMC-BestFit Input Data

Systematic
data

4 Time Series Data
&8 Example Time Series

E Input Data

=3 Example Input

Distribution Fitting Analysis

|nterva| data ij__Exa_mpIe _D'I-S'_trl'bljl'tl'ﬂr‘l Fittin_g

E Univariate Distribution Analysis

u_ Example Bayesian Analysis
Bivariate Distribution Analysis
Rating Curve Analysis

e

Threshold

data
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Systematic Data
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Interval Data

Exact Data  Uncertain Data Interval Data Threshold Data
HES BERD
. Plotting
Index Lower Most Likely Upper Position
1100 101,000 144,000 188,000 0.010101
1898 41,800 52,200 61,600 0.040404

4-Day Inflow (cfs)
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Threshold Data
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RMC-BestFit Distribution Fitting Analysis

Model
selection
criteria

4 Time Series Data

&8 Example Time Series
E Input Data

=3 Example Input

. 4 Distribution Fitting Analysis
Graphlcal Lﬂ_ Example Distribution Fitting
comparisons 4 . Univariate Distribution Analysis

u_ Example Bayesian Analysis
Bivariate Distribution Analysis
Rating Curve Analysis

L2 18
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Model Selection Criteria

Graphical Results

Tabular Results

Select All Type: 3-Parameter v
Distribution AlC 0 4 BIC e RMSE e
Log-Pearson Type Il 1094.13 109993 286957
Generalized Logistic 1162.54 1168.34 273141
Generalized Extreme Value 1164.16 1169.95 2739.36
Ger Generalized Logistic 116546 1171.25 3052.52
peg LOCation () = 17,718.7999  1168.89 1174.69 3398.15
Scale (o) = 5,262.4996
Ger Shape (k) = -0.2924 1169.55 1175.34 3646.70

U.S. ARMY
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Graphical C

omparisons

Graphical Results

Tabular Results

Density

[] Select All Type: All v

Distribution AlC BIC RMSE
[] |Exponential 1165.49 1169.35 3633.39
[]|Gamma 1139.39 1143.25 3670.22
Generalized Extreme Value 1164.16 1169.95 2739.36
Generalized Logistic 1162.54 1168.34 273141
Generalized Normal 1165.46 1171.25 303252
[]|Generalized Pareto 1169.55 1175.34 3646.70
[]|Gumbel (EVI) 1159.19 1163.05 390043
Kappa-4 1167.22 1174.95 2912.00
Log-Normal (base ) 1161.39 1165.25 2783.18
[]|Logistic 1171.82 1175.68 5143.24
Log-Normal (base 10) 1089.40 1093.27 271417
Log-Pearson Type llI 1094.13 1099.93 2869.87
MNormal 1187.62 1191.48 5210.18
Pearson Type Il 1168.89 1174.69 3398.15
Weibull 1152.82 1156.68 3888.12

1 Input Data Histogram
Generalized Extreme Value
~— Generalized Logistic
— Generalized Normal
— Kappa-4
Log-Normal (base e)
— Log-Normal (base 10)
Log-Pearson Type lll
Normal
— Pearson Type lll
Weibull

() Frequency Plot

(®) PDF Plot

1-Day Inflow (cfs)

() CDF Plot

40,000 50,000

) P-PPlot

) Q-QPlot

Pl

rsn
mva

4
)

RO+
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Summary Statistics

Graphical Results

Tabular Results

) Generalized | . neralized | Generalized Gumbel
Measure Exponential Gamma Extreme — Ln-MNormal
Logistic Pareto (EVD)
Value
Location MN/A 22,480,511
Scale ‘Param
Shape i -0.0131
Minimum 7,360 0 -832814
Maximum =) ca oo
IMean
Std Dewv
Skewness

124,812

118,549

U.S. ARMY
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Univariate Distribution Analysis

E Time Series Data
8 Example Time Series

4 Input Data
=:| Example Input

E Distribution Fitting Analysis
ij_ Example Distribution Fitting

4 Univariate Distribution Analysis
u_ Example Bayesian Analysis
Bivariate Distribution Analysis
Rating Curve Analysis

Diagnose

] 22

US Army Corps
of Engineers.
Dam and Levee

uS.ARMY Safety Programs



u_ Precipitation Frequency *

Distribution Results
Parameter Sets
Kernel Density
Histogram
Bivariate

Mean Likelihood
Autocorrelation

Markov Chain Traces

Frequency Plot Tabular Results

FFlAlternative Results

1,000,000
1| = 90% Credible Intervals
1 | — Posterior Predictive
1 — Posterior Mean
1 ® Systematic Data 1922-2017
|| @ Historical & Paleoflood Interval -
B NA14 Quantile Prior
100,000
= |
& ]
=2 ]
[}
=
= ]
=
o]
C.’ ]
=
10,000
1,000
0.999 099 09 0.5 0.1 0.01 0.001 1E-4 1E-5 1E-6

Exceedance Probability [P(X > x)]

RRO+ELAZ ¥

OI"I%IIdIIQH

Output.options

Name Precipitation Frequency

Description
Created On  1/28/2026 2:00:58 PM

| act Madified | 1/31/2026 9:29:47 AM
~--|nput data -
- Distribution

4 PARAMETER PRIORS

Parameter Distribution
Mean (of log) (1) U (o, 6)
Std Dev (of log) (o) U, 2
Skew (of log) (y N (-0.17, 0.

Use Default

Prlor
- ”fd stributions

4 QUANTILE PRIORS
Ex. Probability

Distribution

0.1 v

Enable Priors on Quantiles

Use Single Quantile (-]

Estimate

U.S. ARMY
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4-Day Inflow (cfs)

1,000,000

1,000

Explore (1 of 2)

=~ 90% Credible Intervals
-—— Posterior Predictive

— Posterior Mean

® Systematic Data 1922-2017

© Historical & Paleoflood Interval

B NA14 Quantile Prior

F Volume (195,000cfs)

0999

099

09

05 0.1

Exceedance Probability [P(X > x)]

0.01

0.001

1E-4

1E-5

1E-6

1E-7

Frequency Plat

Tabular Results

Frequency Curve Results

Summary Statistics

Probability 95.0% CI 5.0% Cl Posterior Predictive Posterior Mean Measure Posterior Mean
1E-06 425,741.1 158,727.61 335,014.62 252,311.95 Mean (of log) (u) 4.2159
2E-06 383,84833 151,509.94 299,916.4 234,876.53 Std Dev (of log) (o) 0.2794
SE-06 33368285 141,979.88 259,155.06 21277493 | | Skew (of log) (y) -0.1445
1E-05 299,645.16 134,697.49 232,033.5 196,762.63 Minimum 0.0000
2E-05 267,943.78 127,454.12 207,683.33 181,350.95 Maximum 120765462.8522
5E-05 229,743.28 117,728.72 179,188.2 1618863 |Mean 20094.5217

0.0001 202,943.29 11051114 160,054.63 147,838.56 Std Dev 13627.2478
0.0002 179,026.04 102,654 142,723.4 134,364.1 Skewness 2.0363
0.0005 150,567.29 92,629.85 122,195.16 11741573 Kurtosis 10.7100
0001 131,293.09 85,267.62 108,208.59 105.235.11| [AIC 5073.0631
0.002 1138586 7751475 95,352.24 9359329| |[gic 20808180
0005 93,230.56 67,200.92 79,817.28 79,007.46 | [pic 20725320
001 79,229.71 59,415.09 68,990.14 68,560.27 | | [RmSE 15158712
0.02 66,679.35 51,593.35 58,824.32 58,594.05
0.05 51,629.88 41,205.34 46,218.61 46,102.14
01 41,151.35 33418.83 37,178.28 37,099.67
02 31,329.46 25,664.63 2841667 28,365.83
03 2574943 21,058.62 23,323.69 2328877
0.5 18,523.87 15,0329 16,713.29 16,696.05
0.7 13,293.88 10,558.05 11,876.18 11,868.05
08 10,894.24 8413.74 9,616.83 9,613.85
0.9 8,286.66 6,036.53 7,130.87 7,140.87
095 6,641.91 4,512.25 55304 5,560.22
0.98 5,201.55 3,200.24 4,110.02 4,174.55
099 443759 251332 334376 3,438.16

U.S. ARMY
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Explore (2 of 2)

u Regional Skew X u Regional Skew X
Distribution Results Select Parameter Distribution Results Select X Parameter Select Y Parameter
s G Skew (of log) (v) v Show Prior Parameter Sets Std Dev (of log) (@) v Skew (of log) {y) ©
Kernel Density | k Kernel Density 0.60 k‘
1 == Prior Density {m? ' {m’
Histogram = Posterior Density Histogram 0.04
2.00E+000 Q ’ Q
Bivariate : re3 Bivariate 040 - £
iia ied
Mean Likelihood 1 + Mean Likelihood - +
Autocorrelation 1.50E+000 (O] Autacorrelation i (O]
4 0.20 =003
Markov Chain Traces > g Ll’» Markov Chain Traces — = Ll".
= 4 >
. % 2 B
O 1.00E+000 - o o000 | =
] 5 1 -
i S -002°
| 7 |
i o5 -0.20 1
5.00E-001 I
_ 040 - 001
0.00E+000 L;
-0.60
Skew (of log) (y)
0
() summary statistics 0.22 024 026 028 030 032 034 036
Rhat ESS Mean Std Dev 5.0% 50% 95.0% Std Dev (Of |Og) (©)
1.000 9,836 -0.0802 0.1665 -0.3506 -0.0813 0.1991
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Diagnose

|k Regional Skew lk Regional Skew X
Distribution Results Select Parameter Distribution Results Select Parameter Select Chain
e G Mean (of log) (1) v P Mean (of log) () || All Chains v [ Include Warm Up
Kernel Density 10044 3 Kernel Density X
[ Autocorrelation o Chain 1
Histogram Histogram 43 Chain 2 W
Q Chain 3 Q
Bivariate rom Bivariate Chain 4
0.80 Chain 5
Mean Likelihcod + Mean Likelihood Chain 6
Autocorrelation ® Autocorrelation
425
Markov Chain Traces = o604 B Markov Chain Traces —
S 1 =
= =y
1} o
= =
= e
=} =)
S ‘e 42+
£ 040 &
1]
= =
0.20-| 215
0.00 1= i et S EESSSTCETS S oTTES
T T T T T 41 T T T T T T T T T
0 10 20 30 40 1,800 2,000 2,200 2400 2,600 2,800 3,000 3,200 3,400
Lag Evolution
k. Regiona < |
Distribution Results 1,080 -
— Mean Log-Likelihood
Parameter Sets
Kernel Density
Histogram
) 1,070 |
Bivariate
Mean Likelihood
Autocorrelation g
=]
Markov Chain Traces =
ﬁ -1,060
=
o
C
=
=
©
<
=
-1,050
-1,040 4 26
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Report Quality Plots

3-Day Flow (CFS)

Rlot-title

250,000
] ® < o
] . _ T
Non-exceedance bound ~4,000 years, 219,000 cfs S e rl es name‘
200,000
B P S 3-Day SDF Runoff Volume (185,000 cfs) |
150,000 T
] Paleoflood ~1,000 years
] 104,800 - 112,900 cfs
1 1882 flood
1 @ 66,600 - 85,800 cfs
100,000
] % ]
1 ]
7] L]
50,000 FAN
1 »
e
600 800 1000 1200 1400 1600 1800 2000

1,000,000

= 90% Credible Intervals

=== Posterior Predictive

— Posterior Mean

® Systematic Data 1922-2017

@ Historical & Paleoflood Intervals
B NA14 Quantile Priors

4-Day PMF Volume (195,000cfs)

5

v (c

Axis label-

1

1,000

. T : \PSI—H'
Annotation

1898 Historical Flood

0.999

0.99

0.9

0.5

01

Exceedance Probability [P(X > x)]

0.01

U.S. ARMY

0.001 1E-4 1E-5 1E-6 1E-7
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RMC-BestFit
Resources

RMC-BestFit Quick Start Guide
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RMC-TR-2020-03

Verification of the Bayesian Estimation and
Fitting Software (RMC-BestFit)

. [
[N
e | \\_
o P

Wik g '|‘>Ia|“' M !‘”“ “-“'Ih BRI | L
TNy ME | | -

RMC-TR-2020-02

rorme

3 (W ‘4'|Ip"|‘ it .-'H?‘I "‘i"‘4| L . !
il .I.I‘“\i.,g‘,l it e TR TR
aa

ineers,

RMC Software:



https://www.rmc.usace.army.mil/Software

Start Using
RMC-BestFit
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@ Questions
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