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Introducing Flash-Intensity-
Duration-Frequency (F-IDF) curve:
A New Metric to Quantify Flash
Flood Intensity
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Context

 How to identify basins or parts or the country that are “flashy”
and thus respond quickly to rainfall and with high magnitudes?

* |f flashiness variables can be identified using observed
discharge, can they be used in a forecasting context?

— Proposal: Compute Flashiness-Intensity-Duration-Frequency Curves
— Apply in 5,116 USGS gauges at 15-min resolution
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Fit extreme value distribution

* Find maximum slope of hydrograph over a moving time
window (D=1hr, 2hr, 3hr, 4hr, 5hr, and 6hr)

e Extract the annual maximum

* Fit into general extreme value distribution and logPearson Type
1l distribution

* Find an optimal fit based on the BIC (Bayesian Information
Criterion)

* Find flashiness values at different frequency 2-yrs, 5-yrs, 10-
yrs, 25-yrs, 50-yrs, and 100-yrs
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lllustration — 3hour FIDF
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Flashiness-Intensity-Duration-Frequency (F-IDF) curve
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(a) 2-yr flashiness (b) 5-yr flashiness

Flash flood frequency
values at 1-hour duration

Flash flood occurrence density plot (based on Storm Events)
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(a) 2-yr flashiness (b) 5-yr flashiness

Flash flood frequency
values at 2-hour duration

Two-hour flashiness values



(a) 2-yr flashiness (b) 5-yr flashiness

Flash flood frequency
values at 3-hour duration

Three-hour flashiness values



(a) 2-yr flashiness (b) 5-yr flashiness

Flash flood frequency
values at 4-hour duration

Four-hour flashiness values



(a) 2-yr flashiness (b) 5-yr flashiness

Flash flood frequency
values at 5-hour duration

Five-hour flashiness values



(a) 2-yr flashiness (b) 5-yr flashiness

Flash flood frequency
values at 6-hour duration

Six-hour flashiness values



2021 Tennessee flash flooding
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Hydrology
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Correlation changes regarding return periods and

duration
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We reason:

1.

When return period increases, flash flood
event becomes less dependent on climate
variables but rather on weather such as
intense rainfall rates, etc.

When return period increases, the event is
less dependent on a single factor (e.g.,
rain), but rather a joint factor (e.g., rain +
wet antecedent soils + steep channels)




A distributed F-IDF curve over
the CONUS
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Research goals & Objectives

e Goal: offer a distributed F-IDF curve over the CONUS

* Objectives:

— Produce CONUS-wide F-IDF curves based on (1) CREST (physical) and
(2) Al (statistical)

— Cross-compare the two approaches with regard to (1) flashiness
representation, (2) limitations
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Predicted flashiness
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Comparing both CREST-based and ML-based FIDF on all the stream gages

(a) CREST-simulated FIDF (b) ML-simulated FIDF
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(a) 2-yr flashiness

(c) 10-yr flashiness (d) 25-yr flashiness

(e) 50-yr flashiness

1
One-hour flashiness values (mm/h?)

CREST-based distributed FIDF




(a) 2-yr flashiness (b) 5-yr flashiness

ML-based distributed FIDF

(c) 10-yr flashiness

(e) 50-yr flashiness




Flashiness relative differences

g

—_
o

IIIIIIII]IIIIII]

(&)}

o

- N
o o o
' BTN BN R B

-
o

o

(@)
lIIIIIIIIIIIII

-
o

o

(a) Annual precipitation (mm)

Il (CREST-gage)/gage
I (ML-gage)/gage

.

0-200 200-400 400-600 600-800 800-1000 1000-1200 1200-1400 1400-1600 1600-1800
(b) Degrees of regulation (%)

l; lélii};iga . Ny

0-10  10-20  20-30  30-40 4050  50-60  60-70  70-80  80-90  90-100
(cyUrban extent (%)

.

[ =, L e

0-10  10-20  20-30  30-40 40-50  50-60 60-70  70-80  80-90  90-100
(dJ Channel slope (%)

(&)
IIIIIIIIIIIIIII

e | == ==Y P ==

0-10 10-20 20-30 30-40 40-50 50-60 60-70 70-80 80-90 90-100

e ™

Conditional bias on different influential factors




100 —

100

100

100

5 hour
‘ w
| - / ;f
¢ -
|0y .
Kt
% i |

N~ " -1 "
e - ..' ﬂ
u\l?s @) @) Q.1 | I |
A a
{l 4L!'"Nds?nng. ' I
(] E =
) EEE

|
10 25 50
Return period (yr)

100

0-

[Z71 CREST | re
=3 Gage |~ —

R
RS

gy, L
oS
— ek LI =
N SRR =
R P

,QH( \ N

= .t: o\ ‘
: tO

) )

| u I' \'.\-:_‘

- Ll 165 |

e 5

%. I

"

100

100




&

\

i ]
”/\@rgw
\ 2L

’ Shlvofy/

STURNN X

i 28
\Lotisviljés———
;) B L\M
A o I 2

SG
’ Shively”

ount Waéhnng(j-r)

>

Mount W.&h-ng

Mount Wdishvngljp

3

)

£ .L_; O
W
7380

shively/
/ \
LIRS

Q| HYDROLOGY & WATER SEC
: The UNIVERSITY of OKLAHOMA

,"’P’\.!ounl Washing

Ncw} R {/ % -
"B N ——— /
Lotisvi —{ghcor-

e '\}/‘
|
|
/
/
/

——
K 841 T

Y e e ey B e s o R



