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Floods and Flood Frequencies
- some definitions
" A flood Is any relatively high streamflow that
overtops the natural or artificial banks of a
river. This definition varies by agency.

" Annual peak flows are the instantaneous
peak flow for a given year which are used to
determine flood frequencies. Individual peak
flows may not necessarily be a flood.

Discharge is another term for streamflow (or
magnitude of flood); it is the measured

volume of water that moves past a point in

the river in a given amount of time. Discharge
IS usually expressed in cubic feet per second.
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Flood Frequencies -

]

How are they computed? =

T

" USGS stream gages
record streamflow
at various streams

" The largest ! S
Instantaneous |
streamflow for each -
water year is
recorded and
stored in NWIS

Wy

-

http:/.v,/-nv{/,_is-._water'déta_.us'”g"é'.fgowrjrﬁi;’t/)r;_‘iWiS/'peak_n_-. e



Flood Iirequencies . |

~_How are they computed? g2

" PEAKFQ software which uses approved
methods to compute flood frequencies from
annual peak flow data.

http://water.usgs.gov/software/PeakFQ/

= Bulletin 17B of the Hydrology Subcommittee
provides guidelines for determining flood
frequency.
” http://water.usgs.gov/osw/bulletin17b/dl_flow.pdf
~- ® Bulletin 17C will replace Bulletin 17B and is

currently out for public comment

http://acwi.gov/hydrology/Frequency/bl7c/bulletinl7c_draft
_for_public_review.pdf



e

® Download peakfq (watstore) format data from
NWIS for desired USGS gage

" Open data in PEAKFQ

" Follow guidelines for B17B or B17C for
computations (B1/C training at 2017 AMFM?)

2 PeakFQ Version 7.1
File  Help

Use File menu to Open PeakFQ data or PKFQWin spec file. PeakFQ Data File: FAPresentations\FloodFreq. WorkshopPEAKTET
Update Station, Threshold and Output specifications as
desired. PeakFQ Spec File;

& Click Run PeakFQ button to generate results.

Station Specifications | Input/View | Output Options | Results |
Global

Analysis . . -

Option: E'ITE I Global PILF (LO) Test Option: | Single Grubbs-Beck -
Generalized | Gen Skew I"J'Iea Low Hist | PILF (LO) [ PILF (L3} | High Sys | Hi-Outlier

Station ID | Option [ Year ion Skew Sitd Error Sqr Peak Threshold | Test Peak Threzhald

Flood Iirequencies . |

PEAKFQ -

age Base

izcharge

0
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Flood Freguencies
PEAKFO-Bulletin 17B

Fitted frequency
Svstematic Peaks
Confidence limits

Peakfqv 7.1 run 3M0/2016 2:30:04 PM
B17B using Weighted Skew option
0.257 = Skew (G)

0 Zeroes not displayed

0 Peaks below PILF (LO) Threshold
Single Grubbs-Beck

75 40 20

Annual Exceedance Probability, Percent
Station - 06120500 Musselshell River at Harlowton MT




0
g
-]
=
™
[1-}
=
[=]
@
o
-
[1-]
-]
o
®
=
c
2

100,000 [

Flood Freguencies
PEAKFO-Bulletin 17C

Fitted frequency
Svstematic Peaks
Confidence limits
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Peakfqv 7.1 run 3M0/2016 2:31:06 PM
EMA using Weighted Skew option
0.257 = Skew (G)

0 Zeroes not displayed

0 Peaks below PILF (LO) Threshold
Multiple Grubbs-Beck

75 40 20

Annual Exceedance Probability, Percent
Station - 06120500 Musselshell River at Harlowton MT
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i Flood Frequencies -
- Bulletln 17B = Bulletln 17C
- = Sjpgle Grubbs-Beck | = Multiple Grubbs-
! low-outlier method | Beck low-outlier |
= = Single historic peak l method 4
- = Log-Pearson type I " Multiple historic
for computations CELE
and confidence ® Uses the basics of
Intervals Log-Pearson
' distribution

" Expected Moments
Algorithm for
computations and
confidence intervals



Flood Freqguencies

more definitions

considered




Flood Freqguencies

more definitions
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Flood Freqguencies

more definitions

" Flood frequency analyses assume that all floods
for a given site have a similar cause of flooding;
thus, they are considered a single population.

B-Sites with multiple causes (2 or more) of
flooding are considered a mixed population. A I
‘I classic mixed population is rain caused floods I

and hurricane caused floods which i1Is common
on the east coast.

" ® |n a classic mixed population, the peaks can be
separated by cause of flooding and a mixed-
population flood frequency analysis performed. i

-




Flooding Mechanisms in Montana

" Snowmelt
" | ow elevation
" | ate winter through early spring, generally before May

" High elevation
" Typically May through mid-July

&

USGS



Flooding Mechanisms in Montana

® Rainfall

" | arge convective storms-somewhat widespread
and usually more significant for larger drainages
" Gulf storms, commonly spring storms
" Pacific storms, commonly fall storms

" Thunderstorm events-usually local events and
usually more significant for smaller drainages

&

USGS



Flooding Mechanisms in Montana

" |ce/debris jams

® Can cause significant flooding without a large
streamflow

" Not currently well understood in Montana from a
frequency/magnitude perspective

® Others
® Rain on snow

" Flash flooding
® Chinooks
® Burn areas

" Dam failure (not included in flood freq. analysis)

2 USGS
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Mixed population of floods

® 2 or more causes of flooding

" Classic example is hurricanes vs. rainfall on
east coast.

" Does Montana have mixed-population floods
and can we separate the populations?

2 USGS



Timing of peak flows

" Timing of peak flows may help identify flooding
mechanism

05014500 Swiftcurrent Creek at Many Glacier

Oct Dec Feb Apr June Aug


Presenter
Presentation Notes
Explanation box


Timing of peak flows

" Timing of peak flows may help identify flooding
mechanism

06181000 Poplar River near Poplar

Oct Dec Feb Apr June



Timing of peak flows

A. West hydrologic region
{113 gaging stations)

B. Northwest hydrologic
region
(32 gaging stations)

4
32 3 32
l I I

C. Northwest Foothills hydrologic region
— (31 gaging stations)

D. Northeast Plains hydrologic region
(64 gaging stations)

EXPLANATION

+ Data value greater than
1.5 times the inter-
quartile range outside
the quartile

Data value less than or
equal to 1.5 times the
interquartile range
outside the guartile

75th percentile
Inter-
Median quartile
range
25th percentile

90  Number of values repre-
sented in boxplot




Timing of peak flows

E. East-Central Plains hydrologic region
— (90 gaging stations)

??

744

é

F. Southeast Plains hydrologic region
(68 gaging stations)

it

68
I

é

.s A AE]

G. Upper Yellowstone-
Central Mountain
hydrologic region

(91 gaging stations)

H. Southwest hydrologic region
(48 gaging stations)

EXPLANATION

Data value greater than
1.5 times the inter-
quartile range outside
the quartile

Data value less than or
equal to 1.5 times the
interquartile range
outside the quartile

75th percentile

Inter-
quartile
range

Median
25th percentile

Number of values repre-
sented in boxplot




Significant Montana Floods

" According to " Others
National Weather = 1952-North-central MT
Servicel = 1953-Central MT
" 1908 " 1975-Statewide
= 1948 = 1981-Central MT
= 1964
= 1978
= 2011
2 USGS

thttp://www.floodsafety.noaa.gov/states/mt-flood.shtmi



® Maximum peak of record, normalized by drainage area
@ Peak for year (if gaged), normalized by drainage area
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~2USGS ®  Maximum peak of record, normalized by drainage area
@ Peak for year (if gaged), normalized by drainage area




~2USGS ®  Maximum peak of record, normalized by drainage area
@ Peak for year (if gaged), normalized by drainage area
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® Maximum peak of record, normalized by drainage area
@ Peak for year (if gaged), normalized by drainage area




Trends and stationarity

" Chapter B studied trends and stationarity In
Montana

" Trends of long-term gaging stations
" 75+ years of record

" 5+ years of data in the 1930s (particularly dry
period)

" Small urbanization or reservoir effect
m 24 selected gages

" Magnitude

" Timing

2 USGS
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Trends and stationarity

" General Conclusions
" 1930s-1940s: Lower peak flows
" 1950s-1970s, even 1980s: Larger peak flows
" | ate 1980s-present: Lower peak flows

&

USGS



Trends and stationarity

® General Conclusions

" Magnitude of peak flows

" Upwards trends during 1930-1976 generally stronger than
downward trends during 1967-2011

" Annual peak flow for most long-term gaging stations can
be considered stationary for peak-flow frequency
analyses

" Timing of peak flows

" Earlier peak trends (1967-2011) were generally stronger
than later peak trends (1930-1976)

" Differences in timing are variable and not particularly
strong; however 5 of 7 high-elevation gages showing
trends of earlier peaks

2 USGS

y

\



Trends and stationarity

EXPLANATION

Annual peak flows, days of annual Statistical distributions for [Watar yaar is defined as the 12-month

), . - : period from October 1 through
peak flows, and fitted trend lines indicated periods Saptember 30 and is designated by the

™ year inwhich it ends]

I'BI.;H—'I I:ll[lllﬂ ﬂuhi:: fest |:|EI'r B8C Dl':'d - 1 Aﬂ““ﬂl FIE-Hk fhm and dm nf an“ml
[ H. Powder River at Moorhead ] peak flows
(station D6324500) . | 1 *  Annual peak flow

L

*  Day of annual paak flow

Fitted trend lines

Start of systematic data
collaction through 1940

1930 through 1976

=

=
< B

L]
Eo
= wm
=
=< @I
EEL
o
—
MO e
3 o
==
T 2

(&)

E

1967 through 2011

— — — - Start of systematic data
collection through 2011
Bold lines indicate statistical

significance (p-value less than
0.0s)

Boxplots

* [ata value greatar than 1.5
timas the interguartile range
outside the quartila

Data value less than or
equal to 1.5 times the interquartile
range outsida the quartile

Day of annual peak flow

L . \ ) . ) . 75th parcentila
1970 1980 Water  Watar  All water Intar-

years years yoears median quartile

Water year 193078 19792011 range
75th percentile

1930 1950




Trends and stationarity

1,000,000

EXPLANATION
Peak flow (1923-2011)
Peak-flow frequency curve

100000 | ****** Upper and lower 95-percent confidence
' intervals

B Peak flow (1979-2011) Lot

o . o
3 i ;/{"...-'
bt Peak-flow frequency curve ../-'( S

@ .t N R

E ....... Upper and lower 95-percent confidence e 2 AR [ ol B
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Exceedance probability, in percent

Figure 1. Annual peak flows (plotting positions determined using the Cunnane formulation; Helsel and Hirsch, 2002) and peak-flow frequency curve

Peak flow, in cubic feet per second, for indicated annual exceedance probability, in percent
Period 66.7 50 42.9 20 10 4 2 1.0 0.5 0.2
1923-2011 3,879 5,424 6,238 10,680 15,390 22,920 29,780 37,820 47,190 61,930
1979-2011 2,625 3,526 3,981 6,172 8,198 11,020 13,300 15,710 18,250 21,850
Percent difference in flood frequency estimates for 1923-2011 versus 1979-2011
-32 -35 -36 -42 -47 -52 -55 -58 -61 -65




Trends and stationarity

" More research and analyses are needed to
better understand downward trends of peak
flow magnitudes and timing in Eastern
Montana

" Effects of smaller dams and land use practices
" Effects of climate changes

" How do | proceed? Be conservative!
" Consider your period of record for analysis

" Use record extension or regression equations to
adjust your analyses

2 USGS
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Regional trends study

;A_’I"J.":;::- N

il Q.
¥ ! F Q‘
PE TR, f"f 7 V€l ﬁ""‘! v
2 [ A 3 £\ ' s

z
S
.
:
g




Peak flow analyses (Chapter C)

" Performed analyses using Bulletin 17B
however USGS formally adopted 17C

m 725 streamflow gaging stations in and near
Montana
" 579 unregulated streamflow stations

" 146 regulated streamflow stations
" 100 analyzed for post-regulation period only
® 17 analyzed for pre-regulation period only
" 29 analyzed for both pre- and post-regulation

" Pre-regulation analyses used for regression
equations

2 USGS
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Peak flow analyses

" Peak flow data

" | argest instantaneous peak flow for each year of
record

" 1 peak recorded per water year
" Available in NWIS
http://nwis.waterdata.usgs.gov/mt/nwis/peak

" Data qualification codes
" Codes 1-9 for discharge
" Codes A-E for gage height

y

\

2 USGS



Peak flow analyses (show fig. of data

retrieval from NWIS)
" Data qualification codes for discharge

" 1 Qis equal to the maximum daily discharge
2 Qis an estimate

" 3 Q affected by dam failure

" 4 Qisless than indicated value

" 5 Q affected to unknown degree by regulation or
diversion

" 6 Q affected by regulation or diversion

[

" 8 Qs greater than indicated value

" 9 Qisduetosnowmelt, hurricane, ice/debris dam

2 USGS
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Presentation Notes
Codes are provided for guidance; however, they might not represent how the peaks were treated in the analyses. 
For example, many sites have a code 5 or code 6; however as of today these don’t necessarily match up with the analyses of gages and dams in Montana where a 20% rule was used to determine regulation.  
Can be multiple code 7s in a record, however B17B only allows the user to use a single Historic discharge.
Less than and greater than are avoided when possible, but still exist.  


Peak flow analyses

® Data qualification codes for gage height
® A  Year of occurrence is unknown or not exact

" B Month or day of occurrence is unknown
(common with CSGs)

" C Allor part of record affected by basin
development or changes (urbanization, ag.,
wildfire, land cover)

" D Gage base discharge changed
" E  Onlythe peak exceeded the flood base

y

\

2 USGS
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Code C really only used for wildfire in Montana, but no official guidance to what severity or percentage of area burned.
Codes D and E only for entering multiple peaks each year which has not been the standard practice in Montana.


Peak flow analyses

" What is skew?

= Station skew is the 3" moment measure of the peak-flow
data around the mean

® Skew affects the shape of the flood frequency curve
" Strong positive VS. Strong negative

10,000
EXPLANATION EXPLANATION
© Peakfow @ Peak flow
e Peax Tow grealerthan or equalto hign-outiier »  Peak fowless than or equal to loveoutlier
neso0 threshold
x Peak Tow 285 than or equal 10 iow-outher —— Peak-flow frequency curve
nes0o
—— Peak-flow fRQuency curve EIS wer 95-percent confidence
ery
—— Upper ana bwer 35 percemt confuence
,
> .
.
. ﬁﬁ .,..,--.:.n'-
S oY
2 T | oo
P Do _._7.
] 2 @ @ @ @ oW @m om & W 3

1,000

Peak Mot In cublc feetper second
Peak flow, in cubic fe etpers econd

E — e
g
.. ‘II

"

Figure 1-1. Annual peak flows (plotting positions determined using the Cunnane formulation; Helsel and Hirsch, 2002) and peak-flow frequency curve.

Figure 1-1. Annual peak flows (ploing posifons determined using he Cunnane formulation; Helsel and Hirsch, 2002) and peak-fow Fequency curve
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Peak flow analyses

" Regional (generalized) skew map

" Developed
In 1974

" Long-term
unregulated
gages

" Variance
equal to
about 17
years of data

P At 81 1 w? [ :
R ] -7 7 5 2
= i b 2 ; 2
4 [P . . o
Lo pg A < 3
VA ¥ o ;
o 4 > - 5
. = . r [ we kP
. o Iy | P ——

GENFRALIZED SKEW COEFFICIENTS OF LOGARITHMS OF ANNUAL MAXIMUM STREAMFLOW
AVERAGE SKEW COEFFICIENT BY OME DEGREE OUADRANGLES
wer number in cach quadranglo is number of sirean gawug S18t0Ns 1or which 1he 3ve-age . il was con i




Peak flow analyses

" Weighted skew

" Computed using the station skew, the generalized
skew, and the mean square error of the
generalized skew (default is 0.55)

" Mean square error = 0.64 (WRIR 03-4308)

" Similar to using an equivalent years of record
weighting.

" Gages with short records have less weight than
those with long records.

y

\

2 USGS
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Montana skew map (WRIR 03-4308)

All regional skew values = + 0.3
All regional skew values = + 0.6
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Station skew values




Weighted vs. station skew

" Use weighted skew for:
" Unregulated sites
" Generally recommended

" Use station skew for:
" Mixed population sites
" Regulated sites
" Sites with several peaks below gage base

" Chapter C tables indicate skew type used In
analyses and reason for deviating from using
a weighted skew.

2 USGS
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New regional skew studies

" Performed by USGS Office of Surface Water

" Unregulated gages with 25+ years of record will be
Included

" Pacific Northwest study
" Completed, includes portions of western Montana
" Excluded high complexity areas

" Missouri River basin study

" Due to complexity along the continental divide, all of
Montana will be included in this study.

&

USGS



Mixed population of flood events

" Does Montana have mixed-population floods
and can we separate the populations?
" Snowmelt vs rain

" Spring rain events commonly occur at same time
as high-elevation snowmelt

" Most of Montana’s largest flood events caused by
heavy precipitation on streams already at or near
bankfull from snowmelt runoff

&

USGS



Classic mixed population

EHPLANATION Ranked (largest to smallest) peak-flow data®

o PeskfDw Peakflaw,in  Gage
Water cubic feet height,
& Pesk Tow greatertiEn or egusl 1o nign-outler year Oate per second in feet
mEshod 1364 Bi5i1364 6. 700 10.00
w Pedk Tow less than or ezl to low-outlier 2007 72006 4,270 3.2
mEsr 1375 B20R375 3.310 .32
—_— Pk 'EEIJE"B:.' [ 0]y 1335 BI71335 3..15':' T.r2
1337 BM3N357 2,250 6.83
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Figure 1-1. Annual peak fiows (plo@ing posiions determined using e Cunnane formulalion; Helssl and Hirsch, 2002) and peak-fow fequency cune.




Addressing mixed populations

" Separate snowmelt vs rainfall and perform at-
site mixed population analyses

" Continuum between snowmelt and runoff as they
usually occur during same season.

" Sites with shorter record may not have rainfall
“only” events

® Estimate recurrence interval of extreme
events and use as historic length of record
" \What is the recurrence interval for 19647?
" Need paleo data to truly understand

2 USGS
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Addressing mixed populations

" Regional mixed population analysis

" Uses normalized and independent peak-flows from
all gages.

" Explored for Northwest foothills, found 500+
events

" Develop a normalized regional flood frequency
curve

" Apply to each gage
" Needs homogenous regions

y

\

2 USGS



Addressing mixed populations

" | ow-outlier adjustment

" Use a high low-outlier (cutting off the bottom of
peaks)

" Forces fit to upper end of frequency curve
" Allows for a site-by-site determination
" May not fit low end (bankfull) well.

® Doesn’t address short record sites that don'’t
Include “rainfall” events

&

USGS



Low-outlier method

EXPLANATION Ranked (largest to smallest) peak-flow data’

o PeskfDw Peakflaw,in  Gage
Water cubic feet height,
& Pesk Tow greatertiEn or egusl 1o nign-outler year Oate per second in feet
mEshod 1364 Bi5i1364 6. 700 10.00
w Pedk Tow less than or ezl to low-outlier 2007 72006 4,270 3.2
mEsr 1375 B20R375 3.310 .32
—_— Pk 'EEIJE"B:.' [ 0]y 1335 BI71335 3..15':' T.r2
1337 BM3N357 2,250 6.83
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05014500-Swiftcurrent Creek at Many Glacier
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Excasdancs probabiity, In psrcant
Figure 1-1. Annual peak fiows (plo@ing posiions determined using e Cunnane formulalion; Helssl and Hirsch, 2002) and peak-fow fequency cune.
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Low-outlier method

[ LA AT IO Rarked [largest to smallest) peak-flow data®

Peak How, in Gage
‘wiater cubic feat height,
year Oate per second infeet
& Peak Tow greatertnan or epual 1o Rilgh-outlier 1351 SIZEM3ET 3,230 £.20
mEshab 1975 BM3NITS 335 4.89
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06062500-Tenmile Creek near Rimini
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Figure 1-1. Annual peak fiowrs (ploling posilions defermined using fe Cunnane formulalion; Heleel and Hirsch, 2002) and peak-fow frequency curve.
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Low-outlier method

1 1 1 1 1 1 1
Parked [largest to smallest) peak-flow dara®

EXPLAMATION

o Pezk fow Peakflow.in  Gage
‘el ater cubic feet height,
year Date per second in fest

& Peak Tbw grealerifan or egual ta fhigh-owutllier 1964 Blaa6d Sd.600 —

MRED 1916 BlZIEE 3,810 7.80
w  Pezk Tow less than or equal to kow-outlier <003 Slz6fz003 3,200 [l
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Figure 1-1. Annual peak fows (ploing posiions defermined using e Cunnane formulalion; Helssl and Hirsch, 2002) and peak-fow hequency cune
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Low-outlier method

S PLAMATION
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Presenter
Presentation Notes
Example of a site not in the normal region of mixed pop sites, but look at 1981 and 1964 peaks.  This is an example of why we need to know big event years. 


Historic peaks — Code 7

" As coded In peak flow file
" Separate peak from systematic record
" | argest peak in an ungaged period (not notated)
" Can be multiple historic peaks

" As used by B17B

" Only 1 historic value can be used-sometimes this
IS from a systematic peak

" Opportunistic peaks should be excluded

" Historic record length should be determined by
evidence

2 USGS
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Below gage base

" Primarily CSGs

" A peak may have occurred, but it was below
our ability to measure




Regulation review

" Regulated

" 20 percent or more of basin is upstream from
dams

" Determined using GIS analyses and NHDPlusV2
dams layer
" Major regulation

" 20 percent or more of basin is upstream from a
single dam

" Major diversion from stream

" Minor regulation

" No single dam exceeds 20 percent, but cumulative
area exceeds 20 percent

USGS
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Classic major regulation
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Figure 1-1. Annual peal fowes {plofing poeiions defermined using fhe Cunnane formuladion; Helesl and Hirsch, 2007) and peak-fow frequency curne.




Minor regulation

" 06120500-Musselshell River at Harlowton
" 24.7 percent of basin is upstream from dams (R)
" No single dam exceeds 20 percent=minor
" Total period of record used in analysis

" Used in
regression R
equations ‘ IIII

06120500-Musselshell River at Harlowton

a2 USGS
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Figure 1-1. Annual peak fiows (ploiing posiions delermined using the Cunnane formulalon; Heles! and Hirsch, 2002} and peak-ow frequency curve,
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Confidence Intervals

" Reported at 95 percent

" Longer records typically have tighter
~confidence intervals
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Figure 1-1. Annual peak fioves (ploiing posifions defermined using e Cunnane formulalion; Helee! and Hirsch, 2002) and peak-fow fequency cune
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Confidence Intervals
= What is the 1% AEP?

10,000,000

EXPLANATION

1,000,000

| o Peak flow

® Peak flow greater than or equal to high-outlier
threshold

» Peak flow less than or equal to low-outlier threshold
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Figure 1-1. Annual peak flows (plotting positions determined using the Cunnane formulation; Helsel and Hirsch, 2002) and peak-flow frequency curve.




Confidence Intervals

" Some sites have extremely large confidence
Intervals
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Figure 1-1. Annual peak fiowes (ploiing posiSons defermimed using he Cunnane formulalion; Heleel and Hirsch, 2002) and peak-fow fequency cune.




1-percent AEP confidence intervals
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Figure 1-1. Annual peak fows (ploBng posiions determined using the Cunnane formulation; Helsel and Hirsch, 2002) and peak-fow frequency cune.




Q=10,000 cfs What is the AEP?

10,000,000

EXPLANATION

O PeX Tow

1.000000 P
¢ Pe3 fow greaterthan oregual to hign-outiier
nrsU -

x Peak fow 1ess than or equalto low-outlier /
nREWD >

10000 H
—— Pex-Tow TRQUENT) cunve / [~

— Upper and bwer S5-percent confgence ra /

10.000 I nvais %J‘
>J ‘

1,000

Peak Moy, In cublc feetper second

100 <

= "
\'\ V \‘a

= 7.5-285 yr.
Pl P g 0.0, P S e
. e -
7 g
06120900 Antelope Creek at Harlowton
g EEEEEEEEEEBEBHVE "‘”“EVEEag

Excesdance probabiity, in percent
Figure 1-1. Annual peak fows (ploBng posiions determined using the Cunnane formulation; Helsel and Hirsch, 2002) and peak-fow frequency cune.




Confidence Intervals
" Record length
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Figure 1-1. Annual peak flows (plotting positions determined using the Cunnane formulation; Helsel and Hirsch, 2002) and peak-flow frequency curve




New vs. Old analysis
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Figure 1-1. Annual peak flows (plotting positions determined using the Cunnane formulation; Helsel and Hirsch, 2002) and peak-fiow frequency curve.




Chapter C spreadsheets

" Review spreadsheets

2 USGS
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