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RFC River Model Performance

the good, the bad and the ugly

Juliann Meyer
Missouri Basin River Forecast Center
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This presentation will cover the following:

e Overview of NWS river forecast verification program
e Milk snowmelt flooding March-April 2011

e QPF verification May-June 2011

e Milk rainfall flooding May-June 2011

e Yellowstone flooding May-June 2011

e Musselshell flooding May-June 2011

e Bonus Section (if time permits)

« Upper Missouri flooding May-June 2011
» Post Flood Activities

Forecast Services
Data Needs

Model Improvements
« Other Types of Statistics/Plots
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Overview of
NWS River Forecast Verification

Program

Implemented in 2001... software package, IVP, delivered
to all the RFCs

Prior to 2001 RFCs had their own in-house verification
procedures

Statistics for RMSE, MAE, ME, sample size done each
month on all forecasts that were issued. The statistics
made available to weather service offices via a “stats on
demand” website
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Interactive Verification Program (IVP)

Scatter plot Categorical Stats
Time series plot s FOD
e HFAR

Error Stats « FAR

* RMSE e Over Fcst

e ME Rate

e MAE e Under Fcst Rate
e Max Error o CS]
Moments e Gilbert
Sample Size Leadtime Stats

Correlation/Bias/Skill

e Pearson’s Correlation
e Bias
e RMSE-SS
Special Plots
e CDF Plot

e PDF Plot

Quartiles & Extremes
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How good were the forecasts?

Used IVP application for the analysis:

e MAE, lumped and by leadtime

e ME, lumped and by leadtime

e Pearson’s Correlation (CORR) by leadtime
e RMSE-Skill Score



Locations by RFC Forecast Groups
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Milk Forecasts
Snowmelt flooding March-April 2011
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snow survey crew at work



Locations looked at are:

HRLMS8
SACM8
TMPMS8
GLWMS
NSHMS8

Milk Mainstem

Harlem MT
Saco MT
Tampico MT
Glasgow MT
Nashua MT

FS 21.0 FT
FS 20.0 FT
FS 23.0 FT
FS 25.0 FT
FS 20.0 FT



Mean Absolute Error (ft)
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Error Statistic Value (ft)

3.1

2.8

2.5

2.2

1.9

1.6

1.3

1.0

0.7

0.4

0.1-

Mean Absolute Error (MAE)
By Lead Time

e

3¢ 42 48

3 60 o6 78 84 90 95 102 108 114 120

Lead Time Interval (hrs)

STATISTIC (Locationn)

-® MAF (GLWMS)
B MAE (HRLMS)
—A- MAE (NSHMS)

MAFE (SACMS)
-5 MAE (TMPMS)



Error Statistic Value (ft)
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Error Statistic Value (ft)

Mean Error (ME)
By Lead Time
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Pearson’s Correlation (CORR)
By Lead Time
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QPF verification

May-June 2011
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Montana Monthly Precip Totals

May 2011




Montana May 2011
Percent of Normal Precipitation

Montana: May, 2011 Monthly Percent of Normal Precipitation
Valid at 6172011 1200 UTC - Created 6/3/11 21:41 UTC
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Montana Monthly Precip Totals

June 2011
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/ : Montana June 2011

Percent of Normal Precipitation
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Number of Forecast-Ohserved Pairs

Sample Size by Observed Categories
May and June 2011
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Mean Absolute Error for 24-hr QPF 6-hourly precip values
May and June 2011 for UMOMIL and YEL runoff zones
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Mean Error for 24-hr QPF 6-hourly precip values
May and June 2011 for UMO, MIL and YEL runoff zones
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Milk Forecasts
Rainfall flooding May-June 2011
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Error Statistic Value (ft)
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Error Statistic Value (ft)
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Error Statistic Value (ft)
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Correlation/Bias/ §kill Value
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llowstone Forecasts
-June 2011
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Yellowstone Mainstem

e

Forecasts points looked at were:

CORMS
LIVM8
FRYMS
BILMS8
MILMS8

Corwin Springs MT FS 11.0 FT

Livingston MT FS 9.0FT
Forsyth MT FS 10.0 FT
Billings MT FS 13.0FT

Miles City MT FS 13.0FT



Mean Absolute Error (MAE)
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Exror Statistic Value (ft)

Mean Absolute Error (MAE)
By Lead Time
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Error Statistic Value (ft)
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Error Statistic Value (ft)

Mean Error (ME)
By Lead Time
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Pearson’s Correlatlon (CORR)
By Lead Time
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Yellowstone Tributaries

Tributary forecast points looked at were:

SLDMS8 Livingston MT — Shields River FS 5.5FT
BTMMS8  Big Timber MT — Boulder River FS 7.0 FT
SRAMS8 Absarokee MT — Stillwater River FS 6.5 FT
ROKM8* Red Lodge MT — Rock Creek FS 7.5 FT

BFYMS8 Belfry Mt — Clarks Fk Yellowstone FS 7.5 FT

*ROKMS8 no longer a forecast point
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Error Statistic Value (ft)

Mean Absolute Error (IVIAE)
By Lead Time
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Error Statistic Value (ft)
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Error Statistic Value (ft)
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Pearson’s Correlation (CORR)

By Lead Time
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Root Mean Square Error Skill Score
(RMSE-SS)
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pecial Requests Forecasts
May-June 2011
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By Mike Smith, Las Vegas Sun, for USA TODAY
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Musselshell Forecasts

These locations were not RFC forecast points in 2011:

HLWMS Harlowton MT FS 7.0 FT

SHAMS Shawmut MT FS 6.5 FT (no FS at the time)
LVNMS8 Lavina MT FS 8.5 FT (no FS at the time)
RUPMS8 Roundup MT FS 10.0 FT

MUSMS8 Musselshell MT FS 11.0 FT (no FS at the time)
MSBMS8 Mosby MT FS 10.0 FT (2011 FS was 8.0 FT)

These are now all RFC forecast points
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Mean Absolute Error (MAE)
By Lead Time
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Mean Frror (ft)

0.1

-0.1

-0.2

-0.3

-0.4

-0.5

-0.6

-0.7

Mean Error (ME)

HLWMS

IVME MSBMS MUSME
LocatHon

RUPMS SHAMS



Ry L A A A A P P

e g

P Mean Error (ME)
By Lead Time

STATISTIC (Location)

-® ME (HLWMS)
-& ME (LVNMS)
—A— ME (MSBMS)

ME (MUSMS)
-5~ ME (RUPMS)
—#— ME (SHAMS)

1
=
[

Mean Firor (ft)
2
/
|
I
jJ
J

y
L

-1.0

-1.2

-

T

1 1
G 12 18 24 30 36 42 48 54 G0 GG 72 T8 84 90 96 102 108 114 120
Lead Time Interval (hrs)

-1.4



C— —

- Pearson’s Correlation (CORR)
By Lead Time
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Correlaton/Bias/ 5kill Value
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Time Series Plot
RUPM8 May 24- June 23, 2011
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Contact Information

Julie. Meyer@noaa.gov

Missouri Basin River Forecast Center

1803 N 7 Hwy
Pleasant Hill, MO 64080
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Upper Missouri Forecasts

May-June 2011
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Upper Missouri Mainstem

Forecasts points looked at were:

TOSM8 Toston MT FS 10.5 FT
ULMMS8 Ulm MT FS 13.5FT
FBNMS Fort Benton MT ES 13.5F]
LDKM8* Landusky MT FS 25.0 FT

*LDKMS8 was a special request in 2011, it has since become a forecast point
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ean Absolute Error (MAE)
By Lead Time
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Firor Statistic Value (ft)
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Pearson’s Correlation (CORR)

By Lead Time
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Root Mean Square Error Skill Score
(RMSE-SS)
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Upper Missouri Tributaries

Forecasts points looked at were:

MLRMS8 Melrose MT — Big Hole River FS 6.0 FT
TWNMS8 Twin Bridges — Beaverhead River FS 7.0 FT
TFKM8 Three Forks MT — Jefferson River FS 8.0 FT
GLGMS8 Gallatin Gateway MT — Gallatin River FS 6.0 FT
VAUMS Vaughn Mt — Sun River FS 6.0 FT

SHLMS8 Shelby MT — Marias River FS 9.0 FT
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Error Statistic Value (ft)
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Forecast Services

Added several new forecast points
e WFO-BYZ 6 locations

HLWMS8 Harlowton — Musselshell River
SHAMS8 Shamut — Musselshell River
LVNMS8 Lavina — Musselshell River
RUPM8 Roundup — Musselshell River
MUSMS8 Musselshell — Musselshell River
PMKM8 Miles City — Pumpkin Creek

e WFO-GGW 5 locations

DMRMS8 Dodson - Milk River
BCHM8 Hinsdale 4NW — Beaver Creek
WPTMS8 Wolf Point — Missouri River
CLBMS8, Culberson — Missouri River
MSBM8 Mosby — Musselshell River
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Forecast Services

Added several new forecast points continued

e WFO-TFX 9 locations
« ERNMS8 Eastern Crossing — Milk River
« BSMMS8 Havre - Big Sandy Creek
« BCMMS8 Chinook — Battle Creek
« LGEM8 International Boundary — Lodge Creek
e CCMMS8 Chinook — Clear Creek
« TWIM8 Twin Bridges — Jefferson River
« DBRMS8 Craig — Dearborn River
e ULLM8 Ulm —Smith River
o« LDKM8 Landusky — Missouri River

Discontinued services

e WFO-BYZ 1 location
« ROKM8 Red Lodge — Rock Creek



Data Needs

Rain and temperature gage network

- In coordination with MT WFOs added nearly 150 precipitation
gages to the model’s gage network

- In coordination with NOHRSC added about 50 new precip
and/or temperature gages in Canada to the model’s gage
network

SWE data
- USACE is leading an effort to recruit volunteer SWE observers
- NOHRSC added 24 new flight lines in Montana and Canada
diversion and return information

stage and reservoir data, in particularly, in the Canadian portion of
the Milk and Poplar basins



Model Improvements

Upper Missouri forecast group

RTI contract — recalibration of the Upper Missouri fcstgrp above
Canyon Ferry Reservoir

on the Musselshell portion ....
* Investigate breakup Harlowton runoff zone...
« add Musselshell River nr Martinsdale, MT
e consider adding the 3 dams if suffiecient data
e Consider breaking up Mosby zone

e Only HLWMS8 and SHAMS have upper and lower zones, investigate LVNMS8
to see if elevation split makes sense

e Calibrate the Musshelshell portion of the forecast group, it is currently
using regionalized parameters
Landusky Reach...
e Add Judith River near mouth, nr Winifred MT... Area is already broken out
in model.
Shelby, Dutton zones...
e Breakup, add diversions and returns , recalibration
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Model Improvements

Milk Forecast Group

possibly add gages/dams above international boundary in the Frenchman basin
review routings

Yellowstone Forecast Group

Goose Creek....

e Currently working on adding the Goose Creek basin above Sheridan, WY
(~5 gages) in the headwaters of the Tongue Basin

review routings
Powder River Basin...
e needs to be recalibrated

e look to see if there are river gages that could add as data points upstream of
forecast points

e Lack of precip data.. For parts of the Powder basin there is no radar
coverage and due to the sparse population, not many observers.

For all Forecast Groups
e Review and update Climate Data - ongoing (used by ESP and calibration)
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Scatter plot
BILMS8 May 2011
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Time Series Plot
> CORMS8 May 19-30, 2011
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“Time Series Plot

BILMS May 19-30, 2011
= g A

ISSUANCE TIMES (dickable)

—— 2011-05-19 15:39:00
—+— 2011-05-19 16:20:00
14 T 2011-05-20 00:22:00
—»— 2011-05-20 15:31:00
—— 2011-05-20 17:47:00
2011-05-21 02:05:00
-— 2011-05-21 15:18:00
—+— 2011-05-22 03:09:00
2011-05-22 13:53:00
2011-05-23 01:33:00
- 2011-05-23 14:49:00
—»— 2011-05-23 15:20:00
—+— 2011-05-24 01:05:00
2011-05-24 01:09:00
—— 2011-05-24 08:37:00
- 2011-05-24 14:41:00
2011-05-2501:38:00
—— 2011-05-2502:43:00
—»— 2011-05-25 08:44:00
2011-05-2515:27:00
2011-05-25 18:54:00
-+ 2011-05-25 20:47:00
—— 2011-05-25 21:50:00
-+ 2011-05-26 01:04:00
2011-05-26 14:47:00
—+— 2011-05-27 00:47:00
—»— 2011-05-27 14:31:00
2011-05-28 14:44:00
—— 2011-05-29 14:33:00
—»— 2011-05-30 00:09:00
2011-05-30 14:42:00
+  Observed Ra Time Series

Forecast Instantaneous Height (ft)

6
2011/05/19  2011/05/21  2011/05/23  2011/05/25 2011,05/27 2011,/05/29 2011,05/31
12:00:00 12:00:00 12:00:00 12:00:00 12:00:00 12:00:00 12:00:00

Date/Time (GMT)

\\



Probability of Detection

0.95 7

u <FS

0.8 -

» >=FS

0.7

0.6

0.55 7

0-5 T T T T T T T T T T T T T T T T Ll
1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012




16000

14000

12000

10000

8000

Sample Size

6000

4000

2000

Sample Size < Flood Stage

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

2012

L<FS



400

350

300

250

Sample Size
N
o
o

150

100

50

Sample Size >= Flood Stage

-/

1996

1997

1998

1999 2000 2001 2002

2003

2004 2005 2006 2007 2008 2009 2010

2011

2012

H>=FS



0.90

0.80

0.70

0.60

0.50

0.40

0.30

0.20

0.10

0.00

3423701

MBRFC RIVER FORECAST VERIFICATION

For Six Selected Missouri River Mainstem Locations
Flood f Mo Flood Categorical Probability of Detection & False Alarm Rate

1983

1984

1985

1986 1987 19868 1989 1990 1991 1992 1993 1994 1995

1996 1997 1998 1999




End of Bonus Section

ZIGGY/ by Tom Wilson

sé’ﬁ%c%ﬁop\
PIE-INTHESKY!

" ©1997 Ziggy and Friends, Inc. /Dist. by Universal Press Syndicate




