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K4 NWRFEC — Verification Case Study
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Verification Study Goals

Assess validity and usefulness of existing Verification
and re-analysis tools (i.e. IVP, RAX, RAX Apps and |FP)
In the context of a single hydrologic event.

Develop some conclusions/recemmendations regarding
the use and Improvement of the tools.

Develop a plan for systematic testing and implementation
of these verification teols and technigues in a “real-time”
environment.

Use the infermation toe Improve our ferecasts and
understand their accuracy.
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Verification Approach

Use the Interactive Verification Program (I\VP) and
Archive Database (RAX) to analyze the event.

The foecus will be en Stage, Flow, MAP/EMAP;
EMAT/MAT

Use Archived versions of NWSRES OFES files and the
Interactive Forecast Program (IFP) as toels to
disaggregate and analyze forecast components.

Combine the results of the two analysis technigues and
offer some conclusions on event verification.

Make some comments on the apparent validity and
usefulness of the various tools in the verification process.
Can these tools help us to Improve our forecasts?
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@ Basin /' Event Selection Process

o Raln & Snowmelt
-~ = Possible Prempltatlon Typlng
ISST]eS-e- =
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K4 Stehekin River at Stehekin

North Central Washington
Drains East Cascades
Flows Into Lake Chelan

Significant rainfall’and
snowmelt runoff

~ 80% Forest Cover

Basin Area - 321 sqg. mi.
Elev. Range: 1099 — 8760
Basin Mean Elev. ~ 5100
Glacier Cover ~ 2-3%
Annual Precip ~ 80"
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K4 Event Description — Nov.

o

6 Days ofi Widespread Heavy Precipitation in
Westside basins spilled over to East
Cascades (10-20 inch reports were common)

Snow pack was not abnermally large in the
basin (less than 5 inches off SWE at moest area
SNOTEL sites prior to heaviest precipitation).

Tlemperatures early in the event were near
rain/snow: threshold for much of the basin.
During the heaviest periods, precipitation fell
as rain throughout the basin.

Soll Moisture and river level conditions were
normal-to-below normal leading up to the
event.
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Stehekin River Hydrograph: Nov. 4-9, 2006

Plot of Forecast and Observed Instantaneous Height Time Series for NWRFC
Time Period: 2006-11-04 00:00:00 GMT - 2006-11-12 23:59:59 GMT
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Time Series Plot for:
Observed and Forecast Stage (STHW1)

Plot of Forecast and Observed Instantaneous Height Time Series for NWRFC
Time Period: 2006-11-01 00:00:00 GMT - 2006-11-12 23:59:59 GMT
Lead times: 0 hours - 240 hours
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Stehekin — Time Series and Scatter Plots
for Observed and Forecast Stage

Analysis Period: Nov 4-9, 2006

Plot of Forecast and Observed Instantaneous Height Time Series for NWRFC Plot of Forecast-Observed Instantaneous Height Data Pairs for NWRFC
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Upper zone MAP/EMAP (6hr values) —

Categorical Scatter and Time Series Plot.

Plot of Forecast-Observed 6-Howly Precipitation Amount Data Pairs for NWRFC
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Upper Zene MAT/EMAT (6 hour)— Scatter and
Time Series Plots

Plot of Forecast-Observed 6-Hourly Temperature Data Pairs for NWRFC
Time Period: 2006-11-04 00:00:00 GMT - 2006-11-09 23:59:59 GMT
Lead times: 0 hours - 240 hours

Selected Location: At Stehekin [STHW1UTAQFLZZ)]
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VP Analysis Summary.

Stage and Flow forecast were generally low throughout the period.
Many Issuances near the crest produced high biased recession
florecasts.

FMAP was very low compared to MAP throughout the period. There
were only scattered exceptions.

EMATS were very bias on the “low side” as well.

Persistence forecasts were superior to EMATS at times for the short
lead times and the very long lead times.

Forecasts “generally” improved with shorter lead times.

Statistics/plots are extremely sensitive to the analysis period, lead-
time, and number of samples.

Relative error contribution of FMAP, FMAT, antecedent conditions,
modeling, forecaster, etc. cannot really be assessed with IVP

There is some application for single event analysis in IVP. However,
It is probably better suited for multi-event analysis in general.
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R S THWIL — Verification Analysis using IEP
= With Archived OFS Files: Goals/Approach

= | ook at the event in a forecast mode (2 days prior to the crest).
= Analyze soil moisture and snow moedel states

= | ook to see Iff any forecaster mods could have
negatively/pesitively impacted the forecast

= [ook at the event in an “observed” moede (I.e. 2 days after the peak)
Leok at a “no moeds” scenario

Tiry te Iselate higgest error contributor (seil meisture, snow,
EMAT, EMAP, etc.)

Determine the minimum and “ most likely” mods required to
simulate the stormi in an “observed” mode.
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Antecedent Conditions : Were the nitial Snow.
and Soil Moisture conditions reasonable?

= The initial SWE on Nov 1 was:
= Upper zone: 2.0 [ mean elev = 6160’]
= |_ewer zone: 0.1” [ mean elev = 3800’]

= SNOTEL sites in the area hadl very: similar
SWE readings on Nov 1.

= Simulated snew “built” to'a max ef areund
6.5” in the upper zone on Nov 7% (once
again...this was representative based on area
SNOTEL sites).

Simulated initial simulated soil moisture
States were reasonable. Observed flow and
SAC-SMA state climatology data were used as
references for this assessment.
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|FP Forecast View on Nov. 5, 2006

o o Model states appear to be adjusted
IFP view on Nov. 5, 2006 properly.

There were some forecaster mods which
e AS-S-22- 11— would impact the precipitation typing (i.e.
more rain, less snow) during the event
(Gooed movel).

1I'“”' 1)L L STHWI

inches

e
6.12 7.24 ! @
'
_m 18¢ !
'

1
10/2006 £ 1

—I—I :
Horizontal Scale | STHW1.GINE | :
IFP view on Nov. 5, 2006 —

scaled to eventual obs peak.

= Quite frankly....the forecast § i
looks reasonable given the B e
information available at the
time.

10/2006 Z
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Rl Post event analysis using IFP:
R4 Nov 10" OFS Files — No Mods

STHW1

inches

Combination; of
“obsenved” MAT and

MAP was entirely
inadeguate!

@y o

Simulation of
observed period with
no mods...ouch!
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K- Results or Post Event analysis - “Extreme
=l Mods” (non-precip)

STHW1

inches

. Simulation of

. observed period

. with “extreme

. mods” (non-precip)

2,12 3,2 5,12 G, 2¢ g3.12 9,24 11,12 12,24 14,12 15,24 17,12 18,2¢0,12
| =
1 —l—l 1
[ [
Horizontal Scale | STHW1.QIMNE | Vertical Scale

Nov 5 : Filled Tension
Water “Buckets”

Nov 5-8 : Added 20
degrees to all MATSs

Nov 5-8 : Increased
UADJ to maximum
(Wind effects for rain on
SNOW)

Result: Simulationiis
still way “underdene”

Probable cause: MAP
too low! (observed point
precipitation is either
bad or not producing
representative MAPS)
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K- Resultsiof Post Event analysis —\What
=@ would it take to match this “rise”?

STHW

inches Re-distribute heavy
precip (13 inches) to
concentrate in an 18 hr

éimulation with some period starting on Nov 6
MAP and MAT mods at 127

on Nov. 6% (rising Add 10 degrees to all
limb simulates well) 2500 ¢ MATS from Nov 6 06Z-

| 2 127

Result: rise can be
Simulated. Recession
would have problems
without additional mods
to reduce subsequent

2,12 3,24 .12 6, 24 8.12 9,24 11,12 12.24 14,12 15,24 17,12 18,.2&0.12 preCIpItatlon
| -
1 —l—l 1
| |
Horizontal Scale | STHW1.QINME | Vertical Scale
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IEP" Summary for STHW1

Using a very “quick and crude” sensitivity analysis, it is very obvious that forecast
mean areal precipitation (FMAP) produced the largest errors in the forecast.

Low-hiased mean areal temperature (FMAT) forecasts had an impact as well.
However, the impact was minor compared to the EMAP.

Antecedent conditions (model states) were reasonable.

= Simulated snew water equivalent (SWE) values compared faverably with: SNOTEL
“ground truth™.
= SAC-SMA siate values were reasemnable hased on| Fall precip, eohserved flow; and
Climatelegical averages.
“Observed” MAP and MAT values needed significant modification in the model to
simulate the observed flow time series. Point network was not representative.

Although “playing™ with archived OFS files using IEP is user friendly and can yield
some interesting results, the impacts of point precipitation and temperature data
cannot be assessed via this method.

“Future” temperature Mods produced by a forecaster had a positive impact on the
forecast. No other mods had any significant impact on the forecast in a positive or
negative way.
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QPE points'used to produce STHWI EMAPS —
6 hour totals (inches): 11/06 06Z — 11/08 00Z

=  Prior to 2007:

= The QPF network was a manageable
sub-set of the Calibration precipitation
network. Each FMAP was computed as
B MZAW1 QPF a weighted sum; of these sites
O MZAW1 OBS (additionall normalization was performed
relating annual normals). This sparse
network was knewn te preduce
“‘Unrepresentative” EMAPS at times.

06Z 122‘ 182‘ OOZ‘ 06Z 127 187 OOZI I - After 2007

= Currently, the GEE tool is used to
produce QPF and the netwoerk has
expanded to include all calibration sites
(I.e. the same stations and absolute
B LWNW1 QPF weights are used for MAP and FMAP).

—LWNWIOBS| w |’s worth noting:
rlir = Since this expansion of the forecast
111 network, neither of these 2006 QPF
e points are used to generate mean areal
time series for the Stehekin!
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QPF Plot generated on Monday QPF Plot generated on Monday Dec
Nov 6, 2006 — “old” network. 3, 2007 — calibration station network.

0.01-0.25
@ 026-05
@ o051-1
@ 1.01-2

2.01-3
3.01-3.99

et g
oo
gy, g
D

AW

+o0o

e
o

RTHWEST RIVER FORECAST CENTER



Conclusions

IVP and IEP (re-analysis) have definite strengths and weaknesses.

IVP'is a very powerful tool that appears to have more utility in a multi-event
analysis rather than an individual storm study.

Time series and scatter plots are (by far) the moest useful eptions within IVP
fior an Individual sterm analysis.

IEP 1s very useful in a pest event analysis (reqguires routine archive of OFS
files).

Using a combination of IVP and IEP can be an effective approach te
performing Event Verification. With this combo (or semething similar), we
can possibly point out inherent problems with our forecasts that could be
fixed (i.e. Possibly Improve Forecasts!)
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Recommendations

Exercising the IVP has opened our eyes to many possibilities for
verification analysis. This includes current capabilities and possible future
enhancements. (Just like all software, I'm sure that the list Is growing).

Recent improvements to the Archive system (size, speed) are welcome.
However, IVP stilllencounters performance issues during the analysis of
large datasets. Unfortunately, this is where IVP analysis is most relevant.
Workarounds have helped some, but the underlying proeblem needs to be
identified and addressed.

Archived data is critical for many REC programs (ops, verification,
calibration, ensembles, climatologies, etc.). The Archive must be able to
communicate withi CHPS/FEWS.

Effective Data viewing and quality control tools for the Archive are very
Important “pieces” of a Verification system. We need to continue to
Improve those tools.

Migration to the new forecast system (CHPS/FEWS) will require a
replacement for the IFP/OFS post-event analysis method. Current
capabilities within FEWS could possibly satisfy this need. This possibility
needs to be evaluated.
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Stehekin River Valley

THANK YOU!
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Possible Future Work

Unanswered Questions:

= The mean areal data (forecast and observed) can be “unrepresentative” even if the
point data from which they are generated have verified perfectly. Why weren’t the point
date representative in this case? Did high winds lead to gage catch deficiencies?

At the time of this event, we were using a limited point network to produce forecast
precipitation. Our current QPE/Temperature forecasting method employs GEE tool and
produces a much more “dense” network of point forecasts. Are current and future
forecasts likely to improve as a result of this change?

Could guality controlled obs temp and precip estimates be flawed in this basin?

Are these event forecast biases “typical™ in this basin?

Were these forecast problems widespread or isolated to the Stehekin during this event?
= Potential Future Work:

Look at other storms for this basin to determine if we have any ferecast trends or
identifiable biases present in all cases.

Perform a similar verification analysis on other “nearby” river basins.
Set up point verification in IVP and perform routine analysis (temp & precipitation)
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Plot of Instantaneous Discharge Frror Statistics against Leadtime Interval for NWRFC
Time Period: 2006-11-04 00:00:00 GMT - 2006-11-09 23:59:59 GMT

Lead times: 0 hours - 240 howrs

Locations: STHW1
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Categorical Bias for MAP (U & L)

Plot of 6-Howurly Precipitation Amowunt Correlation, Bias, and/ or 5kill against Leadtime Interval for NWRFC
Compared Over Observed Category

Time Period: 2006-11-04 00:00:00 GMT - 2006-11-09 23:59:59 GMT

Lead times: 0 hours - 240 hours

Locations: STHWI1L, STHW1U
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Moment Value (fty

Moment Value (in)

Flot of 6-Hourly Precipitation Amount Moments against Location for NWRFC

Time Period: 2006-11-04 00:00:00 GMT - 2006-11-09 23:59:59 GMT M Q P/F M n P

Lead times: 0 hours - 240 hours
Locations: STHW1L, STHW1U
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UPR

Plot of Instantaneous Height Mom ents against Location for NWRFC
Time Period: 2006-11-04 00:00:00 GMT - 2006-11-09 23:59:59 GMT
Lead times: 0 hours - 240 hours

Locations: STHW1
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Bottom Line:
Everything was low.

Moment Value (degF)

Moment Value (kefs)

Plot of 6-Howrly Temperature Moments against Location for NWRFC
Time Period: 2006-11-04 00:00:00 GMT - 2006-11-09 23:59:59 GMT
Lead times: 0 hours - 240 hours

Locations: STHWIL, STHW1U
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Plot of Instantaneous Discharge Moments against Location for NWRFC
Time Period: 2006-11-04 00:00:00 GMT - 2006-11-09 23:59:59 GMT
Lead times: 0 hours - 240 howrs

Locations: STHW1
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MAPRP Upr & Lwr Erer Stats and Bias; :
3 Day Lead Time

Plot of 6-Hourly Precipitation Amount Firor Statistics against Leadtime Interval for NWRFC
Time Period: 2006-11-04 00:00:00 GMT - 2006-11-09 23:59:59 GMT

Lead times: 0 hours - 72 hours

Locations: STHWIL, STHW1U
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P . . Plot of 6-Howrly Temperature Correlation, Bias, and/ or Skill against Leadtime Interval for NWRFC
Plot of 6-Howrly Temperature Error Statistics against Leadtime Interval for NWRFC Compared OWYI, Fumpmst Type Source 8
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Time Series Plot for:
Observed and Forecast Stage (STHW1)

Plot of Forecast and Observed Instantaneous Height Time Series for NWRFC
Time Period: 2006-11-01 00:00:00 GMT - 2006-11-12 23:59:59 GMT

Lead times: 0 hours — 240 hours

Location: Stehekin R At Stehek [STHWLHGIFZZZ)]

Forecast Categories: less than 22.0, 22.0 - 24.0, greater than 24.0 ft
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