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Abstract

This paper describes the implementation of the National Weather Service’s Interactive
Verification Program (I'\VP) for two flood events during the New Year’s 2006 storm event in
California and Northern Nevada. Flooding due to extreme precipitation events were examined
for the Russian River basin in Mendocino and Sonoma counties in California and the Truckee
River basin whose headwaters start just above Lake Tahoe in California’s Sierra Nevada and
eventually drains into Pyramid Lake in Nevada. Various statistical display tools are available
from IVP, including scatter plots, time series plots, lead time statistics and categorical statistics.
Statistical analysis were made for river flow, mean areal precipitation and mean areal
temperature forecasts. Initial findings indicate significant under-forecasting of flow in the
Truckee basin during the flood event which was brought out quite effectively on the IVP scatter-
and time series plots for flow and mean areal precipitation.

Synopsis

This is an expansion of the case study of the 2006 New Year’s Flood event on the Truckee River
presented to the National Weather Service, Western Region Verification team on December 12,
2007. This study will also examine the flooding that occurred on the Russian River during the
same New Years’ event.

A rather productive stormy period occurred during December 26, 2005 through January 3, 2006.
Soil moisture conditions increased with each passing storm until a large storm around December
28" and a significantly wetter event on New Year’s Eve brought forecast points to above flood
stage in California’s north coast and Russian and Napa Rivers. Forecast points on the lower
Truckee River in Nevada also rose above flood stage. Both the Russian and Truckee River
basins experienced significant damage during the New Year’s event, with about $108 million in
damages to businesses and residences in Sonoma County alone. Major flooding occurred in
Guerneville and Healdsburg. Northern Nevada experienced about $17 million in damages from
the same event. Much of the commercial business area adjacent to the Truckee River in Sparks,
Nevada, was 2 to 4 feet under water.

Refer to Figure 1. The Russian River basin drains into the Pacific Ocean and is generally subject
to orographically enhanced rainfall events. The headwaters of the basin begin in Mendocino
County and flow through Sonoma County. The basin size is in excess of 1300 sq mi. Major
communities impacted include Guerneville and Healdsburg. The river forecast points studied
include the Russian River at Hopland (HOPC1), the Russian River at Healdsburg (HEACL1) and
the Russian River at Guerneville (GUEC1). The headwaters of the Truckee River start just
above Lake Tahoe and eventually drain into Pyramid Lake in Washoe County, Nevada. The
basin is located just east of the crest of the Sierra Nevada and is subject to “spillover” events,
where under the proper meteorological conditions, copious precipitation can spill over the lee
side of the Sierra crest into the Truckee basin. The basin size is over 1800 sq mi in size. The
major towns affected by flooding events include the town of Truckee CA, and downtown Reno



and Sparks, Nevada. Forecast points examined include the Truckee River at Farad (FARCL1), the
Truckee River at Reno (TRRN2) and the Truckee River at Vista (VISN2).

Figure 1 /
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This case study will compare the CNRFC performance of forecasting the Russian and Truckee
River during the same major flood event.

Flow Scatter plots — Flow was generally under-forecast on the Russian River, at the highest
discharge rates (Figure 2a). Flow was also under-forecast at the higher amounts on the Truckee
River at Reno (Figure 2b).
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Time Series for Flow - The time series for flow reveals over-forecasting at the upstream stream
gage on the Russian River at Hopland (HOPCL1) during the first peak on 12/29/2005, under-
forecasting during the 12/31 peak and over-forecasting during the small peak around 01/02/2006
(Figure 3a). Further downstream, there was over-forecasting at Guerneville (GUEC1) during the
12/29/2005 peak (Figure 3c) and flow was over-forecast during the damaging peak on
01/01/2006 when the river was significantly above Flood Stage. The recession was under-
forecast after the 01/01 peak while it was above flood stage. For the Truckee River, the time
series for the upstream point at Farad shows a definite under-forecast before the 12/31 peak
(Figure 3b), but the river never reached flood stage. It was also under-forecast at Reno (TRRN2)
downstream days before the crest on 12/31 (Figure 3d). The hydrologist was able to forecast
near the actual peak at the Reno forecast point just a few hours before it occurred.

Time Series - Flow

Plat of Farwdint and Obarved bt ous Dlacharg e Tiwe Sades o OSEFC Pl il Faeiast aid Cisery 4II-d || ikt [Nacharpe Thias Saibed o (NRFC
Tiewes Pratedd 200513 mummrm 006 1103 223958 GMT Thme wu:ml x—m—m-m 060700 JETRIP GMT
it o nru.u 2 hsars HOPC1 Lased Brmnic 0 i

Las st Russulam - |up|ml-u-4~.pumu;cur7n|

Lacariare Truckess - Purad ra(u mruaq
Farsca num;-m T« Na lmgm » Dt Faretant Cu |-| arien Ha Cabegeries Dufine,

» - I - ul 1 FSI0S00 ofs | s
e Peak 5 EED ofi | L 4 .
-3 [LF — 24 | .
: = Peak 0930 ofs | .
; o] L |
= | 4
. % o
5. . B
£ | ]
il i
in i |
i i
2 5 !
51 T o
£ i34 P
Pl
I_lbu i ! L .
R - 24 S
11 . )
» -
o - '."""J
ii." a + - T
R N3 NMI!HNIU‘I!H‘I‘. I “I‘l I?‘ lw Olﬂbﬁlilﬂl‘-.limilﬂi e E LN EEE LRI L TE b E E E
e I T I T T T T TR e R v
[ Thems $GATH Dt T e 0GMT)
Pt al Farecsat mmd Obmery od bkt ssvo Thechargs T e Sarien dar O ot o Farec ant s Oliwvary ol brorbaast sxssonss Dilochargs Thme Seriss far (PP
:h-‘I ek 206415 'slﬂlnnu'! G - 00 -0 238050 oY GUEC,] Ilb:;?\lll.d 0et.12 :cmu:ul GAY - a0 0% 209059 ChT
o :
il 1 IF.\' ORIFEENY
[y r-\.‘ alag M r‘.|_| [l Foreuat fM—I 'b-tu-‘-“ [
.. S . -
|'peak 1 a70cn _‘
v
- 'k o) y
o Peak 73,700 ok " |
i N | 1
FCT » 1l 4 |5 = 1 -4
L 7 B | . I # )
iw F"‘ tsp00 et | \ & el e yoe00 o %
H ' 4 SN0, SN S - F 1
H i/ T8 i ALl
" ] 4 R ®
] [ ' " PR
H b R AL
Tn W T, AR
i v i VAL B,
s F = 1 /B
g = | i, - " 5
ot M’ 1 o tﬂ' o
|0\J r bou g
" ﬂ l..
ve: st 13 3m S 1338 500,15, 96 med 15,01 S oo P 3883 13,37 00,1 5/58 S 15130 S8ad 3 00 34303, 10 001 41 5004 184 65 See 184 60 S 1 B4
e e e e g e Pl iy e e e e e ey
Date ! T e (GMT Bate T e (GMETH
Figure 3c Figure 3d




A plot of instantaneous discharge error statistics was plotted against lead time interval. The
Russian basin (Figures 4a and 4c) showed generally the highest MAXERR during the earliest
lead time (6 to 12 hours) and RMSE rose slowly from 42 to 120 hours. MAXERR increased
gradually on the Truckee, with an unexplainable dip between a lead time at 36 hours and 42 to
60 hours. The dip could be a result of the small sample size. Conversely, RMSE and MAE
increased gradually on the Russian, especially at GUECL1 (Figure 4c). There was a gradual
increase for the Truckee also (Figures 4b and 4d), except that it also dipped at a lead time of 36
hours and 42 to 60 hours. In general, MAXERR and RMSE increased slowly with increasing
lead time. Mean Error was negative for both the Russian and Truckee.

Flow Forecast Statistics by Lead Time — Full Time Series
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Plot of instantaneous discharge error statistics against analysis interval, computed over lead time
interval (Figure 5). The RMSE increased substantially with increasing lead time where the peaks
occurred on the hydrograph for both the HOPC1 forecast point on the Russian and FARC1 on
the Truckee. This was not the case for the BIAS by Analysis Interval for Flow.



FMSE by Analysis Interval for Flow
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MAP - verification of HAS unit. Quantitative Precipitation Forecasts (QPF) are issued by the
CNRFC Hydrometeorological Analysis and Support (HAS) unit. The CNRFC HAS unitis a
dedicated unit made up of three meteorologists. Basically, the HAS unit forecasts 6-hourly QPF
and freezing level out 0-72 hours (day 1 through 3). For 72-144 hours (days 4 through 6), six-
hourly QPF and freezing level forecasts are issued using the Rhea Orographic Aid based on GFS
gridded output. The Rhea Orographic Aid enhances the topography as the parcel travels over it
to the crest. Generally, most of the effort is put on the day 1 through 3 forecasts by the HAS
unit. The 72 to 144 hour QPF forecast was not covered in this case study. For days 1 through 3,
the HAS consults the weather models, HPC guidance, collaborate with NWS Weather Forecast
Office meteorologists and use other tools such as surface observations and remote data collection
available to them on AWIPS and other computers. There is extended coverage by the HAS unit
during periods of forecast heavy precipitation. The Mean Areal Precipitation (MAP) observed
and forecast data used to generate the statistics for this case study was derived from the HAS and
HPC QPF forecasts.



Scatter plots were generated for the upper (VISN2 U) portion of the Truckee Basin at Vista.
VISN2 is calibrated in NWSRFS as a split basin with an upper and lower portion delineated by
elevation. Note for VISN2 U the relative under-forecast at the higher observed precipitation
levels on the scatter plots for both HAS (Figure 6a) and HPC (Figure 6¢) and the under-forecast
MAP for both on the time series plots (Figures 6b and 6d). It appears that HPC is slightly worse
than the HAS forecast for VISN2 at the higher observed values on the scatter plot, but both are

well under-forecast.

Scatterplot and Time Series for MAP — Vista Upper basin
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Moments — MAPs: Figure 7 is a plot of 6-hourly precipitation amount moments (observed mean,
forecast mean, observed standard deviation and forecast standard deviation) against analysis
interval for GUEC1 and HOPC1. Note that increasing observed and forecast means roughly
coincides with the discharge peaks on the time series plot for HOPC1.




Moments — Russian River MAPs

Flet af 6~ Hawrly Precipitation Ameunt Moments sganst Analby sis intery o for CREFC it Farsrast mnd Dbsrry vl instuntane san (st Tims Simies for CRRFG
Time Pertad 2005 - 12-26 000000 GMT - 200601 -03 225550 GMT Timer Portmd 0015 8 o000 (AT - 00 a3 a1 Jhimin OT
Lead tis e O lours - 72 hours GLUEC . HOPCH e Ly
Letatisns: GUECL, HOPC - :
4 » :

STATHTIC
o e TIY e ORLMEAN
- YT INEYY ,-:t P B = FCIT_MEAN

& ORE_STODEY

(& - g sres L ] FOIT_STDO DY
"y | E & MUMLAMPLE uy
i/ | ER En
2 f\! 2 e
= i w7 S
2 L i j 1
2 { 4 g
: i3 : i
g ) 1§ }
- Il 3 j |
° i Tl
i1 'y E 2 4

Fiaure 7

Lead time Statistics — MAP

RMSE appears to increase with increasing lead time for observed category of >= 0.30 inches for
HOPC1, GUEC1 and VISN2 - upper basin for both HAS and HPC (Figures 8 and 9). The
RMSE is lower for category of <0.30 inches. The HPC plots show fluctuations as lead time
increases.
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Leadtime Statistics for RMSE - MAP

Figure 9a Figure 9b
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Verification of Forecast Mean Areal Temperature (FMAT): The CNRFC HAS unit produces
temperature forecasts using MOS guidance from the GFS model. Forecast MAT were not
available for the Russian River drainage for this study. However, temperature may not be a
factor in the Russian River basin as all precipitation fell as rain. The following will describe the
findings pertaining to the Truckee River FMAT forecasts.

Scatter plots — A scatter plot of observed instantaneous temperature was plotted versus forecast
for FARC1 and VISN2 (Figures 10a and 10c). There appeared to be no discernable pattern of
over-forecasting or under-forecasting.

Time Series — Time series of forecast instantaneous temperature were plotted versus time for
FARC1 and VISNZ2 on the Truckee River (Figures 10b and 10d). Plots compared favorably with
observed temperature except during 18:00Z 12/31/2005 through 12:00Z 01/01/2006 where
temperatures were over-forecast. As can be seen from the scatter plots, the temperatures were
above freezing at the downstream point (VISNZ2); only dropping below freezing only at the
upstream FARCL forecast point. Of particular note is that FARCL1 crested just 0.2 feet below
flood stage while the downstream points TRRN2 crested 1.5 feet and VISN2 over 5 feet above
flood stage.



MAT Scatterplot and Time Series
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Plots of Instantaneous Temperature Error Statistics against Lead time Interval were constructed
for MAT (Figures 11a and 11b). No discernable pattern is seen for RMSE for both FARC1
Upper and VISN2 Upper as lead time increases. VISN2 U has a slightly higher RMSE at the
earlier lead times (6 — 52 hours). No definite advantage of FZ (HAS FMAT forecasts for
FARCL1 and VISN2 upper basins) over FR (persistence) for BIAS (Figures 11c and 11d)

although there is a small consistent over-forecast bias for persistence for the downstream forecast
point VISN2 U in Figure 11d.



Figure 11a

Leadtime Statistics for MAT

Figure 11b
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Categorical (POD) for MAP, HAS versus HPC: Probability of Detection is best for category 3
(>=0.50") for Hopland (HOPC1) for both HAS and HPC forecasts (Figures 12a and 12b). POD
is best for category 1 (<0.25”) for Vista upper basin (VISN2 U) for both HAS and HPC (Figure
13a and 13b), and relatively poor for category 2 (>=0.25" and <0.50”) and 3 (>=0.50") for
VISN2 Upper for both HAS and HPC. This could indicate the severe under-forecast of QPF for
the higher observed amounts at Vista. However, the computed statistics are compromised by the
small sample size.
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Categorical based on MAP for precipitation thresholds <0.25" and >=0.25"

Category 1: <0.25"
Category 2: ==0.25" and < 0.50”
Category 3: == 0.50"
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Figure 13a

Figure 13b

Bias for MAP based on Type Source (FC: HAS, FW: HPC). There is a tendency for over-
forecasting bias for HOPC1, GUEC1 and FARCL1 U at the category 1 level (<0.25 inches).

VISN2 U has an under-forecasting bias at the category 1 level and a large under-forecasting bias
at the category 3 level (>=0.50 inches). No discernable pattern if type source FC-HAS is better
than type source FW-HPC. Note the small sample size.
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Conclusions

A limiting factor was the small sample size used in the study. Currently, there is a very
small set of historical data available. NWSRFS was not started until 1997 at the CNRFC.
The most complete set of data available at the RFC starts after year 2004. The event in
the Truckee basin was characterized by copious amounts of rain falling on the lower
elevation basins. Extreme lee-side precipitation events are very rare in the case study
area. We would have to go back to January 1-2, 1997 to find an event with similar
circumstances for the Truckee. However, orographic-type events are more common on
the Russian River basin and similar recent historical events would be easier to obtain.

The most valuable verification plots generated by IVP are the scatter and time series
plots. They show quite conclusively that MAPs were under-forecast during the flood
event on the Truckee.

Based on scatter plot and time series output, the Russian River was generally over-
forecast and the Truckee River under-forecast.

There is a need to verify single flood events. It is true that IVP lends itself well to
multiple events of similar characteristics and not single events where small sample size
could be a limiting factor. Based on data stored in the CNRFC database, multiple events
would be easy to verify for the Russian River, as orographic precipitation events are
common in that basin. As just mentioned above, it would be difficult to obtain data for
the type of event studied for the Truckee.

There is an advantage of verifying single storm events of limited duration in that zero
QPF is generally a small factor that enter into the statistical computations.

The CNRFC HAS was slightly better than HPC according to the MAP scatter plots and
time series and the lead time statistics for MAP. No decision can be made on who is
better according to the categorical statistics for MAP that was computed. Obtaining an
adequate sample size appears to be the limiting factor in making a determination using
the categorical statistics in this case study.

Additional work to be done on the case study

It was recommended that the forecast-observed pairs not be pooled for all lead times
since the forecast performance is likely to vary with lead time.

Expand this case study to include the Napa and Carson Rivers, which also sustained
substantial property damage during the 2006 New Year’s heavy precipitation event.

Compare the MAP categorical statistics generated by 1\VP with the ones generated for the
NPVU (National Precipitation Verification Unit) QPF verification.
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Needs not provided by the IVP software and other unmet needs

e Need to define a raw model to establish baseline statistics in order to assess value added
by the forecaster or hindcasting capability to flush out relative error sources in the model.

e The archive database disk size after the “form-fit-function” upgrade is approximately 900
Gigabytes. | used to run a script provided by the MBRFC called “run_PGbkups” which
performed a Postgres backup of the archive tables before the upgrade. | cannot run it
now. Perhaps we need to consider purchasing another hard drive of sufficient size as a
backup.
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