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ABSTRACT

The Chesapeake Bay Operational Forecast System (CBOFS) model has now been running
for nearly two years in an operational mode. The operational system consisting of scripts
and programs which access local databases, internet data and local data streams has been
refined to a stable and robust system. During these last two years the emphasis has been
placed on operational status while development of the model itself has been frozen to avoid
unnecessary complications. In the summer of 2001 the system was deemed operational and
results were released to the public. Now we turn our attention once again to the quality of
the water level predictions and the capability of the hydrodynamic model itself. This note
describes the model skill exhibited during the year 2001 and several changes designed to
improve the model performance.

A new error assessment shows that CBOFS worked slightly better in 2001 than in 1998 for
which the original error assessment technical report was done (Gross, 2000). A selective
analysis of the worst case errors revealed that the upper bay high water errors were often
associated with NW winds. It is believed that NW winds are under-measured at the Thomas
Point wind sensor since it is in the lee of the coast for NW winds. Increasing the amplitude
of NW winds produces better model results for these events. Unfortunately the correction
slightly degrades performance for lighter wind times.

Analysis of the mean model nowcast error at Chesapeake Bay Bridge Tunnel (CBBT) re-
vealed a routine bias of 10% of non-tidal water level. In the present system the nowcast open
boundary water level condition is produced by applying a phase and amplitude correction
to the total water level observed at CBBT. It is hypothesized that the scparation of the long
period subtidal water and tidal water level components before application of the amplitude
and phase shifts to the tidal component will correct the bias error.

It is recommended that the correction to the Thomas Point winds and the correction for the
boundary condition specification of the water levels at the Chesapeake Bay Bridge Tunnel
be incorporated in the CBOFS.
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1. INTRODUCTION

Daily plots of the Chesapeake Bay Operational Forecast System (CBOFS) (Gross, Bosley
and Hess, 2000) model nowcasts and 24 hour forecasts sometimes give the false impression
of large errors, a conclusion which might be a perception problem. A careful analysis of
the actual errors over the past year reveal that the model is still operating within the NOS
accepted error bounds put forth in the 1999 skill assessment (Gross, 2000; NOS, 1999).
However, there are a few simple techniques which could be applied to improve the model,
especially for upper bay high water events. It is clear that the model does not do well during
some large storm cvents. There is no doubt that the absolute errors of more than 10 ¢cm
difference of model verses observation is more likely during a storm event. However, as a
percentage of non-tidal water level, the crrors during cvents are only of order 10%. Still it
would be good to identify any consistent biases and take steps to reduce these biases.

One continuing crror bias appears to be caused by the wind field used for nowcasts. During
nowcasts the wind field for the upper bay is based on the winds observed at the Thomas
Point Lighthouse (CMAN station id. TPLM2). This is onc of the very few wind stations
over the water in Chesapeake Bay. However, it appcears that it might be too close to land,
giving a low wind whenever the wind blows from the landward direction (NW). . aus it will
be scen that modeled water levels in the upper bay are too high when the wind is blowing
from the NW. The wind is not strong cnough in the model to blow the water level down and
drain the upper bay. A method to correct this is presented below.

In the forecasts, it is obvious that the offshore water level prediction for the next 24 hours is
responsible for most of the forecast errors in the lower bay. The Metcorological Development
Laboratory’s Extra-Tropical Storm Surge (MDL ETSS, formerly referred to as TDL), model
is used to give forecasts which often have a 10 cm error. A more careful method of conjoining
the ETSS forecasts with the nowcast and observation data can provide a slightly better
forecast by taking advantage of persistence. Persistence (and ETSS predictions) in the non-
tidal water level has almost no skill beyond 30 hours, but within the range of 0-18 hours can
be used to improve the model results slightly.

The National Weather Service changed the forecast wind ficld model from the Eta-22 model
to the Eta-12 model in fall of 2001. ..ac¢ new model shows cvery indication that it will
be an improvement. W’ 1 ficlds clearly show a spced-up over the water in the bay, a
feature which was highlighted during the Coastal Marine Demonstration Project (Szilagyi et
al., 2000) when the 4km Regional Atmospheric Modeling System (RAMS) model was run.
However the CBOFS model was calibrated with the old ™a-32 wind model and it would
scem reasonable to assume a new calibration with the new wind ficld is necessary. With only
a few months of data we have only preliminary indicatic  of how the calibration should be



changed. Direct comparisons of the Eta winds to obscrvations reveal that the wind speed
gain factor of 1.2 identified ycars ago in the Eta-32 results is still present and no changes
to the calibration are recommended at this time. We do plan to revisit this question after
accumulating a year’s worth of runs using Eta-12.

This report summarizes the first year of the operational CBOFS. Opcrational procedures and
lessons learned arc first presented. The updated skill assessment statistics for operational
nowcasts and forecasts of the year 2001 are presented. Little significant difference is scen
between 2001 and the 1998 statistics of the previous report. Next an analysis of the Thomas
Point wind will reveal a logical method of applying a correction. Skill assessment statistics
will be presented for the modified nowcast model. Little difference in the gross statistics
result, but the apparent improvement in the small group of NW wind cvents justifies this
modification. An analysis of the new Eta winds will show that no changes in calibration are
justified. A correction to the non-tidal water lcvel forcing in nowcast mode is demonstrated.
Finally the problem with the ETSS forecast water levels is presented. A simple persistence
technique is presented which gives a small improvement to the model.



2. 24X7 OPERAIONAL SUCCESScS AND FAILURES

A full year of running in the operational mode has shown that the system is quite robust.
For most of the year the model ran four times a day, everyday with no opcrator intervention.
There were, however, several failures from which we have learned valuable lessons in opera-
tional model maintenance. When problems or changes occurred which required substantial
action by the model programmers, notes were added to the files /C., OFS/excclog/ CHANGES. txt
or /CBOFS/execlog/FailurcExamples.txt. These comments are based on those notes.

A common failure mode for the model was a hardware failure in the field of one of the
instruments upon which the model relics for real-time observation data. The model
suffers a complete shutdown only when the Chesapeake Bay Bridge Tunnel (CBBT)
water level gauge is inaccessible or broken for more than a few hours. Otherwise
it continues to run in somewhat degraded form when, for instance, onc of the wind
sensors is unavailable, or a short drop out of CBBT water level data occurs, or there
is a delayed ...a wind forecast.

The CBLE . water level data stream was interrupted during the year for a varicty of
reasons. Once the Chesapeake Bay data acquisition computer shut down and required
a manual reboot. Once the CO-OPS PU. AF file format for CBBT was altered. This

required reprogramming some of the data re-formatting software.

A malfunctioning wind gauge at CL. T somehow produced several hours of 50 m/s
winds which the quality control checks failed to catch. An additional quality control
speed limiter of 25 m/s was programmed into the genwind_20bsB.f program to prevent
this in the future. A format field in mecca2l.f was overrun at the same time. The
format was expanded to allow 25 m/s winds.

A wind blew straight up the James River for long enough to drive the modeled water
level to an unphysically high value. ..ae mecca2l.f code detects such a high water and
halts. Because such events only cause high water at the heads of rivers, which have
very small volume, the event does not produce problems anywhere else in the grid. An
alteration to the mecca2l.f code was implemented to allow higher water levels before
halting. The previous limiting value of 3.0m was increased to 5.0m.

In May 2001, CO-OPS IT people changed the IP addresses of all of their machines.
Because some of the CBOFS scripts used I addresses, this caused wide spread failures.
The scripts now use symbolic names. It is hoped that the I'T people will inform CBOFS
personnel of similar changes in advance and not make them on Fridays preceding long
weekends.



OSO changed some of the files listed for the TPLM?2 station. Changes were made to
account for the new record formats.

On Nov. 26, 2001, NCED* switched from the old Eta-22 wind model to a new Eta-12
model. This = juired the ODAAS scripts to be changed to sub-sample the new grid.
A new windwieghts file for genwind_bin.f90 was created for the new grid.

Once, the computer hard disk drive became full due mainly to graphics files. ..ac
problem was solved by archiving the files to CDROM and deleting them from the hard
disk to frce up space. T" ° is one of several yearly maintenance tasks required to keep
CBOFS running. A ycarly maintenance list should be created. A script should be
written to move all the files for archiving to a single place to be ready to be written to
the CD. This problem may be more critical in the future. Now that CBOFS is running
four times a day, it produces about 1., Gigabytes of aphics files per year. That will
nearly fill up the available disk space cvery year.

NCEP char  d some of their computer access codes. This caused the ODAAS system
to fail and no forecast winds were available. The problem was solved by some phone
calls to NCEP. The pecople running our data sources nced to inform us when they
make changes which can impact our opcrations, like changing the security codes on
their computers.

Occasional slow-ups of the data acquisition from the NWLON water level data base
threw off the timing of our programs and delayed graphics. This threw an unnccessary
CORMS error flag. No action was necessary as the graphics do run and arc posted
to the :b, but just a few minutes late. To accommodate similar slow downs in the
future a larger time window is provided for the graphics programs to finish before a
CORMS error flag is thrown.

There are ten discrete events listed above. Most of these required only a few hours of time
to analyze, debug and implement the nccessary changes. The large exception was the NCEDP
change to Eta-12 which involved several people for several days. It appears that during 2001
only 40 hours, or so, of operational maintenance was required.

In retrospect very few of these incidents could have been anticipated. Perhaps better com-
munication with the CO-OPS IT staff and the NCED IT staff would help. But to both
groups our needs are fairly minor and remembering to contact us about possible CBC. 3
interactions with every networking and data formatting task would be difficult. On the other
hand the CORMS system caught all of these events and action to correct the problems was
taken within 24 hours or less.



To help prevent a few of the predictable problems a text document, /CBOFS /docs /YEARLY.
TASKS, has been added to the /CBOFS/docs directory, which describes the various house
keeping and filc maintenance tasks which must be performed through out the year.






3. SKILL ASSESSMENT STATISTICS

+1e nowcast and forecast skill assessment statistics arc presented for the year 2001. Tables
1-6 are nearly identical in format to appendix A of the 1998 Skill Assessment report (Gross,
2000). (A description of the data processing used to produce these assessment tables is
provided in the ap; dix. The particular statistics are described in the appendix . The
statistics DPO and DNO, duration of positive and negative outlicrs have been condensed
to their summation, DO, duration of outliers. This is convenient as throughout all of these
2001 tests DC  ).0.) A slight improvement over the 1998 statistics is probably attributable
to the rather calm weather of 2001. ar big storm cvents occurred in 2001. At CBBT, the
location closest to the mouth of the bay, the standard deviation of the error is only 2.3 ¢cm
at nowcast. The error quickly grows with the forecast hour, reaching 8 cm at 6 hours and
platcaus at i 0 cm for 12-24 hours. ..ic upper bay locations, like Baltimore, have about
8 cm standard deviation at zero hour, but do not grow until hour 18 when the standard
deviation of the error surpasses 10 cm.

To prepare the forecast skill assessment statistics the particular forecast hour must be isolated
from the rest of the data. Using Matlab this is done with:

% Forecast 0,6,12,18 hour numbers.

for fhour = [0,6,12,18];

C. forel8;

1 = find(Cf.hour>(fhour-.5) & Cf.hour<(fhour+.5));
Cf.H=C£.H(1,:);Cf.jda f.jday(1);
disp([’Forecast Hour’,int2str(fhour)])
skillassesstable(Cf,0bs,0Obstideonly,2:12) ;end

The model was rerun for ' : year 2001 © " ‘ndcast mode by construc’* g a single continuous
timc scries of the forcing functions using the reworked and more thoroughly quality controlled
data from the NWLON database. The skill asscssment statistics arc given in Table 6. They
look somewhat degraded compared to the operational Nowcast statistics, Table 1. This is
actually because several storm events interrupted the operational run and thus the storm
data are it part of the operational run statistics. However the differences arc slight and
are not statistically significant. In the next scctions the model is rerun with altcrations to
the forcing functions. The statistics of these test runs should be compared directly to the
“re-run” nowcast statistics (Table 6).















plots. The effect of this correction is only strongly felt by the largest wind cvents from the
NW which does not occur very often.

The overall skill assessment statistics are almost unchanged, but most are slightly improved
by applying this correction (Table 7 compares to uncorrected case Table 6). The error bars
at Baltimore and Tolchester were skewed toward positive values with 5% of errors lower than
-.112m and 5% greater than 0.163m at Baltimore. With the 20% correction to Thomas Point
winds the outlier errors arec more evenly distributed from -0.125m to +0.131m. The 20%
correction has been applied to the operational CBOFS system.
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Figure 1: Uppermost subplot depicts the detided observed (red) and nowcast (green) modeled
water levels at C.,., T and their difference, the error (blue). Lower subplots depict the speed
(red) and dircction (green) of the observed wind at CBBT.
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only, blowing from cach of the four quadrants, NE, SE, SW, and NW. The TPLM slopes
were

NE 0.8202 - 0.15761 =0.8352 e(i -10.8767 degrees)
SE  0.6715 - 0.16341 =0.6911 e(i -13.6763 degrees)
SW 0.8200 - 0.0922i =0.8252 e(i -6.4153 degrees)
NW 0.9382 - 0.21031 ).9615 e(i -12.6342 «( :rees)

(The mean of these slopes is not 0.77 because of the unequal number of points in the different
quadrants.) SE is the most different in magnitude, but NW is most different in rotation.
The conclusion that observed TPLM winds from the NW should be multiplied by 1.20 to
correct for the windward land cffect is opposed here. The one direction where the correction
between Eta and TPLM is smallest is the NW.

It is difficult to use this comparison of Eta to observations to conclude strongly that the
multiplier coefficient for Eta should be changed. The correction factor for CBBT should
perhaps be 1.15 while for TPLM 1.30 might be better. However the interpolated valuc at
Rapp would use a smaller value, 1.11. The correlation of observed wind with Eta winds
will probably never be much better than 0.8, indicating a basic uncertainty in the difficult
to measure or model surface winds over an estuary. Since there is no conclusive evidence
contradicting the use of the 1.2 factor, no changes in use of the Eta winds will be implemented.
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CBOFS Nowcast Detided cbbt mnerr=-0.0046748 stderr=0.022532
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Figure 8: The top plot depicts the detided observed (red) and nowcast (green) modeled water
levels at CBL . and their difference, the error (blue). The blue circles are the percentage
error. The crrors are clustered near 10%. CBBT Wind speed and direction are depicted in
the lower panels.
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of errors is equal to the variation of the subtidal water level signal (o = 12.7cm). It is
recommended that the CBOFS use the persistence of initial observation with full 3S.
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8. SUMMARY

The run analysis of the previous sections identify the best method of handling input forcing
data. Thomas Point Winds should be amplified in the NW quadrant; Eta winds are to be
left alone with their current 1.2 multiplicr; the CBBT non-tidal water level correction should
be implemented; the ETSS model should use the persisted zero hour offsct ¢ crection, rather
than a ramp. Changes to the gentidenew.f program addressed the CBBT and ETSS issucs.
Changes to genwind_obs.f addressed the TPLM directional amplification. These changes
werc implemented in Feb. 2002.

CBOFS’ first year of opcrations have gone well. Only a few operationa changes to the
system wcre necessary and nothing large is anticipated. The 2001 skill assessments arc not
appreciably different from the 1999 statistics upon which CBOFS was declared accurate
enough to be made opcrational.

Three modeling changes have been identified which will improve the accura - of the CBOFS
model. The correction for the Thomas Point Light winds when blowing from the NW will
improve NW wind event responsc and is shown not to degrade the performance at other
times. The alteration to the handling of the CBBT water level forcing is a1 sural correction
and improved performance of the nowcasts at all stations. The ETSS forc.ust data will be
corrected using the constant persistence mode for the 0 hour forecast offset with no ramp.
These three changes werc implemented in Feb. 2002 and have become part of the operational
system.

The skill statistics for the nowcast with both the CBBT water level forcing change and the
TPLM wind directional change, Table 9, are better than the original (compare to Re-Run
Nowcast, Table 6):
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