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ABSTRACT

The National Ocean Service (NOS), as part of its Houston/Galveston Physical Oceanographic Real
Time System (PORTS), has developed an experimental nowcast/forecast system to predict water
level and currents within Galveston Bay and the Houston Ship Channel. The experimental system
provides a daily 36 hour forecast initiated from a continuous 24 hour nowcast as outlined by
Schmalz and Richardson (1998). To further assess the water level nowcasts and forecasts, a set of
five programs has been developed to study the ability of the nowcast/forecast system to simulate
both high and low water events. These five programs are documented and a sample application is
provided for the experimental nowcast/forecast system results during April 2000. JCL and control
files for the April 2000 sample application are provided in Appendix A.
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225 idif

226 time = time - jd_offset

227

228 if(result 1t 1l)then begin

229 if(idebug 1 l)then printf,4,ncount,time
230 t(ncount,nc) = time

231 wlplt(ncount, nc) wlevel

232 ncount = ncount + 1

233 time_dif = time - time_old

234 if(time_dif gt hr_intrvl)then begin

235 print, format=’("gap in data file")’
236 if(idebug eq 1l)then begin

237 printf, 4, time_old, time,time_dif, $
238 format='(1%x,3£9.3,", gap in data f. "
239 endif

240 nlin = nlin + 1

241 nlinml = nlin - 1

242 ncg(nlinml) = 0

243 t(ncg(nlinml),nlinml) = time

2 wlplt(ncg(nlinml),nlinml) wlevel
245 ncg(nlinml) = ncg(nlinml) + 1

246 endif

247 ; if(time_dif 1t hr_intrvl)then begin

248 ; t(ncg(nlinml),1  inml) = time

249 ; wlplt(ncg(nlinml),nlinml) wlevel
250 ; wlplt(ncount,nc) = wlevel

251 ; ncg(nlinml) ncg(nlinml) + 1

252 ; endif

253 time_old = time

254 goto, READDATA

255 endif

256 if(result gt 0)then begin

27 if (idebug eq 1l)then printf,4,ncount,time
258 print,ilun(nc),

259 formai (" End of file (",il,") reached")’
260 t(ncount,nc) = time

261 wlplt(ncount,nc) = wlevel

262 1dif

263 close,ilun(nc)

264 ndatpts ncount + 1

265 ENDLOOP: print,ndatpts, $

266 format='(i4," data points, End of loop")’
267 numb_pts(nc) = ndatpts - 1

268 endfor

269

270

271

272 !'p.mult: 0,0,1]

273

274 S EKAAKKKK KA AR AR R A AR KA KA AL R A AR A F Ak d Ak ko h ko kA ok kh ok h ok
275

276 ; make the plot

277

278 'P.CHARSIZI ..0

279

280 ; Variables

Program Listing 2.5. Wl.multcur.pro (continued)
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’

’

/normal
endfor

plots,xline,crlevel_high
plots,xline,crlevel_low

OBS vs. adjusted Forecast

plot,t{0:ncntl,0],wlplt[0:ncntl, 0]
title=wltit]
yrange¢ ymin,ymax],
xtitle=time_axis,
vtitle='meters’,
xmargin=[{0,07],
ymargin=[0,0],
xstyle=1,ystyle=1,
linestyle=0,
Xrange=[{tmin, tmax],
xticks=nticks,
vticks=ytcks,
position=[0.10,yb2,0.90,yt2]
oplot,t[0:ncnt5,4],wlplt[0:ncnt5,47,

linestyle 2

~nnrnnnnnnnnn-

xyouts,0.50,ystnmB, stat_name,size=1.5, /normal,aligr
for nc=0,1 do begin
nc. | = nc * 4
xyouts, xpos(nc),yposB, legnd(ncleqg),size=1.4, /N(
if(nc eq O)then linest = 0
if(nc eq l)then linest = 1
plots, [x1(nc,0),x1l(nc ~],yll,lir s3tyle _.inest
/normal
endfor

plots,xline,cr. r7el_high
plots,xline,crlevel_low

IR X R R R EEXIES SRS RS R E AR E &R ESEEEEEEEEEEEEREREEES

spawn, ’'lp —dgms2 idl.ps’

kkhkkhkkhkkhkhkhkkhkhkkhkkhkhkhhkhkhkhkkhkkhhkkkkhkkhhkkhkhkkhkkhhkhkkkhkt
if(ptype eq 'ps’) then device, /close
ENDPROG:

1d

Program Listing 2.5. Wl.multcur.pro (contir
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nt=0.5
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The plots in Figures 3.3 and 3.4 were generated by wl.multcur.pro.
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Table 3.2a. Table2.out for Case One Bias=0.0 and Gain=1.

ubserved wl data vs. forecast wl data,

forecast hours 1 - 24

April 2000

Start time of comparison 92.000, End time = 122.000
critical level = 0.10
Pleasure Pier
bias = 0.000, gain = 1.00
Low water critical level, -0.100
High water critical level, 0.749
success event dstart delta dpeak forec: : observed
number number time duration ~time wl(m) wl(m)
1 1 -3 4 -1 0.8346 0.8140
2 5 0 1 0 -0.1531 -0.1340
3 7 2 -3 0 -0.1079 -0.2250
mean difference of peak water levels for
"success" forecasts is 0.0523 meters
failure event dpeak forecast observed dwl obs pe
number number time wl(m) wl(m) peak(m) time(;u)
1 2 0 0.0366 -0.3040 0.341 94.917
2 3 1 -0.0467 -0.1120 0.065 95.250
3 4 -1 -0.0465 -0.1470 0.101 95.4:
4 6 -1 -0.0350 -0.1070 0.072 99.0C.
5 12 0 0.0151 -0.1550 0.170 111.9
6 15 0 0.6252 0.7880 -0.163 121.5
mean difference of peak water levels for
"failure" forecasts is 0.1519 meters
false event dpeak forecast observed dwl obs p k
number number time wl(m) wl(m) peak(m) time( |
1 8 0 0.7871 0.7480 0.039 100.3
2 9 0 0.8129 0.6130 0.200 102.4
3 10 0 -0.1851 ~-0.0690 ).11l6 104.1
4 11 -1 0.8596 0.6630 0.197 111.z2_ 3
5 13 0 -0.1250 ~0.0990 -0.026 11 ~°~°
6 14 0 0.7631 0.7070 0.056 11
mean differ ice of peak water levels for

"false" forecasts is 0.1056 meters

Success Pailure
3 6

false

6

66

event analysis

dwl obs peak
peak(m) time(jd)

0.021 - 92.625
-0.019 95.833

0.117 99.958



Table3.2a. Table2.out for Case One Bias=0.0 and Gain=1

Morgans Pt
bias 0.00,

gain 1.00

Low water critical level, ~0.100
High water critical level, 0.496
success event dstart delta dpeak forecast observ
number number time duration time wl(m) wl(m
1 1 0 3 2 0.6674 0.571
2 3 6 -4 1 -0.2529 -0.511
3 6 4 -6 -1 -0.1145 -0.226
4 8 0 2 -1 0.5202 0.519
5 9 0 2 6 0.5889 0.609
6 12 1 0 1 -0.1938 -0.217
7 16 1 -2 0 -0.1576 ~0.210
8 17 2 -1 1 0.5017 0.517
9 18 -1 2 0 0.7018 0.686
10 19 1 -1 1 -0.1353 ).203
mean difference of peak water levels for
"success" forecasts is 0.0662 meters
failure event dpeak forecast observed dwl obs
number number time wl(m) wl(m) peak(m) time
1 4 -2 0.0119 -0.2990 0.311 99.
2 5 0 0.0147 —-0.1080 0.123 99.
3 11 0 -0.0428 -0.1880 0.145 103.
4 13 0 -0.0192 -0.1700 0.151 105.
5 15 -2 -0.0651 -0.2420 0.177 112.
6 21 0 0.4933 0.6160 -0.123 121.
mean difference of peak water levels for
"failure" forecasts is 0.1715 n :ers
false event dpeak forecast observed dwl obs
number number time wl(m) wl(m) peak(m) time
1 2 0 0.6118 0.4650 0.147 92.
2 7 0 0.5055 0.4750 0.031 100.
3 10 0 0.6557 0.4220 0.234 102.
4 14 0 0.6356 0.3730 0.263 111
5 20 0 0.4962 0.4230 0.073 121.
mean difference of peak water levels for
"false" forecasts is 0.1494 meters
Success Failure false
10 6 5
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p

ak

d)
)2
5
L7
~18
)8

2ak
\jd)
~28

J8
.08

.417

Y

dwl’
eak(m)
.096
.258
L1111
.001
.020
.023
.052
.015
.016
.068

OCOOQOOO0OOOO QO

obs peak

time (jd)
92.083

95.500
100.208
100.875
101.708
104.375
113.167
113.875
114.750
116. 250 -



Table 3.2b. .able_high for Case One Bias=0.0 and (

Ol :rved wl data vs. forecast wl data, event analysis
forecast hours 1 - 24

April 2000

Start 1 1e of comparison 92.000, End time = 122.000
critical level = 0.10

high wat : events

Pleasure Pier

b: 0.000, gain = 1.00
High water critical level, 0.749
success event dstart delta dpeak forecast observed dwl obs peak
number number time duration time wl(m) wl(m) oeak(m) time(jd)
1 1 -3 4 -1 0.8346 0.8140 0.021 92.625

for 1 high water events, mean difference
of the peak water levels is 0.0206 meters

failure event dpeak forecast observed dwl obs pei
number number time wl(m) wl(m) peak{m) time(j
6 15 0 0.6252 0.7880 -0.163 121.54

for 1 high water events, mean difference
of the peak water levels is 0.1628B meters

false event dpeak forecast observed dwl obs pe
number number time wl{m) wl{(m) peak(m) time(]
1 8 0 0.7871 0.7480 0.039 100.37
2 9 0 0.8129 0.6130 0.200 102.41
4 11 -1 0.8596 0.6630 0.197 111.20
6 14 0 0.7631 0.7070 0.056 114.33

for 4 high water events, mean difference
of the peak water levels is 0.1229 meters
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Table 3.2b. Tabl~ high for Case One Bias=0.0 and Gain=1

Morgans Pt
bias = 0.00, gain = 1.00

High water critical 1 rel, 0.496

success event dstart delta dpeak forecast observed dwl obs peak

number number time duration time wl(m) wl(m) peak(m) time(jd)
1 1 0 3 2 0.6674 0.5710 0.096 92.083
4 8 0 2 -1 0.5202 0.5190 0.001 100.875
5 9 0 2 6 0.5889 0.6090 -0.020 101.708
8 17 2 -1 1 0.5017 0.5170 -0.015 113.875
9 18 -1 2 0 0.7018 0.6860 0.016 114.750

for 5 high water events, mean difference

of the peak water levels is 0.0298 meters

failure event dpeak forecast observed dwl obs ps

number number time wl(m) wl(m) peak(m) time(:
6 21 0 0.4933 0.6160 -0.123 121.7¢

for 1 high water events, mean difference

of the peak water levels is 0.1227 meters

false event dpeak forecast observed dwl Oobs ps

number number time wl(m) wl(m) peak(m) tir (:
1 2 0 0.6118 0.4650 0.147 92.71
2 7 0 0.5055 0.4750 0.031 100.7¢
3 10 0 0.6557 0.4220 0.234 102.7
4 14 0 0.6356 0.3730 0.263 111.4
5 20 0 0.4962 0.4230 0.073 121.1

for 5 high water events, mean difference
of the peak water levels is 0.1494 meters
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Table 3.2c. Table_low for Case One Bias= 0.0 and Gain=1.

Observed wl data vs. forecast wl data, event analys:

forecast hours 1 - 24

April 2000
Start time of comparison = 92.000, End time 122.000
critical level = 0.10
low water events
Pleasure Pier
bias = 0.000, gain = 1.00
Low water critical level, -0.100
success event dstart delta dpeak forecast observec
number number time duration time wl(m) wl(m)
2 5 0 1 0 -0.1531 -0.1340
3 7 2 -3 0 -0.1079 -0.2250
for 2 low water events, mean difference
of the peak water levels is 0.0681 meters
failure event dpeak forecast observed dwl obs pe
number number time wl({m) wl(m) peak(m) time(-
1 2 0 0.0366 ~0.3040 0.341 94.9:
2 3 1 -0.0467 -0.1120 0.065 95, 2¢
3 4 . -0.0465 -0.1470 0.101 95.4:
4 6 -1 ~0.0350 -0.1070 0.072 99.0¢(
5 12 0 0.0151 -0.1550 0.170 111.9:
for 5 low water events, mean difference
of the peak water levels is 0.1497 meters
false event dpeak forecast observed dwl obs pe
number number time wl(m) wl(m) peak(m) time(j
3 10 0 -0.1851 ~0.0690 y.116 104.16
5 13 0 -0.1250 -0.0990 -0.026 112.95

for 2 low water events, mean difference
of the peak water levels is 0.0711 meters

70

dwl obs peak
peak(m) time(jd)
-0.019 95.833
0.117

99.958



Table 3.2c. Table_low for Case One Bias= 0.0 and Gain=1

Morgans Pt

bias = 0.00, gain = 1.00

Low water critical level, -0.100

success event dstart delta dpeak forecast Observe dwl obs peak

number number time duration time wl(m) wl(m) peak(m) time(jd)
2 3 6 -4 1 ~0.2529 -0.511¢ 0.258 95.500
3 6 4 -6 -1 —-0.1145 -0.226( 0.111 100.208
6 12 1 0 1 -0.1938 -0.217¢ 0.023 104.375
7 16 1 -2 0 -0.1576 -0.77 ) 0.052 113.167
10 19 1 -1 1 -0.1353 -0.203¢ 0.068 116.250

for 5 low water events, mean difference
of t1 1 1k water levels is 0.1026 met rs

failure event dpeak forecast observed dwl obs 1 k

number number time wl(m) wl(m) peak(m) timey )
1 4 ) 0.0119 -0.2990 0.311 99.:
2 5 0 0.0147 -0.1080 0.123 99."
3 11 0 -0.0428 -0.1880 0.145 103.:
4 13 0 -0.0192 -0.1700 0.151 105.¢
5 15 -2 -0.0651 ).2420 0.177 112.:
for 5 low wat - events, mean difference

of tt} 1 1k water levels is 0.1813 meters
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Table 3.3a. Table2.out for Case Two Bias=-0.075 and Gain=1 5

Morgans Pt
bias = -0.075, gain = 1.05

Low water critical level, -0.100
High water critical level, 0.496
success event dstart delta dpeak forecast observed dwl obs peak
number num! - time duration tir wl(m) wl(m) >eak(m) time(jd)
1 1 0 2 2 0.6159 0.5710 0.045 92.083
2 3 3 0 1 -0.3504 -0.5110 0.161 95.500
3 6 2 -2 -1 -0.2051 -0.2260 0.021 100.208
4 9 2 -1 6 0.5334 0.6090 -0.076 101.708
5 11 -1 2 0 -0.1298 -0.1880 0.058 103.375
6 12 -2 4 1 -0.2884 -0.2170 -0.071 104.375
7 13 1 -3 0 -0.1051 -0.1700 0.065 105.417
8 15 1 -4 -2 -0.1533 ~0.2420 0.089 112.208
9 16 -1 1 0 -0.2504 -0.2100 -0.040 113.167
10 18 1 -1 0 0.6520 0.6860 -0.034 114.750
11 19 . 2 1 ).2270 -0.2030 -0.024 116.250
mean difference of peak water levels for
"success" forecasts is 0.0621 meters
failure event dpeak forecast observed dwl obs pea
number number time wl(m) wl(m) peak(m) time(jd
1 4 -2 -0.0724 -0.2990 0.227 99,292
2 5 0 -0.0695 -0.1080 0.039 99.792
3 7 0 0.4498 0.4970 -0.047 100.792
4 8 0 0.4521 0.5190 -0.067 100.875
5 17 0 0.4340 0.5170 -0.083 113.875
6 20 0 0.4331 0.6160 -0.183 121.708
mean difference of peak water levels for
"failure" foreci :s is 0.1075 meters
fa! » rent dr 1k forecast obs rved dwl obs pea
number number time wl(m) wl(m) peak(m) time(jd,
1 2 0 0.5575 0.4650 0.093 92.708
2 10 0 0.6036 0.4220 0.182 102.70¢
3 14 0 0.5825 0.3730 0.209 111.417
mean difference of peak water levels for
"fale ' for1 :asts : 0.1612 meters

Success Failure false
11 6 3
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Table 3.3b. Table_high for Case Two Bias=-0.05 and Gain=_ 5

Observed wl data vs. forecast wl data, event analysis
fc e : hours 1 - 24

April 2000
Start time of comparison = 92.000, End time = 122.000
critical level 0.10

high water events

Pleasure Pier

bias = .( ), gain = 1.05
High water critical level, - 0.749
success event dstart delta dpeak forecast observec dwl obs peak
number number time duration time wl(m) wl(m) peak(m) time(jd)
1 1 -2 2 -1 0.8082 0.8140 -0.006 92.625

for 1 high water events, mean difference
of the peak water levels is 0.0058 meters

failure event dpeak forecast observed dwl obs pe
number number time wl(m) wl(m) peak(m) time(:
3 16 0 0.5884 0.7880 -0.200 121.5:

for 1 high water events, mean difference
of the peak water levels is 0.1996 meters

false ev 1t dpeak forecast observed dwl Oobs p¢ <
number number time wl(m) wl(m) peak(m) time(:
2 8 0 0.7584 0.7480 0.010 100.3
3 9 0 0.7854 0.6130 0.172 102.4:
6 12 -1 0.8345 0.6630 0.172 111.2i
for 3 high water events, mean difference
of the | 1k water lev .s is 0.11lf meters
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Table 3.3c. Table_low for Case Two Bias=-0.075 and Gain=

Morgat Pt

bias = -0.075, gain 1.05
Low water critical level, -0.100
success rent dstart delta dpeak forecast observed
number number t 2 duration time wl(m) wl(m)
2 3 3 0 1 -0.3504 -0.5110
3 6 2 -2 -1 -0.2051 -0.2260
5 11 -1 2 0 -0.1298 -0.1880
6 12 -2 4 1 -0.2884 -0.2170
7 13 1 -3 0 -0.1051 -0.1700
8 15 1 -4 -2 -0.1533 -0.2420
9 16 -1 1 0 -0.2504 -0.2100
11 19 -1 2 1 -0.2270 -0.2030

for 8 low water events, mean difference
of the peak water levels is 0.0661 meters

failure event dpeak forecast observed dwl obs p¢

number number time wl(m) wl(m) peak(m) time(:
1 4 -2 -0.0724 -0.2990 0.227 99.2¢
2 5 0 -0.0695 ~0.1080 0.039 99.7!¢

for 2 low water events, mean difference

of the p¢ ¢ water levels is 0.1326 1 s
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peak(m)

dwl

.161
.021
.058
.071
.065
.089
.040
.024

obs
tir

95.
100.
103.
104.
105.
112.

113

peak
jd)
500
208
375
375
417
208

.167
11e6.

250





















4. OPERATIONAL USE AND ENHANCEMENTS

In the nowcast/forecast system operational environment, it will be necessary to
the quality of the water level forecasts for major low water events with the ass:
groundings and oil spills as well as high water events with associated flooding
a s. While the majority of the formal acceptance statistics (NOS, 1999) v
operations, the ability of the nowcast/forecast system to forecast extreme water l¢
to be assessed on an ongoing event by event basis.

It is envisioned that the operational institution will perform the event evaluation
and that this evaluation will be included in the monthly nowcast/forecast system ¢
At the end of each year, a yearly summary will be performed based on these mo:
result, programs similar to these documented herein will be required. It is hoped
will serve as a guide for the final implementation programs.

The specification of critical values to define high and low water events may

failures and false alarms with water levels which are not significantly differen
water levels. As a result, Program Match.event.f provides event tables for failu
as well as for successes. In these event tables, the difference between the model
the observed peak water level for each event is given. In addition, the time o
water level and the model peak water level are now included as well as the time
the model peak and the observed peak. Also given is the difference in event dur
At the present time, only the mean difference in water level is computed. Addit
as rms error might also be determined. In the forecast adjustments, only a nor
regression is considered. It might be useful in the future to investigate time lag
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APPENDIX A. JCL AND CONTROL FILES

JCL and control files for each of the five programs are provided below as shc  n in Table 3.1.

reform.jcl

# £77 reform_coops.f calcjd.f —-o reformx

# rm *.0

reformx < reform.n

reform.n

/usr/people/philr/galves/NF_eval/wlex |/observed/raw/pleas.2 O0.raw
pleas.2000.o0bsch
60.0 tir interval of raw data set

no* - designate start and end time, yes or no
1.0 start time
366.96 end time
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