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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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endif 
time = time - jd_offset 

if(result lt l)then begin 
if(idebug eq l)then printf,4,ncount,time 
t(ncount,nc) = time 
wlplt(ncount,nc) = wlevel 
ncount = ncount + 1 
time_dif = time - time_ old 
if(time_dif gt hr_intrvl)then begin 

print,format='("gap in data file")' 
if(idebug eq l)then begin 

printf,4,time_old,time,time_dif, $ 
format=' (lx,3f9.3,", gap in data file")' 

endif 
nlin = nlin + 1 
nlinml = nlin - 1 
ncg(nlinml) = 0 
t(ncg(nlinml),nlinml) =time 
wlplt(ncg(nlinml),nlinml) wlevel 
ncg(nlinml) = ncg(nlinml) + 1 

end if 
if(time_dif lt hr_intrvl)then begin 

t(ncg(nlinml),nlinml) =time 
wlplt(ncg(nlinml),nlinml) wlevel · 
wlplt(ncount,nc) = wlevel 
ncg(nlinml) = ncg(nlinml) + 1 

end if 
time_old = time 
goto, READDATA 

end if 
if(result gt O)then begin 

if(idebug eq l)then printf,4,ncount,time 
print,ilun(nc), $ 

format='(" End of file (",il,") reached")' 
t(ncount,nc) = time 
wlplt(ncount,nc) = wlevel 

endif 
close,ilun(nc) 
ndatpts = ncount + 1 
ENDLOOP: print,ndatpts, $ 

format='(i4," data points, End of loop")' 
numb_pts(nc) = ndatpts - 1 
end for 

!p.multi=[O,O,l] 

•****************************************************** I 

; make the plot 

!P.CHARSIZE=l.O 

; Variables : 

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

59 



281 
282 
283 
284 
285 
286 
287 
288 
289 
290 
291 
292 
293 
294 
295 
296 
297 
298 
299 
300 
301 
302 
303 
304 
305 
306 
307 
308 
309 
310 
311 
312 
313 
314 
315 
316 
317 
318 
319 
320 
321 
322 
323 
324 
325 
326 
327 
328 
329 
330 
331 
332 
333 
334 
335 
336 

yt1 - y coordinate (window) of top plot 
yb1 - y coordinate (window) of bottom of top plot 

ystnmT - y coordinate of station name (top plot) 
ystnmB - y coordinate of station name (bottom plot) 

yposT - y coordinate of legend (top plot) 
yposB - y coordinate of legend (bottom plot) 

y1 - y coordinate of legend (line), top plot 
yll - y coordinate of legend (line), bottom plot 

Establish x,y coordinates for legend 

xl(O,O) 0.36 
xl(O,l) 0.44 
yl(O) = 0.91 
yl(O) = 0.71 
xl(l,O) = 0.62 
xl(l,l) = 0.70 
yl(l) = 0.71 
yll(O) = 0.33 
yll(l) = 0.33 

xpos(O) 
xpos(l) 
yposT 
yposB = 

xline(O) 
xline(1) 

= 0.25 
= 0.49 
0.71 
0.33 

tmin 
tmax 

crlevel_high(O) = crlevel + range_offset 
crlevel_high(1) = crlevel + range_offset 
crlevel_low(O) -crlevel 
crlevel_low(l) = -crlevel 

nticks = 5 
ncntl numb_pts(O) 
ncnt2 numb_pts(l) 
ncnt3 numb_pts(2) 
ncnt4 numb_pts(3) 
ncnt5 numb_pts(4) 
print,ncntl 
print,ncnt2 
print,ncnt3 
print,ncnt4 
print,ncnt5 

·------------------------------------------------------1 

; 2 plots per page -

!P.Multi = [0,1,2,0,0) 

Program Listing 2.5. Wl.multcur.pro (continued) 
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338 
339 
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341 
342 
343 
344 
345 
346 
347 
348 
349 
350 
351 
352 
353 
354 
355 
356 
357 
358 
359 
360 
361 
362 
363 
364 
365 
366 
367 
368 
369 
370 
371 
372 
373 
374 
375 
376 
377 
378 
379 
380 
381 
382 
383 
384 
385 
386 
387 
388 
389 
390 
391 
392 

; OBS vs. Nowcast 

@plot01 

yt1 = 0.95 
yb1 = 0.68 
ystnmT = 0.70 

plot,t[O:ncntl,O],wlplt[O:ncntl,O], 
title=wltitle, $ 
yrange=[ymin,ymax], $ 
xti tle=time_axis, $ 
ytitle='meters', $ 
xmargin= [ 0, 0] , $ 
ymargin= [ 0, 0], $ 
xstyle=l, ystyle=1, $ 
linestyle=O, $ 
xrange=[tmin,tmax], $ 
xticks = nticks, $ 
yticks = ytcks, $ 
position=[0.10,yb1,0.90,ytl] 
op1ot,t[O:ncnt2,1],wlplt[O:ncnt2,1], 

linestyle=2 

$ 

$ 

xyouts,0 . 50,ystnmT,stat_name,size=l.5,/normal,alignment=0.5 

for nc=0,1 do begin 
xyouts,xpos(nc),yposT,legnd(nc),size=l.4,/NORMAL 
if(nc eq O)then linest = 0 
if(nc eq l)then linest = 1 
plots, [xl(nc,O),x1(nc,1)],y1,1inestyle=linest, $ 

/NORMAL 
endfor 

plots,xline,crlevel_high 
plots,xline,crlevel_ low 

·------------------------------------------------------1 

OBS vs. Predicted 

yt2 = 0.57 
yb2 = 0.30 
ystnmB = 0.32 

plot,t[O:ncntl,O],wlplt[O:ncntl,O], 
title=wltitle, $ 
yrange=[ymin,ymaxj, $ 
xtitle=time_axis, $ 
ytitle='meters', $ 
xmargin= [ 0, 0], $ 
ymargin= [ 0, 0], $ 
xstyle=1,ystyle=l, $ 
linestyle= O, $ 
xrange= [tmin,tmax], $ 

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

61 

$ 



393 
394 
395 
396 
397 
398 
399 
400 
401 
402 
403 
404 
405 
406 
407 
408 
409 
410 
411 
412 
413 
414 
415 
416 
417 
418 
419 
420 
421 
422 
423 
424 
425 
426 
427 
428 
429 
430 
431 
432 
433 
434 
435 
436 
437 
438 
439 
440 
441 
442 
443 
444 
445 
446 
447 
448 

xticks = nticks, $ 
yticks = ytcks, $ 
position=[0.10,yb2,0.90,yt2] 
oplot,t[O:ncnt3,2],wlplt[O:ncnt3,2], 

linestyle=2 
$ 

xyouts,0.50,ystnmB,stat_name,size=l.5,/normal,alignment=0.5 

Draw Legend 

for nc=O,l do begin 
ncleg = nc * 2 
xyouts,xpos(nc),yposB,legnd(ncleg),size=l.4,/NORMAL 
if(nc eq O)then linest = 0 
if(nc eq l)then linest = 1 
plots, [xl(nc,O),xl(nc,l)],yll,linestyle=linest, $ 

;normal 
end for 

Draw solid lines representing low and high critical 
values for events. 

plots,xline,crlevel_high 
plots,xline,crlevel_low 

·------------------------------------------------------1 

OBS vs. Forecast 

plot,t[O:ncntl,O],wlplt[O:ncntl,O], 
title=wltitle, $ 
yrange=[ymin,ymax], $ 
xtitle=time_axis, $ 
ytitle='meters', $ 
xmargin=[O,O], $ 
ymargin=[O,O], $ 
xsty1e=l,ystyle=l, $ 
linestyle=O, $ 
xrange=[tmin,tmax], $ 
xticks=nticks, $ 
yticks=ytcks, $ 
position=[0.10,ybl,0 . 90,ytl] 
oplot,t[O:ncnt4,3],wlplt[O:ncnt4,3], 

linestyle=2 

$ 

$ 

xyouts,0.50,ystnmT,stat_name,size=l.5,/normal,alignment=0.5 

for nc=O,l do begin 
ncleg = nc * 3 
xyouts,xpos(nc),yposT,legnd(ncleg),size=l.4,/NORMAL 
if(nc eq O)then linest = 0 
if(nc eq l)then linest = 1 
plots, [xl(nc,O),xl(nc,l)],yl,linestyle=linest, $ 

Program Listing 2.5. Wl.multcur.pro (continued) 
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449 
450 
451 
452 
453 
454 
455 
456 
457 
458 
459 
460 
461 
462 
463 
464 
465 
466 
467 
468 
469 
470 
471 
472 
473 
474 
475 
476 
477 
478 
479 
480 
481 
482 
483 
484 
485 
486 
487 
488 
489 
490 
491 
492 
493 
494 
495 
496 
497 
498 
499 

/normal 
end for 

plots 1x line 1crlevel_high 
plots~ xline~cr1evel_low 

;------------------------------------------------------

OBS vs . adjusted Forecast 

plot~t[O : ncnt1 1 0]~wlplt[O:ncntll0]1 
title=wltitlel $ 
yrange= [yminl ymax] 1 $ 
xtitle=time_axisl $ 
yti tle= 1 meters 1 

I $ 
xmargin=[0 10] 1 $ 
ymargin=[O~OJI $ 
xstyle=1~ ystyle=1~ $ 
linestyle=O~ $ 
xrange=[tmin 1tmax] 1 $ 
xticks=nticksl $ 
yticks=ytcksl $ 
position=[0.101yb210.901yt2] 
oplot~t[O:ncnt5~4J~wlplt[O:ncnt514J~ 

linestyle=2 

$ 

$ 

xyouts~0.501ystnmBistat_name~size=1.51/normallalignment=0.5 

for nc=0~1 do begin 
ncleg = nc * 4 
xyouts~xpos(nc)lyposBilegnd(ncleg)lsize=1.41/NORMAL 

if(nc eq O)then linest = 0 
if(nc eq l)then linest = 1 
plots I [x1 ( nc I 0) I x1 ( nc 1 1)] I y11, linestyle=linest I $ 

/normal 
end for 

plots,xline,crlevel_high 
plots,xline,crlevel_low 

•****************************************************** I 

spawn, 1lp -dqms2 idl.ps' 

;****************************************************** 

if(ptype eq 'ps') then device~/close 

ENDPROG: 

end 

Program Listing 2.5. Wl.multcur.pro (continued) 
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3. APRIL 2000 SAMPLE APPLICATION 

To perform the water level event analysis, each program is executed in the order shown in Table 3.1. 
For each program a separate directory is recommended as shown below, where ~ designates the users 
home area, galves the project directory, and NF _ eval/wlevel the nowcastJforecast water level event 
evaluation directory. 

~1 galves/NF _ eval/w level/observed/reform_ coops. f 
~/galves/NF _ evallwlevel/read _ nowforc.f 
~/galves/NF _ eval/wlevellsa.nowforc/match.event.f 
~I galves/NF _ evallw level/p lotJw 1. sigma. pro 
~/galves/NF _ evallwlevel/plot!wl.multcur.pro 

Table 3.1 . Job Control, Source File, and Control File Inventory 

Job Control Source File Control File 

reforrn.jcl reform_ coops.f reform .n 

readnf.jcl read nowforc.f readnf. aprOO. n 

match.jcl match.event.f match_ forc.aprOO.n 

wl.sigma.pro cntrl.pleas 

wl.multcur.pro c.pleas aprOO 

Listings for jcl files and control files are provided in Appendix A. The two IDL plot programs do not 
have job control files. To run the IDL programs, type idl <return>, then type .r fi lename.pro <return>. 

Program output files for the April2000 evaluation of the forecast water levels at Galveston Pleasure 
Pier in lower Galveston Bay and at Morgans Point in upper Galveston Bay are given. For this 
application an observed water level exceeding MHHW by 1 0 em is considered a high water event, 
while an observed water level less than MLL W by 10 em is considered a low water event. A linear 
regression (gain and bias) is used to adjust the forecast. 

Three tables (tab le2. out, table...:... high, and table _low) generated by match. event. f are included for two 
cases ofbias and gain. In Table 3.2, results for bias = 0. and gain = 1.0 corresponding to the original 
forecast are given. Results for the adjusted forecast are presented in Table 3.3. The adjustment at 
Pleasure Pier is bias = -0.05 and gain = 1.05. The adjustment at Morgans Point is bias = -0.075 and 
gain = 1. 05 . A gain of 1. 05 results in the amp liftcation of the water levels by five percent. Tables 
3.2 and 3.3 indicate that the adjustment (bias and gain) does improve forecast results. For both 
stations, the number of successes increases while the number offailures remain constant or decrease. 
The adjustment does cause an increase (by two) in the number of false alarms at Pleasure Pier. 
However, the number of successes increases by two and the number of failures decreases by three. 
Overall, the adjustment improves the forecast at both stations. This is further demonstrated by viewing 
the plots generated by wl.sigma.pro at Pleasure Pier in Figure 3.1 and at Morgans Point in Figure 3.2. 
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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=O.O and Gain=l.O 

,jbserved wl data vs . forecast wl data, event analysis 
fore cast hours 1 - 24 

April 2000 
Start time of comparison 
critical level = 0.10 

92.000, End time 122.000 

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 forecast 
number number time duration · time wl(m) 

1 1 - 3 4 - 1 0.8346 
2 5 0 1 0 - 0.1531 
3 7 2 - 3 0 - 0.1079 

mean difference of peak water levels fo r 
"success" forecasts is 0.0523 meters 

failure event dpeak forecast observed dwl 

observed 
wl(m) 

0. 81.40 
-0.1340 
- 0 . 2250 

obs peak 
n1.1mber number time w1(m) wl(m) peak(m) time(jd) 

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 95.417 
4 6 -1 -0.0350 - 0.1070 0.072 99.000 
5 12 0 0.0151 - 0.1550 0.170 111. 917 
6 15 0 0.6252 0 . 7880 -0.163 121.542 

mean difference of peak water levels for 
"failure" forecasts is 0.1519 meters 

false event dpeak forecast observed dwl obs peak 
number number time wl(m) wl(m) peak(m) time ( jd) 

1 8 0 0.7871 0 . 7480 0.039 100 . 375 
2 9 0 0.8129 0 . 6130 0 . 200 102.417 
3 10 0 - 0.1851 - 0.0690 - 0.116 104.167 
4 11 -1 0.8596 0 . 6630 0.197 111. 208 
5 13 0 -0.1250 -0.0990 -0.026 112.958 
6 14 0 0.7631 0.7070 0.056 114.333 

mean difference of peak water levels for 
"false" forecasts is 0.1056 meters 

Success Failure false 
3 6 6 

66 

dwl 
peak(m) 

0.021 
- 0 •. 019 

0.117 

obs peak 
time(jd) 

92.625 
95 0 833 
99.958 



Table3.2a. Table2.out for Case One Bias=O.O and Gain=l.O 

Morgans Pt 
bias = 0.00, gain 1.00 
Low water critical level, 

High water critical level, 
-0.100 

0.496 

success 
number 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

event 
number 

1 
3 
6 
8 
9 

12 " 
16 
17 
18 
19 

dstart 
time 

0 
6 
4 
0 
0 
1 
1 
2 

-1 
1 

delta 
duration 

3 
-4 
-6 

2 
2 
0 

-2 
-1 

2 
-1 

dpeak 
time 

2 
1 

-1 
-1 

6 
1 
0 
1 
0 
1 

forecast 
wl(m) 
0.6674 

-0.2529 
-0.1145 

0.5202 
0.5889 

-0.1938 
-0.1576 

0.5017 
0.7018 

-0.1353 
mean difference of peak water levels for 
"success" forecasts is 0 . 0662 meters 

failure observed dwl 

observed 
wl(m) 

0.5710 
-0.5110 
-0.2260 

0.5190 
0.6090 

-0.2170 
-0.2100 

0.5170 
0.6860 

- 0.2030 

number 
1 
2 
3 
4 
5 

event 
number 

4 
5 

11 
13 
15 
21 

dpeak 
time 
-2 

0 
0 
0 

-2 
0 

forecast 
wl(m) 
0.0119 
0.0147 

-0.0428 
-0.0192 
-0.0651 

wl(m) 
-0.2990 
-0.1080 
-0.1880 
-0.1700 
-0.2420 

peak(m) 
0.311 
0.123 
0.145 
0.151 
0.177 

obs peak 
time ( jd) 

99.292 " 
99 .. 792 

103.375 
105.417 
112.208 
121.708 6 0.4933 0.6160 

mean difference of peak water levels for 
"failure" forecasts is 0.1715 meters 

false event dpeak forecast observed 
number number time wl(m) wl(m) 

1 2 0 0.6118 0 . 4650 
2 7 0 0.5055 0.4750 
3 10 0 0.6557 0.4220 
4 14 0 0.6356 0.3730 
5 20 0 0.4962 0.4230 

mean difference of peak water levels for 
"false" forecasts is 0.1494 meters 

Success Failure false 
10 6 5 
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-0.123 

dwl obs peak 
peak(m) time ( jd) 

0.147 92.708 
0.031 100.708 
0.234 102.708 
0.263 111.417 
0.073 121.167 

dwl · 
peak(m) 

0.096 
0.258 
0.111 
0.001 

-0.020 
0.023 
0 . 052 

-0.015 
0.016 
0.068 

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. Table_high for Case One Bias=O.O and Gain=l-.0 

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

April 2000 
Start time of comparison 
critical level = 0.10 
high water events 

Pleasure Pier 
bias = 0.000, gain 1 . 00 

92 . 000, End time 

High water critical level, 0.749 

122.000 

success 
number 

1 

event 
number 

1 

dstart 
time 
-3 

delta 
duration 

4 

dpeak 
time 
-1 

forecast 
wl(m) 
0.8346 

observed 
wl(m) 

0.8140 
for 1 high water events, mean difference 
of the peak water levels is 0.0206 meters 

failure event dpeak forecast observed 
number number time wl(m) wl(m) 

6 15 0 0 . 6252 0.7880 
for 1 high water events, mean difference 
of the peak water levels is 0.1628 meters 

false event dpeak forecast observed 
number number time wl(m) wl(m) 

1 8 0 0.7871 0.7480 
2 9 0 0 . 8129 0.6130 
4 11 -1 0.8596 0.6630 
6 14 0 0.7631 0.7070 

for 4 high water events, mean difference 
of the peak water levels is 0.1229 meters 

68 

dwl obs peak 
peak(m) time(jd) 
-0.163 121.542 

dwl obs peak 
peak(m) time ( jd) 

0.039 100.375 
0.200 102.417 
0.197 111. 208 
0.056 114.333 

dwl obs peak 
peak(m) tirne(jd) 

0 . 021 .92.625 



Table 3.2b. Table_high for Case One Bias=O.O and Gain=l.O 

Morgans Pt 
bias = 0.00, gain 1.00 

High water critical level, 0.496 

success event dstart delta dpeak forecast observed 
number number time duration time wl(m) 

1 1 0 3 2 0.6674 
4 8 0 2 -1 0 . 5202 
5 9 0 2 6 0.5889 
8 17 2 -1 1 0.5017 
9 18 -1 2 0 0.7018 

for 5 high water events, mean difference 
of the peak water levels is 0.0298 meters 

failure event dpeak forecast obse r ved 
number number time wl(m) wl(m) 

6 21 0 0.4933 0.6160 
for 1 high water events, mean difference 
of the peak water levels is 0.1227 meters 

false event dpeak forecast observed 
number number time wl(m) wl(m) 

1 2 0 0.6118 0.4650 
2 7 0 0.5055 0.4750 
3 10 0 0.6557 0.4220 
4 14 0 0.6356 0.3730 
5 20 0 0.4962 0.4230 

for 5 high water events, mean difference 
of the peak water levels is 0.1494 meters 
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dwl 
peak(m) 
-0.123 

dwl 
peak(m) 

0.147 
0.031 
0.234 
0.263 
0.073 

wl (m) 
0.5710 
0.5190 
0.6090 
0.5170 
0.6860 

obs peak 
time(jd) 
121.708 

obs peak 
time(jd) 

92.708 
100.708 
102.708 
111.417 
121.167 

dwl obs peak 
peak(m) time ( jd) 

0.096 92.083 
0.001 100.875 

-0.020 101 . 708 
-0.015 113.875 

0.016 114.750 



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

Observed wl data vs. forecast wl data, event analysis 
forecast hours l - 24 

April 2000 
Start time of comparison 
critical level = 0.10 
low water events 

92.000, End time 122.000 

Pleasure Pier 
bias = 0.000, gain 1.00 
Low water critical level, -0.100 

success event dstart delta dpeak forecast ol;:>served 
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 peak 
number number time wl(m) wl(m) peak(m) time(jd) 

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 95.417 
4 6 -1 -0.0350 -0.1070 0.072 99.000 
5 12 0 0.0151 -0.1550 0.170 111. 917 

for 5 low water events, mean difference 
of the peak water levels is 0.1497 meters 

false event dpeak forecast observed dwl obs peak 
number number time wl(m) wl(m) peak(m) time ( jd) 

3 10 0 -0.1851 -0.0690 -0.116 104.167 
5 13 0 -0.1250 -0.0990 -0.026 112.958 

for 2 low water events, mean difference 
of the peak water levels is 0.0711 meters 
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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=l.O 

Morgans Pt 
bias= 0.00, gain 1.00 
Low water critical level, -0.100 

success event dstart delta dpeak forecast observed dwl obs peak 
number number time duration time wl(m) wl(m) peak(m) time ( jd) 

2 3 6 -4 1 -0.2529 -0.5110 o·. 258 95.500 
3 6 4 -6 -1 -0 . 1145 -0.2260 0 . 111 100.208 
6 12 1 0 1 -0.1938 -0.2170 0.023 104 . 375 
7 16 1 -2 0 -0.1576 -0.2100 0.052 113 .167 

10 19 1 -1 1 -0 .1353 -0.2030 0.068 116. 250 
for 5 low water events, mean difference 
of the peak water levels is 0.1026 meters 

failure event dpeak forecast observed dwl obs peak 
number number time w1(m) wl(m) peak.(m) time(jd) 

1 4 -2 0.0119 -0.2990 0.311 99.292 
2 5 0 0.0147 -0.1080 0.123 99.792 
3 11 0 -0.0428 -0.1880 0.145 103.375 
4 13 0 -0.0192 -0.1700 0.151 105.417 
5 15 -2 -0.0651 -0.2420 0.177 112.208 

for 5 low water events, mean difference 
of the peak water levels is 0.1813 meters 
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Table 3.3a. Table2.out for Case Two Bias=-0.05 and Gain=l.05 

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

April 2000 
Start time of comparison 
critical level = 0 .. 10 

Pleasure Pier 
bias= -0.050, gain 1.05 

92.000, End time 

Low water critical level, -0.100 
High water critical level, 0.749 

122.000 

success event dstart delta dpeak forecast observed 
wl(m) number number time duration time wl(m) 

1 1 -2 2 -1 0 . 8082 
2 3 1 -3 -3 -0 . 1171 
3 4 -1 3 0 -0.2289 
4 6 1 -2 -1 -0.1049 
5 7 2 -2 0 -0.1814 

mean difference of peak water levels for 
"success" forecasts is 0.0353 meters 

failure event dpeak forecast observed dwl 

0.8140 
-0.1470 
-0.1340 
:...0.1070 
-0.2250 

obs peak 

dwl 
peak(m) 
-0.006 

0 . 030 
-0.095 

0.002 
0.0 44 · 

number number time wl(m) wl(m) peak(m) time ( j d) · 
1 2 0 -0.0297 -0.3040 
2 13 0 -0.0522 -0.1550 
3 16 0 0.5884 0.7880 

mean difference of peak water levels for 
"failure" forecasts is 0.1922 meters 

false event dpeak forecast observed 
number number time wl(m) wl(m) 

1 5 0 -0.1508 -0.0430 
2 8 0 0.7584 0.7480 
3 9 0 0.7854 0.6130 
4 10 - 1 -0.1596 -0.0460 
5 11 0 -0.2625 -0.0690 
6 12 -1 0.8345 0.6630 
7 14 0 -0.1993 -0.0990 
8 15 0 -0.1418 -0.0120 

mean difference of peak water levels for 
"false" forecasts is 0.1249 meters 

Success Failure false 
5 3 8 
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0.274 94.917 
0.103 111.917 

-0.200 121.542 

dwl obs peak 
peak(m) time ( j d) 
-0.108 97.917 

0.010 100.375 
0.172 102.417 

-0.114 103.167 
-0.193 104.167 

0.172 111.208 
-0.100 112.958 
-0.130 116.042 

obs peak 
time ( j d) 

92.625 
95.417 
95.833 
99.000 
99 . 958 



-
Table 3.3a. Table2.out for Case Two Bias=-0.075 and Gain=l.05 

Morgans Pt 
bias = -0.075, gain 1.05 
Low water critical level, -0.100 

High water critical level, 0 . 496 

success 
number 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

event 
number 

1 
3 
6 
9 

11 
12 
13 
15 
16 
18 
19 

dstart 
time 

0 
3 
2 
2 

-1 
-2 

1 
1 

-1 
1 

-1 

delta 
duration 

2 
0 

-2 
-1 

2 
4 

-3 
-4 . 

1 
-1 

2 

dpeak 
time 

2 
1 

-1 
6 
0 
1 
0 

-2 
0 
0 
1 

forecast 
wl(m) 
0.6159 

- 0.3504 
-0 . 2051 

0 . 5334 
-0.1298 
-0 . 2884 
-0.1051 
-0.1533 
-0.2504 

0.6520 
-0.2270 

observed 
wl(m) 

0.5710 
-0.5110 
-0.2260 

0.6090 
-0.1880 
-0.2170 
-0.1700 
-0.2420 
-0.2100 

0.6860 
-0.2030 

mean difference of peak water levels for 
"success" forecasts is 0.0621 meters 

failure 
number 

1 
2 
3 
4 
5 
6 

event 
number 

4 
5 
7 
8 

17 
20 

dpeak 
time 

-2 
0 
0 
0 
0 
0 

forecast 
wl(m) 

-0.0724 
-0.0695 

0.4498 
0.4521 
0.4340 
0.4331 

observed 
wl(m) 

-0.2990 
-0.1080 

0.4970 
0.5190 
0.5170 
0.6160 

mean difference of peak water levels for 
"failure" forecasts is 0.1075 meters 

false 
number 

1 
2 
3 

event 
number 

2 
10 
14 

dpeak 
time 

0 
0 
0 

forecast 
wl(m) 
0.5575 
0.6036 
0.5825 

observed 
wl(m) 
0.4650 
0.4220 
0.3730 

mean difference of peak water levels for 
"false" forecasts is 0.1612 meters 

Success Failure false 
11 6 3 
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dwl 
peak(m) 

0.227 
0.039 

-0.047 
-0.067 
-0.083 
-0.183 

dwl 
peak(m) 

0.093 
0.182 
0.209 

obs peak 
time( jd) 

99.292 
99.792 

100.792 · 
100.875 
113.875 
121.708 

obs peak 
time ( jd) 

92.708 
102.708 
111.417 

dwl 
peak(m) 

0.045 
0.161 
0.021 

-0.076 
0.058 

-0.071 
0.065 
0.089 

-0.040 
-0.034 
-0.024 

obs peak 
time(jd) 

92.083 
95.500 

100.208 
101.708 
103.375 
104.375 
105 . 417 
112.208 
113.167 
114 . 750 
1'16 ·. 250 



• 

Table 3.3b. Table_high for Case Two Bias=-0.05 and Gain=l.05 

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

April 2000 
Start time of comparison 
critical level = 0.10 
high water events 

Pleasure Pier 
bias = -0.050, gain 1.05 

High water critical level, 

92.000, End time 122 . 000 

0.749 

success 
numbe r 

1 

event 
number 

1 

dstart 
time 

- 2 

delta 
duration 

2 

dpeak 
time 

- 1 

forecast 
wl (m) 
0.8082 

·observed 
wl (m) 

0 . 8140 
for 1 high water events, mean difference 
of the peak water levels is 0.0058 meters 

failure event dpeak forecast observed 
number number time wl(m) wl(m) 

3 16 0 0.5884 0.7880 
for 1 high water events, mean difference 
of the peak water levels is 0.1996 meters 

false event dpeak forecast observed 
number number time wl(m) wl(m) 

2 8 0 0.7584 0.7480 
3 9 0 0.7854 0.6130 
6 12 -1 0.8345 0.6630 

for 3 high water events, mean difference 
of the peak water levels is 0.1181 meters 
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dwl 
peak(m) 
-0.200 

dwl 
peak(m) 

0.010 
0.172 
0.172 

obs peak 
time ( jd) 
121. 542 

obs peak 
time(jd) 
100 . 375 
102.417 
111. 208 

dwl obs peak 
pe ak(m) time(jd) 
-0.006 92.625 



Table 3.3b. Table_high for Case Two Bias=-0.075 and Gain=l.05 

Morgans Pt 
bias = -0.075, gain 1.05 

High water critical level, 0.496 

success event dstart delta dpeak forecast observed 
number number time duration time wl(m) 

1 1 0 2 2 0.6159 
4 9 2 -1 6 0.5334 

10 18 1 -1 0 0.6520 
for 3 high water events, mean difference 
of the peak water levels is 0.0515 meters 

failure 
number 

3 
4 
5 
6 

for 4 
of the 

event dpeak forecast observed 
number time wl(m) wl(m) 

7 0 0.4498 0.4970 
8 0 0 . 4521 0.5190 

17 0 0.4340 0.5170 
20 0 0.4331 0.6160 

high water events, mean difference 
peak water levels is 0.0950 meters 

false event dpeak forecast observed 
number number time wl(m) wl(m) 

1 2 0 0.5575 0.4650 
2 10 0 0.6036 0.4220 
3 14 0 0.5825 0.3730 

for 3 high water events, mean difference 
of the peak water levels is 0.1612 meters 
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dwl 
peak(rtl) 
-0.047 
-0 . 067 
-0.083 
-0.183 

dwl 
pealc(m) 

0.093 
0.182 
0.209 

wl(m) 
0.5710 
0.6090 
0.6860 

obs peak 
time ( jd) 
100.792 
100.875 
113.875 
121. 708 . 

obs peak 
time(jd) 

92.708 
102.708 
111. 417 

dwl 
peak(m) 

0.045 
-0.076 
-0 . 034 

obs peak 
time(jd) 

92.083 
101.708 
114.750 

.. 



Table 3.3c. Table_low for Case Two Bias=-0.05 and Gain=l.05 

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

April 2000 
Start time of comparison 
critical level = 0.10 
low water events 

92.000, End time ·122.000 

Pleasure Pier 
bias = -0.050, gain 1.05 
Low water critical level, -0.100 

success event 
number 

3 

dstart 
time 

1 
-1 

delta 
duration 

· -3 

dpeak 
time 
-3 

forecast 
number 

2 
3 
4 
5 

4 
6 1 
7 2 

3 
-2 
-2 

0 
-1 

0 

wl(m) 
-0.1171 
-0.2289 
-0.1049 
-0.1814 

for 4 low water events, mean difference 
of the peak water levels is 0.0426 meters 

failure event dpeak forecast observed dwl 

observed 
wl(m) 

-0.1470 
-0.1340 
-0.1070 
-0.2250 

obs peak 
number number time wl(m) wl(m) peak(m) time(jd) 

1 2 0 - 0.0297 -0.3040 0.274 94.917 
2 13 0 -0.0522 -0.1550 0.103 111. 917 

for 2 low water events, mean difference 
of the peak water levels is 0.1885 meters 

false event dpeak forecast observed dwl obs peak 
number number time wl(m) wl(m) peak(m) time( jd) 

1 5 0 - 0.1508 -0.0430 -0.108 97.917 
4 10 -1 -0.1596 -0.0460 -0.114 103.167 
5 11 0 -0.2625 -0. 0690 . -0.193 104.167 
7 14 0 -0.1993 -0.0990 -0.100 112.958 
8 15 0 -0.1418 -0.0120 -0.130 116.042 

for 5 low water events, mean difference 
of the peak water levels is 0.1290 meters 
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dwl 
peak(m) 

0.030 
-0 . 095 

0.002 
0.044 

obs peak 
time ( jd) 

95 . 417 
95.833 
99.000 
99 . 958 .. 



Table 3.3c. Table_low for Case Two Bias=-0.075 and Gain=l.05 

Morgans Pt 
bias = - 0.075, gain 1. 05 
Low water critical level, -0.100 

success event dstart delta dpeak forecast observed dwl obs peak 
number number time duration time wl(m) wl(m) peak(m) time ( jd) 

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 
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 

11 19 - 1 2 1 - 0.2270 - 0.2030 -0.024 116.250 
for 8 l ow wat er events, mean d i f f e r e nce 
of the peak water levels is 0 . 0661 meters 

failure event dpeak forecast observed dwl obs peak 
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 

for 2 low water events, mean difference 
of the peak water levels is 0.1326 meters 
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Figure 3.1. Event Analysis Plots at Galveston Pleasure Pier for April 2000: 
Observed, Forecast, and Adjusted Forecast 
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Figure 3.3. Event Analysis Plots at Galveston Pleasure Pier for April 2000: 
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Figure 3.5. Event Analysis Plots at Galveston Pleasure Pier for April2000: 
Nowcast and Astronomical Tide Prediction 
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Figure 3.6. Event Analysis Plots at Morgans Point for April 2000: 
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4. OPERATIONAL USE AND ENHANCEMENTS 

In the nowcast/forecast system operational environment, it will be necessary to evaluate and assess 
the quality of the water level forecasts for major low water events with the associated potential for 
groundings and oil spills as well as high water events with associated flooding oflow-lying marsh 
areas. While the majority of the formal acceptance statistics (NOS, 1999) will be met prior to 
operations, the ability of the nowcast/forecast system to forecast extreme water level events will need 
to be assessed on an ongoing event by event basis. 

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

The specification of critical values to define high and low water events may alter the number of 
failures and false alarms with water levels which are not significantly different from the observed 
water levels. As a result, Program Match.event.fprovides event tables for failures and false alarms 
as well as for successes. In these event tables, the difference between the model peak water level and 
the observed peak water level for each event is given. In addition, the time of the observed peak 
water level and the model peak water level are now included as well as the time difference between 
the model peak and the observed peak. Also given is the difference in event duration and start time. 
At the present time, only the mean difference in water level is computed. Additional statistics such 
as rms error might also be determined. In the forecast adjustments, only a non time-lagged linear 
regression is considered. It might be useful in the future to investigate time lagged relationships. 
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APPENDIX A. JCL AND CONTROL FILES 

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

reform.jcl 

# f77 reform_coops.f calcjd.f -o reformx 

# rm *.o 

reformx < reform.n 

reform.n 

jusrjpeoplejphilrjgalves/NF_evaljwleveljobservedjrawjpleas.2000.raw 
pleas.2000.obsch 

60.0 time 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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readnf.jcl 

# f77 read_nowforc.f modelfit.f -o nowforc 

# rm *.o 

nowforc < readnf.sepOO.n 
# nowforc < readnf.octOO.n 
# nowforc < readnf.novOO.n 
# nowforc < readnf.decOO.n 
# nowforc < readnf.feb01.n 
# nowforc < readnf.mayOO.n 

rm *.now.* 
# rm *.*N 
# rm *F.* 

readnf.aprOO.n 

92.0 
21 

startday 

pleas.now.apr 
22 
pleas.apr00F.050 
-0.05 1.05 bias, gain 

23 
pie21.now.apr 
24 
pie21.apr00F.050 
-0.05 1.05 

25 
bolvr.now.apr 
26 
bolvr.apr00F.050 
-0.05 1.05 

27 
morgn.now.apr 
28 
morgn.apr00F.075 

-0.075 1.05 
29 
eagle.now.apr 
30 
eagle.aprOOF.050 
-0.05 1.05 
0 nhr_skip 
forecast hours 1 - 24 

30 nfiles 
1 nmiss_gbm 
2 
2 nmiss_hsc 
2 
3 
jopseadisk2/HGOPS.dt/gbm2000/200004/20000401/wl.092.00z 
jopseadisk2/HGOPS.dtjhsc2000/200004/20000401/wl.092.00z 
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readnf.aprOO.n (continued) 

/opseadisk2/HGOPS.dt/gbm2000/200004/20000403/wl.094.00z 
/opseadisk2/HGOPS.dt/gbm2000/200004/20000404/wl.095.00z 
jopseadisk2/HGOPS.dt/hsc2000/200004/20000404/wl.095.00z 
jopseadisk2/HGOPS.dt/gbm2000/200004/20000405/wl . 096.00z 
/opseadisk2/HGOPS . dt/hsc2000/200004/20000405/wl . 096.00z 
jopseadisk2/HGOPS.dt/gbm2000/200004/20000406/wl.097.00z 
jopseadisk2/HGOPS.dtjhsc2000/200004/20000406/wl.097.00z 
jopseadisk2/HGOPS.dt/gbm2000/200004/20000407/wl.098.00z 
jopseadisk2/HGOPS.dt/hsc2000/200004/20000407/wl . 098.00z 
jopseadisk2/HGOPS.dt/gbm2000/200004/20000408/wl.099.00z 
jopseadisk2/HGOPS.dt/hsc2000/200004/20000408/wl.099.00z 
jopseadisk2/HGOPS.dt/gbm2000/200004/20000409/wl.l00.00z 
jopseadisk2/HGOPS.dt/hsc2000/200004/20000409/wl.l00.00z 
jopseadisk2/HGOPS.dt/gbm2000/200004/20000410/wl.l01.00z 
jopseadisk2/HGOPS.dt/hsc2000/200004/20000410/wl.l01.00z 
jopseadisk2/HGOPS.dt/gbm2000/200004/20000411/wl.l02.00z 
jopseadisk2/HGOPS.dt/hsc2000/200004/20000411/wl.l02.00z 
jopseadisk2/HGOPS.dt/gbm2000/200004/20000412/wl.l03.00z 
jopseadisk2/HGOPS.dt/hsc2000/200004/20000412/wl.l03.00z 
jopseadisk2/HGOPS.dt/gbm2000/200004/20000413/wl.l04.00z 
jopseadisk2/HGOPS.dt/hsc2000/200004/20000413/wl.l04.00z 
jopseadisk2/HGOPS . dtjgbm2000/200004/20000414/wl.l05.0Qz 
jopseadisk2/HGOPS.dt/hsc2000/200004/20000414/wl.l05.00z 
jopseadisk2/HGOPS.dt/gbm2000/200004/20000415/wl.l06 . 00z 
jopseadisk2/HGOPS.dt/hsc2000/200004/20000415/wl.l06.00z 
jopseadisk2/HGOPS.dt/gbm2000/200004/20000416/wl.l07.00z 
jopseadisk2/HGOPS . dt/hsc2000/200004/20000416/wl.l07.00z 
jopseadisk2/HGOPS.dt/gbm2000/200004/20000417/wl.l08.00z 
jopseadisk2/HGOPS.dt/hsc2000/200004/20000417/wl.l08.00z 
jopseadisk2/HGOPS.dt/gbm2000/200004/20000418/wl.l09.00z 
jopseadisk2/HGOPS.dt/hsc2000/200004/20000418/wl.l09.00z 
jopseadisk2/HGOPS.dt/gbm2000/200004/20000419/wl.ll0.00z 
jopseadisk2/HGOPS.dt/hsc2000/200004/20000419/wl.ll0.00z 
jopseadisk2/HGOPS.dt/gbm2000/200004/20000420/wl.lll.OOz 
jopseadisk2/HGOPS.dt/hsc2000/200004/20000420/wl.lll.OOz 
jopseadisk2/HGOPS.dt/gbm2000/200004/20000421/wl.ll2.00z 
jopseadisk2/HGOPS.dt/hsc2000/200004/20000421/wl.ll2.00z 
jopseadisk2/HGOPS.dt/gbm2000/200004/20000422/wl.ll3.00z 
jopseadisk2/HGOPS . dtjhsc2000/200004/20000422/wl . ll3.00z 
jopseadisk2/HGOPS.dtjgbm2000/200004/20000423/wl.ll4.00z 
jopseadisk2/HGOPS.dt/hsc2000/200004/20000423/wl.114.00z 
jopseadisk2/HGOPS.dt/gbm2000/200004/20000424/wl.l15.00z 
jopseadisk2/HGOPS.dtjhsc2000/200004/20000424/wl.ll5.00z 
jopseadisk2/HGOPS.dt/gbm2000/200004/20000425/wl . ll6.00z 
jopseadisk2/HGOPS.dt/hsc2000/200004/20000425/wl.ll6.00z 
jopseadisk2/HGOPS.dt/gbm2000/200004/20000426/wl.ll7.00z 
jopseadisk2/HGOPS.dt/hsc2000/200004/20000426/wl.ll7.00z 
jopseadisk2/HGOPS.dtjgbm2000/200004/20000427/wl.ll8.00z 
jopseadisk2/HGOPS . dtjhsc2000/200004/20000427/wl.118.00z 
jopseadisk2/HGOPS.dt/gbm2000/200004/20000428/wl.ll9.00z 
jopseadisk2/HGOPS.dt/hsc2000/200004/20000428/wl.ll9.00z 
jopseadisk2/HGOPS . dtjgbm2000/200004/20000429/wl.l20.00z 
jopseadisk2/HGOPS.dt/hsc2000/200004/20000429/wl.120.00z 
jopseadisk2/HGOPS.dt/gbm2000/200004/20000430/wl.121.00z 
jopseadisk2/HGOPS.dt/hsc2000/200004/20000430/wl.l21 . 00z 
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match.jcl 

# f77 match.event.f calcjd.f timehi.f jdgreg.f wr_header.f -o match.ph 

# rm *.o 

# match.ph < match.sepOON.n > out 

# match.ph < match_pred.decOO.n > out 

match.ph < match.aprOOF.n > out 

# match.ph < match.pleasF.n > out 

rm out 
rm table.out 

# rm table2.out 
# rm table_high 
# rm table_low 

match.aprOOF.n 

0 idebug 
April 2000 
Observed wl data vs. forecast wl data, event analysis 

92.000 startjd 
122.000 endjd 

0.1 crlevel- critical value 
forecast - option, forecast or astronomic 
table_highF.apr00.075 

2 number of stations 
Pleasure Pier 
0.649 
jusrjpeople/philrjgalves/NF_evaljwleveljobservedjpleas.2000.obs 
jusrjpeople/philrjgalves/NF_evaljwleveljforcast/pleas.aprOOF.OSO 
Morgans Pt 
0.396 
jusrjpeople/philrjgalves/NF_evaljwlevel/observedjmorgn.2000.obs 
jusrjpeople/philrjgalves/NF_evaljwlevel/forcastjmorgn.apr00F.075 
Pier 21 
0.430 
jusrjpeoplejphilrjgalves/NF_evaljwleveljobserved/pie21.2000.obs 
jusrjpeoplejphilrjgalves/NF_evaljwleveljforcast/pie21.apr00F.050 
Port Bolivar 
0.430 
jusrjpeople/philrjgalves/NF_eval/wleveljobservedjbolvr.2000.obs 
jusrjpeople/philrjgalves/NF_evaljwleveljforcastjbolvr.aprOOF.OSO 
Eagle Point 
0.336 
jusr/people/philrjgalves/NF_evaljwleveljobservedjeagle.2000.obs 
jusrjpeople/philrjgalves/NF_evaljwleveljforcastjeagle.aprOOF.OSO 
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IDL< .r wl.sigma.pro 

cntrl.pleas 
ps 
landscape 
0 idebug 
!17Pleasure Pier!X 
forcast 

92.0 tmin 
92.00 start time 

122.0 tmax 
122.0 end time 

2000 year 
1 number of curves 
!17WATER LEVEL FORECAST, hours 1 - 24!X 
!17forecast!X 
jusrjpeople/philr/galves/NF_eval/wlevel/forcast/base/pleas.aprOOF.b 
-1.00 1.00 8 yrange, and number of tick marks 
April 2000 

0.100 critical value 
0.649 range_offset 

IDL< .r wl.multcur.pro 

c.pleas_aprOO 
ps 
landscape 
0 idebug 
!17Pleasure Pier!X 

92.00 tmin 
92.00 start time 

122.00 tmax 
121.71 end time 

5 number of curves 
!17PLEASURE PIER WATER LEVEL!X 
!17observed!X 
observed 
jusrjpeople/philr/galves/NF_evaljwlevel/observed/pleas.2000.obs 
!17nowcast!X 
nowcast 
jusr/people/philr/galves/NF_eval/wlevel/nowcast/pleas.aprOON 
!17predicted!X 
predicted 
jusrjpeople/philr/galves/NF_eval/wlevel/astron/pleas.2000.pred_ref 
!17forecast!X 
forcast 
jusrjpeople/philr/galves/NF_eval/wlevel/forcast/base/pleas.aprOOF.b 
!17adj fcst!X 
forcast 
jusr/people/philr/galves/NF~evaljwlevel/forcast/pleas.aprOOF.OSO 
-1 . 00 1.00 8 yrange, and number of tick marks 
April 2000 

0.100 crlevel 
0.649 range_offset 
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