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1. INTRODUCTION

In my last Office Note on storm-related beach erosion (Richardson, 1978),
I presented a forecast technique which was implemented by the National
Weather Service in the fall of 1978 (National Weather Service, 1978). This
statistically derived technique forecasts storm-related beach erosion inten-
sities in qualitative terms (none, minor, moderate, major, and severe).
Erosion intensities are forecast with a set of equations which was based
upon linear and powers-of-two intensity scales. These scales and associ-
ated qualitative terms are shown in Fig. 1.

During 1978-79 the beach erosion forecast technique overforecast erosion
intensities for the Maine and Mass. coasts, especially during higher than
normal spring tide conditions. While erosion forecasts are made for east
coast states from Maine through S.C., the overforecasting problem most often
occurred at Maine and Mass. This paper discusses this problem and presents
new forecast equations which should help eliminate the problem. I've also
included verification results which are based upon these new equations.

2. THE OVERFORECASTING PROBLEM

In checking into the overforecasting problem, '"crying severe and major
erosion when there is none," this is what I've found. The forecast equa-
tions which were implemented last fall contain duration predictors. To
refresh your memory, these predictions are the number of consecutive high
tides (approximately 12.4 hours apart) that critical values are reached or
exceeded. Critical values are defined by the amplitude of the mean spring
tide and storm surge heights at representative tide gages. A list of these
tide gages, the amplitudes of the mean spring tides at these gages, and
critical values used to determine generalized and variable duration pre-
dictors are shown in Table 1. The generalized and variable duration
predictors are discussed by Richardson (1978).

Unusually high spring tides may be 25 percent higher than normal spring
tides. This translates into astronomical tide heights which are 1.5 ft
above normal spring tides at representative tide gages for Maine and Mass.
At representative tide gages for states south of Mass. the differences be-
tween unusually high spring tides and normal spring tides are only about

0.6 ft.

During unusually high spring tides at Portland, Maine, and Boston, Mass.,
very small storm surges cause critical values to be reached. When critical
values are reached during a number of consecutive high tides, the erosion



equations forecast severe and major erosion. If these critical values are
reached during low storm surge conditions, the erosion intensities are over-
forecast. These intensities are overforecast because the agent responsible
for "eating away'" at the beach is the energy contained in the storm surge
and not the energy associated with the rise and fall of the astronomical
tide. Unusually high spring tides cause much less of a problem at states
south of Mass. There is less of a problem because unusually high spring
tides are not that much different from mean spring tides at these states.

3. SOLUTION

A solution to the overforecasting problem at Maine and Mass. is a new
beach erosion equation for these states which does not contain duration
predictors., Before this new equation was derived, I carefully checked
Maine and Mass. beach erosion data. Of the 82 pieces of data, 11 were
inconsistent. By inconsistent I mean, only one state reported erosion
when storm track, high tides, and storm surge heights indicated erosion
along the coasts of both states. The 11 pieces of data which indicated
no erosion at one or the other states (6 for Maine and 5 for Mass.) were
removed from the development sample.

The new equation which I derived by statistical screening from the 71
pieces of data is:

BE(Maine and Mass.) = -1.06 + 0.04 MT2 + 0.09 MSZ, (1)
where BE is beach erosion intensity (linear scale of O through 4, see Fig. 17
MT is maximum tide height (ft) above mean sea level (m.s.l.), and MS is maximum
storm surge height (ft). The third predictor which would have been
selected was a duration prediction. However, screening was stopped before
this predictor was selected, since this predictor was responsible for the
overforecasting problem. The duration predictor would have reduced the
variance of erosion -intensity by only an additional 1.3 percent.

As you may recall the set of equations implemented in 1978 was:

BE(Maine and Mass.) = 1.34 + 0.24 MT + 0.09 M52 + 0.54D + 0.12VD, (2)

-0.66 + 0.35D + 0.16 MS + 0.23VD + 0.15 MT, (3)

Z0.23 + 1.44D + 0.13 MSZ + 0.70VD + 0.23 MT, (4)

BE(R.I. through S.C.)

I

BE2(all states)

where BE is beach erosion intensity (scale of 0 through 4), BE2 is beach
erosion intensity (scale of 1 through 16, see Fig. 1), D is generalized
duration, MS is maximum storm surge height (ft), VD is variable duration,
and MT is maximum tide height (ft) above m.s.l.

This set of three equations is applied in the following manner, The powers-—
of-two generalized (all states) equation, equation (4), is first used to com-
pute the erosion intensity. This equation was derived with data from Maine
to S.C. If an intensity of moderate or greater is computed, the erosion
intensity is based on this equation. If the computed intensity is less than
moderate, then the linear scale equations (2) and (3), which were derived
from data of their respective groups, are used.



1 plan to replace equations (2) and (4) of the old set with equations
(1) and (5). Equation (3) is unchanged. This set of 'new'" equations is:
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BE(Maine and Mass.) = -1.06 + 0.04 MT2 + 0.09 MS™, (1)

BE(R.I. through S.C.) = -0.66 + 0.35D + 0.16 MS + 0.23VD + 0.15 MT, (3)

BE2(R.I. through S.C.) = 0.69 + 1.52D + 0.12 MS> + 0.74VD (5)

The predictands and predictors in these new equations have the same defi-
nitions as the predictands and predictors in the old equations. Equation
(1) is the new equation which was derived from Maine and Mass. erosion data.
This equation will be used to forecast the erosion intensity for Maine and
Mass. A new powers-of-two scale equation, equation (5), will replace the
generalized equation, equation (4), of the old set of equations. Equation
(5) was derived with data from R.I., N.Y., N.J., Del., Va., N.C., and S.C.
Equations (3) and (5) will be applied as follows. Equation (5) is first
used to compute the erosion intensity for the oceanic coastline of states
south of Mass. If an intensity of moderate or greater is forecast, the
erosion intensity is based on this equation. Otherwise, the erosion
intensity will be based on equation (3).

4. TEST RESULTS

Twelve independent "erosion events' which occurred or were forecast to
occur along the coastal states from Maine through Va. were used to test and com-
pare the new equations ((1), (3), and (5)) with the old equations ((2), (3),
and (4)). The equations, new and old, were used to specify the erosion
intensity associated with four independent events. That is, the erosion
intensities associated with Dec. 20, 1977, Jan. 9, 1978, Feb. 7, 1978, and
Apr. 26, 1978, were calculated with observed predictors. , For the other eight
"erosion events," either moderate or greater erosion occurred or moderate or
greater erosion was forecast by the old equations for the Maine and Mass.
coasts. The forecast (12-, 24—, 36—, and 48-h) erosion intensities are the
maximum intensities forecast without regard to forecast projections.

Observed-specified and observed-forecast contingency tables were con-
structed with the new and old sets of forecast equations for each group of
states. Table 2 contains the observed-specified contingency table for Maine and
Mass. This table is based on three independent events (Dec. 20, 1977,
Jan. 9, 1978, and Feb. 7, 1978). Erosion categories specified by the old
set of equations are shown in parentheses. The new equation shows slight
improvement over the old equations in specifying severe erosion. All other
categories are specified the same by the old and new equations.

The observed-forecast contingency table for Maine and Mass, for eight
independent erosion events which occurred or were forecast to occur during
1978-1979 are shown in Table 3. The old equations forecast severe and
major erosion seven times when no erosion is reported, For these times,
when no erosion is reported, the new equation forecasts moderate and minor
erosion. However, two erosion events which are forecast as no erosion by



the old equations are forecast as minor erosion by the new equation,
Keep in mind that these forecasts are made with storm surge forecasts;
therefore, part of the erosion forecast error may be due to errors in
the storm surge forecasts.

Tables 4 and 5 contain the observed-specified and the observed-forecast
contingency tables for the states south of Mass. Notice that the old and
new equations give the same results. This is not that surprising since
equation (3) is used in the old and new sets of equations.

Matrix scores, threat scores, and percent of correct specifications and
forecasts were computed from the four contingency tables. These scores
were computed by combining the specifications and forecasts for each group
of states. Matrix scores (MS) were computed by the following formula.
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Where fij are elements in an observed-forecast (5x5) contingency table and

Mij are elements of the scoring matrix shown in Table 6.
. # hits ,

Tie Ehzeds mcore [# forecasts + # observed - # hits
frequency of correctly specifying or forecasting the event in which the
event was a threat (Palmer and Allen, 1949). Threatening situations are
those in which either severe, major, or moderate erosion occurred, or were
specified or forecast to occur.

] is the relative

Table 7 shows matrix scores, threat scores, and percent of correct speci-
fications or forecasts for the old and new equations for each group of
states. Scores associated with the old equations are shown in parentheses.
The scores associated with the coastal states south of Mass. (R.I. through
S.C.) are the same for the old and new equations. A perfect matrix score
for these states is 182.

There is a big difference between the scores associated with the old and
new equations for Maine and Mass. For example, the matrix score associated
with the new equation is 48 points higher than the corresponding score for
the old equations. A perfect score for these independent events is 78.

The threat score associated with the new equation is 0.17 higher (100
percent better) than the threat score associated with the old equations.
However, the percent of correct specifications and forecasts associated
with the new equation is a little lower than the one associated with the
old equations.

On the basis of these results, the new equations ((1), (3), and (5)) were
implemented in December 1979.
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Figure 1. Storm-related erosion intensity scales and associated qualitative
terms.



(spTs uesdQ) °*0°N ‘sexsqqeH odep qe oprg Jutads uesw syl Jo epnytrduy ,

0°S S5 0°¢ _*0'S fuolsataey)y BUTTOIBD Y3nos
¢ (4 0%, “9*N ‘uoay BUTTO1E) YIION
0'€ 0°Y B ‘ep ‘speoy uolduey eyuysaTyp
Sy 0°S 92 ‘124
‘10qQaey Ia3emMyEII] axemcTo(
Gy 0*¢c g2 ‘N ‘A3TD OTauellv Kasaap moN
2*¢ gL L2 *X°N “aox meN NioL mMON
LY LY ¢'e *I'¥ ‘310dmaN pueTsI @pouy
0°'8 0'8 §*S *ssel ‘uolsog §3312SNYdessey
z'9 L*L g's "a ‘pueriiod auTEl
(33) (37) (33)
uofIuang a1qeTATA uppIrang pIZIIEIDUDY SpPTL w_ﬂ.._n.mﬂm uesji 28rg op1l so1vals
au El o ujmaiaia 1 >
SO g s S g s ML B Ll 2 L PoILII0SSY 1eIs00)

*sSuI8q UOTJEINE

81QeTJBA pUB PozITBJIoUSd JUTUTWISYSP UT p3sn SSUTEA {e0T3TJIO, puk ‘sooed 8say]
1® op13 Butads ueew ay} Jo apnyridue ‘gse? apTy poreTonsse ‘sajE}S TEIBE0) [ 9TqElL



0°00T 9 T (T) (T) z (2) (2) T (0) Te30]

i NS z T (1) (T 0 (0) (0) 0 (0) auoN

0°0 0 0 (0) (0) 0 (0) (0) 0 (0) I0UTK

9T T 0 (0) (0) T (1) (0) 0 (0) 93819pOK

L°9T T 0 (0) (0) T (1) (0) 0 (0) aoley

¢ EE z 0 (0) (0) 0 (0) (2) T (0) 919A38
TEe30] 3O TB30L SuoN I0UTR 23BI3POK aoleyw EEEVETS saTao8a3e)
jusniag satxo0893e) parjroads peA1asqQ

Aq paT3iToods s9T1089238D UOTSOIY
uoTso1® juspuadapur 103

21 UOTSOI@ JO SaTI08a3e)

*ssel pue SUTER 10J aTqe3 Kouadurjuod parIFoads-paaiasqp

*sesayjuaied ut umoys aie suorienbe jo 38s pro Byl

‘g/-//6T Suranp 3se0D 3SE® 2Yj SUOTE PaIANOd0 YdTym S3juaas
suorjenba jo 38 PO 2yl pue

uofienbs mou sayj £q peindwod

*Z °TqBlL



0°00T 9T (€) 6 (1) 9 (S) 0 (€) 0 (%) TE30L
G"L8 Vit (€) 6 (1) v (€) 0 (€) 0 (%) SUON
0°0 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 10UTH
C*TT z (0) 0 (0) z (D) 0 (0) 0 (0) SJEABPOH
0°0 0 0 0o (0) 0 (0) 0 (0) 0 (0) zoley
0°0 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) aieass
Te3o], 3O TB30] QUON I0UTH 93EBIABPON aoley 219A98 seT10823®)
jusdaag saT108938) 315BD910J] paaa=s8qQ

*gsasayjuared uT umoys a1e suorienba jo 39s pTo ayj £q 3seod103J S3]10393BD UOTSO1F

*6/-8/6T SuTanp 3se0D 3SE? 3ayj JuoTe INDD0 03 ISEBOAA0J 9134 10 PaIINID0 YITYM , SJUSAD
uofsoxa, juepuadepur 3y37e 103 suorjenbs jo 38s pTo @y3l pue uofjenbs mau ay3 £q 3sede10]

218 UOJS0I@ JOo safao8aje)

*SSB{ PUB JUTBK I0J 3Tqe3 AOua8uTIU0D 3ISBOBI0J-PAAIIS]Q

‘¢ 9Tqel



0°00T 07 ot (o1) ¢ (@) s (9) (2) T «TI) Te30]
0°99 €T ot (0T) T (1) z (@) (0) 0 (0) uoN
0°0 0 0 (0) 0 (0) 0 (0) (0) 0 (0) 10UTK
0°0T z 0 (0) T (D T (T (0) 0 (0) 23E13pOK
062 S 0o (0 0o (0) z () (@) T (1) 1ofey
0°0 0 0 (0) 0o (0) 0 (0) (0) 0 (0) axaaas
Te30L JO Te3oL BUON IOUTH 21BI2POK aoleyR 219A38 satao8a3e)
Juad1ag seT108931B) pPaTjIoedg peaissqQ

‘g/6T ‘9z *ady pue fg/6T ‘L "9 8L6T ‘6 ‘uel f//6T ‘0T '°°Q P2IINDD0 YITYM SIUIAD

juspuadepuyl iInoJ I0JF °H°S pPue ‘*BA ‘°*TO@ LN ‘°XA°N *'I*¥ 103 3dadX® Z 9[qe] SEB SWES

' STQElL

10



0°00T 8y 9¢ (9¢) T (2) 6 (6) T (1) 0 (0) Te3lol
8°'G6 9% 9¢ (9¢) z (2 g L) T (L) 0 (0) auoN
0°0 0 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) I0UTK
2% o 0 (0) 0 (o) z (2) 0 (0) 0 (0) 93B18POY
0°'0 0 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1ofey
0°0 0 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 919498
TB30] 3JO 18307 . QUON IOUTR 9]1BI9POY aoley ERENETY saTi08238)
Jua213g saTio08a3en) 3SEOL10J] paaiasqQ
*n*g pue ‘*ep ‘*Tag ‘‘L'N “°*A'N “°I*¥ 103 3deoxe ¢ ©Tqel se 2weS ‘G 9TqEL

11



Table 6., Scoring matrix designed to give heavier weights to
the erosion categories that are more difficult to forecast.
The score for a correct forecast of severe erosion is given
five times more weight than a correct forecast for no erosion.

Observed Forecast Categories
Categories Severe ~ Major - Moderate ~ Minor None
Severe 10 7 4 1 -2
Major 5 8 5 2 -1
Moderate 0 3 6 3 0
Minor -5 -2 1 4 i i
None -10 -7 -4 =1 2
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Table 7. Matrix scores, threat scores, and percent of correct
specifications and forecasts associated with the new and old
sets of equations. Scores were computed by combining specifica-
tions and forecasts for each group of states, Scores associated
with the old set of equations are shown in parentheses.

Verification Scores Maine and Mass. R.I. through S.C.
Matrix Score (=30) 18 (98) 98
Threat Score (0.16) 0.33 (0.23) 0.23

Percent of correct
specifications (32) 27 (75) 75
and forecasts
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