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INTRODUCTIO N

In his rejoind er to our rep ly (PILl":EY c! al .. 1991i) of his
discu ssion of YOlIN(; ('I al . (1995 ), HOllSTON ( 1998) sta tes
th at we "provide virtua lly no concre te criticism th at GENE
SIS developer s can address" (p, 117:3 ). On th e contrary, we
believe th at we offered very fundamental cr itic isms ofGEN
ESI S th at need to be answered . In thi s rep ly to HOl:STON
(1998 1, we reiter ate eight criti cism s of GEN ESIS th a t limn
th e basis of th e cr it icis m in our ori gin a l paper (YOl IN l ; rt al ..
1995 l. If det erministic numerical models used in beach design
are to have credibility, it is essent ia l th at fundamenta l crit
icism s such as ou rs be addressed. We ask tha t Hou st on re
spond to th ese qu estions as th e first s te p in a dialogue be
tween model propo nents a nd cr it ics . Su ch a dialo gue, cen 
tered arou nd th e widely used GENESIS shoreline cha nge
model (HAl':SO!,; a nd KHAlIS, l ~l8~l ; HANSON, 1989 ), should be
useful for coastal man ag ers who see mode l a pplica t ions on an
a lmost dail y ba sis and who apply models with littl e under
sta nding of how th ey work . We feel that our criticisms are
fair, objective. a nd worthy of a response.

Th e sa me eigh t qu estions a pply to most models used to
pr ed ict beach beh avi or. including S BEACH ((,AHSON and
KRAUS. 1989 ).

EIGHT QUESTIONS

Wave Parameters

Mean wave height and direction a re cr it ica l fill' modeling
of beach beh avior. Yet , as pointed out in th e GENESIS te ch
nical manual (HANSON and KRAUS. 1989 ), good wav e data
are rarely avai la ble. Two wa ves of the sa me height, period ,

and direct ion do not necessarily ha ve th e sa me effect, de
pending on beach sta te, sediment sort ing, sa nd supply , and
othe r factors . Ass uming good wave data uvre ava ila ble, how
do you hnou: iohich [II -erauc l( '[11 'e characterist u:s a 1'(' useful ill
a GENESIS m odel run 10 pr ed ict tlu: beliaoior of a /4 iu('11
lwach :

Shoreface Character

Th e GENESIS model ass umes th at th e shore face is com
posed of a thick , homo gen eous layer of sa nd. It a lso assumes
a shore face surface based on a n equ ilibr ium profile sha pe.
Recent st ud ies, of East Coast s horefaces (RI(;(;s el al .. 1995;
TIII EL!':B 1'1 al .. HJ95; 1998; SCHWAB ct al ., 199 7 ), however,
ind ica te increasin gly th at most shore faces a re se diment
sta rved. a nd that shoreface sha pe is cont rolled by a widely
va ry ing geo logic framework ran ging from mod ern inlet-fill to
well -indurated Tertiary lim estone. In add it ion, th e concept or
profile or equilibr iu m has been ca lled into qu esti on (P ILKEY
.'1 al .. 199 :3 ; Rlw ;s et al .. 1995; THI ~: L EH et al.. 1995 ). Eve n
on relatively sa nd rich shorefaces, offshore bars a re respon
s ible fill' vari ations in th e volume of sa nd tra nsported on th e
upper shore face (WIWm T and S HOHT, 1983; HOLMAN, 1995 );
s he ll lags . orga nic mats , a nd even wave-induced stresses may
in hibit sa nd transport in fa irw eather and delay the onset of
sed iment t ra ns port during sto rms (WHIGHT, 1989; W!W;lIT
eI al .. 1991 ; 1994 ; 1997). How do you rat ionalize th e GENES IS
assumption of a smo oth equilibriu m profile with out geo logic
control , offs hore bars , or sed ime n t va ria bility ?

Closure Depth

GENESIS assumes a closure depth (or depth beyond whi ch
no sed iment is transported in sign ifican t volumes ). We find
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no oceanographic basis for th e ex iste nce of a closure depth .
Rather th e geologic lit eratu re is full of data suggesting sig 
nificant sedime nt t ransport from sha llow into deep water a nd
vice versa (see NUMMEDAL, 1991 ; PILKEYand FIELD, 1972 as
examples). Curre nt-mete r studies (WIUGIIT et 01. , 1991 ) in 
dicate such a dividing line between th e shore face a nd th e
inner she lf does not exist. Th e seawa rd t ransport of beach
nourishmen t sediment has been observe d to depths well be
yond th e design closure depth a t a number of beaches (PEAI{
SON and RIGGS, 1981; THIELER et 01., 199 4; REED a nd
WELLS, in press). At Folly Beach , South Carolina , th e subject
of much of th e rejoind er in ques t ion (HOUSTON, 1998 ), sub
sta nt ia l qu antities of nourishment sediment are being t rans
ported onto th e inn er she lf beyon d the presumed closure
depth (THIELER et 01., in press). What is the field evidence for
the existence of a closure depth, as used in GENESIS. as a
limit of significan t offshore sediment tra nsport ?

Mean and Combine d Flows

WRIGHT et 01. ( 991) note th e existence of a t least five dif
ferent types of mean flows on th e shoreface. Th ese currents
often interact with wave-induced curre nts and are respons i
ble for se diment tran sport, onshore and offshore, even in fair
weather (SWIFT, 197 6; GRANT and MADSEN, 1979 ; CACCHI
ONE a nd DRAKE, 1990; PILKEY et. 01. , 1993; WIBERG et al.,
1994 ). None of these currents are cons ide red in GENES IS.
Becaus e mean and com bined (lows are not cons idered in GEN
ESIS , how do you discount their importance in sedi ment tran s
port ?

Uncertainty

GENE SIS is a deterministic model. Output qu an tities are
pr ovided without error bounds. Yet , model users need to
know th e possibl e errors or un certainties in th e model output.
It is in the public's interest to be mad e aware of th e scient ific
un certainty of projects funded by public monies. Th is is es
pecia lly true becau se th e durability of coasta l engineering
proj ect s like beach nourishment is often determined in large
part by randomly occurring, but inevitable, storms ( L~;ONARD

et 01., 1990). Fu rther, th e nearshore oceanographic system is
extre mely complex and exh ibits chaotic beh avior . How can
GENESIS provi de useful answers for coastal managers if the
error boun ds of the model outpu t are unknown ?

Averages

GENES IS model param eters and results rely heavily on
averaged va lues. Averag ing , however, removes ext reme
events from eithe r end of th e spectrum a nd ext reme events
are cer tai nly, on some beach es, respons ible for most of the
rapid and large cha nges . Th e use of averages deni es the s ig
nifican ce of th e natural variability of th e nearsh ore syste m
(NICOLIS and NICOLlS, 1991). How do you justi fy the wide
spread use of average values te.g ; wave characteristics , gra in
size, nearshore slope) in GENESIS ?

Storms

Storms a nd storm-related processes a re imp ortant, if not
critica l, in th e evolut ion of most beaches. Sto rm processes are

numerous, includin g overwash , eolia n t ra nsport , nearshore
and inn er shelf sedime nt tran sport by up- and down-w ellin g.
rip currents, storm surge ebb, etc. Storms of different inten
s ity a nd from differen t direction s ca n have widely varying
imp acts on th e same beach . How can a model such as GEN
ESIS omit a realistic storm clim ate in predictin g beach be
havior?

Field Data

Th e successful use of any model of ea rth surface processes
requires good input data. As pointed out repeatedly by the
GENES IS techni cal manua l (J-\ANSON and KRAUS, 1989 ),
however, adequa te data from a given field site a re rarely
ava ilable, Model-requ ired data such as mean wave charac
teri sti cs, groin permeability, nearsh ore bathym etry, shore
fa ce sediment characteri sti cs, a nd closure depth are difficult
to obt ain. Even if th e model was ab le to represent reality
accura te ly, the probl em can be summed up in the old adage,
"ga rbage in , ga rbage out." In view of the great uncertainties
concern ing all input data and bou//(I01:Y cond itions that might
affect a GEivESIS model run , how can one expect a physically
reasonable answer from th e model?

CLOSURE

Th ese eight questi ons are a distilled reiteration of th e orig
ina l crit icisms of the GEN J<: SIS model from YOUNG et 01.
(1995 ), Although th at pap er has been mu ch discussed within
th e pages of this journal, th e funda menta l que stions of model
usefulness and accuracy have never been ans wered or dis
cussed. We desire a meaningful dialogue regarding th e evi
dence behind coas ta l modeling assumptions and we believe
th ese eight qu esti ons are a good place to start.
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