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In the beaches under study on the island of Grand Canary, IR are identi  
fying and nieasuring the inter t idal  annual cyclic processes of accretion 
and erosion, s ta r t ing  fran the topographical mvements of the strand. 

These processes: 

a )  We are analyzing and interpreting these in the framowrk of the 
physical and geographical interdependences, and as responses t o  the mre 
interna1 evolutions of the morphodynamics, in the sedimntary environ - 
ments in question, 

b)  and permitting the definition and calculation of sane indices 
of sedimentary gains and losses, of interest t o  coastal planning and ma - 
nagement . 

INIRODüCTION AND OBJECTrVES 

In  the opinion of Charlier (19871, the mathematical calculation and rna 
nagnient of the sedimentary volu~ies , through observation of the topogra 
phical mernents is ,  actually, the optimum mthod for  the identification, 
measuranent, and interpretation of the accretion and erosion processes 
(gains and losses in sandy beac'hes. 

i f  the topographical movenients refer t o  the in ter t ida l  zones, as it hap 
pens in t h i s  work, we are obtaining answers t o  the m r e  internal evolu 
t ions  of the beach e n v i r o m n t  mrphodynamics, in a greenient with tG 
m t l i n e  of Wright and Short (1983). 

The sedimentary dynamics of the 'oeaches develop, t o  a very i q o r t a n t  pro 
portion, betwen the shorel ine and the breaker 1 ine. With a range of &- 
astronunical t ide  of up to  2.82 m. (as  is  the case in the Canaries) , the 
in ter t ida l  zones have sufficient mp1itud.e t o  support t ru ly  valid inves 
t igat ions,  referr ing t o  the accretion - erosion processes, i n  the beaches 
under S tudy . 
The accretion - erosion processes represent effects  resulting fran sane 
determined causes. Knowing and d e r s t a n d i n g  the "effect - cause" duali  - 
t y ,  IR can predict "causes - effects" through the numerical &l. 

The rriodelling of these processes aevelops various conceptual stages. We 
xill oraer t'hese f r a  botton t o  io?, depnding on the best levei of abs - 
t ract ion anci general ization: 



a )  In the f i r s t  phase, the wrks  in the f i e l d  aiued a t  identifyinR 
a physical d l ,  in which predaninates the selecticm of basic qua l i t a t i  
ve characteristics. 

b )  The translation of qualitative data t o  quantitative data consti 
tutes a canplex process, which passes through i n t e d i a t e  partial  d e  - 
l l ing  steps. The representation of the selected descriptive parameters,- 
of adequate scale, culminates in the e s t a b l i s h n t  of a quantitative Sta 
ge 

C )  And i n  the quantitative phase, apply, essential ly,  the mathe 
matical mthod. This establishes an abstract problem which serves, prefe - 
rent ial ly,  for the analysis of general questions. 

The actual work, in the frauwork described, i s  situated betwen the qua - 
l i t a t i ve  phase and an intermediate semi-quantitative phase. 

O n  the other hand, the estimations and indices of the sedimentary gains 
and losses in the beaches are useful, in the present fom,  in coastal 
planning and managent .  Nevertheless, the making of decisions needs to  
be based on an analysis of the w b l e  of the physical processes and handi - 
caps which appear in these s i t u t i o n s .  

GEOC;RAPH ICAL 

The sandy beaches under study (figure 1) are located on the island of 
Grand Canary (Spain). The descriptions of the same are presented in con - 
densed f o m  in table 1. 

The study is based on the followmg techniques: 

1. Elevation of the tcpgraphical profiles of the mnthly studies, 
m s t l y  in 1986. We are using the method of gearetric levelling (by a l t i  
tudes), as developed and described by Martínes e t  a l  ( 1987 a ,  1987 b, a d  
1987 c )  . 

2. Calculation of the relat ive volunie of the sands, by the trapezoi 
da1 niethod, in agreemnt with Puig Adam (1979 . The vo luu~s  correspond 
to  an inter t idal  s t r i p ,  previously determined, and f r m  a convenient ba 
se leve1 . The contrast of the series  of relat ive voluues , in relation to 
the l m s t  value, measures the sand gains or losses. 

3. Oceanographical anaiysis o i  che annual gains and losses of the 
beach sand. For th is  we have recourse to: 

- the surface meteorological predictions 
- and visual observations of the surf from ships "en route", in 

the Canary envirorment. The data is taken frun the "Oceanogra 
phic Atlas of the North Atlantic Ocean", in i t s  sucessive r e s  
S ions . 

With observations of the surf w analyze, for the greatest ?ar t  of the 
Grandcanary coas t : 

- the maximcim possibil i t y  o£ presentatiodal t i d e ,  ;Jicief in i t e  
depth, of ihe sup i f i c an t  "swell" and "sea" waves 'In a certain 
direction (pattern of the ciirectional surf) ,  



- as wll as the annual percentages. 

Once the annual processes of accretion and erosion have been measured 
and interpreted, w can define operative i d i c e s :  

- estimation of the sedimentary support capacity, 
- and the sedimentary variabi l i ty .  

INDM OF SEDIMENTARY SWPORT CAPACITY (S. S. C. 1.) 

This incia defines the difference between the actual and potencial volu 
mes, derived fran topograpinical profi le  l w e l l i n g  in si tuand theory, r e s  
p x t i v e l y ,  fo r  unity of t;le observed in ter t ida l  surface, and in a c e c  
t a i n  period of the annual cycle. This is expressed w i t h  the formula: 

S.S.C.I. = 
C r  - Cp 

Su 

in which: 

C r  = actual volunie 
Cp = potencial volume 
Su = observed surface 

The theoretical topography i s  calculated based upon the slope, obtaining: 

- the median diameter and densities of the beach sand, 
- and the surf characteristics.  

Formulas o£ the type of Sunarmira (1984) are considered. 

b)  Or by employing empirical curves of the equil i b r i m  b e m e n  
beach-face s l o p  and the ñiedian diameter of sand. 

Among others, Bascan (19591, Kanar (19761, and Martínez (19861 describe 
curves of this type. 

Using this method the estination error is  larger.  

The potential volume for  operative to ta l  of a s d y  beach, are de& - 
ced, in irmiediate fom,  with the equation: 

A Cp = L A (H - 7 tag a )  

Cp = potential v o l m ~  
L = operative length of the beach 
A = arnplitu.de of the observed strand 
H = average vertical iength fran the head of the profiles t i11 refe - 

rente basis 
a = beach - face s l o ~ .  



The ir&x in question qualifies the beaches according to: 

- equilibriun, 
- deficiencies 
- or i n  surplus, 

as i s  s h m  i n  table 2. 

INDM OF SEDIMENTARY VARIABILITY (S.V.I.) 

This index i s  defined as the estimate of the average a l t i tude  of erosion 
t o  accretion, in an annual cycle, that overtakes the surface of an in ter  
t ida l  delimeted s t r i p ,  in a sector of or i n  al  1 of the beach. To m upT 
it evaluates the maximm "effective" sedimentary deposition during the 
a n m l  cycle under study. 

In the ca lcu la t im of this &ex: 

- for  a determined transverse profi le ,  with a convenient length 
and width, 

- or for  the whole of the in ter t ida l  delimited s t r i p  of the beach; 

se divide the volume of the sand into increments, during the period of 
significant accretion, for the basic profi le  section area, or for the - o - 
perative s t r i p .  

The index of sedinientary variabi l i ty  qual if ies  the beaches as: 

- changing attenuatedly ( w i t h  low indices 1, 
- changing rnoderately (with interniediate indexes ) 
- or changing strongly (with high indices) , 

as s h m  in table 3. 

This irdex allows us t o  represent the longitudinal topographic movenients 
of the beaches quantitatively, in scale block diagrams. 

A third i d e x  tha t  may be fundamental in temporal ser ies  analysis of the 
strand volumes, with data fran successive campaigns during a significant 
number of years under stuciy. The beaches are c l a s s d i e d  as s table,  hy 
per-stable, and unstable, S t e r  the w r k  of Suárez Ebres (1980). 

id1 of &se indices neea t o  be considered: 

- in the design of ?rojects, for  the optiinization and recupera 
t ion  of sanay beacnes,with maritime works ancilor a r t i f i c i a l  sus - 
tenance, 

- and i n  the contirnieing analysis of these beaches, when e have 
alreadv had ex~er ience  with the same. for  verifying the conduct 
of thed s e d ~ n t a q  process, anci t o  adapt , in 
cessary corrective measures. 

Table 4 shms the sarxi gaks, LTI c l2 i c  neters ,  of ~ i e  

each case, the ne - 

beacnes u d e r  stu - 



dy, in relat ion t o  the mst extrenie erosion of the same. This corres - 
pon& t o  an annual cycle (1986). 

i n  the Canaries are presented, habitually, cer tain swface ríeteorolo@ 
cal  situations . These f orm three groups , depending on the p r w a i l  ing w i n d  
direction: 

1. Atlantic anticyclones (trade winds) , in combinationwith the occa 
sional influence of Saharic thermal depressions, during the spring a d  
smmr. These involve winds f r m  the N-NE. 

2. Deep Atlantic storms with a nucleus over the Gulf of Vizcaya,ad 
a t  tinros Atlantic anticyclones greatly displaced t o  the south, during 
the a u n m  and the end of winter-beginning of spring. These involve winds 
f r m  the W-NW. 

3. North-african and South-european anticyclones, Saharic thennal de 
pressions, arad Atlantic s t o m  displaced t o  the south, f r m  autumn t o  tG' 
begirming of spring. These involve winds from the E-S. 

In figure 2 are recunpiled the directional canponents arad the frequency 
of these winds,depending on the aforementioned si tuat ions,  that prwoke 
the daninant and prevailing surfs  on the Canary Island coasts. 

In the selected beaches. The values of the sedimentary iradices are reco 
pied in table 5. 

1. The beaches of Grand Canary are classif ied based on: 

- their geographical location 
- and the seasonal incidente of the surf.  

We propose the fa1 lowing groups: 

Group 1: 

- beaches in the north cornice, under the influence of diffracted 
trade wind surf (frcxn the N-NE), and exposed t o  storms fran the 
W-NW, 

- beaches of the south, protected frun the trade w i n d  surf. 

- beachesinthe north cornice, direct ly exposed t o  the trade wind 
=f, 

- beaches on the east  coast, exposed t o  the trade winas. 

Group 111: 

- beaches on the east  coast, ?rotected fran the trade winds arxi - o 
pen t o  the SE. 

Group IV: 

- beaches on the west coast. 

We wuld l ike  t o  present t k s e  transitional cases. 



2. The slgriLficant accretions and erosion ( table  4 )  of the beaches uncier 
study, incide of a yearly cycle, have a strong dependence on the proposed 
beach groups. 

In the Group 1 sandy beaches the erosion takes place preferably during 
the winter and spring wnths ,  and the accretion duruig the sumnerand the 
f irst part  of autumn. 

In the Group 11 beaches the erosion culminates i n  surmier, andthemaxjmum 
accurmlations cccur a t  the end of autunm-beginning of winter. 

In the Group 111 beaches the erosion develops, above a l1  , dura autunm, 
h i l e  the accretion takes place fran the end of autumn unt i l  the b e g k  
ning of spring. 

The Group IV beaches are under actual study a t  this time. 

Figures 3 and 4 show the performance described. 

3. A t  this tim we establish a correlation betwen: 

- The mst frequent of the different  surface winds (figure 2) ,  co - 
r r e s p d i n g  t o  the period of taking the beach data. 

- The greatest probability of presentation and the highest maxi 
mims, t o  indefinite deph, of the surf in relat ion with these 
winds (with data fran visual observations of ships en route).  

- And the significant erosion prccesses in the beaches opentothe 
surf in question ( table 4).  

In the correlations: 

a )  During the dominant time of the trade winds, in the sumner, we 
see the greatest  probability of the presentation of the "swel1"surffran 
the N-NE. 

In this period, and in the north, east  and suthern coasts,  predomihate,- 
with various exceptions, wave heights betwen 1.83 and 3.66 m. Also are 
presented, although in luw percentages, waves w i t h  heights greater than 
3.66 m. 

b)  On the north coast, the maxiwsn probability of the presentation 
of the "sea" surf ,  fran the N-NE, coincides with the daninanceof the t r a  
de winds. In this case the daninant waves are of l i t t l e  height, less than 
0.91 m. They do not surpass a height of 2.44 m. 

C )  On the east  and southem coasts, the maxirmnn probabi l i t iesof the  
presentation of the "swell" and "sea" surfs f r m  the E ,  SE and S take pia 
ce during the autumn and winter and coincide with the mst frequent windg 
cietermined by : 

- South-european or  North-african anticyclones, 
- Saharic s t o m ,  
- or  Atlantic s t o m  displaced t o  the south. 

The "sea" surf from the NE does not depend on the trade wirxis, Sut on 
rhe f i r s  t two meteorological condit ions rrentioned above . 
Iri this period waves of low height are predominate; smaller thanor e v l  
to 1.83 m. With the exception of "sea" surfs from the NE, ~ h e v  do not a2  



proach 

d )  When the winds care f r w  the W-NW, f r w  a u m  t o  spring, t ~ e  ob 
serve the maximum probabilities of the presentation of .  the "sxell" a d  
"sea" surf f ran  the NW. 

During this pericd prevailing waves of heights between 1.83 and 3.66 m., 
and a few others that  are higher, c m  t o  the nothern coast, which is 
d i rec t ly  affected. 

4. In agreemnt with the described previous aspects, the physical mdel  
of the accretion - erosion processes, designed for  the sandy beaches of 
Grand Canary, i s  formulated as f a l l w s :  

a When the trade w i d  surf predaninates axl takes i t s  main energy 
( in the suxuner season) . 

- This produces the mst extrerrie erosion in Group 11 beaches. 
- And develops the mst important accretions in Group 1 beaches. 

b)  k i n g  the decline of the trade winds: 

- The Group 11 beaches a t ta in  the process of accretion (autmm- 
winter ) . 

- Surfs from the E,SE, and S make their appearance. The daninant 
and mst energetic of these, in autuum, are connected with 
Group 111 beach erosion. 

- And the Atlantic storms c m  f ran  the W - N!d ( f ran  autunm t o  
spring). These sam do not impede the most important accretions 
in the Group 111 beacks (winter) and determine, in those situa 
tions of high surf energy, the s igmficant  erosion in the ~ r o G  
1 beaches (winter-spring) . 

5. The index of sedinientary s u p p r t  capacity qualifies for  al1 the bea 
ches under study between in equi l ibr im and strongly in surplus ( table  5 7. 

Forthwith, aside from anarelous very energetic oceanographic situations, 
and if I F ~  do not wish t o  enlarge the surface in use, the beaches do not 
have the capacity t o  accept a r t i f i c i a l  cuctenance for  the optimization 
of these sedimentary e n v i r m n t s  . 
6. The anrnial sedimentary variations of the beaches are adjusted bya con - 
t inui ty  function: 

- the "net" processes of erosion are determined by theseasonal im - 
pact energies of the surf ,  

- and the "effective" sedirrientary contributions (precianinately 
gains over losses) occur when these impacts subside. 

With respect t o  the doainant tra& wind surf ,  the -sed beaches under 
study ( E l  Hombre and Punta de La Bajeta) have higher indices of sedimen 
tary var iabi l i ty  than the protected ones (Sardina del Norte, Las canteras, 
E l  Burrero, E l  Inglés and Uaspalanas). a s  we see in table 5. The f i r s t  
group takes the t i t l e  of "a t t emt ingÍ '  and "mderately c h a n g q "  while 
the second group takes the t i t l e  "strongly changing". 

Frm th i s  we deduce tha t ,  on the island of Grand Canary, the s.xf f r m  
the N-NE is the mst erosive i n  relation t o  the others. 

On a single beach (Las Cánzeras Eor example) , the sector most euposed t o  



the indicated curf shows the largest sedimentary variation (Las Canteras 
South) . 
In a single beach or a sector of the sanie, w i t h  an important annual sedi  
mentary variation., the constniction of an adequate breakwater, never&- 
less  determines a reduction in the c a t r i b u t i o n s ,  w d d  produce a consT 
derable rechrction in the erosion processes. The r e d t  of the above con 
veys a net sand gain, with consequent g r m h  of the dry-intertidal area. 

The Grand Canary beaches are c l  assif  ied ' into four groups. For this we t a  - 
ke into account: 

- their geographic location, 
- and the seasonal incidente of the surf.  

The annual accretion and erosion processes are different  for  each beach 
grmP 

In the analysis of the sedimntary balances, we sa t i s fac tor i ly  establ ish 
correlations between the selected significant variables. 

The beaches under study are situated, for  the one part ,  betwen in equi 
l i b r i m  and strongly i n  surplus, and for  the other part ,  between a t t e r G  
t ing  and strongly changing, depemiing on the scales proposed for  the se - 
diuentary indices here def ined . 
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telao, the k a n  of the Facultad de Ciencias del Mar (Universidad poli té5 
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tions in the d e v e l o p n t  of th is  work. 
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1 .  Sardina d e l  N .  

2 .  Las Canteras. 
3 .  Playa de El Hom'ore. 
4 .  Playa de E l  Burrero. 
5 .  Playa de E l  Ing lés .  
6 .  Punta de La Bajeca. 

GRAN CANARIA 7 .  Playa de Maspalomas. 

Figure 1 

Gographicai location of rhe Grandcanary beaches uncier stuciy. 
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Table 2 

Tentative scale for qualifying the sandy beaches according to the index 
of seciimentary support capac ity . 

S.V.I. values Qual if ication 
f I I 

of 0.75 to 1.50 

Table 3 
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Tentative scale for qualifying the sandy beaches, according to the index 
of seairrientary variability. 
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Table 2 

scale for  qualifying the s a d y  beaches according t o  the index 
of sedimentary support capacity . 

Table 3 

S.V.I. values 
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o£ 0.75 t o  1.50 
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Tentative scale for  qualifying the sandy beaches, according t o  the index 
o£ sedimentary variabil  i t y  . 
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Figure 2 

Frequency of the w d s  in the e n v i r o m n t  of the is land of Granci Canary 
(Spain) .  1: vinds frm the N - NE,, 2:  wids fran the W - NW,, 3: winds 
f r m  the E - S. 



Table 4 

Sedimentary balances, ciurúig an amual cycle, in various sandy Seaches 
on the isl and o i  Grand Canary ( Spain) . 



t I 

Sardina del N. (Calder) 1985-86 

Playa Clilca ( lea  Canterna) 

---- 

I A ~  Cjinteraa N. ( l a s  Palnuis) 

- - 

E l  Birrero (Inppnio) 

El 1 ~ 1 6 8  (S. R a r t o l d )  

I'tnita de La +Jeta (S.üarto1aré) 

-0.13 in  equil  i b r  tim 

~ 0 . 1 5  ir ,  e ~ i l  l lhrlirn 

iO.24 ln equil tbriim 

i0.46 aoderately t r ~  mirplus 

t0.01 in equil ibri im 

-0.01 i n  equil  ibr  lini 

i0.89 8t  rorigl y i n  surpliie 

(0.74 a t ra \g ly  i n  eurpliie 

t0.20 in equi l  ibr  irm 

S.V. l. 
( a m i a l  ) Q m l  l f  lcat  l m  

chaq 1 ng 
mderatc l  y 



Figure 3 

Localization of the extrem processes of annnual erosion in the sandy bea - 
ches of Grand Canary. 

Figure 4 

T ~ c a l i z a t i o n  of the most important annual accretion processes i n  the san - 
GV kac'nes of Grm-d Canary. 




