
Timescale as Interface of 3atellite Data Acquisition Systems 
against Coastal Water and Tidal Jie.,; ion .t~roce s ses 

As significant Problem for Hemote Jensing 

(An example of some phenomena and _process es of coastal environment) 
Hegional example : wadden region of Nort~'1 Sea, east coast 

Abstract : 
Von l;rof. .Dr . i::.·.; . Gierloff- ..,_;mden , hiinchen 1980 

Some natural processes are of such time scale that a change of t he phenome
na is going on meanwhile a sensor system works on data acquisition . 
The time- space problem of tidal coverage of wadden areas (tidal flats) is 
very important for remote sensing methods of coastal areas . 
A preliminare matrix of relationship of time scale of processes of coastal 
waters versus time scale of data acquisitio11 system is to be published at 
this place . 

'rext : Time-spatial design of coasts : 

Waves and breakers with a time scale of a 6 sec period are of the same 
time scale as the pathway of the nadir of Landsat : the change detection of 
such a coastal phenomenon carJlot be taken with this very MSS- system and 
coastal mapping cannot obtain sharp lines of land- sea boundaries (wadden -
sea) . 
Flood- tidal water does cover tidal flats with a current velocity of 1 to 
3 m/sec , i , e . during 30 sec a surface of a distance up to 90 m. This is a 
spatial dimension of more than 1 pixel of Landsat-MSS and a change in the 
scene during less as the 30 sec scanning time for one scene of the sensor 
data acquisition system of this very type . 
Within the area of 1 scene of 1 Landsat- pi cture of 185 x 185 km square , 
there is a synoptic overview (physical quasi- synoptic) , due to time of 
scanner process . But at this, very snort time , nearly a moment, the differ
ent areas of the scene do not have synchron the lowest tide water level of 
tidal range , because in the North Sea , for example , t here is the tidal 
amphydromy, with some hours difference in high or low water level of tidal 
range of different locations along 100 km of the coastline , i . e . in one 
Landsat- scene , the stage of tidal coverage is locally different , i . e . the 
satellite- picture does not show the low water si~~ation within the whole 
scene . 

Bxample : 

The coast of the aorth 0ea from ~lbe-river , GUxhaven , to Blavandshook, 
~sbjerg (Nordfriesland to Denmark) , a wadden landscape (intertidal)between 
the coastline and the sea including coastal v1aters . 
Timescale problems concerning mapping with remote sensing of Landsat- MSS 
imagery. 
The evidence of the need of mapping the intertidal area ar1d other phenomena 
of this very region is evident for mu.ltiple purposes as coast protection of 
the dyke- line , traffic and sand transport . 
Remember the ten- year- experiment : ~andbewegung im Kiistenraum, Deutsche For
schungsgemeinschaft , published 1979 . 

Tne data material : 

The Landsat- 2- picture is taken with the l 1~S-system . The scene includes 
180 x 1 80 km. The particular data are printed out on the margins of the 
pictures . The best MSS- band to be used for mapping is the band 6. 
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These picture data were taken on April 19 , i:J. 1976 , I'i.SS-Landsa t - 2, 93° MOZ 
(mean local time) . 
'l'he best topographic situation of intertidal area is given by band 6 HSS, 
but no better differentation of sand or mud, except the high sands called 
"Siinde",which are dry under most tidal conditions. 'lli.e contour of the inteP
tidal area is, in the southern region, where at the time of data acquisitim 
tl1e low water level is reached, much more differentiated as on a nautical 
chart in scale 1 : 300 000 (DHI 1950 - 1970) . But this is the case due to a 
6 ·eneralization of this map for better overview of nautical charts in this 
particular scale . 

Landsat- 2- scene from 19 . April 1976 , 930 local time : 

The scene shows Schleswig-Holstein northwest of .V..:lmsho1.-n - La.boe and south
em Juteland south of Blavands Huk . The scene ;:;haws HSS band 6 (700- 800 nm) . 
In I·:iSS bands 6 and 7 wadden areas can be cleari¥ distinguished from land as 
well as from water, such as tidal channels . 
1he scene was taken after mean low water. Due to the tidal time differences 
along the North Sea coast the scene shows different tidal stages between 
3lavands Huk and Cuxhaven . T'nus , e . g . , the wadden areas around Sylt areal
ready partly flooded, whereas further south they are not yet covered by 
water . 
'l'he mapping of these areas by Landsat is problematical . Yroblems inherent 
in the scanning system. 
;, Landsat- scene is no·t strictly synaptical : Du.rin:::, the 30 seconds scanning 
time of the V~S scanner local changes due to the flooding or falling- dry of 
wadden areas may occur . Current velocities of 2m/sec cause a change of the 
water boundary of 00 m/30 seconds , which is slightly more than the pixel 
width of 59 m. Thus, a blurring of the momentary water-land boundary occurs 
even within the scanning time . These processes are known from measurements 
of wadden-areas by means of large- scale aerial photography (Wasserlinienver
f ahren . G. Hake 1978 , N. l1iipke 1966) . 
Eeso- scale processes , such as algae migration towards or below the surface 
with the tidal period ( Biorhytmik) happens within one hour . 

'I'imescale problems for the interaction between La.ndsa t and tides 

The most suitable time of a Landsat scene for the mapping of the above nam
ed phenomena would be the low water level at mean low w3der sprli1g . Landsat 
scenes are taken synchronously with the sun always at 9 local time at the 
equator and :t 30 minutes towards the poles . Nean low water spring (after 
full and new moon) occurs, due to the lunar phases , in time inte~als of 15 
days , datum sometimes 14 days , due to principal lunar period of /2 • 29d 
18h 44m (Syzigienphasen) . g 
Low water levels similar to mean low water spring ( at 93 h ) occur be
tween 1 and 20 times per year . The coincidences occur in such time inter
vals that periodical phenomena, such as ice cover and vegetational cover of 
lateral areas by the plant salicornia may happen (interference) . 
T'ne setting in of tidal phases can be found in the tidal calendar, or tidal 
tables of the Deutsche Hydrographiscl'.e Dienst (pre- calculated values with
out meteorolog·ical influences) • . il_ctual tidal levels are recorded within the 
Deutsches Gewiisserkundliches Jahrbuch , as retrival data one year later publ. 
A furt!1er problem of the time scale : the tidal phases of high and low water 
set in at different times along the German .tiorth 3ea coast : 
a) due to the amphid.romy there is a difference of 2 hours from the south to 

the north between Cuxhaven and Blavands Huk , 
b) d.ue to a different seaward exposition there is a time difference of 

2 hours from the outer sands to the shoreline , 
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c) due to 
hours . 

tne local relief Lnare ~ay D~ a ti~e 
.I 

differe~ce of up to 1 /2 

Hesul t : A Landsat scene of 185 x 185 k;; r ecor ds a pc:.r t of tne l'Iorth .:Jea 
coast q_t;.a..Ji- synoptically by scarmer . Du.rin;; scannin~s ti1.1e differen t re€:,·ionc 
of the scene are scanned at times of different water leve l s of t:i.dal phase . 

Ilatural hydrographic condition 

Approximate Low ·water , ebb- tide in tne sou them area of the scene, around 
the estuary of the 8lbe, and about 1 nour and 30 minutes before Low \-later 
in the northern area oi.' ct1e scene a roWlci I sland l<,ani5 : 'l'he satellite image 
is a synoptic one but due to tr1e amphidromic tidal wave of t11e North Sea at 
t.lis very moment of t11e data acquisition of tne scene, t ilere is a 1 to 2 
hour difference between the tidal data of "Lhe lowest ebb- tide water level 
on different locations along t he 1 80 km coastline . The t i dal rane;e in the 
southern part is 3m, in the northern part is 1,5 m. 
Low ':Ja ter on the German "Jor(jg 0ea coast in the morning of t~~ 19 .April 1976 
was : water-m~4k Cuxha.ven 11 h t~~al range 308 em , J:lusum 10 h 28g

5
cm,8ideP

sperrvJerk 1 S h 291 em, Husum 11 h t08 em, JtrucklahnungshS~ 10 h 260 em, 
v.fi5.fdiin 11 h 304 em , Schluttsiel 12 h 278 em , ])agebull 12 h 282 cm 1 List 
11 h z,t.::.~ r.m. 

Wasserstand i.iber Wattboden 

in (m) Thw 

0 6 9 12 15 18 21 0 3 6 9 12 15 18 21 0 3 6 9 12h 

1.10.1967 2 .10.1967 3 .10.1967 

Abb . 1 'dater cover, ebb and tidal curve over wadden and visibility of ex
posed wadden areas 
The wa terlevels within the tides fall below the wc.dden level so that the 
wadden are not flooded for certain periods, i . e . they fall dry ("exposed") . 
'Tihe tidal curve of wadden areas is thus intermittent . Only upper sections 
are represented . 'I'he sea bottom, i . e . the wadclen, appears in the horizontal 
dimension periodically as sea or land (along the time axis , x-axis) . ~be 
water above the wadden (vertical dimension) appears periodically present 
or absent (y- axis)e 
The intervals of the exposed times of the wadden depend on lunar time 
and is not in coincidence with solar d::l.y time, i.e . changing through the 
day, i . e . not in coincidence with ~&~dsat data acquisition local day time . 
11cc . to : w • .H.A~{S,C;H (197.5) : Der ~influ.B des geplanten l'iefwasserhafe:1s im 
wattgebiet Neuwerk-.::lcharhorn auf i.Jassersti:i.nde und .:.:itromuncsgescnwindigkeit 
in der inneren .Deutschen J:lucht . Ha.:nburg. Kiistenforschg., Heft 26 . 

Darstellung der Landschaften im ;:ltockwerkbau der Kuste auf dem Satelli-
tenbild: Festland u. Inseln Land wei.B bzw. fleckig ~ 

Sandstrande u . Sande oberes Stockwerk wei.B 
Watten mittleres .:.:itockwerk dunkelgrau 
Priele 
Neer 

unteres .:3tock\verk 
]",eer 

-1'"' J t. 

schwarz 
schwarz 
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Abb . 2 Satellitenbild , NASA- Landsat- 2 , Kanal 6 des IVISS (Hultispektral
scanners 
Aufzeic~ung : D1~~ O~erpfaffenhofen , ~rchiv~~r . 04 , 1-00006 , Aufnahme : 
19o Aprll 1976 , 9 h IVLOZ (mean local tlme) , BlldmaBstab 1 : 1 l'·1ill ion , 
Aufnahme : Hiedrigwasserstand (rrw) , Low Water , Innere Deutsche Bucht. 
Nicht ftir die gesamte scene tide~orasserstandssynchron ! 
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Kiiste --( nach Satelitteritlld ) 

Wattrandlinie mach Sata!ittenbild 

I enthillt hydrogr. u. meteorolog. Parameter) 

Abb . 3 Coastline and visible boundary of exposed wadden versus water 
as mapped from satellite image Landsat JVISS 6 of 19. April 1976 

Region: Coast of North Sea from Elbe river to the island of Fano. 
It is obvious that the northern part of the wadden is still more 
covered with water as it is visible on a map of Low 'dater tide 
all around as on nautical charts . 
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Wattbodenkar\e. 
(Westkiiste 1943, S. 67) 

_1,11101100 

~ttbodanlrcl te -c:::::::J-----

Abb . 4 The boundary water - land on this map is a geodetic one, and 
is not in congruence with the boundary of land - water visible on 
band 6 IVJ.SS Landsat . 
Chart of tidal flats (intertidal area) of Nordfriesland (;tJa ttenmeer) 
with sandy bottom (light grey tone) and with slick (mud) bottom 
(medium grey tone) with old culture areas lost to the sea (dark dashBd 
tone) , small areas , polder land and the continental hicher areas in 
black tone . 
Ace . to : 111 . Petersen (1978) : Der Heverstrom - Jchicksalsstrom Nord
frieslands , Hordfriesisches Jahrbuch , NJ!' . 1979 , Nr . 46 . 
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Abb . 5 Tidal data (time of Low Water of MOZ) on the coast of the North 
Sea at the 19 . April 1976 

Data acq_uisition time of Landsat is 930h JVIOZ. At this very time the time 
of Low Water of th301ocation is different, shown at the side in minutes 
after and before 9 h NOZ. 
Entwurf: H. G. Gierloff-.&nden 1979 
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Time Scale Datas of Remote Sensing System Lancist:t.t -

(ERTS-1 - renamed LANDSAT - NASA Satellit) 
Orbit : polar, sun - synchron, 
1 Orbit = 103 min 

lq Orbits per day, repetition rate- of LANDSAT • 18 days 
Pathway of Nadir 6 km/h = Kinematic of System 
Scanning process 1 scene = 30 sec (quasi synoptic) 

Time dependent characteristic of Remote Sensing Images: 

System time character versus natural process 

Pho tograph (1 -2 ) synoptic r-n large scale-. . 10 sec (for space . 
( (tidal data) process-

Scanner Image:(3 10
1 

sec) not strict-
~nchron by mosaic ~ . for large space not 

ly synoptic process-synchron 
(tidal data) 

Repetition: chronologique interval! to reference-image = 
multi temporal 

ime scale problems involved, dependent on environmental 
rocesses: 

1 wave effects- non linear boundary land-sea .(micro scale) 
on beach 
(long shore-current (statistic, not real time) • 
(rip-current) 
tidal effects- time dependent variability of 
water covering exposure, depending on tidal 
excursion, this with regional differentia
tion in space of 1 scene 

dependent 
multitem 

~ime scale parameters: of 1,2,3 versus Remote Sensing System 
scale · t~me iritervall character versus Remote Sensing 

i microscale • sec - min • periodic • scanning process 

~ mesoscale h• hour- day 
(out of 2q time scale 
tidal-per.vers.diurnal) 

• periodic • position-path of Sat. 
(orbit) 

3 macroscale • week- months. periodic • repetition of Sat. 
(multi temporal) 
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• remote sensing system dependant timescale parameters MSS -Landsat 

• object-natur processes dependant time scale parameters (coastal environment) 
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breaker zone 
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tidal flats : 

tidal coverage 
waterline translation 
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exposure 
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(biological clock) 
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tidal coverage 
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salt flats 
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