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Quantification of Changes in 
Coastal Topography Using 
Simple Parallax Measurements* 

Changes in dune topography were determined with a 
precision ranging from 0.5 to 0.9 metres from photography 
ranging in scale from 1:6000 to 1:24,000. 

INTRODUCTION 

C OASTAL PROCESSES  have long b e e n  
s tud ied  us ing  aerial  photography 

(Shepard, 1950; Sonu, 1964; Dolan and Vin- 
cent, 1973). Much of this early work has 
been qualitative due to the inability to ob- 
tain field measurements concomitant with 
the aerial photography. Shoreline erosion 
and accretion have been measured using ae- 
rial photography (Wanless and El Ashry, 
1968; Langfelder et al., 1973); however, 
standards for measuring erosion and accre- 
tion have only recently been compiled 

This paper illustrates how changes in 
coastal topography can be measured using 
existing aerial photography and simple 
parallax measurements. Currituck Spit, the 
northernmost portion of the North Carolina 
Outer Banks, was selected as the study area 
primarily because there have been large 
changes in dune morphology and topogra- 
phy over a relatively short time span (Figure 
1). Furthermore, sequential stereo photo- 
graphic coverage of most of the Spit is avail- 
able since the late 1930's. There are cur- 
rently no topographic maps of the region, 
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(Tanner, 1978). Sequential aerial photogra- 
phy has been used to quantify changes in 
shoreline orientation and overwash dis- 
tribution (Zeigler and Ronne, 1957; Boc and 
Langfelder, 1977; Hosier and Cleary, 1977). 
T h e s e  s t u d i e s  m e a s u r e d  c h a n g e s  i n  
shoreline erosion and accretion and were not 
concerned with information available on the 
photography dealing with the vertical di- 
mension, namely, changes in topography. 
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which necessitates measuring topography on 
the aerial photographs. The most recent 
maps of the region date back to 1940 and 
contain no topographic information. Many of 
the dunes in the area are migrating inland at 
rates of up to 13 m per year (Gutman, 1978; 
Hennigar, 1979). A study of dune  mor- 
phological changes revealed a pattern extant 
over the entire study area in which large, 
actively migrating, sand hills or medaiios are 
transformed into stable, vegetated parabolic 
dunes over a period of 35 years (Hennigar, 
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FIG. 1. Location of study area. 

1979). Consequently, topography is continu- 
ally being modified. Whereas topography of 
fastland areas may exhibit changes on the 
order of ceritimetres per century, topo- 
graphic changes in the coastal zone are in 
metres per year. Obviously, the use of 
existing topographic maps in coastal dune 
areas for topographic information is not jus- 
tified for more than a few years after publi- 
cation of the maps. 

For this study, topography of a single 
dune, known locally as Penny's Hill, was 
measured through time as the dune meta- 
morphosed from a medaiio into a parabolic 
dune. 

Stereo aerial photographic coverage of 
Penny's Hill was available for three dates at 
different scales (1955, 1:20,000; 1961, 
1:6,000; 1975, 1:24,000). The 1955 and 1961 
photography was available as 9 by 9-inch 
black-and-white prints while the 1975 imag- 
ery was available as 9 by 9-inch color in- 
frared transparencies. A mirror stereoscope 
and a ~aral lax bar were used to obtain paral- 
lax measurements. 

In order to ascertain the precision of the 
parallax measurements, one point, chosen at 
random, was measured on each set of imag- 
ery. The parallax of each test point was mea- 
sured twenty times over different occasions 
after the stereo pair had been aligned and 
fastened down. Table 1 summarizes these 
measurements. By this procedure, a reliable 
estimate was obtained of the variance of the 
population of parallax measurements. A Stu- 
dent's t-test was appl ied to determine 
whether minor differences in measured ele- 
vation could be considered to be signifi- 
cantly different. 

TABLE 1. PRECISION OF PARALLAX MEASUREMENTS 
OF ONE POINT ON EACH STEREO PAIR 

Parallax Measurements o f o n e  Point on Each Stereo Pair 

Mean 0.81 mm 0.21 mm 0.35 mm 
Standard 

Deviation 0.01 mm 0.01 mm 0.01 mm 

Points on the dune used for elevation cal- 
culations were measured at least five times 
and the mean of the parallax measurements 
was used to calculate the elevation accord- 
ing to 

where b = photo base (mm), 
H = flying height (m), 
Ah = difference in elevation (m), and 
Ap = parallax difference (mm). 

Measurements of each point, although ob- 
tained at one sitting, were not biased by 
memory effects since the vernier scale on 
the parallax bar was randomly changed be- 
tween measurements. This was done for all 
points measured. 

Elevations are given as heights above the 
surrounding plain rather than above sea 
level. This arbitrary datum was chosen in 
order that heights could be calculated with 
respect to measurements obtained at the 
base of the dune. This was done because 
changes in topography relative to the sur- 
rounding plain were considered to be more 
significant for this study. The dune itself is 
located in the center of a sparsely vegetated 
plain which highlighted the dune and made 
parallax measurements much easier to ob- 
tain. 

A referenced grid system was drawn on 
clear acetate and overlayed on the imagery. 
Parallax measurements were obtained 
through the sheet of acetate so that they 
could be digitized and drawn at a common 
scale with minimum errors in the location of 
elevations on the dune. 

T a b l e  2 con ta ins  t h e  parallax mea-  
surements obtained for two points on the 
1975 imagery. The elevations were calcu- 
lated to be 2.2 m and 3.1 m. Although the 
means of the parallax measurements differ 
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Pt. A Pt. B 
(mm) (mm) 

(1975 DATA) 

Mean 0.32 0.29 

Calculated average 
height above 
base of dune 

H,: Mean A = Mean B 
T = 5.9 

d.f. = 11 

H. is rejected at P c 0.005. Therefore, the calculated heights 
are significantly different. 

only by 0.03 mm, a Student's t-test revealed 
that the height difference is significant at P 
< 0.005. A t-test of points on the other imag- 
ery sets revealed that differences in eleva- 
tion of as little as 0.5 m could be distin- 
guished. 

Errors in parallax due to differences in 
scale were not considered to be significant 
(Johnson, 1957; Pope, 1957). Since present 
relief in the area is less than 25 m, changes in 
scale (maximum of 3.0 percent) within each 
photograph were neglected and, because 
Penny's Hill is small (diameter approxi- 
mately 300 m), parallax measurements were 
obtained within a small area of each photo- 
graph (e.g., 25 cm2). Parallax errors caused 
by tip and tilt of the aircraft were not consid- 
ered to be significant since tip and tilt were 
less than k3  degrees. 

Figure 2 graphically il lustrates the  
metamorphosis of Penny's Hill from a 
medaiio into a parabolic dune. It is important 
to note that, while maximum height de- 
creased from ll m to less than 7 m, the dune 
slipface also migrated more than 120 m to- 
ward the southwest. This gives an average 
annual migration rate of more than 6 m per 
year. An analysis of the changes revealed 
that adjacent vegetation was the major factor 
responsible for the transformation of Penny's 
Hill. Vegetation in 1955 (Figure 2) consisted 
of grass and shrubs less than 2 m high. As a 

result, offshore westerly winds, which are 
dominant, were the main force shaping the 
morphology of the dune  as vegetation 
exerted little effect on the wind. As a forest 
succeeded the grasses and shrubs and in- 
creased in height to 10 m, the vegetation de- 
creased surface wind velocity to the point 
where Penny's Hill fell within the wind 
shadow of the forest (Figure 2). As a result, 
onshore easterly winds assumed prime im- 
portance in shaping the dune. 

The speed at which changes in dune mor- 
phology can occur has been dramatically il- 
lustrated and this raises several important 
questions. 

mi HEISHT lN METRES ABOVE 
a BASE OF DUNE 

I1  Contoura baaed upon a h e n  
msasurements 

21 Error of height measursma~ta 
is + 0.7 metre 

MARITIME FOREST 
(Height ( 4. M ) 

1975 
MARITIME FOREST 

(Height 10. M 1 g., 

Contours based upon 
101 measurements 
(Only 21 shown) 
Error of height m.osuremenls 
is f 0.5 metre 

Contours baaed upon 
ten measuremanta 
Error of height msasurermnts 
is f 0.9 m t r e  

CONTOUR INTERVAL - 1.2.3.5.10 METRES 

FIG. 2. Temporal changes in the morphology of 
Penny's Hill. 
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United States Geological Survey topo- 
graphic maps are periodically updated and 
only cultural changes are shown. Topogra- 
phy is not revised as often; thus, topography 
shown on many old maps of coastal dune 
areas is inaccurate. 

Topographic maps exist for undeveloped 
False Cape State Park in Virginia; however, 
the last revision was in 1973 and did not up- 
date topography. The topography shown on 
the map was compiled in 1952, and since 
that time every medafio which existed in 
1952 has metamorphosed into a parabolic 
dune and migrated many tens of metres. 
Planners rely on existing topographic maps 
when choosing access routes into the Park in 
order that roads will be  planned so that they 
take the route which exhibits the least envi- 
ronmental impact. Access routes laid out 
using existing topographic maps will be  in- 
valid because the entire surface of the Park 
has undergone dramatic changes in all three 
dimensions. Roads planned to bypass dunes 
may now cut right through them, with a re- 
sulting adverse impact on the ecology of the 
entire nark. 

In other areas, parcels of land platted on 
level ground may now be at the crest of a 
dune migrating at more than 10 m per year. 
Clearly, the concept of a "mobile home" 
must take on entirely new dimensions. 

The  techniques used in this study are 
neither new nor sophisticated. Foresters rely 
on parallax measurements to estimate the 
volume of marketable timber because many 
areas are inaccessible and the cost of a field 
survey is prohibitive (Moessner and Choate, 
1964). Geologists use parallax measurements 
to measure the dip of rock units visible on 
aerial photographs (Miller, 1961). River cur- 
rents have been measured using parallax 
measurements (Cameron, 1952). 

The application of this technique to the 
coastal zone can produce information on 
topographic changes which might otherwise 
be neglected. In coastal areas where topo- 
graphic map revisions are to be undertaken, 
spot checks of elevations should be  made 
prior to map production to determine if the 
changes are significant enough to warrant a 
complete map revision. The coastal geomor- 
phologist, who often uses aerial photography 
in his work, can utilize this technique to 
measure changes in dune morphology. 

Simple parallax measurements cannot ap- 
proach the precision of the various plotters 
available, but when one considers the ex- 
pense involved, the technique becomes very 
attractive, despite its limitations. A mirror 

stereoscope can be purchased for approxi- 
mately $400.00, while a parallax bar costs 
less than $250.00. At the current price of 
existing black-and-white imagery, a 100- 
kilometre reach of coast could be  examined 
for less than $1,000.00 (exclusive of labor 
costs). Given the simplicity and low cost of 
this technique, it is obvious that it represents 
a significant tool for measuring topographic 
changes in the coastal zone. 

Topography shown on existing topo- 
graphic maps of coastal dune areas may not 
be accurate because coastal morphology 
exhibits changes on the order of metres per 
year, both laterally and vertically. 
Simple parallax measurements of dune 
areas, both in coastal and desert regions, 
can be used to obtain topographic infor- 
mation from existing aerial photography. 
This can aid in the better understanding of 
the various physical processes at work in 
these areas and possibly lead to better 
management decisions. 
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