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Determining Synoptic Surface 
Current Patterns Using Aerial 

- 

Photography 

Surface current probes, dropped from a helicopter, were then 
photographed from the helicopter in order to determine 
current velocity and direction. 

ment of Transportation and the U.S. Coast 
Guard to establish licensing procedures and 
operating instructions. Among other things, 
the Deepwater Port Act requires that c a r e f ~ ~ l  
provisioils be made to protect the onshore 
and offshore environments. 

To provide this protection and to deter- 
mine the adequacy of protective or preven- 
t a t i v e  m e a s u r e s  a d o p t e d  b y  t h e  p o r t  
operators, a computer model capable of pre- 
dicting the movement of oil spills was de- 

utilizes an air-deployable surfice current 
probe and aerial photography. 

A field experiment was conducted to de- 
termine the current regimes in the vicinity of 
the DWP sites. In order to obtain a synoptic 
pattern, expendable surface current probes 
(Richardson et al. ,  1972) were deployed from 
helicopters. Figure 2 depicts the use of these 
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FIG. 1. Proposed locations of the three deepwater port sites in the Gulf of 
Mexico. 

probes .  T h e  hel icopter  hovers over  a 
selected station and the probe is dropped. 
Upon hitting the water, a surface marker (SM) 

is released as a reference point. This marker 
serves as a station locator for the helicopter 
until the first float, F1, rises to the surface. 
The remainder of the probe sinks to the 
bottom. Upon striking the bottom, a float 
( F l )  is released which rises to the surface. 
After a predetermined time, which is set on a 
special release mechanism, a second float is 
released (F2). This float rises and, when it 
reaches the surface, the distance between F1 
and F2 allows calculation of the surface cur- 
rent speed. At each of the three sites 35 sur- 
face current probes were dropped. Aerial 
photographs were taken of the floats to de- 
termine probe separation. Two surveys were 
conducted at each site in order to obtain 
surface current patterns for two different 
wind regimes. An example of the pattern of 

probe site drops for one of the Deepwater 
Port Sites is shown in Figure 3. These sites 
were selected using an x and y distance cho- 
sen randomly from a given point to avoid 
bias error. Each experiment commenced 
from a known point on shore. The helicopter 
then flew magnetic headings for specific pe- 
riods of time to move from site to site. 

The data needed to compute the surface 
current are divided into categories of con- 
stants and variables. The constants are the 
camera focal length, a foot to centimetre 
conversion factor, float release time interval, 
and the magnetic to true heading conversion 
factor. The variables consist of helicopter al- 
titude, the distance between floats l and 2, 
the heading of the aircraft, and the depth of 
the water. 
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FIG. 3. Location of the 35 drop sites for surface 
FIG. 2. Diagram of the operation of a surface cur- current probes at the proposed site for Seadock 
rent probe. deepwater port site. 
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All photography was obtained with Has- 
selblad 500 ELIM cameras using a 100 mm 
focal length lens. Measurement was made 
from the negatives using a projected scale 
micrometer, read in decimal feet. All calcu- 
lations were in feet and converted to cen- 
timetres by multiplying by 30.48. All of our 
surface current probes were set for a release 
time of 144 seconds between floats 1 and 2. 
The helicopters were equipped with mag- 
netic compasses, and all headings were con- 
verted to true headings by applying the ap- 
propriate correction factor for the test area. 

Aircraft altitude, from the helicopter's al- 
timeter, and magnetic heading were re- 
corded for each photograph, and the distance 
between probes 1 and 2 were measured on 
the negatives. Photographs were taken at an 
altitude of 1000 feet to prevent small fluctu- 
ations in altitude from causing large errors in 
computing the distance between floats 1 and 
2. These floats release dye which acts as a 
marker for visual assistance in locating the 
position of the float. Color film has a very 
narrow range of tolerances and allows for 
little or no error in proper exposure; there- 
fo re ,  b l a c k - a n d - w h i t e  f i lm  w a s  u s e d  
throughout. An enhancement filter was used 
to increase the contrast between the dye 
plumes released by the floats and the water 
surface. This created the problem of distin- 
guishing the actual floats because they var- 
ied in color and are quite small, measuring 
about six inches long. In order to alleviate 
this problem, photographic runs were made 
down current, F2 to F1. In a few instances, 
we were forced to fly a reciprocal heading, 
i.e., F1  to F2, due to sun glint from the sea 

surface. When this was done, it was noted 
prominently on the photo data card to facili- 
tate determination of the correct current di- 
rection. 

In order to compute the surface current 
velocity the following formula is used: 

Velocity = (AltiFocal Length) 
(Dist F2-F1) 
(Ft-Cm Conversion1 
Time Interval) 

where 

Velocity = surface current velocity in 
cmlsec, 

Alt = altitude of the aircraft (ft), 
Focal Length = focal length of the cam- 

era (ft), 
Dist F2-F1 = measured distance be- 

tween floats F2 and F l  (ft), 
Ft-Cm Conversion = conversion hctor 

from feet to centimetres, and 
Time Interval = time interval set on 

probe (sec), 

The only quantity that must be measured 
on the negative is the distance F2-F1. This 
is done by the following procedure. The 
negative is oriented so that the helicopter 
heading is from left to right, thereby be- 
coming the x-axis on the negative. When the 
photographs were taken, the camera mount 
was set up so that, when frame numbers 
along the edge of the negative were readable 
along the bottom of the negative, the heli- 
copter heading became the x-axis. Once 
this is accompl ished,  t h e  x a n d  y dis-  
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FIG. 4. Four diagrams used for calculating the direction of the surface 
current. 
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o u t ~ u t s  the surface current velocitv in cm/ 
sec and the true direction of the current. 

An example of the results of this experi- 
ment is shown in Figure 5 .  This figure shows 
the surface current pattern in the vicinity of 
t h e  L O O P  d e e p w a t e r  po r t  s i t e  off t h e  
Louisiana coastline. The dots represent the 
stations and the lines represent the direction 
and maenitude of the surface current. This - 
survey was completed in less than six hours. 

SCALE The need to acquire surface current values 
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FIG. 5. An example of the surface current pat- 
terns obtained using photographic techniques 
with the surface current probe. The dots represent 
the stations. Direction of current is away from the 
dots. 

tance from float F2 and  F 1  can b e  ob- 
tained using the stereoscopic viewer. The 
signs of x and y determine the formula for 
finding the direction of the current. Figure 4 
shows the four possible combinations of 
signs and the appropriate formulas for each 
one .  Mag. is t h e  helicopter 's  magnetic 
heading at the time the picture was taken 
and Mag. Corr. is the correction from mag- 
netic to true. 

Once the F2-F1 distance is calculated, 
the surface current velocity can be  com- 
puted. For calculating velocities, a program 
has been develoved which invuts the station 

surface currents at numerous locations over a 
short time frame allows for the identification 
of localized affects and conditions, which 
can be taken into account for the purposes of 
modeling the synoptic patterns of a given re- 
gion. Aerial photography and rapid data re- 
duction have expanded the overall capabil- 
ity of oceanographers in understanding the 
surface current dynamics of large ocean 
areas, both temporally and spatially. 
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Call for Papers 

Remote Sensing for Hydrology 

San Francisco, California 
8-1 2 December 1980 

The American Geophysical Union (AGU) Space Hydrology Committee is sponsoring 
sessions on Remote Sensing for Hydrology, to be held during the AGU Fall Meeting. 
Papers are being solicited which deal with all areas of rsearch and application, including 
hydrologic parameter estimates, snow, rainfall, soil moisture, evapotranspiration, and flood 
studies. Both oral and poster presentations will be considered. 

Please forward four copies of an abstract in AGU format, by 1 June 1980, to 

Dr. Thomas J. Jackson 
USDA Hydrology Laboratory 
Room 139, Building 007 
BARC-West 
Beltsville, MD 20705 


