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MEASUREMENTS OF SURFACE 
CURRENT FIELDS BY HF RADAR 

By Klaus-Werner  Gurgel  

T h e r e  are several 

difficulties to be 

solved for successful 

measurements of 

surface current fields 

from a slowly sailing 

ship . . . 

OCEANOGRAPHIC RESEARCH using HF radar tech- 
niques started in Germany in 1980 by adopting 
NOAA's CODAR (Coastal Ocean Dynamics Appli- 
cations Radar), which has originally been introduced 
by Barrick et al. in 1977. In Germany, the CODAR 
has been modified and used during several experi- 
ments since 1981. From 1985 to 1992, the University 
of Hamburg CODAR has been extended for ship- 
borne operation. The first experiment has been carried 
out on board the German icebreaker Polarstern, 
which most of the time has been sailing within the 
ice, far away from open water. The main result of this 
experiment was that the attenuation of ice-covered sea 
reduces the performance and working range ex- 
tremely. Good measurements have only been possible 
with the ship sailing at the ice edge or in open water. 
However, this application did not need an icebreaker, 
so the following experiments have been carried out 
using the University of Hamburg R/V Valdivia. 

The intention for operating the CODAR on- 
board a ship was to enable the measurement of 
surface current fields in front of the rough Norwe- 
gian coast, where the combination of a land-based 
and a shipborne CODAR has been used during the 
NORCSEX'88 experiment (Essen et al., 1989), 
and on the open sea at the ice edge and at the Arc- 
tic Front. There are several difficulties to be 
solved for successful measurements of surface cur- 
rent fields from a slowly sailing ship, which will 
be discussed in the following sections. Finally, 
some results of a measurement campaign at the 
Arctic Front are shown. A more complete discus- 
sion of the shipborne CODAR can be found in 
Gurgel (1993) and Gurgel (1994). 

Difficulties in Operating a Shipborne HF 
Radar 

During several experiments using three different 
ships, some main difficulties have been identified: 
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• to measure speed and direction of the ship and 
keep it as constant as possible; 

• to compensate the influence of the ship on the 
antenna array; and 

• to filter out the additional phase modulation of 
the sea echoes due to the pitch and roll motion 
of the ship. 

The Global Positioning System (GPS) has been 
used for navigation. In near shore areas, other sys- 
tems show acceptable accuracy and can also be 
used. The other difficulties are described in the 
following sections. 

Antenna Arrangement to Minimize the Distortion 
of  the Antenna Pattern 

The first problem when setting up a HF radar 
onboard a ship is to find an appropriate location 
for the antenna systems. In contrast to the land- 
based radar, there is a severe interaction between 
the ship's body and the receiving antenna array, 
which still must be usable to find the direction of 
the sea echoes. Similar to the land-based system, 
the receiving antenna is a four-element array of 
vertical polarized M4 ground planes arranged in a 
square as described in Weber and Leise (1982). 
The arrangement of antennas finally selected can 
be seen in Figure 1. 

The amplitude characteristics and phase differ- 
ences of the four antennas are calibrated in the ship's 
environment before starting a measurement cam- 
paign. This is done by transmitting a constant signal 
from the coast and receiving it at the ship about 5 
nautical miles away. To find the incident angle of a 
sea echo, a least-squares-fit of the measured phase 
differences to the calibration values is used. 

Although the calibration values are used in find- 
ing the incident angle, in the presence of super- 
posed gaussian noise on the sea echo's phase differ- 
ences, a non-gaussian distribution of resolved 
incident angles can be observed. The average angle, 
therefore, can be distorted by an offset, which in- 
creases with growing noise due to pitch and roll 
motions or decreasing strength of the sea echoes. 
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Fig. 1." The arrangement of  antennas on R/V Valdivia. 

Ship's Pitch and Roll Movement  

Another  difficulty in analyzing the backscat-  
tered sea echoes is the ship's pitch and roll move- 
ment causing the sea echoes to be superposed by 
amplitude and phase modulation. Amplitude mod- 
ulation is due to rotating the antenna out of  the 
vertical polarization and changing the antenna 's  
coupling to the sea surface; phase modulat ion is 
caused by changing the distance from the scatter- 
ing area to the antenna. It turned out that phase 
modulation is the major effect. 

A filter algorithm has been developed to separate 
this modulation from the sea echoes, which works 
well to -10  dB modulation strength. A high roll fre- 
quency of the ship will be an advantage in this con- 
text. As the ship's  movement  is a function of  the 
sea state and the sea state a function of wind speed, 
- 1 0  dB modulat ion strength will be exceeded at 
wind speeds above 19 m s -' for R/V Valdivia. 

Hints on Operation o f  a H F  Radar Onboard a 
Ship 

• A big and heavy ship has the advantage of  weak 
pitch and roll movements, reducing modulation 
effects. 

• If  only a smaller ship is available, it should roll 
at a f requency higher than 0.12 Hz to get the 
modulat ion products as far away from the sea 
echoes as possible. 

• The ship should run at the lowest speed possible 
to sail a constant course. Because of  errors in 
the direct ion f inding a lgor i thm for the sea 
echoes, the ship 's  speed may be compensated 
by a wrong value. 

• The ship's speed must be < 3  kt to resolve cur- 
rent velocities up to 1 m s '. 

• Installing the receiving antenna low above the 
sea reduces phase modulation due to pitch and 
roll movements ,  but the distort ion o f  the an- 
tenna pattern may increase because of  a nearer 
distance to the ship's body. 

System Accuracy  
If the above requirements are met, an accuracy 

of 2-5 cm s -~ for the radial component of  the cur- 
rent velocity and an azimuthal resolution of  3 ° can 
be achieved. These values can be calculated from 
the statistics of  the data. A practical working range 

at a radar frequency of  29.85 MHz is 45 -50  km, 
when integrating the sea echoes over an 18-min 
time interval. These characteristics are valid up to 
sea states at 19 m s -~ windspeed for R/V Valdivia 
and using GPS without Selective Availability (SA) 
activated for correct ion o f  the ship 's  speed. SA 
has been introduced to degrade the accuracy  of  
GPS available to nonmilitary users. 

Surface Currents at the Arctic Front 
The shipborne C O D A R  has been used during 

several cruises to the Arctic Front above Mohn ' s  
Ridge near Svalboard. The Arctic Front is origi- 
nated by the West  Sva lboard  Current  carrying 
warm and salty North Atlantic water to the north 
and reci rcula t ion o f  cold and less salty Arct ic  
water carried by the East Greenland Current to the 
south. Eddies at 10-20 km diameter and current 
speeds up to 50 cm s -l can be observed. 

H F  Radar Measurements  
Because there was only one ship available dur- 

ing the campaign in August 1989, the ship had to 
be moved to different positions to obtain the mea- 
surements of  radial components of  the surface cur- 
rent field from different angles. Additionally, the 
GPS navigation had been available for some hours 
a day only,  so scanning the complete  area took 
one and a half day. Fortunately, SA had not been 
activated at that time, so GPS accuracy was suffi- 
cient without additional equipment. 

Under these conditions, it must be assumed that 
the surface current field is stable over one and a 
half  day. Because the windspeed kept changing 
during this time, the wind-driven part of  the sur- 
face current was estimated to be 

I c o s ( - 1 5  ° ) - s i n  ( - 1 5  ° ) . f f  
rV 0 = 0.018" sin ( -  15 °) cos ( -  15 °) 

and subtracted from each measurement  of  radial 
componen t s  before calculat ing the two-d imen-  
sional current field. The ratio IVol/IWI = 0.018 and 
angle - 15 ° have been published by Essen (1992). 
The result can be seen in Figure 2a. 

Current Field Calculated From CTD and XBT  
Data 

Standard oceanographic  equipment  has been 
used on R / V  Valdivia parallel  to the HF radar,  
which includes a temperature /sa l in i ty  sensor  
mounted at the ship, 4 m below the sea surface, 
CTD (Conductivity Temperature Depth) and XBT 
(eXpendable Bathy Thermograph) sondes. 

To get  a fast overview,  the area has been 
scanned by the temperature/sa l in i ty  sensor and 
XBTs. Only a few CTD measurements were taken 
at that time. After  knowing  the locat ion o f  the 
Arctic Front from the temperature signal, the CTD 
measurements  were intensif ied and the densi ty  
field at the front has been measured. 

A big and heavy 

ship has the 

advantage of weak 

pitch and roll 

movements . . .  
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Fig. 2: (a) Surface current field calculated from 10 measurements of radial components taken by the shipborne HF radar 
at different positions and courses between 15 AUG 1989 17:08 UT and 17 AUG 1989 09:41 UT. The varying winddriven 
part of the surface current has been removed. (b ) Surface Current field calculated from the three-dimensional density 
field, derived from CTD and XBT measurements between 11 AUG 1989 17:00 UT and 14 AUG 1989 22:00 UT. 

• . . good agreement 

with the geostrophical 

current field can be 

found within the 

calculated accuracy 

of the HF radar 

measurements. 

Because the fast survey gives a more synoptic 
approach, which can better be compared with the 
HF radar measurements, a typical temperature- 
salinity correlation has been derived from all CTD 
data and was then used for the XBT data to add a 
typical salinity profile. By this way, all XBT and 
CTD measurements during the fast survey could be 
used to calculate geostrophical currents at the sea 
surface. The result can be seen in Figure 2b. 

When subtracting the varying wind-driven part 
from the radial components of the current fields as 
measured by HF radar, a good agreement with the 
geostrophical current field can be found within the 
calculated accuracy of the HF radar measure- 
ments. The main current structure of the Arctic 
Front can be seen in both figures. Additionally, 
one has to keep in mind that there is a time lag of 
some days between the two current fields, that the 
density field has been modeled using a typical 
temperature-salinity correlation, and that none of 
the current fields shows a real synoptic approach. 

Conclusion 
HF radars can successfully be operated on- 

board a ship as long as the weather conditions do 
not cause the ship to roll and pitch too heavily. 
R/V Valdivia can be used up to sea states gener- 
ated by 19 m s -~ wind speed. To compensate the 
ship's movement during operation of the HF 
radar, GPS can be used, as long as SA can be re- 
moved from the satellite data, which can be done 
by Differential GPS or by using state-of-the-art 
receivers. Because one radar measures only the 
radial component of the surface current field, ei- 

ther a second radar must be used, or, if the cur- 
rents are stable over some hours, the ship can be 
moved to get measurements from different direc- 
tions. Measured surface current fields at the Arc- 
tic Front have shown good agreement with con- 
ventional methods using CTD and XBT data. 
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