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Abstract

1.HF current radar, a new technology and sensor of mapping sea surface currents, providing two
dimensional measurements with a long time period. In 1992, the US Navy starts to study
coastal current radars with a large amount of people and budgets for military applications. Since
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2003, the US Coast Guard and the US Department of Homeland Security have completed the
installation of coastal current radars in the both sides of US coastlines.

2.The author of this paper examines the calculation and theory of 'High Frequency coastal current

radar', and also uses a three-dimensional ocean model to verify HF radar-measured observations

(CODAR). The author is the first person to do the comparison of model results with observa-

tions in the world.

3.In this study, the Princeton Ocean Model (POM) is used and validated by ADCP measurements,
and the validated model is used to verify the HF radar-measured surface currents. Our purpose

of this study is to verify the accuracy of HF radar-measured current velocity. This study

shows that CODAR observations are quite accurate which are convenient and quite reliable.

4 The author suggests that 5-6 HF coastal current radars are recommended to place along the coast-

line around Taiwan Island, providing instant services of navigation and rescue information. Of

course, it also provide great in-situ observations for numerical model validations, which
increase the accuracy of NOWCAST model for marine battlespace environment'. At the mean
time, with army sale with the US, we should ask for installation of airborne HF current radars

onboard.
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The theory and calculation of CODAR and its military applications -Comparison of CODAR observations with model results-

1 Introduction

In 1970, the US Marine Corps studied the
war diary of amphibious operations, and they
found that the coastal currents crucially affect-
ed the battle results. At that time, they asked helps
from National Oceanic and Atmospheric Admin-
istration (NOAA) and Stanford University to
study a coastal current radar which can map sur-
face currents. After all, they found the coastal
currentradaris less accurate. In addition, the US
Navy (USN) setits maritime strategy of seeking
primary campaign in the open ocean with union
of Sovietrepublics (USSR) at the Cold War. Even-
tually, they decided to forgive this project. The
research papers and skills were declassified in
1985.1In 1990, after the Cold War, the USN has
replaced its maritime strategy of seeking prima-
ry campaign in the open ocean with conducting
operations in the littoral waters. At the mean-
while, the US started a war in the Persian Gulf,

which cause USN need to know more environ-

"/

mental information of littoral zone. The USN
held a series of symposium of coastal environ-
ments and invited professors and scholars to dis-
cuss USN needs in the littoral zone. After a series
of symposium, the USN confirmed the need of
coastal current radars for littoral warfare. How-
ever, the original researcher (Lipa and Barrack)
of NOAA and Stanford University continued
their study and opened a company (CODAR
Ocean Sensors) in 1985. After long term research,
their products (coastal current radars) have an
effective range of 250 km with a high accuracy.
In 1992, the USN, based on studies of CODAR
Ocean Sensors, starts to study coastal current
radars with large amount of people and budgets
for military applications.
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technology and sensor of map-
ping sea surface currents and
waves, is the remote senor
which does not need to touch
the sea water can radiates elec-

tromagnetic pulses outward

and receives the back signals
and calculates the surface cur-
rent velocity. This sensor is not
affected with any weather con-
ditions - clouds, rains and water
vapors, which is the evolution
of current sensor in oceanog-
raphy. With remote sensing, the
surface currents can be mea-
sured for long time intervals,
continuation and larger spatial
area, providing two dimen-
sional measurements. This sen-

sor can provide essential con-

L tribution on rescue and marine
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engineering. Since 2003, the

US Coast Guard and the US

Department of Homeland

Security have completed the installation of coastal
current radars in the both sides of US coastlines.
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The theory and calculation of CODAR and 1ts military applications -Comparison of CODAR observations with model results-
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FERBATHE (R—) 0 HEHEM(rH# quency (HF) radar -measured current veloci-
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# BRAR (ADCP) PT B 45 X B A 4T L% papers published by British, France and US mil-
Fh A RAREAF A A AR L ILH FH R itary and civilian academic communities discuss
FEATA B RBKEE KRR > F@BRIE S the accuracy of HF coastal current radars. No
BlUR T E O EAELEET o matter what their results are, they did point-com-

k— ZRAERREFZATRZERRE EE— 0B RR(ADCP) L &

%
Y 2R BN (FAME) s AOBREBRE AvERRRE

| 2 1 4 ] i 7 i a 14 11 12 1% 14
(BETH ; F Secior
poimts Bearing Kange i AV, Bazs M widih

HF sibe Mooring  Stam dsie End diabe {hourly) (") ikmmi ré i1 fom e') femost) ] B {emi
FHRE AROF I Febs 1900 14 Mo 1909 12% 209 T |0.59 1 11 2 g 4.3 12
FHE SAOF I Feb 199 15 Moy 1999 23T 258 T H 11 | 7h 0.3 1.k
FBE SAMI I Feb 1900 15 Moy 990 1500 244 &7 0.0 | 4 2 n7s 0.l 15
FRK SAIN | Feb 1900 14 Moy 1900 4 214 B |0.57 11 11 1 051 23 T
FREK AROF | Feb 1904 1 Dt | 505 4746 195 447 |0.59 1] 13 1 TR .8 1.7
K ARNI | Feb 19060 3 Mow 1959 1862 1ud od  |0.68 1] 11 3 076 0.6 14
ARG  BAIN I Mow 1998 14 MNow 1955 457 355 58 |0,52 1k 14 & 3l .5 23
ARG SAN | I Moy 1908 15 Moy 1956 E1. 5] i34 IR0 0,30 17 | || A 0. 1.4
ARG BADF I Mow 1998 13 Moy |90 L1 ]| i1 N2 |0AL 19 13 F vl 44 14
AR AROF 1 Mo 1908 3 Oy | 900 1218 e ] 134 £1.00 1] 12 | 073 i 1.2
ARG ARMI | Meow 1998 3 Mow [958 2127 213 LT |03 ¥ 11 I 5 21 L
ARG EMIN | Movw 1908 7 Mar 1990 apa 137 267|062 T EY 4 a4 Ed 23
PTC ARMI | Jum 1998 28 Jom 1000 1521 1] 122 074 i 14 2 n7e 17 1.9
PFTC ARDF® 1 Aog 1997 3 Ot 1999 663 279 152 |53 [ 14 2 DTG 4.5 13
PTC AROF | Jun [992 1K lom 1000 T 279 252 1071 | 1 3 LR 4.3 12
LILR SNI0F | Jun |59 218 lom 1G04 Wi 177 10 |0.63 11 i 3 7 25 10
¥ ShIIN 27 lua |0 28 lgs 004 T | 6B 57 0,77 I T | L 12 05
RF ADCP 20 May |98 12 Oct |90%  |018S 147 R0 |50 | 12 4 074 1.9 24
o ADCRE 1D Hn:,. | 008 12 Okp | 900 Hna0 | 8% 17.7 £, | 11 3 LXK 14 15

FAFAR R : B E Emery, B.M., L. Washburn, and Harlan (2004) Evaluating radial current measurements from CODAR high-fre-
quency radar with moored current meters. J. Atm. Oceanic Tech.

Y s XA S ¥R R(ADCP)RES B & o FI A S ¥4 #5 (Doppler shift) 481 S A 091k B o ®Ab 31 7
m%lﬁ%mﬁ%&ﬁ#&&mﬁ%&z%a%%ﬁ%@% ST E ORI RIS o CaRIRRER
B F A FF % KR B0 e T o F BB AR 5 8 XA 3RS R84 AR ey > AR
é: DK T B F AR R T o O R AE AL B ﬁ%ﬁ)i%f B o Bk 69 9E R (RARML) G A AAR B 0 AT
F A XA BRSO B R4 & R 6 AR o SHI L SR %’%%/Ei(’}ﬁ'?é B =T RS kT
2 XA N E AR M B9 A $HE By B KN 5 6y o SRR SR S A ) AR F i RIEE — ARG o
Emery, B.M., L. Washburn, and Harlan (2004) Evaluating radial current measurements from CODAR high-frequen-
cy radar Wlth moored current meters J. Atm. Oceanic Tech.
BB R AR FERART R — ~ F AL BB A R(ADCP)#) B8 H AR A o
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barotropictidal currents in the New York Bight and Block Island Sound. Estuarine, Coastal and Shelf'Science 72 (2007)
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parisons of HF radar-measured current with sin-
gle or multi-ADCP measurements, which accu-
racy falls between the 7 % value of 0.39-0.77
(Table 1).Istrongly question about these method-
ology and comparisons. In this study, the Prince-
ton Ocean Model (POM) is used and validated
by ADCP measurements, and the validated mod-
el is used to verify the HF radar-measured sur-
face currents. Our purpose of this study is to ver-

ify the accuracy of HF radar-measured current

velocity.
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2.The theory of HF coastal current
radar and its velocity calculation

The basic principal of radar theory must
be familiar with readers. The HF band of the elec-
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- Cromble D.D. (1955), Doppler Spectrum of Sea Echo at-13.56Mc/s', Nature 175, 681-682.
*Z Barrick D. E. (1971), Dependence of Scend-order Sidebands in HF Sea Echo upon Sea State, IEEE G-Ap Interna-

tional Symposium Digest, Sept.

#2 = Crombie, D.D. (1971), Backscatter of HF radio waves from the sea, Electromagnetic Probing in Geophysics, J.R. Wait,

ed., Golem Press: Boulder, CO., pp. 131-162.
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The theory and calculation of CODAR and its military apphcat1ons -Comparison of CODAR observations with model results-

tromagnetic spectrum, with frequencies of 3 to
30 MHz corresponding to wavelengths of 100 to
10m, is within the radio bands. Crombie (1955)
found that some HF signals recorded near the
ocean had a Doppler shift of less than a hertz
above and below the transmitted signal and con-
cluded the shift was due to "Bragg scattering" of
the signal by ocean waves. Bragg scattering
occurs when the transmitted energy (HF
radar waves in our case) is reflected by
ocean waves that are traveling radially
towards or away from the radar and whose
wavelength is half as long as the transmit-
ted signal. These reflections resultin strong
peaks in the backscatter spectrum (Fig-
ure below). HF radars use the scattering of
the first order Bragg peaks to estimate
ocean currents by comparing the scatter-
ing to the expected Doppler shift due to the
Bragg waves (additional shift is then attrib-
uted to currents). Once the CODAR sys-
tem measures the backscattered signal, the
current speed can be extracted by deter-
mining the Doppler Shift of the waves.
Because the waves are moving, the fre-
quency of the signal returned is not quite
the same frequency as the signal trans-
mitted. Waves moving toward the receiv-
er increase the return frequency, while
waves moving away decrease the return
frequency.
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M0 FARERER ALK R
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With the theory and improvement of the HF
coastal current radar, there are two kinds of HF
current-measured radars are developed. As fig-
ure 4 shown,one is the US system called CODAR
(Coastal Ocean Dynamics Application Radar),
which is omni-directional. The mapping area
must be covered by two radars in order to pro-
duce surface current velocities. The other one
is European system, shown as figure 5. HF anten-
nas show a matrix array, extending several tens
meters to a hundred meter long, called WERA
(WavE RAdar). Currently, CODAR are more
popular than WERA in oceanography commu-
nity, and we also would like to introduce the US
system—CODAR
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HF radar-measured currents are radial veloc-
ities, instead of traditional recognized velocities-
Cartesian coordinate system (rectangular coor-
dinate system in a plane) U (east-west compo-
nent) and V (north-south component). Figure
6-1 show three CODAR sites supported by US
Navy and US Coast Guard, which present as blue,

red and green sites. The radar is a land-base, short
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The theory and calculation of CODAR and its military applications -Comparison of CODAR observations with model results-

range radar, which effective range is about 30km.
Figure 6-2 show a snopshot of surface radial
velocities measured by CODAR. Red arrows
show the radial surface velocities measured at
CODAR site 3 (Misquamicut, CT), and blue
arrows show the surface radial velocities mea-
sured at CODAR site 1 (Montauk Point, Long
Island)
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The radial velocity can be processed with
the following two methods (ensemble means and
stream function) to convert into Cartesian coor-
dinate system (rectangular coordinate system in
a plane) U (east-west velocity component) and
V (north-south velocity component). Figure 7-1

Bt——

Bt—— &LeitEee

(Stream Function) 4 #% -

shows how to convert radial velocity into tradi-
tional velocity U and V components. Figure 7-
2 shows the results of after calculation.

F 3 8 X (Ensemble mean) %= T :
The formula of ensemble mean shows as follows;
For a given radial velocity r;

au+bv=ry
Where a; and b; are geometric parameters.

When, there are n radials within a footprint

a b1 u r

M M { }= M
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a, b, 7

#4877 #2 X (Stream function) A B 7 4= T s
Stream function also is shown as follows;
The stream function can be expressed in poly-

nomials
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V=A+Ay+A.x
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Substitute into radial velocity

Ak 'k
[bk'ak bkyk-ak X bixi-ax yk] M|=|M
As s

HARES FLF A EEETF®
BB AR BT LB AR B R 0 TOAA BGE
A o

After processing with either method shown
above, the surface current velocities of Cartesian
coordinate system in the whole domain are cal-

culated.
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3.Comparison of CODAR with
ADCP and model results

(1)Background and motivation

Coastal currents are inf luenced by multiply
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forces, such as tides, seasonal winds, buoyant
waters, coastal upstream currents and real
bathymetry. Coastal currents joined with buoy-
ant water and upstream currents show the com-
plicated features on the velocity fields. Tradi-
tional current sensors such as ADCP can not pro-
vide the current velcoties in the whole domain.
The Block Island Sound (BIS) is the connec-
tion between Long Island Sound (LIS) and the
Middle Atlantic Bight (The MAB), where are the
waters showing complicated bathymetry and
velocity fields. At the sunny, no-wind days, the
surface velocity fields are changeable, still more
in the rainy seasons of springs and summers and

hurricane season of falls and winters. Since June

of the year of 2000, University of Connecticut
and University of Rhode Island have been sup-
ported by the US navy and the US Coast Guard
and install three CODAR sites to study the com-
plicated velocity fields in the surface velocity
fields of Block Island Sound.

AR — %5058 FERAETH
(20014 ) » B & F ARG LA L 3 3R AR
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necticut River)Z % /K1 7 42 3¢, By ok 5 69 i K
R @B GEA R A IE R S AR R
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One-year long CODAR observations are
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used to study velocity fields in the area among
buoyant waters from The Connecticut River and
coastal salty waters. ADCP observations also are
used to compare with CODAR observations.
POM is used to simulate the in-situ case in order
to verify the accuracy of CODAR observations.
This is the first time to verify the accuracy with
model results and ADCP observations at same
time in the oceanography community.
=~ FalEa ()

CmAFEL ?Féufi B BRI & &
KR EA (20014 > $LE #9402 2 X402

» FAHE E #90.8-1 S/A\EL) e H—EF

i 5k B Montauk Point(MP) : % =18 & & 35 &
BlockIsland (BI) : % =18 % i% 55 & Misquam-
icutMQ) (B ) »

(=) FUAB &% AR L %) 3 AR ADCP & B
B E A (418405 %) 3] A4k ADCP £ 20014
AR > SAAAR-E #h 3] A& ADCP £ 20015 £
R) (BH) #5o

ERBEE A (BAEKREZ)
% g KR BB 2 A #H(1970-2000) (B 1)
(2)Data description (for comparison)

A.CODAR observations covering the whole

area of Block Island Sound are used to study sur-
face velocity field. (Time spans the whole year
of 2001, and the domain covers 40km X 40km
with resolutions of 0.8-1.5km).The CODAR at
Montauk Point(MP) is named as the first radar,
The CODAR at Montauk Point(MP) is named as

ﬁé F =+ =%FwH Defense Journal No.4, Vol.22

the first radar, at Block Island(BI) named as the
second radar and at Misquamicut (MQ) named
as the third radar. The CODAR sites are shown
in figure 8.

(2)Nine mooring locations of ADCP are
used (four ADCP profiles for summer,2001 and
five ADCP profiles for winter,2001). ADCP sites
are shown in Figure 9.

(3)Tidal currents and heights and historical
climatology in the North of the MAB are used
in the years of 1970-2000.
=- 7%’2# Ei&/\é”

MG B B B+ PTR o BBREATF
m%’ﬁ%%@ﬁﬁﬂ oﬁﬁ&ﬁﬁi%
K & # % (The Middle Atlantic Bight, MAB) &
£ Bl R LR AR 45 @ A (Cape Cod, MA) F-
A2 i B 4% 7 0 K #F 3 (Atlantic City, NJ)
o B IR MY T 0 KK @) IR I Ja
SFF 3573k #95-10cm/s(0.2 #7 ) (Beardsley etal.,
1985) » Ak 2 5 p 82 B AL (#98-10K)
o B REALE ] » IRRAEE > #920cm/s (0.4
B ) o ZREALRI AL > R #920-50cm/s (0.4-
1.0%7) o ZBRA ZARFMRFIKAALE (3
KOG HEH ) o 7538 5%, 7 (The Connecticut Riv-
er) A F 35 888m3/sX K » Bl k Bk
B AR BRI ALK B IEE  RAAZK
K(buoyant waters )& & £ #K » BFd iR
(southward) ° K 413 9 (continental slope) *
H % 4 69 % A (Gulf Stream) » 275 &R H $2
Hrt 2% % B 2 2 ¥ (Kuroshio Current)#8
L > VAEAF40-120cm/s ik & @ kiR E) o

=L Ullman, D.S. and D.L. Codiga. 2004. Seasonal variation of a coastal jet in the Long Island Sound outflow region
_ based on HF radar and Doppler current observations. J. Geophys. Res. 109, C07506, doi:10.1029/2002JC001660.
=X Codiga, D. L. and A. E. Houk. 2002. Current profile time series from the FRONT moored array, Technique Report,

Dep. of Mar. Sci., UCONN., Groton, 19pp.

R Moody, J. A., B. Butman, R. C. Beardsley, W. S. Brown, P. Daifuku, J. D. Irish, D. A. Mayer, H. O. Mofield, B. Petrie,
S. Ramp, P. Smith, and W. R. Wright. 1984, Atlas of'tidal elevation and current observations on the northeast Ameri-
can continental shelf and Slope. U.S. Geological Survey Bulletin 1611, 122pp.
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(3)Introduction to model domain

Figure 10 shows model domain. Color lines
show bottom bathymetry, and red dots are cur-
rent mooring sites. The model domain, begin-
ning at Cape Cod and extending southwest to
Cape Hatteras. The shelf topography in the
domain is relatively smooth, and the water depth
increases nearly linearly from shore to shelf break
except near submarine canyons. The annual mean
flow is southwestward of 5 to 10cm/s and gen-
erally increases offshore (Beardsley etal., 1985).
In the inner shelf, the mean flow shows subti-

dal and seasonal variations. In winter, storms can

produce alongshore currents of 20 to S0cm/s in
inner and mid shelf. In summer, alongshore cur-
rents are weaker of about 20cm/s and are less
variable. The Connecticultriver move into North
MAB with buoyant waters of 888m3/s via LIS
and BIS, which cause the coastal currents south-
ward all year long. Outside of continental shelf,
there is the Gulf Stream which is same driving
mechanism as Kuroshio current in the east of the
Pacific Ocean. The Gulf stream moves south-
ward with speeds of 40-120cm/s.
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Mellor (1987)FT & =%+ » dfmAa M AL X 3& &
(model configurations) ~ B i J*1% # (Open
Boundary conditions) ~ %745 f& (initial condi-
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The numerical model used in this study is
the Princeton Ocean Model (POM) which is pub-

R FMBEHHER > F 5 B Mau(2007)7 = ° lished by Blumberg and Mellor (1987). The mod-
B+— EMEsEkE (F345114%)
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= Blumberg, A., and G. Mellor, 1987: A description of a three dimensional coastal ocean circulation model. Three-Dimen-

__ sional Coastal Ocean Models, N. S. Heaps, Amer. Geophys. Union, 1-16.

*= Mau, J.-C.; D-P Wang, D. S. Ullman and D. L. Codiga. 2007.Comparison of observed (HF radar, ADCP) and model
barotropic tidal currents in the New York Bight and Block Island Sound. Estuarine, Coastal and Shelf'Science 72 (2007)

- 129-137.
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el solves the three-dimensional primitive equa-
tions on an Arakawa C grid. The numerical
scheme conserves linear and quadratic quanti-
ties like mass and energy. The model uses sig-
ma coordinate system in the vertical and orthog-
onal curvilinear coordinate system in the hori-
zontal. The model topography is sub-sampled
from the 3 arc-second gridded East Coast bathym-
etry. The model has atotal of 151 X241 X 16 grid
points (Fig. 11). Horizontal resolution varies from
less than 1 km near the coast to about 3km at the
open boundary. The grid resolves the compli-
cated coastline and bathymetric feature. In the
vertical, the water column is divided into 16
equally spaced levels. The more information and
setup for model are shown in Mau (2007). Mod-
el results include 24 oceanic parameters, includ-
ing velocities (u, v, w), sea level, temperature,
salinity.
w9~ BABAR B R LI
AR IR BB AR XA AT S A

AR > 3 AF B #(M2)$2 A B #(S2) 49 #
RREAAES T > W AT M TE R
(#eft) o MG HIEF > BAF vy
Hoo AFFRIARE — 8 AHEATHE
+ oA BAR S R A E - TR A
ARERER (288 ) MBETLE > &R
B R (A8 BRI ) o Sk @
KRB 46 AT A PR 0 L IRKKR
(under currents) & At o sbAE 7 X AL T Br s
P SRR T T R A AR AR o B BT
B oB BB AR W 4 R A AR L o
(4)Comparison

POM under well setups and initial condition,

has been run for 3 years with driving forcing of

tidal transports (currents and heights) at the open
boundary. Model output format is set as hourly
outputs and the model results of the whole third
year are chose to study. Figure 12 show the
roadmap to compare model results with ADCP
observations. The validation area starts from larg-
er areas (The New York Bight) to smaller area
(Block Island Sound). The current validation
starts from the surface to the bottom. This method
notonly can verify the accuracy of CODAR, but
also verify the model results.

PR BE 0 RSU 3 E 2404 B (S2) ¥
H #1(M2) 89 # /74 [E (tidal current ellipses) b
#H5=c HAMERMAREAT K £ KM%
B A KRB - #1973k B T #50cm/s » &
Mg % P 7T i 100cm/s ©

Comparisons are emphasized on the tidal
ellipses of principal solar semidiurnal constituent
(S2) and lunar semidiurnal constituent (M2).
According to the tidal studies in this area, tidal
currents are strong. In the continental shelf and
slope, the speed of tidal currents can reach 50cm/s

B+= Saizsesd R4gal 58 (CODAR
#ADCP) b 42 )7
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bR @EEH | | & EADCP SRR E
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2 170 B (Tidal ellipse) B /£ — R BRI T » #17AZ 3874 9 & (components) X L 5 F X T#%4E 8 | (Hodo-
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and 100cm/s in the Sound.

(—)%z &% (New York Bight) B a4 4% £ R
$ADCPE Bl &4 (1970-20005F A7 & B2 #
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BT A1 #8179 4G (Bl AT & RBF 42 45 > 7y ELAR
A& B G M o RE(1-4)$ F 5E(5-11)
My EAEES (B+=) FHa+—
sb oo B AEE RdhER £ KB 1 Tem/s 0 #10A
Bl 42 3R £ 49 B lem/s » 7 @R £ #52° o /£
b 8T T35 (12-19) 0 X T R EH 69k
HER (MYME ) REMREK - FHHREA
sb oo B ME B KR £ 49 B4 3cm/s * # A
FEnR £ 9 B09cm/s * T @R E #15° o
AT Oey et al.(1995) 72 B 4t &z & T ] [B) i3 3%,
B Z&#(Storm Surge) * 5] FlMayeretal.(1979)
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TRIAH > LB AR (REBK)
7 B & A4 S Mayer et al. (1979)4% H 89 R
& 3 AN AR £ & = 89— (Anderaa current
meters) °
A.Comparison of Model results with ADCP
measurements in the New York Bight
The tidal ellipses are all traced out clock-
wise in time and are generally oriented approx-
imately perpendicular to the local isobaths. The
near-surface model and observed tidal current
ellipses are in good agreement for the east (1-4)
and middle (5-11) sites (Fig. 13). Averaged over
these 11 stations, the amplitude misfits are 1.7
cm/s for semi-major axis and 1 cm/s for semi-

minor axis, and the orientation misfitis 5.2° .
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Inthe New York Apex,the mod-

el - data discrepancy is relatively

T BAAAEER AR EF R T (CODAR) & A 4 st 41
4% @@ A (tidal currents)3EAT FLdk

-

42 & BCODART RIAA : HEAMAFLER -

large. Averaged over the 8 sites

(12-19), the amplitude misfits
are 4.3cm/s for semi-major axis aal
and 0.9cm/s for semi-minor axis,
and the orientation misfit is
15°. The amplitude misfits are
mostly from sites 12-14 in the a1t
mid-shelf. Previously,Oeyetal. %
(1995) had noted a similar dis-

crepancy between their model

results and observations. It is 4039}
likely that the current meter data
used in the Moody atlas are sub-

ject to the surface wave conta-

mination (Mayer et al., 1979),

%2

as the data for sites 12-14 were

-T2 -MB N4 =714 =712

AR - EH A% -

all collected during the stormy
winter season (December 1979-February 1980)
using Aanderaa current meters.
(=) 4 50 7 BB AL B 45 R SLCODAR
TR AR R
TR SARAFET R AA K
TE AL Ao A o SIS 6 PRI o WA AR ] g
F3938 £ 4 510.8cm/s » B AEE 4240 T3
RAEHFdcm/s » 7 @ FHREH29° o ik
KEREL AR 3 EHELBE 0 LR
g £k BB Y& REIL o Kenefick
(1985)#= Chant(1992) /£ #t . & & # v Bf 15
& 0 &I AR T £ 100cm/s ° Codiga, D.L
(2006) 1 #& E ADCP#t %k & % 2 3if ¥ (mass
flux) B » A8 AR 49 B 100cm/s © A
BE R0 BAEARBEE R B 96en/s » RARE T 1
Ay o ZRBRFET R T L LEHRBR
FE o
B.Comparison of Model results with CODAR

measurements in the Block Island Sound

Figure 14 compares CODAR and model
results over the entire CODAR grids. The aver-
aged amplitude misfits are 10.8cm/s for semi-
major axis and 4cm/s for semi-minor axis, and
the orientation misfitis 29 ° . The misfits though
are not homogeneous. The model and CODAR
are in much better agreement in the mouth and
outside of BIS. However, at the mouth of LIS,
the model currents are considerably larger.
Kenefick (1985) and Chant (1992) showed that
at the mouth of LIS the tidal currents are pre-
dominantly rectilinear and reach maximum
amplitudes of 100cm/s. Since the tide is the dom-
inant tidal constituent, the model current of
96¢cm/s for semi-major axis and 11cm/s for semi-
minor axis is quite believable. This suggests that
the CODAR data quality probably is poor in this
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el results with vertical ADCP measurements. The

tidal ellipse major axes generally rotate clock-

lt @ %=+ =% % Defense Journal No.4, Vol.22
region.
= )ﬁ«f—ti*”k R AR E RS f
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C.Comparison of model results with vertical
ADCP measurements

Figure 15 shows the comparison of mod-

wise towards the bottom, and the velocity ampli-
tudes decrease sharply near the bottom. The mod-
el tidal currents and ADCP observations are gen-
erally in good agreement. The only significant
discrepancy is for the tidal ellipse orientation at
site E. Observations show that the tidal ellipse is
aligned in the northwest direction at the surface
(about 10°

and turns clockwise to the true north near the bot-

counterclockwise from the north),

tom. The model tidal ellipses, on the other hand,
are always aligned in the northwest direction
(about 20°

Since site E is located in the submarine canyon,

counterclockwise from the north).

the error likely is due to the unresolved fine-scale
topographic features.
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HERBER LB R R (42
¥ %) JEXADCPF# M 46 AT IS » Ed
P EBEE (4L BYE ) CODAR
A2 ADCP A4t o & @ /KA B 46 4T H 1k
¥ (CODAR#* ADCP) » i fy b #F IR K KR
(under currents) & #H(ADCP) ° st 7 X 5
& T BAEA B RAn g A WE R AR
B 5% — B89 o KRR FH =88 > sLE LA
JA R EAF 6 B R KL B F AT A
R FERR > Fa B FHBARAET L

D .Error calculation

Comparison of model results with obser-
vations start with the larger domain (New York
Bight) with historical ADCP data, and then with
the smaller area (Block Island Sound) with
CODAR and ADCP observations, including sur-
face and vertical current profiles. This method
isused to successfully verify the accuracy of mod-
el results. The second purpose of this paper is
to validate and qualify the error of CODAR obser-
vations.

HHOUAE &N H R 109469
PTRIZAHE 77 ey iR B > R T35 i By 4 /1 B
B o E AL B AL & ] least squares fitting 7
% 0 VAFAE &2 5km 89 $E & 46 M (interpolation)
R ° B T ZILCODAR#)3% £ (error) * 3 4F
89 7 ik 3k A M B A8 (individual ) F 4 69 34t
M7 ek B oo RAVAT 2| AR & 3T 7 42 Xk
+HIF

The CODAR currents are constructed from
the measured radials using vector sum (7 10-
minute measurements). Ata particular position,
the vector velocity is obtained from least squares
fitting of all available radials located within a
2.5-km radius. To quantify CODAR errors, the

bias and rms difference between model and

CODAR are calculated
3% % (bias)=A,,-Apr
3 7 #(Root Mean Square, rms)=

P

1 R R )

{NZ[(A’” _Am)_(AHF — Ay )] }
NATASFHE 7 @ik EAHMEE > Ay, and Ayp
& T 4% X(model) $LCODAR A4 7 6 3% &
BA s AR BT FIE -
bias=A,,-Ayr

1

rms= {Lz[(Am ) (A —A_HF)]Z}A
N7

where N is the number of radials, A,, and Ayr
are respectively the model and CODAR radial
amplitude, and overbar indicates the average.

oA FTES BXASERAE
CODAR # #H48 & % & ° /£ Montauk Point °
SHAE BT+ A AR=9.Tcm/s > R £=34cm/s
B REME y2=0.82 ° f£ Block Island » =t # #
T ¥ R=3.5cm/s > #E=-0.1cm/s » A
M 72=0.84 ° A > f£Misquamicut » 3 X $2
CODARFHHEZAA T R HBT : HHR
=17cm/s * & £=33cm/s * HHEM y2=0.62 °
At % 8 = /£ Misquamicut 8 F E A A A R T
1289 o

The model and CODAR radials are gener-
ally in good agreement at Montauk Point, (rms
difference=9.7cm/s, bias= 3.4cm/s, and corre-
lation coefficient 7%= 0.82) and Block Island
(rms= 3.5cm/s, bias=-0.1cm/s, and 7%= 0.84).
However, for Misquamicut, the model and
CODAR radials differ considerably, rms=
17cm/s,bias=3.3cm/s,and 7 2=0.62. This indi-
cates that the Misquamicut site is not reliable.
Itis noted that for all three radars the regression
coefficient is about the same and is close to uni-
ty (0.92).
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4 Conclusion

In general,comparison of model results and
observations is quite consistent, although there
1s less consistent at the mouth of LIS. However,
our study indicates that CODAR at Misquami-
cut shows a larger error probably due to the fact
of CODAR installation (geographical bias). Mau
(2007) also supports this argument. The purpose
of this paper is to use a ocean numerical model,
validated with ADCP observations, to verify the
accuracy of CODAR observations. This study
shows that CODAR observations are quite accu-
rate which are convenient and quite reliable.

A EEBREEEREERSAMNAE
# o BMBERBA MG 2 RIS GEFED
3, F 4 5 AR T VA B AL R b AT
AR o @- s A B BB e A0 RS AR SR
SLARAE o BB A AR R RAE o H B 0 EBGAE

“mﬂﬁﬁﬁﬁaﬁ A8 > LA TR
FH A > B H TR EITRE ﬁﬁ%
1B AR » AR OE 38 69 B TA B A A - A AT
Bl m«ﬂ/}r%{ﬁ B 7 6 A AR Sm 38 > &ﬂi&
By i B BAAAR T RABATAS R BY o KT — 1R

ik A HLA éfJ A o RER @ AKRIEE
BRABE S BE— R AEIBRGR
B~ B s — 2 g R BB & d KR L
BRBEAZ E o Hb o —{EREBEFERME
A MKk A —EE AR o R
T ABAE Bk & Z A A B R R A KUK
TAH o

Why does the USN so care about coastal
current radars? Are coastal current radars relat-
ed to naval warfare? Ocean numerical models
can simulate most of oceanic phenomena and
parameters in the ocean. However, without cor-
rect initial for model and validation with obser-
vations, model results can not fit the real world.
All of model results are just numerical digital
numbers calculated from theoretical and math-
ematical formulas only, which really need to val-
idate with real observations for correction and
alignment of computing. With validation of obser-
vations, model results are trustful and useful. All
of ocean modelers know that model results are
very trustful if model is verified with observa-
tions. Ocean is the continuous water mass, of
which properties are related together. Once one
parameter is correct, the other parameters are
correct, too. The variation of temperature and
salinity must reflect to the currents (surface and
underwater currents). With a validated ocean
model, three-dimensional ocean is transparent
water mass. Amphibious warfare and submarine
warfare do need this environmental information
of hydrograph and underwater currents.
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#2 * http://ifmaxp1.ifm.uni-hamburg.de/Schiffs CODAR.shtml
* High Frequency Radars for Coastal Oceanography, 1998. Oceanography Vol 10, No 2.
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The US Coast Guard and US Department of
Homeland Security have completed the instal-
lation of coastal current radars in the both sides
of US coastline to provide instant services of nav-
igation and rescue information. Of course, with
validation of CODAR observations, a three-
dimensional ocean model provide great ocean-
icenvironmental information for homeland secu-
rity.In fact, USN has developed airborne (P3-C)
and shipboard current radars. With cruise of war-
ships and P3-C in the operation area (engage-
ment area), surface current data are measured
and send back immediately to the numerical mod-
el center. With these instant surface current obser-
vations, numerical model results calculated with
data assimilation show high accuracy of battle-
space environmental information on underwa-
ter current fields and hydrograph information.
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Our nation is kind of island country sur-
rounded with waters. In the opposite side of Tai-
wan Strait is the supposed enemy of the R.O.C .-
the People Republic China (P.R.C.). The dimen-
sion of Taiwan Strait is 350km long and 200km
wide and with average depth of 80 meter deep.
In this case, Taiwan is very suitable to use HF
coastal current radars to map surface currents
in the waters surrounding Taiwan. As the US did,
5-6HF coastal current radars are recommended
to place along the coastline around Taiwan Island,
providing instant services of navigation and res-
cue information. Of course,italso provide great
in-situ observations for numerical model vali-
dations, which increase the accuracy of ' NOW-
CAST model for marine battlespace environ-
ment'. At the mean time, with army sale with
the US, we should ask for installation of airborne

HF current radars onboard.
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