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Abstract 
Numerical model is generally to simulate hydrodynamic parameters such as surface 

currents. However, it has limits such as difficulty in definition of initial and boundary 
conditions. As remote sensing such as satellite and radars advances and is applied in 
practice. Data assimilation technique has becoming a promising means to improve 
modeling performance through taking advantages of available observations. In this 
paper, surface currents hourly monitored by a radar system were assimilated into a 3D 
numerical model to improve modeling performance using a sequential data assimilation 
algorithm. Results indicated that application proposed data assimilation approach not 
only improved hindcasting of surface flow fields, but also improved its forecasting. 

1 Introduction 
Modelling of surface currents is an activity of great importance in coastal regions in marine 

science. It is not only useful for operation- and planning-related decisions such as vessel towing and 
search and rescue, but also useful for fisheries and recreational activities such as yachting and 
boating. Since definition of initial and boundary conditions in numerical models affect model 
performance to a large extent, in order to improve modelling performance of surface currents 
accompanying by advances in marine observation platforms such as satellite and radars, data 
assimilation technique that combines observed data with model states has increasingly becoming a 
promising means [1, 2]. In this work, surface currents with fine temporal and spatial resolution are 
obtained using a land-based radar system. Surface currents observed by the radar system were 
assimilated into a 3D hydrodynamic model using a sequential data assimilation algorithm—nudging. 
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The best nudging assimilation parameters and assimilation cycle lengths were determined based on 
sensitivity experiments.  

Structure of the reminding section is organized as: Section 2 presents methodologies including 
introduction about research domain, radar data, numerical model and data assimilation algorithm. 
Results are given in Section 3, followed by conclusions in Section 4. 

2 Methodologies 
2.1 Research Domain 

Galway Bay is located at the west coast of Ireland. Variations in surface currents in Galway Bay 
area are mainly tide and wind-induced [3]. A radar monitoring system with fine temporal and spatial 
resolution has been deployed in Galway Bay since 2011. Figure 1 shows deployment of the radar 
system in Galway Bay.  

 
Figure 1 Deployment of HF radar system in Galway Bay (C1 and C2 indicates the HF radar stations) 

2.2 Radar data 
CODAR is a land-based high frequency remotely sensing radar system that measures the near-

surface ocean currents in a coastal area with fine temporal and spatial resolutions. One such system, 
consisting of two radar masts, was deployed on Galway Bay (see Figure 1) in 2011. This system is 
capable of monitoring the surface currents and wave parameters over most of inner Galway Bay. 
Measurements obtained from the CODAR system are in near real time. When a radar signal scatters 
off a wave whose wavelength is exactly equal to half of the transmitted signal wavelength, the radar 
signal can return measurement information to the radar receiver [4-6]. A single HF radar station 
determines radial components of surface currents toward and away from that station. Total surface 
currents are computed and displayed as vector fields, by combining the radial surface current velocity 
components from two or more different masts [7, 8], see Figure 2. 
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(a) (b)  

(c)  
Figure 2 Surface currents observed by CODAR ((a) radial surface vector field from station C1, (b) radial 

surface vector field from station C2, (c) total surface vector field after combination) 
 

The temporal and spatial resolutions of surface currents in the Galway Bay domain are sixty 
minutes and 300 m, respectively. The operating frequency of both radar stations in Galway Bay at C1 
and C2, as shown in Figure 1, is 25 MHz. 
2.3 Numerical model 

The numerical model, EFDC, was used to simulate the hydrodynamic circulation of Galway Bay. 
Only the hydrodynamic module was used during this research. In this research, a barotropic model of 
Galway Bay (see Figure 1) was developed using a regular grid coordinate system. A detailed 
description on setting up vertical layer structure for the Galway Bay can be found in the study by Ren, 
Nash and Hartnett [9]. The meteorological forcing data were obtained at one-minute intervals from 
the Informatics Research Unit for Sustainable Engineering (IRUSE) weather station. Records of the 
River Corrib inflows, which enter Galway Bay close to the north of point C1 in Figure 1, were 
obtained from the Irish Office of Public Works (OPW). Tidal water elevation time series generated 
from Oregon State University Tidal Inversion Software (OTIS). The simulation period was from 
Julian Day 211 to 230 in 2013; spin-up period is Julian Day 211–220; data assimilation period is 
Julian Day 220–228 01:00; forecasting period is from Julian Day 228 01:00. 
2.4 Data assimilation 

Nudging is a sequential data assimilation algorithm that combines model background states with 
measurement states in a linear formula. A nudging term was introduced into the equations of motion 
using the difference between model background states and observation states [10]. The analysis 
equation has been conceptually expressed as [11]: 
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∂U
∂t = (physics) + λ(U/ − U) (1) 

where, U is the model background states; U/ is the observation states from radars; λ is the nudging 
parameter;(physics) denotes the physical process mathematically described in the numerical model. 
Simplified nudging parameter λ is used in this work. 

λ = 1
1
t3
4 × e

1 778
4
 (2) 

where, t3	 is an assimilation timescale, which determines the strength of the nudging parameter; t:	 is 

a damping time scale for the nudging term; e
1 778

4
	 is the exponential decay parameter, which controls 

the depth of influence of the nudging parameter; z	 is the water depth (m); z:	 is the depth of influence 
(m). 

3 Results 
Sensitivity experiments on nudging data assimilation parameters and assimilation cycle length 

were examined. Analysis indicated that the best assimilation timescale and depth of influence is 1800s 
and 4m respectively. The best data assimilation is to combine interpolated radar data into model at 
each model computation time step.  

In order to show modelling performance after employing data assimilation technique, surface flow 
fields at a representative forecasting time step are shown in Figure 3. FR indicates the “Free Run” 
model without employing data assimilation; NDA indicates the best nudging data assimilation model. 
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(c)  

Figure 3 Forecasting of surface flow fields at 02:00 Julian Day 228 ((a) model FR; (b) radar data; (c) 
model NDA) 

Figure 3 shows that pattern of surface flow trend in model NDA is closer to radar data then model 
FR. This indicates assimilation procedure had improved modelling forecasts.  

4 Conclusions 
Real-time radar measurements were blended into a numerical model EFDC using a nudging data 

assimilation algorithm. The most appropriate nudging parameters were determined based on 
sensitivity experiments. Assimilation of the remotely sensing radar data at each model computational 
time step resulted in a good forecasting performance compared with a “free run” model and models 
with longer data assimilation cycle lengths. Comparison indicates that assimilation of radar data using 
a nudging algorithm is a powerful tool for improving model performance. The nudging algorithm has 
been shown to be particularly useful when updating is applied at each model computational time step. 
These forecasts can provide useful information for a variety of applications, such as search and rescue 
and oil spill operations. 
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