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Abstract 
With the development of advanced computation ability 

and remote sensing technologies (satellite, radar system 

etc.), the incorporation of model states with available 

abundant measurement states becomes a popular 

technique to improve modeling performance, which is 

called data assimilation. The main objective of data 

assimilation is to obtain more accurate forecast states 

for the marine renewable energy test site at Galway 

Bay. A variety of data assimilation schemes have been 

applied in different field in the past decades. 

Appropriate methods to compare the results from 

models with and without data assimilation are of great 

importance for efficient and fair analysis. Thus, this 

paper summarizes the assessment methods of data 

assimilation in oceanography. 

 

1. Introduction 
Galway Bay has one of the few open water marine 

renewable test sites in the world.  The site has been 

structured to enable developers test quarter scale 

devices in the real environment.  As part of this 

development it is vital that there is a good 

understanding of the environmental conditions at the 

site.  The authors have developed a detailed 3-

dimensional hydrodynamic to provide accurate 

hydrodynamic data at the site.  Using the high 

frequency radar operated by the authors at Galway Bay 

we have integrated data assimilation routines into the 

model to improve model hindcasts and forecasts. 

Plenty of data assimilation schemes blending the 

model forecast with observation are generated to obtain 

improved analysis state. However, every data 

assimilation system has its merits and demerits. When 

researchers start to set up a data assimilation system or 

after the data assimilation algorithm is developed, an 

objective assessment is needed to assess the quality or 

error structure of forecasts from data assimilation 

system by comparison with reality. Whether the used 

data assimilation scheme is good or whether it really 

improve model performance needs to be efficiently and 

fairly evaluated. In this work, assessment methods are 

described in details and few examples are given. 

 

2. Data Assimilation 
     A full data assimilation system is comprised of three 

parts: a numerical model, which describes the dynamic 

process in a mathematic way; a batch of observations of 

variables of interest; and a data assimilation algorithm 

to combine the measurement states with model 

background states. In general, there are two types of 

data assimilation algorithms: sequential and variational 

data assimilation, which have been applied in many 

fields. Currently, sequential data assimilation schemes 

such as nudging, Optimal Interpolation and Ensemble 

Kalman Filter data assimilation schemes and variational 

data assimilation schemes (three-dimensional and four-

dimensional) have been broadly applied in oceanic 

forecast systems.   

 

3. Assessment Methods 
     Few conventional means have been used to show the 

results from data assimilation system, such as time 

series plots, contours of variable of interest, vector 

maps and Root-Mean-Squared-Error (RMSE). These 

are traditional choice for researchers to compare and 

assess their model results. Simplicity and explicitness of 

these methods render their popularity. However, in 

order to efficiently and fairly assess the results of data 

assimilation models must be compared with runs 

without data assimilation in a concise way, Data 

Assimilation Skill Score (DASS), Empirical Orthogonal 

Function (EOF) analysis, Averaged Kinetic Energy 

(AKE) and Taylor Diagram are useful techniques to 

evaluate a data assimilation system.  

 

4. Results 
     In this research, Direct Insertion data 

assimilation was used to update the model background 

states at each model step using high frequency radar 

data. DASS, EOF, AKE and Taylor diagram were 

applied to assess the results from Direct Insertion data 

assimilation system. 
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