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Introduction. The analysis of the original parallel realization of the ensemble optimal interpolation 

(EnOI) method for data assimilation in the ocean dynamics model developed in the Institute of 

Numerical Mathematics and the Institute of Oceanology (INMIO model) with a resolution 0.1° for the 

North Atlantic region is given in the present paper.  

Data and methods. Based on the known (“true”) model state of the ocean, the temperature profiles 

(about 70 per day, up to 1500 m depth) were chosen and used as synthetic observational data. After 

the initial condition was perturbed, the numerical experiments were carried out to estimate speed and 

accuracy of approaching the entire model solution to the “true” state of the ocean as the temperature 

profiles were assimilated.  

Results. Both qualitative analysis of the results and the graphs of the root-mean-square and mean 

errors of the model solution are given. To study the method sensitivity to the amount of the 

observational data, the experiments with carried out. They showed that assimilation even of the 

isolated data could significantly increase the model forecast quality.  

Discussion and conclusion. The experiments prove that application of the ensemble optimal 

interpolation method, even in case very few data, are assimilated in the model, can significantly 

improve quality both of the model forecast and the entire model solution for those regions where the 

observational data are very scarce or absent at all. Thus, due to assimilation of the data covering only 

3–4 days, the root-mean-square error for the sea surface temperature model field decreases by 1.5ºC, 

and the average deviation becomes equal almost to zero over the entire computational domain. 
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Introduction 
In the present paper, the research on the ocean state forecast of the using 

ensemble assimilation methods is continued. There won’t be any review of the 

works on assimilation, as it was given in our previous publications in sufficient 

detail. In [1], a parallel implementation of the Ensemble Optimal Interpolation 
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(EnOI) method was presented for assimilating observational data in an eddy-

resolving model of the World Ocean. The effectiveness of the parallel method 

developed was studied using temperature and salinity data from Argo [2] drifters 

and AVISO satellite altimetry data [3]. These works resulted in the confirmation 

that the assimilation of data by the forecasted three-dimensional fields of 

temperature and salinity even in those regions where the data were not available. 

Consequently, perhaps, from the variety of data on observations of the ocean state, 

their minimum number can be chosen, so that the forecast accuracy is maximum. 

Surprisingly, even an excess amount of data currently exists for the restoration 

and forecast of mesoscale ocean dynamics. First of all, it concerns satellite data 

(ocean surface temperature and altimetry). On their basis, methods are developed 

for measuring salinity and currents of the ocean surface, near-surface wind, etc. 

The state of the upper two-kilometer ocean layer is monitored by Argo buoys. 

A large amount of information comes from ocean gauges fixed in space. 

For example, in [4], a methodology for joint processing of small hydrological and 

satellite altimetry observations is presented. It makes possible to restore the three-

dimensional temperature and salinity fields very successfully. All this information 

is used in systems for the ocean state forecast at different time scales (see the 

reviews in [5–7]). The work [8] is also worth to be reviewed. There the numerical 

experiments are carried out based on the joint ECHAM-HOPE model and 

the ensemble assimilation method, and then the results of the perturbations of 

the model fields and the propagation of these perturbations are analyzed. The study 

[9] discusses methods for calculating the dynamics of the ocean and the Black Sea 

using the hydrological observational data assimilation based on the application of 

the Kalman filter and the principles of adaptation of hydrophysical model fields.  

The present papers is aimed to validate a parallel mastering algorithm for 

the INMIO ocean dynamics model. An attempt to estimate of the sensitivity of the 

forecast to the initial state and some variations in the assimilated data amount 

is going to be carried out. Obviously, studies on the dependence of forecast 

accuracy on the number, type and geographical distribution of ocean data are 

important for optimizing observational systems. The features of the parallel 

ensemble optimal interpolation method are also to be denoted. 

Ocean Model and Parallel Ensemble Optimal Interpolation Method 

To carry out numerical experiments, the INMIO ocean dynamics model will 

be applied. It was developed to study the circulation of the World Ocean waters 

and its individual waters in a wide range of spatial and temporal scales. A more 

detailed description of the model and numerical experiments on its verification 

with the 0.5° – 0.1° resolution is given in [10, 11]. Along with the ocean model, 

the CMF3.0 Compact Modeling Framework will be used to solve the problem of 

joint modeling of the Earth system and its high-resolution components 

on computers with distributed memory. The CMF3.0 platform is applied for 

interprocessor exchanges inside model components, interpolating data between 

various model grids of components and working with the file system (data 

input/output) [12]. 

The ensemble optimal interpolation method EnOI is described in detail 

in [13, 14]. It is currently used for the operational forecast of the ocean state 



PHYSICAL OCEANOGRAPHY VOL. 26   ISS. 2   (2019)98

in a number of systems (see, for example, [15–17]). A detailed description of 

the parallel method EnOI developed and used in this study is given in [1]. 

Numerical Experiments 

Algorithm validation. To test the system operation consisting of the ocean 

model and the assimilation algorithms, numerical experiments were carried out for 

the North Atlantic region. The model was integrated from 01.01.1948 

to 01.05.2008, every 10 days the full state of the model (control points) was 

maintained. Thus, when assimilating data for May 2008, three control points were 

used for each May during 1985–1998 as elements of the ensemble for the EnOI 

method. A total of 40 elements in the ensemble, the cut-off radius is not used, 

because it is not so important in this method [18]. The conditions of the 

experiments are the same as in [2, 3]. The only difference is the use of synthetic 

observational data obtained based on the known ocean state model, which will be 

consider “true”. 

Based on the A01 control experiment, few YSOD synthetic observation data 

were obtained, distributed over the domain as the Argo data (about 70 profiles per 

day, up to 1500 m depth). Synthetic data were located with the same periodicity 

and randomness as the Argo measurement data (not necessarily in the model grid 

nodes). To project data to these points from the model grid (that is, to build 

the H projection matrix), bilinear interpolation was used. Then, two experiments 

T01 and T02 were carried out with a perturbed initial condition (corresponding 

to the model solution for another year), but the atmospheric effect was used in May 

2008. However, in the T02 experiment, YSOD data will be assimilated daily 

(see table). 

Description of the experiments 

Experiment 
Date of the initial 

condition 

Use of observational data YSOD

A01 01.05.2008 Daily record of YSOD 

T01 01.05.2000 No application 

T02 01.05.2000 Daily assimilation of YSOD by the EnOI method 

N o t e.  СOREII atmospheric forcing for 01.05–30.05.2008 is used 

In Fig. 1, showing the model sea surface temperature (SST) for various 

experiments, the location of the YSOD data is demonstrated to get an idea of their 

number. The size of the circles in Fig. 1a and 1c is proportional to the difference 

between the temperature at the point of observation and at the model one. A cross 

in a circle means that the model temperature is below the profile temperature, 

a point in the circle – that it’s higher. For ease of comparison, in Fig. 1b, 

the asterisks mark the YSOD data that is generated in the A01 experiment. On the 

fragments, two areas are circled, which the effect from the assimilation of YSOD 

data is the most noticeable in. It is worth noting that there were no observations in 

the Gulf of Mexico throughout the experiment, but the SST in it was significantly 

adjusted due to the assimilation. 



PHYSICAL OCEANOGRAPHY   VOL. 26   ISS. 2   (2019) 99

F i g.  1. Sea surface temperature (SST) in the North Atlantic Ocean model on 30.05.2008 in the А01 

“true” experiment (b) and also in the T01 (a) and T02 (c) experiments with the perturbed initial 

condition  
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Fig. 2 shows the difference between the SST model fields in the T01, T02 
experiments and in the A01 “true” experiment for May 30, 2008 (model date). 
Comparing Fig. 2a and 2b, it is clearly seen how the assimilation corrects 
the solution in the entire computational domain, and not only at the points where 
the YSOD data are located. The effect of data assimilation in the area of the Gulf 
Stream is especially pronounced. 

F i g.  2. Difference between the sea surface temperature (SST) model fields on 30.05.2008: SSTA01 –

 SSTT01 (a); SSTA01 – SSTT02 (b) 

Graphs of the root-mean-square and average errors of SST calculated over all 
the computational nodes of the model grid are given in Fig. 3. They show that the 
YSOD assimilation greatly approximates the SST model field in the T02 experiment 
to the model field in the A01 experiment over the entire computational domain. 
This confirms the correct operation of the implemented data assimilation method, 
the use of which with the application of YSOD small observational data (located with 
the same density as the Argo data) can bring all the model solution to the “true” 
ocean state (A01experiment). 
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F i g.  3. Root-mean-square (RMS) and average (AVG) errors in the T01 and T02 experiments 

in comparison to the SST “true” field from the A01 Experiment  

Study of the method sensitivity to the amount of data used. For this purpose, 
in addition to the T02 experiment, similar experiments were carried out on the 
synthetic YSOD data assimilation, but with a decreasing number of observation 
points. In addition to the T02 experiment, a total of 4 experiments were carried out 
with 1/2, 1/4, 1/8 and 1/16 of all temperature profiles. In the experiment with 1/16 
of the data, only 4–5 profiles per day were assimilated. Graphs of the root-mean-
square and average errors of the SST model field for these experiments are shown 
in Fig. 4. From the analysis of this figure, it can concluded that the method applied 
is highly efficient with few observational data, so that even the assimilation of 
single data can significantly improve the quality of modeling. 

F i g.  4. Root-mean square (RMS) (a) and average (AVG) (b) errors of the sea surface 
temperature (SST) model field calculated in all the mesh nodes in the experiments based on T02 with 
assimilation of all the temperature profiles, and 1/2, 1/4, 1/8 and 1/16 parts of them in comparison to 
the sea surface temperature (SST) “true” field in the A01 Experiment  
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Conclusions 
The present article continues the study of the previously proposed parallel 

method of assimilating observational data based on the ensemble optimal 
interpolation EnOI using the example of the INMIO ocean dynamics model of high 
resolution for the North Atlantic region. Numerical experiments with the use of 
small synthetic observation data were carried out. A feature of this approach before 
using field measurement data (satellite or drift one) is the ability to estimate the 
speed at which a model solution approaches the “true” ocean state, which is 
unknown in field experiments. It is shown that the use of the EnOI method with the 
involvement of relatively small data can significantly improve the entire model 
solution even in those regions where there are no observational data. Only due 
to the assimilation of small observational data in just 3–4 days, the root-mean-
square error for the model field of temperature decreases by 1.5°C, and the average 
deviation becomes almost zero over the entire computational domain. 
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