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This study provides new estimates of the discrepancies between the Baltic Sea Physical Reanalysis 
data and in-situ measurements of seawater temperature in the coastal zone of the Baltic Sea off 
the Curonian Spit (Kaliningrad region, Russia). The relevance of this assessments driven by the 
need for reconstruction and analysis of previously occurred extreme events in the coastal zone of 
the Baltic Sea. Additionally, predictive assessments are required to evaluate the possible impact of 
extreme weather conditions on the intensification of lithodynamic processes in the coastal zone of 
the sea using numerical modeling. Quantitative assessments of water temperature discrepancies 
were obtained by comparing BALTICSEA_REANALYSISPHY_03_011 computational data with 
instrumental measurements. The latter were obtained by a thermistor chain sensor installed on 
the D6 platform, which is located approximately 20 km from the shore. The analysis revealed 
significant discrepancies (up to 6 °C) between the calculated and measured temperatures in the 
near-surface (5 m), intermediate (13 m), and deep (20 m) layers of coastal waters in 2018. The 
water density mismatch in October and May 2018 ranged from −0.2 to −0.13 kg/m³ and from 
0.025 to 0.25 kg/m³, respectively, with corresponding temperature discrepancies. This can affect 
the calculated water dynamics. This circumstance is significant in numerical simulation under 
extreme weather conditions. Therefore, it is difficult to correct the existing Baltic Sea Reanalysis 
dataset for use in numerical simulations of coastal water dynamics near the Curonian Spit shores.

Keywords: in-situ measurements, thermistor chain, seawater temperature, reanalysis 
data, temperature discrepancy, coastal waters, Baltic Sea

1. Introduction

Reanalysis datasets of various models, both global and regional, are widely used in 
modern research practices. These datasets are used to study oceanological processes and 
to set the initial state and boundary conditions in numerical models of marine regions (Fe-
dorov, 1981; Leppäranta, Myrberg, 2009; Dutheil et al., 2023). A sufficient number of suc-
cessful applications of reanalysis data have been demonstrated in various studies (Zhurbas 
et al., 2006; Lavrova et al., 2011; Kapustina, Zimin, 2023; Zakharchuk et al., 2023; Diouf 
et al., 2025; Wattimena, Salamena, 2025). For example, Copernicus Marine Environment 
Monitoring Service (CMEMS) Baltic Sea Physical Reanalysis dataset (Liu et al., 2019) en-
abled the estimation of the frequency of upwelling events along the southeastern Baltic Sea 
coast (Kapustina, Zimin, 2023). Satellite data alongside data from two different reanalysis 
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datasets – ERA5 and the Baltic Sea Physics Reanalysis (using the NEMO v3.6 model, or 
Nucleus for European Modeling of the Ocean) – were successfully used to investigate the 
peculiarities of the interannual seasonal fluctuations in the Baltic Sea level (Zakharchuk 
et  al., 2023). In another study (Zakharchuk et al., 2024), the variability of oceanographic 
processes in the Baltic Sea during the spread of the Major Baltic Inflow was investigated 
using reanalysis data and measurements of sea level, temperature and salinity. Discrepan-
cies between data from in-situ measurement (ice chart-based data, expedition data), satellite 
data, and reanalysis have been noted in various studies of the Baltic Sea (Liibusk et al., 2020; 
Singh et al., 2024; Stepanova, Mizyuk, 2022). It is possible to assume that the discrepancy 
depends on the specific water area.

The principles of reanalysis array construction are well-known (Liu et al., 2019). The 
physical system uses the NEMO model (https://nemo-ocean.eu), and ERGOM model (Eco-
logical Regional Ocean Model, https://ergom.net), and WAM wave model. The system as-
similates data from various sources, including satellite sea surface temperatures and in-situ 
temperature and salinity profiles. The system is forced by ERA5 atmospheric dataset. The 
reanalysis provides daily, monthly and yearly mean fields at points within the model domain 
for which there are no measurements. At the same time, it is clear that the “bad” physio-
graphic features of a certain sea area, such as an indented coastline at different linear scales, 
significant bottom relief heterogeneity, regional hydro-meteorological specificity, strong wa-
ter stratification and the absence of stationary observation points for the TS structure and 
water dynamics, can complicate data calculation conditions and worsen their quality.

The Baltic Sea can be classified as a water body of the World Ocean with a “bad” 
set of physiographic parameters for calculations (Hydrometeorological conditions of the 
shelf…, 1994; Leppäranta, Myrberg, 2009; Amantov et al., 2010). Additionally, the rugged 
coastline of shallow southern and rocky northern shores as well as the two-layer thermoha-
line structure of waters, impose strict requirements on the organization of model calculations 
and the accuracy of parameterization of subgrid processes. At the same time, long-term and 
detailed in-situ measurements in the Baltic Sea present challenges when addressing funda-
mental and applied problems. The demand for more precise measurements has led to the 
use of publicly available results from reanalysis models for examining the variability of the 
thermohaline structure of the sea and its numerical simulation. 

The necessary components of any numerical model are procedures for constructing the 
model domain, initializing state all field states, and setting the boundary conditions. The model 
domain had previously been constructed using a digital elevation model with a spatial resolution 
of 30×30 m (Kileso et al., 2020). The procedures for the initial state and boundary conditions 
should be performed using the Baltic Sea Physical Reanalysis data. The reliability of the results of 
model calculations depends on the accuracy of these procedures. The reanalysis data in the coast-
al zone, i.e. at the boundaries of the model domain (based on NEMO-Nordic), may have reduced 
accuracy compared to data in the open part of the sea. Thus, improving the quality of reanalysis 
data is especially important in the highly dynamic coastal sea zone, where coastal abrasion, sedi
ment and pollution transport and redeposition, and coastal fisheries and recreational activities 
occur (Leppäranta, Myrberg, 2009; The Baltic Sea in the Present…, 2016).
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The novelty of our research lies in the new estimates of discrepancies between seawa-
ter temperatures in the Baltic Sea Physical Reanalysis model and the measurements by the 
thermistor chain sensors on the D6 oil platform (Lukoil-KMN). These estimates are new for 
the selected study area. The objective of the research is to evaluate the discrepancy between 
the calculated seawater temperatures from the Baltic Sea Physical Reanalysis and the long-
term instrumental measurements of temperatures in the Baltic Sea’s coastal zone (platform 
D6, Kaliningrad oblast’, Russia). This evaluation is conducted within the potential applica-
tion for the reconstruction and analysis of extreme events off the shore of the region.

2. Materials and methods

The study area of our research is located in the south-eastern Baltic Sea off the shores 
of the Curonian Spit (see black square in Figure 1). The CMEMS Baltic Sea Physical Re-
analysis product (Liu et al., 2019) was used to perform the study. This product contains daily 
water temperatures from the surface to the bottom on a regular rectangular grid with a cell 
size of 2×2 km. This array was generated using the NEMO-Nordic model, which incorpo-
rates the Local Singular Evolutive Interpolated Kalman (LSEIK) data assimilation routine. 
For our research, we used 2018 data from the grid cell centered approximately at 55.275°N, 
20.652°E (see the sub-plot in Figure 1), which is closest to the point of the in-situ temperature 
measurements (the sub-plot in Figure 1, blue circle).

Fig. 1 – Daily sea surface temperature in the study area on 01.10.2018 (from E.U. Copernicus 
Marine Service Information (Liu et al., 2019)). The solid blue circle indicates the point where 

thermistor chain measurements were taken. The sub-plot in the upper left corner of the chart shows 
a magnified temperature field around the measurement location

To analyze the agreement between the reanalysis data and the instrumental mea-
surements, we used water temperature measurements from a thermistor chain installed on 
the D6 ice-resistant oil production platform. The platform is located approximately 20 km 
from the base of the Curonian Spit (see blue circle, Figure 1), at a depth of 29 m (Myslen-
kov et al., 2017a). The time step for temperature measurements is one minute. Thermistor 
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sensors, which have an accuracy of ±0.025 °C, are located at depths from −1 to 28 meters. 
Full maintenance of the thermistor sensors was carried out once a year. Data were collected 
quarterly, accompanied by partial maintenance of the thermistor chain. A detailed descrip-
tion of the measurement system can be found in (Myslenkov et al., 2017b). 

The choice of 2018 as the observation year was based on previous studies (Kupriyanova 
et al., 2023; Korobchenkova et al., 2025), which showed it to be a representative year of the 
seasonal variability of coastal water temperature over the observation period from 2016 to 2020. 
The seawater cooling process occurred gradually at an average rate of –0.11 °С per day. By the 
end of autumn in 2018, the water temperature had reached 5 °C. A similar pattern of temperature 
variability was appeared from 2017 to 2020. This pattern of temperature variability was referred 
to as typical mode (Kupriyanova et al., 2023). The present study assumes that the local analysis 
of seawater variability in 2018 can be applied to the entire observation period from 2017 to 2020.

To analyze the discrepancy between the reanalysis data and daily averaged in-situ 
measurements, the depth of the reanalysis data closest to the depth of the thermistor chain 
were selected (respectively, 4.63 and 5 m, 12.27 and 13 m, 19.7 and 20 m). Figure 2 shows 
temperature measurements at a depth of 5 m from thermistor sensors and reanalysis data at 
depth of 4.63 m over seven days in October 2018.

Fig. 2 – The in-situ measurements (blue line) and calculated reanalysis data (orange step function) 
of the seawater temperature at a depth of 5 m for seven days in October 2018.  

The green step function indicates daily averaged temperatures of the thermistor chain

Note that water temperature curves at a depth of 5 meters, as shown in Figure 2, indi-
cate a discrepancy between the calculated and measured temperatures ranging from 0.5 to 
1 °C for the selected time interval. A similar discrepancy between the measured and calcu-
lated temperatures is observed at other depths throughout the entire fall cooling period of 
coastal waters. Consequently, assessment of the agreement between the datasets is required, 
which is presented in this work. 

2.1. Statistical analysis of the used data

Figure 3 shows the distribution functions of temperatures (abscissa) and seawater den-
sity difference for (a) daily averaged instrumental measurements and (b) reanalysis data at 
depths of 5 and 4.63 m, respectively. 
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Fig. 3 – The data distribution function of daily average measurements (a) and reanalysis data (b) 
in 2018. The box-plot presents temperature from measurements and reanalysis arrays grouped 

by all depths. The right and left ends of the whiskers correspond to the maximum and minimum 
temperatures within the three-sigma criterion range. The red dashed line indicates average water 

temperature. The green dashed line denotes median water temperature. The blue and yellow 
dashed lines show Q1 and Q3 quartiles, respectively
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Water density was calculated using the equation of state of seawater (TEOS–10, (IOC, 
SCOR and IAPSO…, 2010)). The water temperature distribution from both reanalysis and 
in-situ data was within the same temperature range (approximately from 2 to 24 °C), as shown 
in the box-plot in Figure 3 (a, b). The Q1 and Q3 quartiles for the instrumental measurements 
and the reanalysis data are quite similar (Figure 3 (a, b)). However, the water temperature 
distribution according to the thermistor chain data within the range of Q1 and Q3 is shifted 
to the right relative to the median temperature. This shift does not correspond to the tempera-
ture distribution according to the reanalysis data. The left and right temperature ranges are 
nearly equal relative to their median, for the calculated temperatures (Figure 3 (b)).

The average water temperature according to the reanalysis data quite coincides with 
the median temperature (10.32 and 10.41 °C, respectively), as shown in Figure 3 (b). In con-
trast, the corresponding parameters according to the thermistor chain data (Figure 3 (a)) do 
not show an agreement (average – 10.22 °C, median – 8.81 °C). The agreement between the 
median and average temperatures in the reanalysis data is likely due to the smoothness of the 
in-situ data used in the reanalysis model and the coarse spatial scale (2×2 km). According to 
the thermistor chain and reanalysis data, the average water temperatures are almost equal, 
10.22 and 10.32 °C, respectively.

The differences in water density (the in-situ density minus 1000 kg/m3) are not dis-
tributed equally, as shown in the upper plot of Figure 3 (a) and 3 (b). The maximum water 
density difference according to the reanalysis data reaches greater values (up to 0.16 kg/m3) 
than that calculated according to the instrumental measurements (up to 0.13 kg/m3). It is not 
possible to clearly identify the reasons for the observed differences in water density due to 
a lack of data required for analysis. Possible reasons for the differences in water density are 
discussed later. The analysis of the distributions of the seawater temperature and density 
revealed statistical variability in the data and confirmed the need to improve the accuracy 
of the data used as initial and boundary conditions for the numerical modeling of the coastal 
water dynamics in the Baltic Sea off the Curonian Spit.

3. Agreement analysis of the reanalysis and thermistor chain D6 data

The results of a comparison between the daily averaged measurements of seawater tem-
perature taken by thermistor chain and the calculated reanalysis data (ΔT = Tk

insitu − Tk
reanalysis, 

where k is the day) in 2018 at similar depths are described below. Now we describe in detail 
the features of the variation of the difference of daily averaged in-situ measurements and 
reanalysis data of temperature at depths of 5, 13, and 20 m for the water cooling period in 
October 2018 (Figure 4). Previous studies showed (Kupriyanova et al., 2023) that significant 
water temperature changes were observed in October 2018, which could complicate the con-
ditions of model calculations. Thus, this month was chosen to analyze the discrepancy of the 
temperature of the coastal waters.

An analysis of the differences of the water temperature at the depths of 5, 13, and 20 
m in October 2018 showed an average discrepancy of 0.76 °C across all depths (Figure 4). 
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The  maximum difference between the calculated and measured data was approximately 
1.25 °C during a period of rapid water cooling at the selected comparison depths on October 
26 and 29. Some consistency was observed between the thermistor chain and reanalysis data 
at the 20-meter depth on October 11 and 30, with a difference of approximately 0.28 °C. 
From October 12 to 16, the temperature discrepancy between the data at all depths changed 
insignificantly and averaged 0.87 °C.

The calculated data accurately describe the trend of the slow seawater cooling in Octo-
ber 2018, including the period of rapid temperature change mentioned in previous paper (see 
Kupriyanova et al., 2023, Figure 1). At the same time, the highest discrepancies (Figure 4) 
corresponded to days with high water temperature gradients. Consequently, significant in-
traday temperature variations might cause discrepancies between the calculated reanalysis 
data and the measurement data from thermistor chain sensors at the selected comparison 
depths. A synchrony is also observed in water temperature variations in October 2018 at all 
depths. However, the calculated reanalysis data do not reflect every peculiarity in the behav-
ior of the water temperature (see October 26, 28–29, 2018 in Figure 4). 

Fig. 4 – Time series of discrepancy variations (ΔT, °C) between daily averaged measurements 
(according to the thermistor chain data) and the reanalysis data of water temperature in October 

2018. The depths are as follows: blue line – 5 m, orange line – 13 m, and green line – 20 m

The above plots characterize the features of the discrepancies between the calculated 
and measured water temperatures in October 2018. Notably, the reanalysis seawater tem-
perature turned out to be lower than temperatures from thermistor sensors data. However, 
the calculated data generally reflect water cooling well when this difference is excluded.

During the spring of 2018, the agreement between the calculated and measured water 
temperatures was notably different (see Figure 5). The difference in the physical nature of 
the processes of water heating and cooling (Fedorov, Ginzbirg, 1992) was determined by the 
volumetric character of water heating in spring and surface cooling in autumn. This leads 
to discrepancies between the measured and calculated data of water temperature variations. 
Figure 5 shows the discrepancies in the seawater temperatures in May based on calculated 
and in-situ data at 5 and 20 m depths. Overall, differences were negative, which was signifi-
cantly different from the autumn period. The average temperature discrepancy was −1.8 °C. 

Initially, the discrepancy reached −0.4  °C, then increased to −5  °C at a depth of 
5 m. Over the next three days, the difference in water temperatures rose sharply into the 

https://elibrary.ru/aelode
https://www.elibrary.ru/osmmyo


12

Vasilyeva E. A., Kileso A. V., Isachenko A. E.

positive range and decreased again to −2 °C. The discrepancies for the upper 5 m in spring 
are understandable: significant daytime warming and nighttime cooling can generate tem-
perature jumps registered during measurements, which are not well described by the re-
analysis model.

During the first eighteen days of May, discrepancies were small at 20 m depth (up to 
0.5 °C; see Figure 5), indicates better agreement between the reanalysis array and the therm-
istor chain measurements. This is also indirectly confirmed by the presence of the small 
temperature gradients for these days. In other words, the onset of spring volumetric heating 
is, by its nature, quasi-linear (with pulsations at 5 m), as reflected in the calculated tempera-
tures. Over the following days, the difference in water temperature between the reanalysis 
data and the in-situ data gradually increased from virtually zero difference to −4 °C (see 
Figure 5, orange line).

Fig. 5 – Time series of discrepancies between daily averaged measurements (according to the 
thermistor chain data) and the reanalysis data of water temperature in May 2018.  

Depths are: blue line – 5 m, orange line – 20 m

The discrepancies of water temperature between calculated and measured data suggest 
that the NEMO-Nordic numerical model, used to construct the Baltic Sea Physical Reanaly
sis data, differently describes water heating and cooling processes. On average, the reanaly
sis data accurately reflect the seasonal increase in water temperature at the beginning of 
spring. Therefore, the reanalysis model reconstructs seawater temperature variations quite 
well under conditions of slow changes in the cooling or heating process.

Now we present estimates of the discrepancy between reanalysis data and measured 
temperatures for the winter and summer of 2018. Water stratification is practically absent 
in winter, while the thermal structure of seawater changes in summer and high thermocline 
mobility is observed (Leppäranta, Myrberg, 2009). The discrepancies in water temperature 
in February 2018 were completely analogous to those in October 2018 (Figure 6) at a depth 
of 5 m, i.e., the reanalysis data were lower than the in-situ temperatures. The maximum 
difference reached 1.65 °C at the 5-m depth on February 22 and 23 (see Figure 6, blue line), 
when the difference was ≈ 1.0 °C in the last five days of October. The average temperature 
discrepancy was 0.63 °C. 

A unique agreement between the calculated and measured temperatures at the 20-m 
depth (from 0.5 to −0.7 °C; Figure 5, orange line) is observed throughout the month. The 
temperature difference between the data was on average 0.36 °C at all depths.

https://doi.org/10.1007/978-3-540-79703-6
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Fig. 6 – Time series of discrepancies between daily averaged measurements (according to the 
thermistor chain data) and the reanalysis data of water temperature in February 2018.  

See the caption for Figure 4 for a description of lines

Figure 7 shows the discrepancy between the calculated and in-situ water temperatures 
at 5 m (blue line) and 20 m (orange line) in July 2018. Similar agreements were observed 
between the calculated data and the daily averaged in-situ temperatures at depths of 20 m in 
February (Figure 6) and 5 m in July (Figure 7). Temperature discrepancies ranged from −1.0 
to 0.8 °C at a depth of 5 m from July 10 to 31. 

Fig. 7 – Time series of discrepancies between daily averaged measurements (according to the 
thermistor chain data) and the reanalysis data of water temperature in July 2018.  

See the caption for Figure 4 for a description of lines

During the first half of the month, the discrepancies were negative at the observed 
depths because the calculated data were larger than the in-situ measurements. The differ-
ences in the water temperature reached their maximum during this period (−6.7 °C at 5 m, 
−5.8 °C at 20 m). The average temperature discrepancy was −1.7 °C at all depths, which is 
similar to the discrepancy in May 2018. However, the change in the temperature discrepancy 
was different in July. In the second half of the month, the sign of the temperature reversed, 
as this was in October and February 2018. Moreover, the maximum discrepancy between 
depths differed by approximately a factor of 3 (0.8 °C at a depth of 5 m; 2.9 °C at a depth 
of 20 m). Due to volumetric water heating, the calculations of the reanalysis model do not 
robustly reproduce the measured water temperature at all depths, as shown in Figure 7. Ad-
ditionally, the calculations respond to an increase in temperature with some delay. From July 
19 to 22, a significant temperature discrepancy occurred near the bottom layer, apparently 
resulting from incomplete upwelling (Zhurbas et al., 2006; Kapustina, Zimin, 2023).

https://elibrary.ru/lqbppx
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Thus, the analysis of intra-month temperature discrepancies shows variability for each 
period of the year. No uniform pattern of discrepancy between calculated and daily averaged 
temperatures was observed in 2018. 

4. Discussion

The temperature discrepancies between calculated and measured data were significant 
from May to July 2018 at depths of 5, 13, and 20 meters (Figure 8). This is evident in the 
significant scatter of the box-whiskers and dispersion ranges of discrepancies, which had 
medians ranging from −1.5 to 0.1 °C at 5 m, from −4.5 to 0.7 °C at 13 m, and −3.5 to 0.5 °C 
at 20 m (compared to other months).

Fig. 8 – Quartile analysis of temperature discrepancies from the reanalysis array and 
measurements taken during 2018. The data were grouped by depths of 5 (а), 13 (b), and 20 (c) 
meters. The upper and lower ends of the whiskers correspond to the maximum and minimum 
values within the three-sigma criterion range. The median values are denoted inside the box
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The maximum range of the whiskers was 7.5 °C in July at a depth of 5 m, 9 °C in June 
at a depth of 13 m, and 10 °C in June at a depth of 20 m. One possible reason for the this 
effect is the formation and rapid migration of the daily and seasonal thermoclines during 
these months (May–July). The significant temperature difference most likely arises from 
substantial water dynamics resulting from mesoscale eddies moving along the shore (Ginz-
burg et al., 2017). 

From October to December 2018, when temperature stratification is practically absent, 
the range of water temperature discrepancy was approximately 1.0 °C, with medians almost 
equal at about 0.8 °C. This means that the calculated data were consistently lower than the 
in-situ measurements during this period at all observation depths. From January to April, the 
range of discrepancy increases slightly (up to 1.5 °C), but did not reach the maximum ranges 
from May to July.

Figure 9 (a–c) shows a histogram of the distribution of temperature discrepancy 
(ΔT,  °C) and the number of days on which each discrepancy was observed. As shown in 
Figure 9, the most common temperature discrepancies are in the range of 0.5 to 0.8 °C at 
all three depths (5, 13, and 20 meters). The largest negative differences (about −8.5 °C) were 
observed at the 13 and 20-meter depths. The frequency of these events was low (up to three 
days). Thus, the discrepancy between temperatures of the thermistor chain and the reanalysis 
can be attributed to the seasonal temperature variation, the anomaly of the waters in the vi-
cinity of the density maximum, and the predominant type of heat exchange: surface cooling 
in autumn and volumetric heating in spring.

Fig. 9 – Histogram of the number of days in which the corresponding temperature difference was 
observed at depths of 5, 13, and 20 m in 2018

Monthly and annual comparisons revealed significant differences between the reanal-
ysis data and the thermistor chain measurements at all depths (near-surface: 5 m; intermedi-
ate: 13 m; deep: 20 m). Note that specified difference in calculated and measured tempera-
tures lead to corresponding increases or decreases in calculated water density (calculated 
using the the GSW module (TEOS–10, (IOC, SCOR and IAPSO…, 2010)). For example, at 
maximum temperature discrepancies, the density difference between the thermistor chain 
and reanalysis data was −0.2, −0.14, and −0.13 kg/m³ in October 2018, and 0.25, 0.15, and 
0.025 kg/m³ in May 2018 at observation depths of 5, 13, and 20 m, respectively.

https://elibrary.ru/vuipnd
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Clearly, the density change affects the results of water dynamics calculations in the 
Baltic Sea’s coastal zone by increasing or decreasing the contribution of inertial terms in the 
model equations. Therefore, using reanalysis data directly to calculate regional dynamics 
and the thermal structure of coastal waters may result in an inaccurate representation of the 
observed situation.

5. Conclusions

A comparison of seawater temperature reanalysis data and daily averaged measure-
ments from the thermistor chain in the southeastern Baltic Sea off the shore of the Curoni-
an Spit (Kaliningrad oblast’, Russia) was performed for the first time. Our study revealed 
significant discrepancies (from 1.26 to 6.7 °C) between the calculated water temperatures 
according to the BALTICSEA REANALYSIS data and the in-situ measurements, approxi-
mately 20 km from the Curonian Spit base.

The completeness of reanalysis data in time and space makes it the most convenient 
source for the initial and boundary conditions in coastal ocean models. It is therefore es-
sential to evaluate the discrepancies in the temperature field between reanalysis and the 
instrumental measurements. The results indicate that the temperature discrepancies within 
each month of 2018 reached their local maxima during periods of significant changes in 
seawater temperature and the mobility of the diurnal or seasonal thermocline position. The 
largest differences between data sets of different origins were found in May and early July of 
2018. The temperature differences ranged from 0.5 to 6.7 °C at all comparison depths (5, 13 
and 20 m; Figure 8). The best data matches were found in the second half of July (5 m; Fig-
ure 7), throughout February (20 m; Figure 6), and the first decade of May (20 m; Figure 5), 
with small discrepancies of up to 1 °C. Due to the decrease in coastal water temperature in 
October 2018, there was a decreasing of calculated temperatures compared to the daily av-
eraged measurements (by an average of 0.76 °C at all comparison depths). The mismatch in 
water density ranged from −0.2 to −0.13 kg/m³ in October and from 0.025 to 0.25 kg/m³ in 
May 2018, due to corresponding discrepancies between the reanalysis data and the instru-
mental measurements of water temperature near the Curonian Spit.

Using reanalysis data directly in models of water dynamics in the coastal sea zone near 
the Curonian Spit – for setting the initial water temperature state and boundary conditions – 
can lead to distorted results. This is especially important when modeling water dynamics un-
der extreme weather conditions, which have been occurring more frequently in recent years. 
However, attention must still be paid to the known discrepancies in temperature between the 
Baltic Sea Reanalysis and in-situ datasets when using them in numerical models of coastal 
water dynamics near shores.
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НЕСООТВЕТСТВИЕ МЕЖДУ ДАННЫМИ BALTIC SEA 
PHYSICAL REANALYSIS И КОНТАКТНЫМИ ИЗМЕРЕНИЯМИ 

ТЕМПЕРАТУРЫ МОРСКОЙ ВОДЫ У БЕРЕГОВ КУРШСКОЙ КОСЫ 

Е. А. Васильева1,2, А. В. Килесо1,2, А. Е. Исаченко1*

1 Институт океанологии им. П. П. Ширшова РАН,  
Россия, 117997, Москва, Нахимовский проспект, д. 36;

2 Балтийский федеральный университет им. И. Канта,  
Россия, 236041, Калининград, ул. А. Невского, д. 14,

*e-mail: kupriyanova.ae@atlantic.ocean.ru 

В данной работе получены новые оценки несовпадения между данными Baltic Sea Physical 
Reanalysis и результатами натурных измерений температуры морской воды в прибрежной 
зоне Балтийского моря у Куршской косы (Калининградская область, Россия). Актуальность 
оценки несовпадения определяется необходимостью реконструкции и диагностического 
анализа ранее произошедших экстремальных событий в прибрежной зоне Балтийского 
моря. Кроме того, необходимы прогностические оценки для анализа возможного влияния 
экстремальных погодных условий на интенсификацию литодинамических процессов в 
прибрежной зоне моря с использованием численного моделирования. Количественные 
оценки несовпадения температуры воды были получены путем сравнения расчетных 
данных BALTICSEA_REANALYSISPHY_03_011 с инструментальными измерениями, 
которые были получены с помощью датчиков термокосы на платформе D6, расположенной 
примерно в 20 км от берега. Анализ выявил значительные расхождения (до 6  °C) 
между расчетными и измеренными значениями температуры в поверхностном (5 м), 
промежуточном (13 м) и глубинном (20 м) слоях прибрежных вод в 2018 году. Перепад 
плотности воды в октябре и мае 2018 года составил от −0,2 до −0,13 кг/м³ и от 0,025 до 
0,25 кг/м³ соответственно, при соответствующих несовпадениях значений температуры. 
Это может привести к искажению расчетной динамики вод. Данное обстоятельство 
особенно значимо при численном моделировании в экстремальных погодных условиях. 
Полученные в работе результаты позволяют предполагать, что прямое использование 
данных BALTICSEA REANALYSIS при численном моделировании динамики прибрежных 
вод у берегов Куршской косы может привести к некорректным результатам.

Ключевые слова: in-situ измерения, термокоса, температуры морской воды, 
данные реанализа, несовпадение температуры, прибрежные воды, Балтийское море

Благодарности: Исследование выполнено в рамках государственного задания 
Минобрнауки России для ИО РАН (тема № FMWE-2024-0025). Авторы выражают 
благодарность ООО «Морское венчурное бюро» за предоставление данных измерений 
термокосы (2015–2020 гг.). Исследование было проведено с использованием E.U. Co-
pernicus Marine Service Information; https://doi.org/10.48670/moi-00059.

https://doi.org/10.48670/moi-00059


20

Vasilyeva E. A., Kileso A. V., Isachenko A. E.

Список литературы

1.	 Амантов А. В., Амантова М. Г., Бодряков Т. В., Болдырев В. Л., Григорьев А. Г., Доро­
хов  Д.  В., Жамойда В. А., Загородных В. А., Кропачев Ю. П., Кунаева Т. А., Ликсущен­
ков С. М., Мануйлов С. Ф., Морозов А. Ф., Морозов Б. Н., Москаленко П. Е., Нестерова Е. Н., 
Петров О. В., Рябчук Д. В., Сергеев А. Ю., Сивков В. В., Спиридонов М. А., Шахвердов В. А. 
Атлас геологических и эколого-геологических карт российского сектора Балтийского 
моря / Министерство природных ресурсов и экологии Российской Федерации, 
Федеральное агентство по недропользованию, Департамент по недропользованию по 
Северо-Западному федеральному округу, Федеральное государственное унитарное 
предприятие «Всероссийский научно-исследовательский геологический институт 
им. А. П. Карпинского». СПб: ВСЕГЕИ, 2010. 77 c. EDN: QKJKBD

2.	 Балтийское море в настоящем и будущем – климатические изменения и антропогенное 
воздействие. Российский государственный гидрометеорологический университет / под 
ред. Т. Р. Ереминой. СПб: Лема, 2016. 150 с. ISBN 978-5-00105-102-2. EDN: XZGNKN

3.	 Гидрометеорология и гидрохимия морей СССР: Проект «Моря» / Ред. Римш Е. Я., 
Юрковский А. К., Костричкина Е. М. и др. Т. III. Вып. 2. СПб: Гидрометеоиздат, 1994. 
435 с. EDN: WUWSFK

4.	 Гинзбург А. И., Крек Е. В., Костяной А. Г., Соловьев Д. М. Эволюция мезомасштабного 
антициклонического вихря и вихревых диполей/мультиполей на его основе в Юго-
Восточной Балтике (спутниковая информация: май–июль 2015 г.) // Океанологические 
исследования. 2017. Т. 45. № 1. С. 10–22. EDN: VUIPND. https://doi.org/10.29006/1564-2291.
JOR-2017.45(1).3

5.	 Захарчук Е. А., Сухачев В. Н., Тихонова Н. А., Литина Е. Н. Стерические колебания 
уровня Балтийского моря // Russian Journal of Earth Sciences. 2023. Vol. 23. No. 4. P. 1–23. 
EDN: TLODEE. https://doi.org/10.2205/2023ES000846

6.	 Захарчук Е. А., Виноградов М. В., Сухачев В. Н., Тихонова Н. А., Травкин В. С., 
Улейский М. Ю. Особенности изменчивости термохалинной структуры и динамики вод 
Балтийского моря при формировании и распространении большого затока в декабре 
2014  года // Науки о Земле. 2024. Т. 69. № 4. С. 734–763. EDN:  JWDZSZ. https://doi.
org/10.21638/spbu07.2024.407

7.	 Килесо А. В., Демидов А. Н., Гриценко В. А. Орографический фактор в формировании 
вдольсклоновых течений в юго-восточной Балтике // Вестник Московского университета. 
Серия 5: География. 2020. № 3. С. 100–107. EDN: YQHYOO

8.	 Коробченкова К. Д., Килесо А. В., Куприянова А. Е. Широтный фактор в процессе 
выхолаживания прибрежных вод восточной части Балтийского моря // Russian 
Journal of Earth Sciences. 2025. Vol. 25. No. 1. P. ES1012. EDN: OTFDPK. https://doi.
org/10.2205/2025ES000984

9.	 Куприянова А. Е., Гриценко В. А., Килесо А. В., Коробченкова К. Д. О типичном и 
аномальном режимах выхолаживания морских вод в прибрежной зоне Куршской косы // 
Гидрометеорология и экология. 2023. № 73. С. 666–683. EDN:  AELODE. https://doi.
org/10.33933/2713-3001-2023-73-666-683

10.	 Лаврова О. Ю., Костяной А. Г., Лебедев С. А., Митягина М. И., Гинзбург А. И., 
Шеремет  Н.  А. Комплексный спутниковый мониторинг морей России. М.: Институт 
космических исследований РАН, 2011. 470 с. ISBN 978-5-9903101-1-7. EDN: ONVFUJ

11.	 Мысленков С. А., Кречик В. А., Соловьев Д. М. Анализ температуры воды в прибрежной 
зоне Балтийского моря по спутниковым данным и измерениям термокосы // Труды 
Гидрометеорологического научно-исследовательского центра Российской Федерации. 
2017а. № 364. С. 159–169. EDN: YRYHXT

12.	 Мысленков С. А., Кречик В. А., Бондарь А. В. Суточная и сезонная изменчивость 
температуры воды в прибрежной зоне Балтийского моря по данным термокосы 

file:///Z:/%d0%a0%d0%b0%d0%b1%d0%be%d1%82%d0%b0%20%d0%9b%d1%8f%d1%85%d0%be%d0%b2%d0%b0/53(4)/%d0%92%d0%b0%d1%81%d0%b8%d0%bb%d1%8c%d0%b5%d0%b2%d0%b0/ 
https://www.elibrary.ru/xzgnkn
file:///Z:/%d0%a0%d0%b0%d0%b1%d0%be%d1%82%d0%b0%20%d0%9b%d1%8f%d1%85%d0%be%d0%b2%d0%b0/53(4)/%d0%92%d0%b0%d1%81%d0%b8%d0%bb%d1%8c%d0%b5%d0%b2%d0%b0/ 
https://elibrary.ru/vuipnd
file:///Z:/%d0%a0%d0%b0%d0%b1%d0%be%d1%82%d0%b0%20%d0%9b%d1%8f%d1%85%d0%be%d0%b2%d0%b0/53(4)/%d0%92%d0%b0%d1%81%d0%b8%d0%bb%d1%8c%d0%b5%d0%b2%d0%b0/ 
file:///Z:/%d0%a0%d0%b0%d0%b1%d0%be%d1%82%d0%b0%20%d0%9b%d1%8f%d1%85%d0%be%d0%b2%d0%b0/53(4)/%d0%92%d0%b0%d1%81%d0%b8%d0%bb%d1%8c%d0%b5%d0%b2%d0%b0/ 
https://elibrary.ru/tlodee
https://doi.org/10.2205/2023ES000846
https://elibrary.ru/jwdzsz
https://doi.org/10.21638/spbu07.2024.407
https://doi.org/10.21638/spbu07.2024.407
https://elibrary.ru/yqhyoo
https://elibrary.ru/otfdpk
file:///Z:/%d0%a0%d0%b0%d0%b1%d0%be%d1%82%d0%b0%20%d0%9b%d1%8f%d1%85%d0%be%d0%b2%d0%b0/53(4)/%d0%92%d0%b0%d1%81%d0%b8%d0%bb%d1%8c%d0%b5%d0%b2%d0%b0/ 
file:///Z:/%d0%a0%d0%b0%d0%b1%d0%be%d1%82%d0%b0%20%d0%9b%d1%8f%d1%85%d0%be%d0%b2%d0%b0/53(4)/%d0%92%d0%b0%d1%81%d0%b8%d0%bb%d1%8c%d0%b5%d0%b2%d0%b0/ 
https://elibrary.ru/aelode
https://doi.org/10.33933/2713-3001-2023-73-666-683
https://doi.org/10.33933/2713-3001-2023-73-666-683
https://www.elibrary.ru/onvfuj
https://www.elibrary.ru/yryhxt


21

ISSN (online): 2587-9634 / ISSN (print): 1564-2291  
Journal of Oceanological Research. 2025. Vol. 53. No. 4. P. 5–22

на платформе Д-6 // Экологические системы и приборы. 2017б. № 5. С. 25–33. 
EDN: YUSMLT

13.	 Федоров К. Н. О физической структуре приповерхностного слоя океана // Метеорология 
и гидрология. 1981. Т. 10. С. 58–66.

14.	 Федоров К. Н., Гинзбург А. И. Приповерхностный слой океана. Л.: Гидрометеоиздат, 1988. 
304 с. EDN: OSMMYO

15.	 Diouf A., Cissé C. O. T., Almar R., Sy B., Sy B. A., Taveneau A., Sakho I., Sow B. A., Ondoa G. A., 
Ndour A., Ba K., Bergsma E. W. J., Camara I. Urban Beach Evolution in Saint Louis, Senegal 
(West Africa) using Shore-Based Camera Video Monitoring as a Management Tool // Regional 
Studies in Marine Science. 2025. Vol. 83. P. 104050. EDN: UNCBZ. https://doi.org/10.1016/j.
rsma.2025.104050

16.	 Dutheil C., Meier H. E. M., Gröger M., Börgel F. Warming of Baltic Sea water masses since 
1850  // Climate Dynamics. 2023. Vol. 61. No 3. P. 1311–1331. EDN:  LJTIGW. https://doi.
org/10.1007/s00382-022-06628-z

17.	 IOC, SCOR and IAPSO: The international thermodynamic equation of seawater – 2010: 
Calculation and use of thermodynamic properties. Intergovernmental Oceanographic 
Commission, Manuals and Guides. UNESCO (English). No. 56. https://www.teos-10.org/pubs/
TEOS-10_Manual.pdf

18.	 Kapustina M. V., Zimin A. V. Variability of Upwelling Characteristics in the Southeastern 
Baltic Sea in the First Two Decades of the 21st Century // Physical Oceanography. 2023. 
Vol. 30. No. 6. P. 760–775. EDN: NUSAVT

19.	 Leppäranta M., Myrberg K. Physical oceanography of the Baltic Sea. Springer Science & 
Business Media. 2009. 378 p. https://doi.org/10.1007/978-3-540-79703-6

20.	 Liibusk A., Kall T., Rikka S., Uiboupin R., Suursaar Ü., Tseng K. H. Validation of Copernicus 
Sea Level Altimetry Products in the Baltic Sea and Estonian Lakes // Remote Sensing. 2020. 
Vol. 12. No. 24. P. 4062. EDN: ISMMPU. https://doi.org/10.3390/rs12244062

21.	 Liu Y., Axell L., Jandt S., Lorkowski I., Lindenthal A., Verjovkina S., Schwichtenberg F. Baltic 
Sea Production Centre BALTICSEA_REANALYSIS_PHY_003_011, Copernicus Marine 
Environment Monitoring Service, 2019. 35 p. https://doi.org/10.48670/moi-00013

22.	 Singh S., Maljutenko I., Uiboupin R. Sea ice in the Baltic Sea during 1993/94–2020/21 ice 
seasons from satellite observations and model reanalysis // EGUsphere. 2024. [preprint]. https://
doi.org/10.5194/egusphere-2024-1701

23.	 Stepanova N., Mizyuk A. On the Applicability of CMEMS Reanalysis Data for Investigation 
of the Cold Intermediate Layer in the South-Eastern Part of the Baltic Sea // Pure and Applied 
Geophysics. 2022. Vol. 179. No. 9. P. 3481–3492. EDN:  MQRYWT. https://doi.org/10.1007/
s00024-022-03130-9

24.	 Wattimena M. C., Salamena G. G. Interannual deep-water renewal in the tropical fjord of Kao 
Bay of Halmahera Island, eastern Indonesia, linked to ocean dynamics in western equatorial 
Pacific // Regional Studies in Marine Science. 2025. Vol. 81. P. 103953. EDN: SCDCQS. https://
doi.org/10.1016/j.rsma.2024.103953

25.	 Zhurbas V., Oh I. S., Park T. Formation and decay of a longshore baroclinic jet associated with 
transient coastal upwelling and downwelling: A numerical study with applications to the Baltic 
Sea // Journal of Geophysical Research: Oceans. 2006. Vol. 111. P. C4. EDN: LQBPPX. https://
doi.org/10.1029/2005JC003079

Статья поступила в редакцию 30.10.2025, одобрена к печати 01.12.2025.
Для цитирования: Васильева Е. А., Килесо А. В., Исаченко А. Е. Несоответствие между дан-
ными Baltic Sea Physical Reanalysis и контактными измерениями температуры морской воды 
у берегов Куршской косы // Океанологические исследования. 2025. Т. 53 № 4. С. 5–22. https://
doi.ocean.ru/10.29006/1564-2291.JOR-2025.53(4).1

https://www.elibrary.ru/yusmlt
file:///Z:/%d0%a0%d0%b0%d0%b1%d0%be%d1%82%d0%b0%20%d0%9b%d1%8f%d1%85%d0%be%d0%b2%d0%b0/53(4)/%d0%92%d0%b0%d1%81%d0%b8%d0%bb%d1%8c%d0%b5%d0%b2%d0%b0/ 
https://elibrary.ru/uncbzl
https://doi.org/10.1016/j.rsma.2025.104050
https://doi.org/10.1016/j.rsma.2025.104050
https://elibrary.ru/ljtigw
https://doi.org/10.1007/s00382-022-06628-z
https://doi.org/10.1007/s00382-022-06628-z
https://www.teos-10.org/pubs/TEOS-10_Manual.pdf
https://www.teos-10.org/pubs/TEOS-10_Manual.pdf
https://elibrary.ru/nusavt
https://doi.org/10.1007/978-3-540-79703-6
https://elibrary.ru/ismmpu
https://doi.org/10.3390/rs12244062
https://doi.org/10.48670/moi-00013
https://doi.org/10.5194/egusphere-2024-1701
https://doi.org/10.5194/egusphere-2024-1701
https://elibrary.ru/mqrywt
https://doi.org/10.1007/s00024-022-03130-9
https://doi.org/10.1007/s00024-022-03130-9
https://elibrary.ru/scdcqs
https://doi.org/10.1016/j.rsma.2024.103953
https://doi.org/10.1016/j.rsma.2024.103953
https://elibrary.ru/lqbppx
https://doi.org/10.1029/2005JC003079
https://doi.org/10.1029/2005JC003079
https://doi.ocean.ru/10.29006/1564-2291.JOR-2025.53(4).1
https://doi.ocean.ru/10.29006/1564-2291.JOR-2025.53(4).1


22

Vasilyeva E. A., Kileso A. V., Isachenko A. E.

波罗的海物理再分析数据与库尔斯沙嘴沿岸海水温度原位测量数据间的偏差 
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本研究对波罗的海物理再分析数据与库尔斯沙嘴（俄罗斯加里宁格勒州）沿岸波罗的海海域海水
温度原位测量数据之间的偏差进行了最新评估。评估的必要性在于需重建和诊断分析波罗的海沿岸区域
既往发生的极端事件，并需利用数值模拟方法对极端天气条件可能加剧沿岸带岩石动力过程的潜在影响
进行预测性分析。

通过将BALTICSEA_REANALYSISPHY_03_011计算数据与仪器测量数据进行对比，获得了水
温偏差的定量评估结果。仪器测量数据由安装在距岸约20公里的D6平台上的热敏链式传感器获得。分析
发现，2018年近岸水域表层（5米）、中层（13米）和深层（20米）的计算温度与实测温度存在显著偏差（
最高达6°C）。2018年10月和5月的水体密度偏差分别为-0.2至-0.13 kg/m³和0.025至0.25 kg/m³，并伴有
相应的温度偏差。这可能影响水体动力学计算的准确性，在极端天气条件下的数值模拟中尤为显著。本研
究结果表明，在数值模拟库尔斯沙嘴沿岸水域动力过程时，直接使用BALTICSEA REANALYSIS数据
可能导致结果不准确。

关键词： 原位测量，热敏链，海水温度，再分析数据，温度偏差，沿岸水域，波罗的海
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