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Abstract—Calculating the regime of waves, in accordance with recommendations of the World Meteorolog-
ical Organization, requires a database covering not less than 30 years. Continuous measurements for a time
interval as long as that are available only for a small number of coastal water areas. Commonly such data are
derived from calculations by numerical (spectral) hydrodynamic models of wind-induced waves. The inputs
in such cases are data on wind obtained by reanalysis. However, reanalysis cannot be applied to calculations
for some seawater areas without pretreatment. Data on the Caspian Sea are used to demonstrate an approach
to correcting NCEP/NCAR reanalysis data. The results of the application of this procedure are given.
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INTRODUCTION
The progress of navigation and the development of

World Ocean resources require detail data on sea
waves. The concept of acquiring wave data is based on
three major principles:

the formation of a database by calculating waves
with the use of numerical spectral models;

calculation of statistical characteristics of sea
dynamics (including wind and waves) by probabilistic
models with the use of the database mentioned above;

application of high-performance computer tech-
nologies, which enable the creation and treatment of
data arrays (wind and wave fields) for several decades
with any space and time resolution.

This approach has been in widest use all over the
world, including Russia, for solving many scientific
and applied problems [7]. The applicability of this
approach was confirmed by the reference books of a
new generation for the regime of wind and waves in
seas, published by the Russian Register of
Shipping [2].

The hydrodynamic models of waves are based on
solving balance equations of wave energy in spectral
form; therefore, they are referred to as spectral, and
the wave climate derived from the results of such sim-
ulation is referred to as spectral wave climate.

The general scheme of calculating the wave climate
includes the following main steps:

preparation of input data (bathymetry, ice condi-
tions, wind fields, etc.) for calculating waves;

calculating (hindcasting) wave spectra and the vis-
ible elements of waves in nodes of a regular space and
time grid by hydrodynamic models;

statistical generalization of wave calculation results
by probabilistic (stochastic) models.

Each stage can be divided into different number of
steps.

Currently, the database for calculating wind fields
by hydrodynamic models consists of data from reanal-
ysis arrays. The reanalysis has been made for all mete-
orological characteristics, the parameters of which are
given in the nodes of a regular grid covering the Earth
with different detail and a time step of 6 h and more.
Nowadays, the best known is the reanalysis project
NCEP/NCAR, developed in the United States for the
entire globe, and similar projects ERA-15, ERA-40,
and ERA-INTERIM, which have been implemented
by the European Center for Medium-Range Weather
Forecasts (ECMWF). Regional projects with a greater
spatial detail are available for some regions. Informa-
tion about the composition of reanalysis data and their
space and time resolution can be found in [12]. A brief
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Table 1. Reanalysis data used to simulate the parameters of the main hydrometeorological characteristics

Array name (reference) Coverage Years Resolution Parameters

NCEP/NCAR Reanalysis 1 Global 1948–now Gaussian grid 192 × 94 
points, time step 6 h

Pressure, meridional and zonal 
wind components, sea surface 
temperature, air temperature, 
total precipitation, heat f luxes, 
cloudiness type, ice concentra-
tion (sea area under ice, etc.)

ERA Interim Reanalysis Global 1979–now Gaussian grid 256 × 512, 
time step 6 h

Pressure; meridional and zonal 
wind components; temperature 
(of sea surface, air, ice, snow); 
total precipitation; heat f luxes; 
cloudiness type; ice concentra-
tion; average parameters of wind-
induced waves (period, direction, 
considerable wave height)

NOAA WAVEWATCH III® 
CFSR Reanalysis Hindcasts

Global 1979–2007 Regular grid 0.5° Sea-wave parameters obtained 
from WAVEWATCH III model

ERA 40 Global September 1957–
August 2002

Gaussian grid 320 × 160, 
time step 6 h

Pressure; meridional and zonal 
wind components; temperature 
(of sea surface, air, ice, snow); 
total precipitation; heat f luxes; 
cloudiness type; ice concentra-
tion; average parameters of wind-
induced waves (period, direction, 
considerable wave height)
review of reanalysis data from different sources is given
in Table 1.

In this study, NCEP/NCAR [9] reanalysis was
chosen for the analysis and the subsequent corrections
of data because it covers the widest time range, which
allows it to be used in the future to hindcast the wave
regime of the Caspian Sea over more than half-cen-
tury.

WIND DATA DERIVED FROM REANALYSIS 
AND MEASUREMENTS AT WEATHER 

STATIONS

The source data on wind are represented in the
reanalysis as sets of meridional (U) and zonal compo-
nents (V) at an elevation 10 m above sea level. The
main drawback of wind reanalysis fields over a sea is
the dependence of their quality on the availability of
observation data for the region. Figure 1 gives the
results of comparison of the series of wind speed in the
Caspian Sea by measurements at coastal weather sta-
WATER RESOURCES  Vol. 46  No. 6  2019
tions (WS) and NCEP/NCAR reanalysis. As can be
seen from Fig. 1a, the space–time heterogeneity of
wind fields on a relatively small water area of the
Northern Caspian is differently reproduced by global
models. Moreover, reanalysis data can deviate from
WS measurement data toward either larger (Fig. 1b) or
lesser values.

When the deviation of the reanalysis data from
observation data is systematic and a high statistical
correlation exists between them, the former data can
be “corrected” with the use of a regression model.
This approach to improving wind data by measure-
ments at WS has been described in [1, 2, 10]. A similar
procedure is proposed in this study. The data on wind
measurements were taken from [8] and [4].

The quality of WS data for the Caspian Sea was
checked with rejecting overestimates of wind speed.
The result was the selection of seven representative
stations (Makhachkala, Fort-Shevchenko, Turkmen-
bashi, Lagan’, Atarau, Peschanyi Isl., and
Tyulenii Isl.), which are situated near reanalysis grid
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Fig. 1. Regular measurements (with 6-h interval) of wind speed by data of (a) Atyrtau WS, (b) Peschanyi Isl. WS, and
NCEP/NCAR reanalysis.
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CORRECTING REANALYSIS DATA

The pair comparison of weather and reanalysis data
at individual WS showed no systematic difference
between reanalysis and measurement data on the
coastal WS of the Caspian Sea. Therefore, at the detail
analysis of wave conditions in sea water area (unlike
the corrections proposed, for example, in [5, 6, 11]),
the use of a single equation for data correction all over
the water area will result in a coarse averaging of the
space and time variations of wind fields over the entire
water area [6]. Because of this, the sea was divided into
individual regions, for which coefficients of regression
model were evaluated with subsequent correction of
reanalysis data.

The comparison of the data of NCEP/NCAR
reanalysis with measurements at chosen WS was used
to construct a series of regression relationships for cor-
recting the calculated fields of wind given in Fig. 2.
The data of all WS show a nonlinear dependence and
a high statistical correlation with reanalysis data (the
determination coefficient is ≥0.9). The regression
parameters are given in Table 2. Data of Fig. 2 and
Table 2 show that the difference in wind speed varies
from N to S. The seasonal regressions (for winter from
November to March and for summer from April to
October) are similar in both sign and magnitude. This
suggests a conclusion that, in the correction of reanal-
ysis for the Caspian region, the principal attention
should be paid to wind speed. The water area of the
Caspian Sea can be divided into several regions by the
type of regression, depending on the diversity of wind
conditions and, accordingly, by the dominating type of
atmospheric circulation. In particular, along the west-
ern coast of the Caspian Sea, reanalysis underesti-
mates wind speed over the sea. This can be seen most
clearly in the data of Tyulenii Island WS. This ten-
dency persists in the central part of the sea as well
(Peschanyi Island WS). The extreme northeastern
WATER RESOURCES  Vol. 46  No. 6  2019
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Fig. 2. Quantile biplots of regular measurements of wind speed (V, m/s) by data of (1) NCEP/NCAR reanalysis and (2) measure-
ments at WS over the year and for two seasons: (3) quantiles, (4) the bisecting line of the coordinate angle, (5) regression line
(calibration curve). The abscissa is observation data; the ordinate is reanalysis. Figures on the plot correspond to the exceedance
probability (%) of quantiles. Winter: November–March. Summer: April–October.
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part of the water area (Atyrtau WS) shows specific

time variations of wind speed. On the western coast of

the Caspian Sea, in particular, in its central part near

Mangyshlak Peninsula (Fort Shevchenko WS), the

reanalysis slightly underestimates large values (by 9–

10%) and overestimates small values (<10 m/s) of

wind speed.
WATER RESOURCES  Vol. 46  No. 6  2019
Of interest are the data on storm conditions at
Turkmenbashi WS (former Krasnovodsk) and Pescha-
nyi WS. Plots in Figs. 3 and 4 show that at wind speed
>15 m/s, reanalysis considerably underestimates wind
speed.

Thus, the correction of data on wind in
NCEP/NCAR reanalysis uses regression relationships
with coefficients given in Table 2. In particular, for
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Fig. 3. Quantile biplots of regular measurements of wind speed (V > 15 m/s) by NCEP/NCAR reanalysis data in grid nodes and
measurements at (a) Turkmenbashi WS and (b) Peschanyi WS: (1) quantiles, (2) the bisecting line of the coordinate angle,
(3) regression line (calibration curve). Figures on the plot correspond to the exceedance probabilities (%) of quantiles.
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water area from the western coast to the central part of
the sea, it is proposed, successively moving from the
north to the south, to use regression coefficients for
WS: Tyulenii Island, Makhachkala, and Peschanyi
Island. For the eastern coast, these are the Atyrtau,
Fort Shevchenko, Turkmenbashi, and Resht.

CONCLUSIONS

The data of reanalysis of the fields of atmospheric
pressure and wind were used to calculate wave climate
by a statistical ensemble of wind fields over several
decades. The reliability of the data of wind reanalysis
is not the same not only for different water areas, as
shown by studies [2, 11], but also within a single sea.
WATER RESOURCES  Vol. 46  No. 6  2019
This was demonstrated in the case of the Caspian Sea.
For wind speed <15 m/s, reanalysis generally overesti-
mates the values compared with measurements at
coastal WS, while at the speed ≥15 m/s, the values are
underestimated. Therefore, to reconstruct the full pic-
ture of wind waves, including storm situations, with
the use of mathematical simulation, a successive pro-
cedure of data correction should be applied—sepa-
rately for each region of the sea and for storm situa-
tions.
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Fig. 4. Comparison of wind speed (V > 15 m/s) by data of NCEP/NCAR reanalysis and meteorological observations at (a) Turk-
menbashi WS and (b) Peschanyi WS for storm situations from 1948 to 1990.
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