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Ab stract—An at tempt is made to ap ply the mod ern meth ods of sur face wave sim u la tion de vel oped for
oce anic con di tions to the mod el ing of waves in me dium-size in land res er voirs (10–100 km). The re sults 
of field mea sure ments of wind speed and waves are de scribed, and on their ba sis the parameterization
CD(U10) is pro posed. WAVEWATCH III spec tral wave model was adapted to the con di tions of a me -
dium-size in land res er voir. The sim u lated data are com pared with the field data. The use of the new
parameterization CD(U10) al lowed re duc ing the val ues of the wind wave growth rate that im proved con -
sis tency in data from the field ex per i ment and nu mer i cal mod el ing con cern ing the height of sig nif i cant
waves. Fur ther steps to wards im prov ing the qual ity of pre dic tion of the adapted WAVEWATCH III
model are dis cussed.  
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1. IN TRO DUC TION

The prob lems of sur face waves, mech a nisms of their gen er a tion and de vel op ment, ef fects on the at mo -
spheric water surface layer and im pu rity dif fu sion in the ocean, and role in the Earth cli mate sys tem are the
im por tant ob jects of sci en tific in ter est and ba sic ar eas of re search of ac a de mi cian G.S. Golitsyn and his fol -
low ers [1]. These prob lems have sev eral ap pli ca tions in clud ing the mod el ing of sur face waves in the frame -
work of spec tral wave mod els. The pres ent pa per deals with the ur gent prob lem of sur face wave pre dic tion
in an in land res er voir us ing spec tral wave mod els. 

Wa ter waves are the main rea son for reservoir shore ero sion. Be sides, the pro cesses of mo men tum, heat, 
and mois ture ex change over the res er voir de fine the mi cro cli mate of ad join ing ter ri to ries. The ac cu rate
fore cast of waves pro vides the safety of river nav i ga tion. To pre dict waves some nu mer i cal mod els were
worked out (WAVEWATCH III [25], WAM [14], and SWAN [24]) which de scribe the evo lu tion of the full 
two-dimensional spec trum of waves un der the in flu ence of wind-wave in ter ac tion, dis si pa tion, and four-
wave in ter ac tion. In the case of shal low water some of the mod els also take into ac count bot tom fric tion
caused by the col lapse depth and three-wave in ter ac tion. 

Now a days spec tral wave mod els are suc cess fully used for fore cast ing waves on big lakes, in par tic u lar,
WAVEWATCH III is used for this pur pose on the Great Lakes in the USA [5, 6]. Data on the cur rent wave
con di tions are pre sented at the open website and are up dated ev ery three hours [18]. WAVEWATCH III
and SWAN mod els were suc cess fully used for the hindcasting of wind and waves in the Cas pian Sea and
Lake Ladoga [20]. The first re sults of the WAM model ap pli ca tion to wave pre dic tion in a me dium-size in -
land res er voir (with the lin ear size of 10–100 km) have re cently been ob tained [17]. In the pres ent pa per the
WAVEWATCH III model was se lected for mod el ing sur face waves in me dium-size in land res er voirs; un -
like SWAN and WAM, this model al lows in clud ing dif fer ent parameterizations of wind-wave in ter ac tion. 
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The main prob lem of nu mer i cal sim u la tion of waves by the WAVEWATCH III model in me dium-size
in land res er voirs is as so ci ated with the small fetch at which the pa ram e ters of gen er a tion and de vel op ment
of waves dif fer much from the sim i lar pa ram e ters typ i cal of large fetches in the open ocean [25]. Most of ten 
the nu mer i cal de scrip tion of waves in me dium-size lakes and res er voirs is based on nu mer i cal mod els [2,
4]. How ever, em pir i cal re la tion ships based on av er aged char ac ter is tics can not pre dict ex treme con di tions
(for ex am ple, storm [22]) be ing im por tant for solv ing many me te o ro log i cal prob lems; so, the use of nu mer -
i cal wave mod els is nec es sary. 

The features of small-fetch waves in medium-size reservoirs include more significant wind effects
proportional to the ratio of wind friction velocity (or wind speed at the height of 10 m) to the wave phase
velocity [25]. Another peculiarity is significant nonlinearity caused by high wave steepness. Thus, the
adaption of the ocean wave model to the conditions of medium-size inland reservoirs should occur in two
stages, namely, the adjustment of wind effects and the “collision integral.” Dissipation caused by wave
breaking is of universal nature.

One more problem of the adaptation of numerical models to the conditions of medium-size inland res-
ervoirs is the small number of experimental data suitable for verification [7, 8]. The present paper considers 
the possibility of the WAVEWATCH III model adaptation to the conditions of a medium-size inland reser-
voir by an example of the Gorky Reservoir being a part of the Volga Cascade. The methods of field
experiment in the Gorky Reservoir differ from those used in [7, 8] and are focused on studying airflow in
the immediate proximity to the sea surface. The results of the numerical experiment and field experiments
in the Gorky Reservoir are compared in the paper. 

2. PARAMETERIZATIONS OF WIND-WAVE IN TER AC TION

The soft ware sys tem of the WAVEWATCH III model is based on the nu mer i cal so lu tion of the
Hasselman’s equa tion for the wave ac tion spec tral den sity N (k, q; x , t) [25] which has the fol low ing form
for the case of deep wa ter:

¶

¶

¶

¶

¶

¶q
q

s

N

t
N

k
kN N S S Sx+ Ñ + + = + +& & & ( ).x

1
nl in dis (1)

The left part of the equation described the wave kinematics (where &x is the group velocity; k is the wave
number; q is the angular direction). The right part includes dynamic summands: Snl describes the four-wave
interaction, Sin describes wind-induced wave growth, Sdis describes dissipation mainly caused by the wave
collapse; s is circular frequency. 

In medium- and small-size reservoirs characterized by small fetches, wind effects become considerable
and need more accurate description. In general case, wind effects Sin are specified according to the Miles
model of wind-induced wave growth [21]:

S Nin = b s. (2)

There b is the dimensionless co ef fi cient through which the rate of wind-induced wave height growth is ex -
pressed [21]
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where Ims is the imaginary part of complex frequency; c is the phase velocity of the wave; the coefficient b
depends on wind friction velocity u

*
 determined through the turbulent momentum flux

t r rturb a a= ¢ ¢ =u u ux z *
2 (4)

(r a  is air den sity; ¢ux  and ¢u z  are the pul sa tion com po nents of wind speed). 

The ex per i men tal de ter mi na tion of the value of the tur bu lent mo men tum flux is a com plex prob lem. The 
most wide spread meth ods are the pro fil ing, pul sa tion, and dis si pa tion meth ods. In the pul sa tion method the
mo men tum flux is re trieved by the di rect mea sure ment of eddy fluxes [27]. The dis si pa tion method con sists 
in the anal y sis of dis tri bu tion of spec tral den sity tur bu lence and is based on the as sump tion that there is bal -
ance be tween the gen er a tion and de cay of tur bu lence. The pro fil ing method uses the log a rith mic law based
on the Prandtl–Karman bound ary layer the ory for the flat plate: un der con di tions of neu tral strat i fi ca tion
the wind speed pro file in the con stant flow layer (where the tur bu lent mo men tum flux does not de pend on
height) is close to log a rith mic [3]
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where k = 0.4 is the Karman constant; z0 is the surface roughness height. By analogy with the flat plate
resistance, the aerodynamic drag coefficient of water surface is introduced, it connects the measured wind
speed and the turbulent momentum flux (wind friction velocity)
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where U10 is the wind speed re duced to the height of 10 m.
There is a number of empirical models that describe the coefficient of interaction between wind and

waves b. They differ much for long waves typical of the oceans but are similar in the frequency range
typical of the conditions under study [29]; therefore the type of parameterization of the wind–wave
interaction coefficient under conditions of medium-size inland reservoirs is not essential. Thus, to provide
the more exact specification of wind effects, the parameterization of coefficient CD is needed which defines
transition from the measured speed U10 to the wind friction velocity u* included into the parameterization. 

Com pu ta tions used the WAM 3 Snyder’s parameterization [19, 23], the most con ve nient of the
WAVEWATCH III model parameterizations from the point of view of mod i fi ca tion. The WAM 3 model
[19, 23, 28] is spec i fied by two em pir i cal formulae. The first for mula es ti mates the wind-induced wave
growth rate:
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where Cin = 0.25 is the constant; r ra w/  is the ratio of air density to water density; q
wind

 is the main wind
direction. The second formula represents the parameterization of aerodynamic drag coefficient of water
surface CD and was proposed in [28]

C UD = +0001 0 8 0 65 10. ( . . ). (8)
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Fig. 1. The Gorky Res er voir. Data are taken from Google Earth. The light rect an gle marks the mea sure ment area.



This parameterization pro vides the re la tion be tween the wind speed U10 and wind fric tion ve loc ity 
u U C

D*
=

10
.

The parameterization of the de pend ence CD(U10) used to mod ify the WAM 3 model was pro posed as a
re sult of the se ries of field ex per i ments in the Gorky Res er voir area.

3. IN STRU MENTS AND METHODS OF FIELD EX PER I MENTS

The measurements were carried out from May to October in 2012–2014 in the Gorky Reservoir area
(the depth of the reservoir is 4–20 m and in the area of measurements the depth is 9–12 m). The prolate
shape of the reservoir (Fig. 1) enables studying wind waves for different values of fetch depending on the
wind direction. 

The measuring instruments were installed at the buoy station that was originally worked out on the base
of the oceanographic Froude buoy. The buoy represented a partially submerged mast that is held in the
vertical position using a float near the surface and using a weight under water (Fig. 2). The total length of
the buoy is 12 m and the length of its above-water part is 5.3 m. The resonance frequency of vertical fluctua-
tions is 0.25 Hz that corresponds to the wavelength of 25 m. Four WindSonic wind speed sensors (made by
Gill Instruments) were installed at the buoy mast at the height of 0.85, 1.3, 2.27, and 5.26 m (sensors 2–5).
The fifth sensor (1) was located on the float tracking the wave to measure wind speed in the immediate proxi-
mity to the water surface. The distance from the float to the buoy mast was equal to about 1 m, and the height
of the wind speed measurement zone from the water surface was equal to 10 cm. The buoy was equipped
with the sensors of air temperature (at the height of 0.1 (a float), 0.85, and 1.3 m) and water temperature and 
with the three-channel string wave recorder which enables retrieving spatiotemporal profiles of waves. 

WindSonic is an ul tra sonic two-component wind speed sen sor (the mea sure ment er ror is 4% and the
speed res o lu tion is 0.01 m/s). The range of mea sured val ues of wind speed (0–60 m/s) in cludes the val ues
typ i cal of calm con di tions. Re sis tive tem per a ture sen sors mea sure the tem per a ture of the en vi ron ment with
the er ror of 3% and res o lu tion of 0.01°C. The string wave re corder con sists of three pairs of string re sis tive
sen sors lo cated at the ver ti ces of the equi lat eral tri an gle with the side equal to 62 mm; the sam pling fre -
quency is 100 Hz. The sys tem al lows es ti mat ing the pa ram e ters of waves whose length ex ceeds the dou ble
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Fig. 2. (a) The photo and (b) scheme of the Froude buoy.



dis tance be tween the sen sors (kmax » 0.5 cm–1). The al go rithm of the pro cess ing of sig nals re ceived from the
in stru ment uses the Fou rier trans form and is de scribed in de tail in [26] (pa per [11] pres ents a sim i lar al go -
rithm us ing the wave let trans form).

The lo ca tion of wind speed sen sors cor re sponds to the struc ture of the air flow. In the pres ence of waves
on the wa ter sur face, the stream func tion in the air can be rep re sented in the form of the sum of mean and
wave com po nents [10]

F = +òU d
z

( )h h j
0

(9)

where z is the ver ti cal co or di nate; j  is the wave per tur ba tion of the stream func tion. In case of a trav el ing
mono chro matic wave where the el e va tion of the sur face z x t A ik ct x= = - -z( , ) Reexp( ( )), j  can be
com puted from the fol low ing equa tion:

( )( ) .U c k U- ¢¢ - - ¢¢ =j j j2 0 (10)

If the value of ¢¢ -U k U c/ ( )2  is much above or much be low 1, the fol low ing func tion rep re sents the ap -

prox i mate so lu tion of the equa tion:

j = - -A U c kz( )exp( ) (11)

where A is the wave am pli tude. In the case of the log a rith mic pro file of speed (5) this con di tion takes the
form of u kz U c

*
/ ( )k 2 1- <<  (or u kz U c

*
/ ( )k 2 1- >> ) and is well met at the height z that is about the

wave am pli tude and higher. Thus, the ba sic dis tur bance con trib uted by waves to the air flux (wind bend ing
along the sur face) ex po nen tially de creases with height. Hence, to pro vide the im mo bil ity of the sen sor rel a -
tive to the mean stream lines, the wave ve loc ity at the dis tance from the wa ter sur face should be mea sured at 
the fixed level. The mea sure ments near the sur face should be car ried out from the float us ing the sen sor
track ing the wave shape. It is im por tant that the lower sen sor is not lo cated in the wave bound ary layer
whose value e can be es ti mated in ac cor dance with [9]:
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Un der con di tions of the Gorky Res er voir (k = 2–3 m–1, u* = 0.1–0.4 m/s), e ~ 1 mm that is much be low
the mea sure ment height of the lower wind speed sen sor. 

The study of wind flow parameters was carried out by the profiling method (see Section 2). The general
record of wind speed with the duration up to 5 hours was divided into the periods of 5 minutes (300 measure-
ment points) overlapping by 50%. As a result of the averaging, five values of wind speed corresponding to
five measurement levels were obtained for each time period. The obtained mean profile was approximated
by function (5) with the approximation parameters u* and z0. The values of wind speed U10 at the height of
10 m and the aerodynamic drag coefficient CD were retrieved from the obtained approximation.

4. RESULTS OF THE FIELD EX PER I MENT

The effects of the data from separate horizons on the result of wind speed profile approximation were
analyzed. Figure 3a presents the comparison of retrieved dependences CD(U10) for two combinations of
wind speed sensors: with and without the lower sensor as well as the results presented in [7, 8] and the oce-
anic parameterization [12]. It is clear that the values of CD(U10) obtained without data from the lower sensor 
are higher and closer to the results presented in [7, 8, 12]. In the case of using the data from the lower sen-
sor, the values of the aerodynamic drag coefficient are lower. Figure 3b presents the comparison of retrieved
dependences CD(U10) using only the data of two lower sensors and the data of five sensors of wind speed. In 
case of using two sensors only, significant differences are observed in retrieving wind parameters in the
range of small values of wind speed. 

These re sults can be ex plained by the dis tinc tion of wind speed pro file shape from the logarithmic one.
This dis tinc tion is prob a bly caused by the strat i fi ca tion of the at mo spheric sur face layer and by the non-sta-
tionary na ture of wind be cause the lower part of the pro file is adapted to vary ing wave con di tions more
quickly. The air flow pa ram e ters on the wa ter–air in ter face de fine the mo men tum trans fer from wind to
waves. 

Thus, the use of the lower sen sor (in the case un der con sid er ation, the use of two lower sen sors only) af -
fects the mea sure ment re sult con sid er ably. To de ter mine the cor rect ness of the mea sured de pend ence
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CD(U10), this dependence was used in the nu mer i cal mod el ing of wind waves in the WAVEWATCH III
model. For this pur pose the ex per i men tal data were ap prox i mated (Fig. 3b) by the fol low ing func tion:

C U UD = + +-000124 000034 000004910
1

10. . . . (13)

5. NU MER I CAL EX PER I MENT

The WAVEWATCH III model was adapted to inland reservoir conditions. For this purpose, the
minimum value of significant wave height (Hs) was changed in the open software code. To describe the res- 
ervoir, the topographic grid of the Gorky Reservoir with the size of 72 ́  108 and grid spacing of 0.00833°
was used. The grid was taken from the NOAA Global Land One-kilometer Base Elevation (GLOBE) data.
In view of the absence of open trustworthy bathymetric data for the Gorky Reservoir and taking into
account that the navigation maps indicate the rather large depth of the reservoir, deep water approximation
was chosen. Besides, the waves with the length of more than 4.5 m were not observed in field experiments.
In view of this, the bottom topography was not taken into account for computations, and the depth was se-
lected to be equal to 9 m. The frequency range was changed in accordance with that observed in the experi-
ment, from 0.2 to » 4 Hz. For the modeling it was divided  into 31 frequencies and was specified by the
logarithmic formula for the frequency increase s d s

N

N= -( ) 1

1
 where the increment d = 1.1 was chosen in

accordance with recommendations [25]; 31 angular directions were considered. The waves in the reservoir
were simulated using the prescribed topographic data and data on the speed and direction of wind and on
difference in the values of temperature at the water–air interface and at the prescribed Gaussian initial per-
turbation for different parameterizations of wind effects. 

The range was con sid ered of the mod er ate speed of wind (1–9 m/s) of dif fer ent di rec tions with the con -
stant val ues over the whole Gorky Res er voir sur face. In prac tice, reanalysis data are com monly used to
spec ify wind ef fects for mod el ing wind waves on the sea and ocean sur face. This ap proach is un suit able for
the wa ter ar eas of me dium-size in land res er voirs due to the too low spa tial res o lu tion (2.5°). Be sides, only
two weather sta tions (Yur’evets and the Volga River hydro meteoro logi cal ob ser va tory) lo cated on the
shore are sit u ated in the area un der con sid er ation. It was found that the val ues of wind speed in the coastal
part of the res er voir and over its wa ter area dif fer sig nif i cantly. In view of this, com pu ta tion was car ried out
us ing the in put data mea sured in the field ex per i ment and up dated every15 min utes: the speed and di rec tion 
of wind at the height of 10 m and dif fer ence in the val ues of tem per a ture at the wa ter–air in ter face. If the
speed and di rec tion of wind are forcedly pre scribed to be the same over the res er voir, this may lead to er rors 
in the nu mer i cal ex per i ment be cause the prolate shape of the res er voir and its high shores can be a rea son
for con sid er able spa tial vari abil ity with the scale of about or be low 1 km.
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Fig. 3. The com par i son of dependences CD(U10) re trieved us ing dif fer ent com bi na tions of sen sors. (a) With and with out
the lower sen sor of wind speed: (1) sen sors 2–5 (Gorky Res er voir); (2) sen sors 1–5 (Gorky Res er voir); (3) the data pre sented
in [8] (Lake George, Aus tra lia, 2008); (4) the data pre sented in [7] (Lake Wash ing ton, USA, 1999); (5) COARE 3.0
parameterization; (b) the use of the whole pro file of wind speed and two lower sen sors: (6) sen sors 1 and 2 (Gorky Res er voir); 
(7) sen sors 1–5 (Gorky Res er voir); (8) ap prox i ma tion by func tion (13); (9) WAM 3 parameterization. 



The comparison was carried out for the following output data: one-dimensional elevation spectra,
significant wave height Hs, and weighted mean wave period Tm. The value of Hs in the model and in the
experiment was computed from the formula

H Es = 4
)

(14)
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 is full en ergy, E f( ) is the spec tral den sity of wave force.

The weighted mean wave period Tm was computed from the following formula:
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All model data were ob tained at the point cor re spond ing to the ob ser va tional point and were av er aged
for 15 min utes to agree with the field ex per i ment data av er aged in a sim i lar way. 

The com pu ta tions were car ried out in two ways: in the frame work of the WAM 3 oce anic
parameterization us ing the lin ear de pend ence of CD on U10 [28]; us ing the parameterization of CD pro posed
by the au thors and the wind-induced wave growth rate from WAM 3. Dif fer ence in parameterization is
dem on strated in Fig. 3b. It is clear that if the wind speed is be low 2.5 m/s, the val ues of CD ob tained as a re -
sult of the field ex per i ment are higher than those ob tained from the oce anic parameterization; if wind speed
is above 3 m/s, the op po site pic ture is ob served. 

6. COM PAR I SON OF THE RE SULTS OF THE NUMERICAL
AND FIELD EX PER I MENTS

One-dimensional elevation spectra at the measurement point obtained in the field experiment were
compared with those of the numerical experiment using different parameterizations of wind effects. It is
clear from Fig. 4a that the values are overestimated too much in case of using oceanic wind effects, whereas 
the use of the new parameterization improves the agreement between the results of the numerical and field
experiments. 

The com par i son of in te gral char ac ter is tics of the spec tra (sig nif i cant wave heights and weighted mean
pe riod of the spec trum) was car ried out for all ex per i ments. In Fig. 4b, the black dash line is a bisectrix of
the an gle cor re spond ing to the equal ity of the field ex per i ment char ac ter is tics. We dem on strate data com -
puted us ing the oce anic wind ef fects from WAM 3 and us ing the mod i fied parameterization of WAM 3
with the new parameterization of CD.  

At using the oceanic model, the systematic overestimation of significant wave height is observed as well 
as the underestimation of weighted mean wave period. The standard deviation of the computed values of Hs

for WAM 3 is 52%. The use of the new parameterization of CD reduces the standard deviation for WAM 3
from 52 to 39%. This is an expected result because in the numerical experiment the rate of wind-induced
wave growth with the proposed parameterization of CD is specified more accurately, i.e., the amount of
energy coming to the system is simulated more accurately. 

However, it is clear from Fig. 4d that the prediction of weighted mean wave periods has a significant error
and the correction in the specifying of the rate of wind-induced wave growth did not result in considerable
changes. Perhaps, this is associated with the fact that the WAVEWATCH III model is adapted to marine
conditions. This is manifested not only in the wind effect function but also in the features of parametric ac-
counting of nonlinearity which causes the spectral redistribution of received energy. The model is intended
to describe waves typical of marine and oceanic conditions that have a smaller steepness ratio as compared
with the waves in a medium-size inland reservoir. Proportionality coefficients in the DIA scheme [15, 16]
are adapted to marine conditions. To describe steeper waves in a medium-size inland reservoir, other ad-
justment parameters can be required. These parameters should correspond to the situation with more signif- 
icant nonlinearity that will quicken the frequency shift towards the low-frequency range. Hence, weighted
mean wave periods should also be smaller. Probably, such adaption of the scheme of nonlinearity will not
affect the quality of prediction of the value of Hs characterizing the amount of energy coming to the system
and will increase the accuracy of prediction of weighted mean wave periods. It is planned to test this
hypothesis in future numerical experiments.

RUSSIAN METEOROLOGY AND HYDROLOGY   Vol. 41   No. 2   2016

142 KUZNETSOVA et al.



7. CON CLU SIONS

The possibility is considered of the WAVEWATCH III model adaptation to a medium-size inland
reservoir by an example of the Gorky Reservoir which was specified in the model using the NOAA GLOBE
real topographic grid. To carry out the computations, the original values of model parameters were changed 
according to the data of field experiments in the reservoir. In particular, the minimum significant wave
height was changed, the frequency range is from 0.2 to » 4 Hz. The waves developed under the influence of
homogeneous non-stationary wind (specified as a result of the data of the field experiment) were computed
using both parameterizations of wind effects adapted to the open ocean conditions and parameterizations
with the modified specification of CD(U10) which was obtained from field experiments. The data of field
experiments in the Gorky Reservoir demonstrated that the value of the aerodynamic drag coefficient of the
surface CD in the area of moderate and strong wind is by about 50% smaller than the values typical of
oceanic conditions. The results of the numerical experiment were compared with the results of the field
experiment in the Gorky Reservoir. The use of the original parameterization demonstrated the considerable
overestimation of the computed data on Hs as compared with the experimental data. The authors
explained this by the considerable overestimation of turbulent wind stress (values of wind friction velocity 
u

*
) and, hence, of wind effects. The use of the new parameterization of CD(U10) obtained from the

measurement data lead to decrease in the values of u
*
 and, consequently, in the rate of  wind-induced wave

growth that improved the consistency in Hs data between the field experiment and numerical modeling. The 
comparison of the results of computation in the framework of original oceanic models of wind effects also
demonstrated the overestimated values of weighted mean wave period Tm. At the same time, the variations
of wind effects did not affect considerably agreement in the values of Tm between the results of numerical
simulation and the field experiment. This is probably associated with the fact that the scheme of nonlinearity
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Fig. 4. The comparison of (a, c) one-dimensional overestimation spectra and integral characteristics of the spectra ((b)
significant wave height Hs and (d) weighted mean wave period Tm). (1) Experimental values; (2) using the oceanic WAM 3
parameterization; (3) using the modified WAM 3 parameterization. H s

* and   Tm
*  are the WAM 3 model data; H s

exp and Tm
exp are

experimental data.



is also adapted to marine and oceanic conditions. In the future it is necessary to adapt the parameters of DIA 
nonlinearity scheme to the conditions of a medium-size inland reservoir. 

Be sides, the use of deep wa ter ap prox i ma tion for the com pu ta tions can be a pos si ble source of dif fer ences.
The ac count ing of the real bathymetry of the Gorky Res er voir as well as the use of shal low-water-related
parameterizations in WAVEWATCH III or the nest ing of the SWAN model for the coastal zone can es sen -
tially im prove the re sults. 

One more source of the pos si ble er rors of the nu mer i cal ex per i ment should also be noted. Due to the ab -
sence of suf fi cient ex per i men tal data, wind speed was as sumed to be uni form over the whole wa ter area of
the res er voir tak ing into ac count the tem po ral vari abil ity spec i fied as a re sult of the ex per i ments. In re al ity
the non-uniform dis tri bu tion of wind speed and wind di rec tion can be ex pected be cause such fac tors as the
prolate shape of the res er voir and high shores may re sult in the con sid er able spa tial vari abil ity with the
scales of about or be low 1 km. It is also im pos si ble to spec ify wind speed from the reanalysis data due to the 
too low spa tial res o lu tion (2.5°). The ac count ing of high spa tial vari abil ity is a com plex prob lem, for its so -
lu tion it is planned to use high- and very-high-resolution at mo spheric mod els (for ex am ple, WRF (Weather
Re search and Fore casting) with the LES (Large Eddy Sim u la tion) block.)
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