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ABSTRACT

As we know, wave significant height (H ) and wave period, are critical for maritime commerce, infra-

s

structure design, and hazard mitigation, etc. In this paper, we adopt wave data from eight stations
in the data-sparse China Sea to assess the ERA-Interim (ERA-I). We have described the comparison
with the short-scale and annual features between the datasets. The annual difference of Hs varies
from -0.43 to 0.1 m with a mean value of —0.24 m for eight stations. In most of the stations, the ERA-I
data of the locations except for the typhoon period has an overall overestimation, and the biases is
positive. During the typhoon, due to the underestimation of the typhoon wind field, Hs in the ERA-I
data is underestimated, which can be up to —50%. The physics research of typhoon is still poorly at
present, causing the discrepancies between the datasets. Hence, we can’t adopt the ERA-I Hs for
design applications unless the validation has been tested by specific sites.
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1. Introduction

Wave significant height (H ) and period (T) are import-
ant for human activities such as maritime commerce, the
design of oceanographic engineering, ship design, hazard
mitigation, and other things. Until now, there are many
ways to obtain these data, such as voluntary observing ships
(VOs), synthetic aperture radar (SAR), satellite altimetry,
and buoys. As for these, the ship data has the longest history
(since the mid-nineteenth century) but the quality can’t be
guaranteed [1,2]. Due to the shipping routes, it only covers
a certain area, and if happening extreme conditions, it may
cause data loss [3]. Light vessels and buoys are adopted to
observed and measured since the 1950s and 1970s, respec-
tively [4], and they provide comprehensive and diverse
measurements and present people an important information
source [5-7]. However, they are restricted to shipping routes
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or coastal sites and they are often not long enough or sparse
coverage in the time-series that make research in large area
coverage and long-time series impracticable. Satellite altim-
etry can cover a large field of ocean and the precision is
high, so in the field of climate studies, it has adopted as a
worthy resource [8-11], but its orbit is periodic for the fixed
field and it varies from 10 to 35 d [12]. Hence, the temporal
resolution of satellite altimetry is poor and it may lose the
extreme events in a high probability [13]. SARs can obtain
the frequency-direction spectrum of the sea state, and then
get the wave process by the relation between wave elements
and wave spectrum [14]. But it has the same shortcoming as
satellite altimetry.

Numerical models have been carried out to predict
and hindcast the wave conditions since World War II. The
physical mechanism and numerical calculation methods in
the numerical model are improving all the time. In recent
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years, the development of numerical simulation technol-
ogy has greatly supplemented the measurement of various
wave sources, which has the advantages of high spatial and
temporal resolution, large coverage area, and long duration
[15-17]. They are particularly important for calculating the
extreme load design values [18,19] and fatigue loads [20].
What'’s more important, it can provide useful information for
navigation [21].

Generally, significant wave height (SWH) (H) and the
wave period (T) are generally adopted to describe a wave.
It has become a common tool to obtain the wave height and
wave period in the region without observation by numerical
models [13]. Many wave reanalysis datasets are available, and
different wave models [such as Wave Watch III, wave model
(WAM), and simulating waves nearshore] and different
reanalysis wind fields (National Centers for Environmental
Prediction, cross calibrated multi-platform, etc.) are used for
them. So for the specific purpose, we should know which data-
set is more adequate. Many researchers have done this work,
for example, the quality of the numerical model of MIKE 21
have been assessed with the measured buoy data along the
north Indian Ocean [22]. The result showed that the variation
between the MIKE21 and measured H_ ranges from 0.68 to
0.91 m and the bias can be up to 0.6 m. And at some sites,
the variation can be up to 2 m during the southwest mon-
soon period. A study assessed the wind speed and H_ data of
several reanalysis datasets by using altimeter and buoy data.
They describe that although the quality of the datasets differs
in comparison with the observed data, most of the long-scale
features are mainly equal across all the data sets [23].

The ERA-Interim (ERA-I) dataset is a more recent ERA
available for all locations of the globe from 1979 to the pres-
ent. It is widely used at (i) the wave design, (ii) the study
on the change of wave characteristics over a long period of
time, and (iii) the assessment of wave energy resource [8,24—
28]. Thus, it is crucial to know the quality of this data set by
compared with observed data from diverse time and diverse
sites. Recent study assessed the ERA-I wave data in the shal-
low water around data-sparse India Ocean by adopting the
measured data from six locations [13]. The result shows that
ERA-I data overestimates wave height for all regions except
the northern part of India’s west coast, where the data under-
estimates. A study made the comparisons between Hindcast
of dynamics process of the ocean and coastal areas of Europe
(HIPOCAS) and ERA wind and wave reanalysis twice, one is
the comparisons between HIPOCAS and ERA-40, another is
the comparisons between HIPOCAS and ERA-I [29]. Under
calm and moderate weather conditions, the results relatively
agree well. The difference in extreme conditions increased
greatly, mainly occurring in winter at middle and high lat-
itudes. Around the globe, the correction of reanalysis prod-
ucts has been conducted and several studies have assessed
the quality of ERA-I wave datasets in different countries [30].
But the validity of wave height and period in the ERA-I data-
set is not well-conducted in the China Ocean due to the data-
sparse caused by the confidentiality of observation data and
buoy data.

The assessment of datasets will enhance the confidence
of datasets application in wave research and marine busi-
ness. This study assesses the ERA-I datasets by utilizing
eight buoy observations, including the performance of char-
acterization, the effectiveness, and consistency. Section 2

describes the details about the reanalysis datasets and the
buoys, and the methodology and error metrics for compar-
ison are shown in section 3. Section 4 reports the results, the
last section presents the summary and conclusions.

2. Data
2.1. ERA-Interim data

Because reanalysis models can numerically simulate the
global ocean conditions, so we can adopt reanalysis models
to estimate wave at any nearshore or offshore China loca-
tions. These simulations can be carried out over a large space
without the disadvantages of irregular and discontinuous
data encountered when using synoptic hydrologic observa-
tory data.

ERA-I is a global reanalysis dataset, and it dates back
to 1979 that covers the data-rich period. Originally, ERA-I
started from 1989, but in the year of 2011, ERA-I extended
the data from 1979 to 1988, and the dataset continues updat-
ing in real-time. As ERA-I moves on in time, the archive
will be updated monthly. The ERA-I project was launched
in 2006 for the bridge between the ERA-40 (1957-2002) and
ERADJ that is the next generation. The project mainly aimed
to improve the quality of ERA-40, for example, the strato-
spheric circulation and the management of deviations and
variations in the observing system. Compared to ERA-40,
ERA-I used more observations and adopted the newest
assimilation techniques (4D-Var), moreover, it improved the
resolution, and adopted better physics and mechanism in
the models [24]. The third-generation spectral model (WAM)
is utilized for ERA-I to simulate wave. Previous research has
updated the source terms of WAM and also have done this
work. Now, it improves the ability to simulate the process of
wave growth and dissipation [31-33]. What’s more, ERA-I
can assimilate the measured wave significant height data
obtained by polar-orbiting satellites to restrict the predicted
spectrum [34]. They utilized the data from satellites to do
wave assimilation work since 1991. The resolution of ERA-I
wave is approximately 0.64 x 0.64° and 6 h.

2.2. Buoy data

China has a long coastline of 32,000 km. Most of Chinese
largest cities locate along the coastline (almost 70%) and
more than 50% of the population woke and live here. Now,
more and more people are gathering toward the coast area.
Thus, it is of great value to understand the wave characteris-
tics of offshore China.

The buoy data which was measured by the Directional
Waverider MKIIIl and acousticwave and current are adopted
to compare with the ERA-I datasets. The wave measurement
was carried out by the State Oceanic Administration (SOA)
of China and the Institute of Oceanology, Chinese Academy
of Sciences. The instrument of directional wave rider buoy
utilizes the heaves to measure the free-surface gravity
waves, and the range of application is from —20 to +20 m.
The resolution can be up to 1em in fluctuation and the mea-
suring range is from 1.6 to 30 s as for wave periods. The
reliability of the instrument is high and the cross-sensitivity
of sea undulation is less than 3%. The data were recorded
at the frequency of 1.28 Hz and the buoys took half an hour
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procession as one record. The default wave characteristics
such as SWH are recorded in the file with the format of sdt.
In this paper, the records at 6 h intervals from the measured
data were used to compare with the ERA-I data.

The locations of buoys are presented in Fig. 1. The loca-
tions’ distance from the coast and water depth were taken
into account. We have collected eight buoys for the compar-
ison: four of the Yellow Sea (YES), named Y -Y,, two of the
East China Sea (ECS), named E, and E, and two of the South
China Sea (SCS), named S, and S,.

The buoy H_ are available hourly from 10 to 20 min-long
records. Before using the data for comparison, the data have
gone through some quality control. The reanalysis data and
measured data are obtained in different ways (the reanalysis
data was at the synoptic time, but the buoy measurements
were averaged). Thus, the linear interpolation for the reanal-
ysis data is carried out to the buoy location. The measurement

T 1
99° 105°

N
| 0 W+E
S
- 36°
Yellow River
- 32°

28°

Fig. 1. Locations of eight buoys (The yellow triangle is the obser-
vation point).

Table 1
specific information of the eight buoys

data were recorded at Beijing time, which is earlier 8 h than
universal time coordinated (UTC). In order to keep time
consistency between the reanalysis data and the observation
data, all the time of reanalysis data plus 8 h. Table 1 lists the
specific information of the eight stations

3. Methodology used for data comparison

The buoy measurements represent a large spatially dis-
aggregated data and we should adopt a systematic approach
for the comparison with the ERA-IL In the background of
economic viability and survivability of marine transport and
offshore and coastal structures, it is essential to accurately
estimate the extreme wave conditions. Underestimating
these extremes can have a negative impact on the structure,
leading to damage, while overestimating will ensure abso-
lute safety, but it will directly lead to overdesign, causing
unnecessarily high capital costs, and financially unattractive
for investment [29]. Admittedly, different probabilistic
models used can get different assessed extreme values,
but the data adopted as the basic source is also very vital
[19]. Therefore, this paper analyzed the extreme values at
each buoy after the overall approach, finding out typhoon
happening around the buoys during the working time.

Thus, sections contain two parts: “the holistic conditions”
and “the extreme conditions.” For the whole data, the results
are also classified as “all-year comparisons,” and “extreme
events comparison” regarding the typhoon wave data.
The difference between the two data can be represented by
a number of error metrics adopted in this paper. We define
X and Y to represent the buoy and ERA-I of H_over time,
respectively. The statistical parameters used for comparison
between them were as following:

n

Z(Xi_yi)

Bias="1— 1)

@)

Sl=—= 3)

Name Longitude Latitude Depth Distance to land Time period Data number
Y, 120°15'48" 35°54'29.4" 17 m 3.4 km 2011.1-2011.12 1,089

Y, 122°34'48.6" 37°3'45" 6m 3.4 km 2014.1-2016.12 3,753

Y, 123°29'46.2" 36°51'13.8" 48 m 83.8 km 2018.1-2018.6 704

Y, 123°29'13.2" 35°14'30.6" 74 m 202.6 km 2018.1-2018.6 722

E, 122°0'42.6" 30°37'42.6" 2m 0.2 km 2010.1-2015.12 5,019

E, 123°8'6.6" 30°42'54.6" 61 m 109.7 km 2010.1-2011.12 1,132

S, 110°45"26.0" 20°36'17.9" 18 m 26.5 km 2012.9-2013.8 1,460

S, 115°27'28.8" 19°51'50.4" 1,635 m 316 km 2018.1-2018.12 1,117
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where the over bar indicates the mean values in time and n is
the number of data.

4. Results and discussions

The comparison result between buoy and ERA-I of eight
stations is shown in Fig. 2. The annual mean H_in YES is
0.51 m (Y,) and 0.39-0.56 m (Y,), respectively, because the
measurement time only lasted 6 months (from January to
June) in the site of Y, and Y,, so we don’t discuss the annual

59

mean H_in these sites. The annual mean H_in ECS are
0.23-0.32 m (E,) and 0.76-1.25 m (E,) (Table 2) whereas the
mean H_ in the SCS arel.2 m and 1.74 m (S,).

In the YES, the variation of H_in Y, and Y, are 0.1-2.2 m
and 0.1-3.5 m, whereas the variation of H_in the ESC is 0.1-
1.8 m (E,) and 0.1-6.8 m (E,). In the SCS, H_in S, and S, var-
ies from 0.2 to 4.81 m and 0.2 to 9.9 m, respectively. Due to
the deeper water of Y, and Y, (see Table 2, the maximum H_
are greater (4.0 and 4.2 m, respectively) than Y, and Y,, even
there only 6 month (from January to June) data recorded.
The annual bias of wave height in Y, is 0.10 m, and the
annual bias of wave height in Y, varies from —0.54 to -0.36 m.
The annual bias of wave height in Y, and Y, are —0.08 and
-0.097 m, it indicates that the ERA-I H_data agrees well with
the measured H_ data in Y, and Y,, and the data of ERA-I is
only slightly bigger than buoy data. The annual bias of wave
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Fig. 2. Comparison result between buoy and ERA-I of eight stations.
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Table 2
Comparison result between ERA-I and buoys
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Annual SWH Variation of SWH Bias RMSE SI COR
Y, 0.51 m 0.1-2.2m 0.1 m 0.24 m 0.15 0.72
Y, 0.39-0.56 m 0.1-3.5m -0.42 to -0.34 m 0.57-0.74 m 1.07 0.59-0.71
Y, / 0.1-4.0 -0.08 m 0.26 m 0.25 0.95
Y, / 0.1-42m -0.097 m 0.25m 0.23 0.95
E, 0.23-0.32m 0.1-1.8 m -0.42 t0 -0.35 m 0.50 m 0.83 0.65-0.69
E, 0.76-1.25 m 0.1-6.8 m —0.44-0.11m 0.2m 0.43-1.69 0.70-0.88
S, 1.2m 0.2-4.81 m 0.15m 0.89 m 0.58 0.51
S 1.74 m 0.2-9.9 m 0.03m 0.38 m 0.21 0.94

S

height in E, are —-0.35 m (2010a), -0.39 m (2011a), -0.40 m
(2012a), -0.42 m (2013), -0.34 m (2014), and -0.35 m (2015a),
so the data of ERA-I H_ is bigger than the buoy data, and
the annual bias of wave helght in E, are -0.44 m (2010a) and
0.11 m (2011a). As for SCS, the annual bias of wave height in
S,and S, are 0.70 and 0.03 m, respectively. This indicates that
the ERA-I H_data agree better with the measured H_ in S,
than in S, that maybe caused by the water depth.

Table 2 shows the comparison results, we can see that the
comparison statistics also illustrate that the ERA-I H_ data
agree well with the buoy-measured H_ data in the deeper
water. The values of r for the SWH for Y is 0.72 (2011), and
the values of r for the H_for Y, are 0. 71 (2014), 0.59 (2015)
and 0.65 (2016). There are only half a year data recorded in
Y, and Y,, and the correlation coefficient (r) values are 0.95
and 0.95, respectively. In the ECS, the annual correlation
coefficient (r) values from 2010 to 2015 for the H_for E, are
0.67, 0.65, 0.67, 0.69, 0.69, and 0.68, respectively. As for E,, the
annual correlation coefficient (r) value is 0.70 (2012) and 0.88
(2011). In the SCS, the correlation coefficient (r) in S, and S,
are 0.51 and 0.94.

The RMSE in Y, of 2011a is 0.24 m, and they are 0.57, 0.74
and 0.74 min Y, from the 2014a to 2016a. As for Y, and Y, the
RMSE are 0.26 and 0.25 m, respectively. In the ECS, the RMSE
in the E, from 2010 to 2015 are 0.43, 0.78, 0.47, 0.51, 0.41, and
0.42 m, and the RMSE in the E, are 0.66 and 0.24 m. In the
SCS, the annual RMSE in the S, and S, are 0.89 and 0.38 m.
That also indicates that the data consistency is closely related
to water depth: where water depth is large, data consistency
agrees well.

The SI can show the dispersion of the data, the mean SI
from Y, to Y, in YCS are 0.15, 1.07, 0.25, and 0.23. The SI in
E, from 2010 to 2015 are 0.81, 0.76, 0.75, 0.83, 0.76, and 0.98.
The annual SI in E, are 1.69 (2010) and 0.43 (2011), so the
data agrees well in 2011 than in 2010 in the station of E,. The
mean Sl in S, and S, are 0.58 and 0.21. The coast of China
has been often attacked by tropical cyclones (TCs). There is
no other country in the world, where TCs strike with higher
frequency and intensity than on the coast of China [35,36].
There are about 10 landfall TCs in a typical year on the
coast of China. Recent research has shown that TCs strik-
ing East and Southeast Asia have strengthened by 12%-15%,
and the percentage of storms that are classified as 4-5 cate-
gory to the total has doubled or even tripled [37]. Typhoons
are likely to occur all year round, mainly in summer and

autumn, accounting for more than 80% of the total. In China,
typhoons mainly occur in the ECS and the SCS. So the max-
imum SWH mainly occur in summer or autumn in ESC and
SCS. We also discuss the quality of typhoon wave in ERA-
I, the result show that the wave height is smaller in ERA-I
than in the measured buoys in most stations and they are
typically underestimated by 20%-50%, but in the station
of E,, the data of ERA-I is overestimated. We looked up the
topographic map and found that E, station was surrounded
by a small alluvial island. It was located on the west side
of the island, and the island played a role of wave protec-
tion to the observation point. In the numerical simulation,
because the accuracy of the numerical model was rough, the
island was treated as water, so the actual measured data was
smaller than the numerical simulation data [38-43].

5. Summary and conclusions

In this paper, the performance of ECMWEF interim reanal-
ysis H_data was evaluated by comparing with the data
measured by buoys from eight sites along China Sea, four
locations off the YES, two locations off East China, and two
locations in the SCS were selected. Most of the measured data
containing four seasons were adopted for the comparison.

The results showed that ERA-I overestimates the H_in
stations of Y,, Y, Y,, E,, and E,. But underestimate the H in
the stations of Y, and S,. The dlfference of H is up to 125% for
shallow-water locatlons such as Y,, and E,. Although the
annual mean of bias indicates that ERA I overestlmates H,
under higher wave height (such as typhoon wave), the ERA-I
underestimates H_ largely. Due to the geographical location
of China, the area of the ECS and SCS are frequently attacked
by TCs, and ERA-I underestimates the H_ at these sites dis-
tributing there during a typhoon by -30%. Thus, the design
applications can’t adopt ERA-I to calculate unless the proper
validation has been done.

In a slightly more complex basin (such as the Yangtze
Estuary), the assessment of the root which causes ERA-I
biases and errors with the measured data is difficult by using
low-resolution global models. Alluvial island effects and
bathymetry may play an important role in this environment.
With this in mind, we can expect to find minimal credibility
in the ERA-I data, as the partial obstruction of wave energy
in the east and the possibility of land-sea interactions play a
role.



H. Shi et al. / Desalination and Water Treatment 187 (2020) 56—62 61

Acknowledgment

The project was financially supported by National Key
R&D Program of China (Grant No.: 2018YFB1501901),
the Natural Science Foundation of China (No. 51909114)
the Open Research Fund of the Key Laboratory of Ocean
Circulation and Waves, Chinese Academy of Sciences
(Grant No.: KLOCW1901), the Open Research Fund of State
Key Laboratory of Tropical Oceanography, South China
Sea Institute of Oceanology, Chinese Academy of Sciences
(Project No.: LTO1905), and the Major Research Grant (No.:
U1806227) from the Natural Science Foundation of China
(NSFC) and the Provincial Natural Science Foundation of
Shandong.

References

[1] B.Borogayary, A.K. Das, A.]. Nath, Tree species composition and
population structure of a secondary tropical evergreen forest in
Cachar district, Assam, J. Environ. Biol., 39 (2018) 67-71.

[2] M.A. Vicente-Molina, A. Fernandez-Sainz, J. Izagirre-Olaizola,
Does gender make a difference in pro-environmental behavior?
The case of the basque country university students, J. Cleaner
Prod., 176 (2018) 89-98.

[3] S.K. Guley, V. Grigorieva, A. Sterl, D. Woolf, Assessment of the
reliability of wave observations from voluntary observing ships:
insights from the validation of a global wind wave climatology
based on voluntary observing ship data, J. Geophys. Res.,
108 (2003) 3236.

[4] D. Gilhousen, Improvement in National Buoy Center measure-
ments, V. Swail, Ed., Achievements in Marine Climatology,
Environment-Canada, 1999, pp. 79-89.

[5] PD. Bromirski, D.R. Cayan, R.E. Flick, Wave spectral energy
variability in the northeast Pacific, ]. Geophys. Res., 110 (2005)
3005.

[6] M.Menendez, EJ. Mendez, L]. Losada, N.E. Graham, Variability
of extreme wave heights in the northeast Pacific Ocean based on
buoy measurements, Geophys. Res. Lett., 35 (2008) L22607.

[7] J. Genmrich, B. Thomas, R. Bouchard, Observational changes
and trends in the northeast Pacific wave records, Geophys. Res.
Lett., 38 (2011) L22601.

[8] A. Agarwal, V. Venugopal, G.P. Harrison, The assessment
of extreme wave analysis methods applied to potential
marine energy sites using numerical model data, Renewable
Sustainable Energy Rev., 27 (2013) 244-257.

[9] LR.Young, S. Zieger, A.V. Babanin, Global trends in wind speed
and wave height, Science, 332 (2011) 451-455.

[10] D.K. Woolf, P.G. Challenor, PD. Cotton, Variability and
predictability of the North Atlantic wave climate, J. Geophys.
Res., 107 (2002) 3145.

[11] M.A. Hemer, ]J.A. Church, J.R. Hunter, Variability and trends in
the directional wave climate of the southern hemisphere, Int. J.
Climatol., 30 (2010) 475-491.

[12] P.Y. Le Traon, From satellite altimetry to Argo and operational
oceanography: three revolutions in oceanography, Ocean Sci.,
9 (2013) 901-915.

[13] V. S. Kumar, T.M. Naseef, Performance of ERA-Interim wave
data in the nearshore waters around India, J. Atmos. Ocean
Technol., 32 (2015) 1257-1269.

[14] P.A. Hwang, J.V. Toporkov, M.A. Sletten, S.P. Menk, Mapping
surface currents and waves with interferometric synthetic
aperture radar in coastal waters: observations of wave breaking
in swell-dominant conditions, J. Phys. Oceanogr., 43 (2013)
563-582.

[15] A. Harlina, Basukriadi, A. Achmad, D. Peggie, Graphium
androcles boisduval (lepidoptera: papilionidae) evaluation of
biological aspect of the pre-adult stadia at Bantimurung, south
Sulawesi, Indonesia, Appl. Ecol. Env. Res., 15 (2017) 881-890.

[16] A. Jameei, P. Akbarzadeh, H. Zolfagharzadeh, S.R. Eghbali,
Numerical study of the influence of geometric form of chimney

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

(30]

(31]

[32]

on the performance of a solar updraft tower power plant,
Energy Environ., 30 (2019) 685-706.

H. Oumenskou, M.E. Baghdadi, A. Barakat, M. Aquit,
W. Ennaji, L.A. Karroum, M. Aadraoui, Multivariate statistical
analysis for spatial evaluation of physicochemical properties
of agricultural soils from Beni-Amir irrigated perimeter, Tadla
Plain, Morocco, Geol. Ecol. Landscapes, 3 (2019) 83-94.

C. Guedes Soares, M.E.S. Trovao, Influence of Wave Climate
Modelling on the Long Term Prediction of Wave Induced
Responses of Ship Structures, W.G. Price, P. Temarel, A.J. Keane,
Eds., Dynamics of Marine Vehicles and Structures in Waves,
Elsevier Science Publishers, 1991, pp. 1-10.

C. Guedes Soares, M.G. Scotto, Modelling uncertainty in
long-term predictions of significant wave height, Ocean Eng.,
28 (2001) 329-342.

C. Guedes Soares, T. Moan, Model uncertainty in the long term
distribution of wave induced bending moments for fatigue
design of ship structures, Mar. Struct., 4 (1991) 295-315.

J. Prpic-Orsic, R. Vettor, C. Guedes Soares, O.M. Faltinsen,
Influence of Ship Routes on Fuel Consumption and CO,
Emission, C. Guedes Soares, T.A. Santos, Eds., Maritime
Technology and Engineering, Taylor & Francis Group, London,
2015, pp. 857-864.

P. Vethamony, K. Sudheesh, S.P. Rupali, M.T. Babu, S. Jayakumar,
A K. Saran, S.K. Basu, R. Kumar, A. Sarkar, Wave modelling for
the north Indian Ocean using MSMR analysed winds, Int. J.
Remote Sens., 27 (2006) 3767-3780.

K.S. Rawat, R. Kumar, S.K. Singh, Topographical distribution
of cobalt in different agro-climatic zones of Jharkhand state,
India, Geol. Ecol. Landscapes, 3 (2019) 14-21, doi: 10.1080/
24749508.2018.1481654

D.P. Dee, SM. Uppala, A.J. Simmons, P. Berrisford, P. Poli,
S. Kobayashi, U. Andrae, M.A. Balmaseda, G. Balsamo,
P. Bauer, P. Bechtold, A.C.M. Beljaars, L. van de Berg, ]. Bidlot,
N. Bormann, C. Delsol, R. Dragani, M. Fuentes, A.J. Geer,
L. Haimberger, S.B. Healy, H. Hersbach, E.V. Hélm, L. Isaksen,
P.Kallberg, M. Kéhler, M. Matricardi, A.P. McNally, B.M. Monge-
Sanz, ].-J. Morcrette, B.-K. Park, C. Peubey, P. Rosnay, C.
Tavolato, F. Thépaut, J.-N. Vitart, The ERA-interim reanalysis:
configuration and performance of the data assimilation system,
Q. J. R. Meteorolog. Soc., 137 (2011) 553-597.

A.A. Sunny, Derivatives and analytic signals: improved
techniques for lithostructural classifications, Malaysian J. Geosci.,
2 (2018) 1-8.

M.AI Molla, M. Furukawa, I. Tateishi, H. Katsumata,
T. Suzuki, S. Kaneco, Photocatalytic degradation of fenitrothion
in water with TiO, under solar irradiation, Water Conserv.
Manage., 2 (2018) 1-5.

M. Hasan, Effect of rhizobium inoculation with phosphorus
and nitrogen fertilizer on physico-chemical properties of the
groundnut soil, Environ. Ecosyst. Sci., 2 (2018) 4-6.

S. Caires, A. Sterl, Intercomparison of different wind-wave
reanalyses, J. Climate, 17 (2004) 1983-1913.

D.P. Dee, SM. Uppala, A.J. Simmons, P. Berrisford, P. Poli,
S. Kobayashi, U. Andrae, M.A. Balmaseda, G. Balsamo,
P. Bauer, P. Bechtold, A.C.M. Beljaars, L. Van de Berg,
J. Bidlot, N. Bormann, C. Delsol, R. Dragani, M. Fuentes,
AlJ. Geer, L. Haimberger, S.B. Healy, H. Hersbach, E.V. Holm,
L. Isaksen, P. Kallberg, M. Kohler, M. Matricardi, A.P. McNally,
B.M. Monge-Sanz, J.-J. Morcrette, B.-K. Park, C. Peubey,
P. Rosnay, C. Tavolato, F. Thépaut, J.-N. Vitart, The ERA-
interim reanalysis: configuration and performance of the
data assimilation system, Q. J. R. Meteorolog. Soc., 137 (2011)
553-597.

P.R. Shanas, V.S. Kumar, Temporal variations in the wind and
wave climate at a location in the eastern Arabian Sea based on
ERA-Interim reanalysis data, Nat. Hazards Earth Syst. Sci.,
14 (2014) 1371-1381.

F. Yi, WB. Feng, H.J. Cao, Wave analysis based on ERA-
Interim reanalysis data in the South China Sea, Mar. Forecasts,
35 (2018) 44-51.

J. Portilla, J. Sosa, L. Cavaleri, Wave energy resources: wave
climate and exploitation, Renewable Energy, 57 (2013) 594-605.



62

[33]

[34]

[35]

[36]

[37]

[38]

H. Shi et al. | Desalination and Water Treatment 187 (2020) 56—62

H.Y. Shi, ZJ. You, X.Y. Luo, C. Hu, P. Zhang, Y.Z. Song,
Assessment of wave energy resources on 35 years, ERA-Interim
for China Sea area based reanalysis data, Trans. Oceanol.
Limnol., (2017) 30-37.

R.M. Campos, C.G. Soares, Comparison of HIPOCAS and ERA
wind and wave reanalysis in the North Atlantic Ocean, Ocean
Eng., 112 (2016) 320-334.

S. Caires, A. Sterl, A new nonparametric method to correct
model data: application to significant wave height from the
ERA-40 re-analysis, J. Atmos. Oceanic Technol., 22 (2005)
443-459.

J.-R.Bidlot, P.A.E.M. Janssen, S. Abdalla, A Revised Formulation
for Ocean Wave Dissipation in CY29R1, ECMWF Technical
Memorandum R60.9/]B/0, 2005, pp. 1-35.

J.-R. Bidlot, P.A.E.M. Janssen, S. Abdalla, A Revised Formulation
of Ocean Wave Dissipation and Its Model Impact, ECMWF
Technical Memorandum, 2007, p. 509.

P.A.E.M. Janssen, Progress in ocean wave forecasting, J. Comput.
Phys., 22 (2008) 3572-3594.

[39]

[40]

[41]

[42]

[43]

J.E. Stopa, K.F. Cheung, Intercomparison of wind and wave
data from the ECMWE reanalysis Interim and the NCEP climate
forecast system reanalysis, Ocean Modell., 75 (2014) 65-83.

PJ. Sousounis, H. He, M.L. Healy, VK. Jain, G. Ljung, Y. Qu,
B. Shen-Tu, A Typhoon Loss Estimation Model for China,
88th Annual American Meteorological Society Meeting, New
Orleans, LA, 2008, pp. 20-24.

Z]. You, H.Y. Shi, Y.C. Bai, Impacts of storm wave-induced
coastal hazards on the coast of China, J. Coastal Res., 85 (2018)
826-830.

W. Mei, S.P. Xie, Intensification of landfalling typhoons over
the northwest Pacific since the late 1970s, Nat. Geosci., 9 (2016)
753-757.

K. Hasselmann, S. Hasselmann, On the nonlinear mapping of
an ocean wave spectrum into a synthetic aperture radar image
spectrum, J. Geophys. Res., 96 (1991) 10713-10729.



	OLE_LINK3
	OLE_LINK5
	MTBlankEqn
	OLE_LINK6
	OLE_LINK7
	OLE_LINK8
	OLE_LINK9
	_nebC4964633_9EF9_40F0_9334_7842BAE51537
	_neb63D8BD6F_8DD0_4880_A136_6BB5D54C77E5

