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Abstract - 30 years of ECMWF Re-Analysis (ERA5) are
dynamically downscaled from 1986 to 2015 with the
Weather Research and Forecasting (WRF) model over
central Himalayan region at convection permitting grid
spacing (6.7 km). In winter and summer, the central
Himalaya has been under the influence of an anti-
cyclonic trend, which in summer the downscaling shows
has reduced cloud cover, leading to significant warming
and reduced snowfall in recent years. The aim of this
study is to present the wind speed climate in the central
Himalayan state of Uttarakhand based on ERAS5 and to
identify any long-term linear trends. Additionally, Inter-
annual variability of wind speed has been examined in
seven meteorological stations in Uttarakhand Himalaya.

INTRODUCTION

The information of the near-surface wind speed
climate and variability is essential for industries that
are dependent or affected by winds such as wind
energy, forestry and insurance. The near-surface
winds have an important role in advection and surface
fluxes to transfer heat and moisture horizontally and
vertically between the atmosphere and the surface.
Gregow et al. (2016) highlight the energy sector's
desire for higher resolution and accurate wind
datasets. In addition to global and regional wind
atlases, reanalyses are a relevant source for wind
assessments. Reanalysis systems provide a consistent
analysis of the atmospheric state and aim to utilize
observations as extensively as possible (Dee et al.,
2014). Such datasets are well suited to wind
assessments due to their global coverage,
homogeneous data and long time periods. Previous
studies (e.g., Kaiser-Weiss et al., 2015, 2019) have
compared in-situ surface wind observations to
reanalysis and, in general, it has been shown that the
frequency distributions of mean wind speeds are well
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captured in reanalysis. The long-term wind speed
variability and/or trends have been studied with many
different reanalyses—e.g., ERA-Interim, MERRA-2,
and JRA-55 (Torralba et al., 2017), NOAA-20CR
(Bett et al., 2013) and ERA-40 (Kiss and Janosi,
2008)- but not yet with the new ERA5 reanalysis
(Hersbach et al., 2020). Furthermore, ERA5 has been
found to outperform MERRA-2 in the wind power
modelling (Olauson, 2018) and hence, ERAS5 is likely
to be used in many wind-related applications.

Previously, climatological studies of 10-m wind
speeds (e.g., Bett et al., 2013, 2017) have mainly
concentrated on long-term linear trends and the
variability has been examined over the whole time
period with statistical measures (e.g., the standard
deviation). Variations of the wind climate between
different decades has received less attention and often
the decadal variability can be determined from time
series using techniques such as Gaussian low-pass
filters (Azorin-Molina et al., 2014; Minola et al., 2016)
or piecewise linear regression models (Zeng et al.,
2019). Such station-based time series studies have
been examined separately in multiple European
countries (e.g., Azorin-Molina et al., 2014; Minola et
al., 2016; Laapas and Venéldinen, 2017, Zahradnic ek
etal., 2019). However, a decadal analysis over a larger
domain would provide new information on the
largescale spatial patterns and their changes in each
decade. Furthermore, the decadal analysis of 10-m
wind speeds can then be compared to spatial and
decadal patterns in other atmospheric variables, such
as upper-level winds and mean sea level pressure, to
study the reasons behind the decadal changes.

Longer range predictions of 10-m wind speeds on
multiple time scales (months, years, decades) give
value in long-term planning, adaptation and
preparedness in societies and many sectors since
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extreme winds can cause diverse impacts, for example,
uproot trees in forests (Gardiner et al., 2010; Usbeck
et al., 2012; Gregow et al., 2017) or generate high
waves which impact coastlines and offshore
infrastructure (Vose et al.,, 2014). As long-term
variations in 10-m wind speeds are influenced by
changes in the atmospheric circulation, seasonal
forecasts of near-surface winds are often based on
indices that describe the large-scale atmospheric
patterns (Scaife et al., 2014).

DATA AND METHODOLOGY

ERADS reanalysis

ERAGS is the fifth-generation atmospheric reanalysis
from the European Centre for Medium Range Weather
Forecasts (Hersbach et al., 2020). ERA5 uses the
Integrated Forecasting System (IFS, cycle 41r2) and
includes atmosphere, land surface and ocean wave
models. In addition to the improved data assimilation
system compared to its predecessor ERA-Interim (Dee
et al., 2011), ERA5 has a higher spatial and temporal
resolution. The horizontal resolution in ERAS5 is
approximately 31 km (TL639 in spectral space) and it
has 137 vertical levels (from surface to around 80 km).
The analysis and forecast fields are available hourly.
Currently ERA5 covers the time period from 1979
onwards. In this study, we used 6-hourly data from
1986 to 2015 with 0.25 (~31 km) horizontal resolution.
The variables we obtained are instantaneous 10-m and
300-hPa horizontal wind components and mean sea
level pressure.

Field data

Long term wind characteristics in Uttarakhand were
recorded at 7 meteorological stations (Figure 1) of the
India Meteorological Department (IMD). Table
1lists the IMD stations and periods of wind
measurement exercises. Since the station data was of
different time periods, wind speed was obtained from
the literature on wind climatology in India (Mani and
Mooley, 1983). The measured data included: 1)
synoptic hour values (local time 8:30 and 17:30 hrs);
2) daily averages for durations between synoptic hours
and 3) monthly averages of wind speeds. Daily
averages of wind speeds were obtained by averaging
the mean for two 12-hour periods starting from 17:30
hrs, capturing the diurnal variations of the wind. Wind
measurements were standardized to 10m using power

IJIRT 153251

law equation (1) as per World Meteorological
Organization (WMO) norm (Ramachandra et al.,
1997).

where Vo is the measured wind speed, Vis the
standardized wind speed, Hois the measured
height, H is the desired height (10m) and a is the
power law index. Here o is a measure of roughness
due to frictional and impact forces on the ground
surface which varies according to terrain, time and
seasons. The value of o calculated for most of the
regions representing the Himalayan terrain are well
above 0.40 based on long term observations and
calculations (Mani and Mooley, 1983). In order to
minimize extrapolation errors, we considered the least
value of 0.40 for Uttarakhand. The wind measurement
heights in Uttarakhand were standardized using power
law equation with a as 0.4.

Station | Height( | Lat Long Availabi | Data
m) lity frequen
cy

Uttarka | 1158 30.726 | 78.435 | 1969- Daily

shi 8°N 4°E 1985

Mukhi 1822 30.576 | 78.466 | 1969- Daily

m 3°N 7°E 2008

Tehri 1750 30.373 | 78.432 | 1969- Daily

new 9°N 5°E 2014

Pauri 1469 29.868 | 78.838 | 1974- Daily
8°N 3°E 1978

Joshim | 1821 30.550 | 79.566 | 1969- Daily

ath 6°N 0°E 1986

Chamol | 1550 30.293 | 79.560 | 1980- Daily

i 7°N 3°E 1987

Munsiy | 2200 30.071 | 80.237 | 1970- Daily

ari 5°N 3°E 1987

Table 1. List of meteorological stations of Uttarakhand
with wind records
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Figure 1. Area of study and distribution of
meteorological stations
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Figure 2. Mean ERA5 winds (m/s) at 500 hPa for (a)
January and February (JF); (b) March, April and May
(MAM) for 2015. Mean of WRF model (CNTL) winds
(m/s) at 500 hPa for (c) JF; (d) MAM for the same year
The mean winds at 500 hpa for JF and MAM have
been examined from reanalysis and WRF model
CNTL simulation to establish the consistencies
between circulation and precipitation. During winter
and spring seasons (JF and MAM), westerly flow
dominates the study region and a large number of
cyclonic systems (western disturbances) travel across
the Himalayan region from west to east. In ERAS5, in
JF and MAM a trough is seen in the westerlies around
75°E-80°E and 30°N to 33°N (Fig. 2 a, b). The
westerly trough is oriented northwest-southeastward.
In the model simulations (Fig. 2 c, d), all the essential
features of the circulation are seen indicating that the
model is able to simulate consistent circulation and
precipitation over the domain of the present study.

INTER-ANNUAL VARIABILITY

To calculate the IAV using the ERA5 data set, firstly,
for every grid point, we have calculated the mean
speed at 10 m height above ground for each year in the
record. Next, we have calculated the standard
deviation of the annual means over the period 1986-
2015 and divided the result by the overall average
speed over the same period.

It is apparent that inter-annual variability is low and
almost homogeneous over the mountainous part of
Uttarakhand. It is slight higher in the southwestern part
of the state over the foothills of the Himalaya. Overall,
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this region is showing a high degree of consistency in
the average wind speed from year to year.

1986-2015 Inter-annual variability of wind around Uttarakhand region

[ DU

0 0.01 0.02 0.03 0.04 0.050.06 0.07 0.08 009 0.1 02 03 04 05 06 07 08 09
Figure 3. IAV for the period 1986-2015 based on the

ERAGS data set

The final step of the analysis was to compare the
predicted and observed IAV at 7 meteorological
stations in Uttarakhand Himalaya with periods of
record ranging from 5 to 46 years. The results are
shown in Figure 4.
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Figure 4. Comparison of predicted and observed IAV
at meteorological stations in the Uttarakhand with
records of at least 5 years

CONCLUSION

The 30-year period from 1986 to 2015 provides a
suitable long-term Dbaseline for studying wind
anomalies and variability. Before this period,
inhomogeneities in all data sets become more
common, possibly reflecting changes in the
observational systems driving the models. The 1AV
values calculated from ERAS5 data for 1986-2015
compare well (r> ~ 0.82) with those observed at 7
meteorological stations in the Uttarakhand with
periods of record of at least 5 years. The slight
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overestimation of observed 1AV by ERA5 is
consistent with its longer period of record.

REFERENCES

[1] Azorin-Molina, C., Vicente-Serrano, S.M.,
McVicar, T.R., Jerez, S., Sanchez-Lorenzo, A.,
Lopez-Moreno, J.-l., Revuelto, J.,Trigo, R.M.,
Lopez-Bustins, J.A. and Espirito-Santo, F.
(2014)Homogenization and assessment  of
observed near-surface wind speed trends over
Spain and Portugal, 1961-2011. Journal of
Climate, 27(10), 3692—-3712.

[2] Bett, P., Thornton, H. and Clark, R. (2017) Using
the twentieth century reanalysis to assess climate
variability for the European wind industry.
Theoretical and Applied Climatology, 127, 61—
80.

[3] Bett, P.E., Thornton, H.E. and Clark, R.T. (2013)
European wind variability over 140 yr. Advances
in Science and Research, 10(1), 51-58.

[4] Dee, D.P., Balmaseda, M., Balsamo, G., Engelen,
R., Simmons, AJ. and Thépaut, J.-N. (2014)
Toward a consistent reanalysis of the climate
system. Bulletin of the American Meteorological
Society, 95(8), 1235-1248.

[5] Dee, D.P., et al. (2011). The ERA-Interim
reanalysis: configuration and performance of the
data assimilation system. Q.J.R. Meteor. Soc. 137:
553-597

[6] Gardiner B, Blennow K, Carnus J-M, Fleischer P,
Ingemarson F, Landmann G, Lindner M, Marzano
M, Nocoll B, Orazio C, Peyron J-L, Reviron M-
P, Schelhaas M-J, Schuck A, Spielmann M,
Usbeck T (2010) Destructive storms in European
forests: past and forthcoming impacts. Final
report to European Commission - DG
Environment.http://www.efiatlantic.efi.int/files/a
ttachments/efiatlantic/2010-storm/storms_final
_report_main_text_141210b.pdf

[7]1 Gregow, H., Jylha, K., Makeld, H.M., Aalto, J.,
Manninen, T., Karlsson, P., Kaiser-Weiss, A.K.,
Kaspar, F., Poli, P., Tan, D.G. H., Obregon, A.
and Su, Z. (2016) Worldwide survey of awareness
and needs concerning reanalyses and respondents
viewson climate services. Bulletin of the
American Meteorological Society, 97(8), 1461—
1473.

IJIRT 153251

[8] Hersbach, H., Bell, B., Berrisford, P., Hirahara,
S., Horanyi, A., Mufioz-Sabater, J., Nicolas, J.,
Peubey, C., Radu, R., Schepers, D.,Simmons, A.,
Soci, C., Abdalla, S., Abellan, X., Balsamo,
G.,Bechtold, P., Biavati, G., Bidlot, J., Bonavita,
M., De Chiara, G.,Dahlgren, P., Dee, D.,
Diamantakis, M., Dragani, R.,Flemming, J.,
Forbes, R., Fuentes, M., Geer, A., Haimberger,
L.,Healy, S., Hogan, R.J., H6Im, E., Janiskova,
M., Keeley, S.,Laloyaux, P., Lopez, P., Lupu, C.,
Radnoti, G., de Rosnay, P., Rozum, I., Vamborg,
F., Villaume, S. and Thépaut, J.-N. (2020) The
ERAGS global reanalysis. Quarterly Journal of the
Royal Meteorological Society, 146(730), 1999-
2049.

[9] Kaiser-Weiss, A.K., Kaspar, F., Heene, V.,
Borsche, M., Tan, D.G. H., Poli, P., Obregon, A.
and Gregow, H. (2015) Comparison of regional
and global reanalysis near-surface winds with
station observations over Germany. Advances in
Science and Research, 12(1), 187-198.

[10] Kiss, P. and Janosi, I.M. (2008) Comprehensive
empirical analysis of ERA-40 surfaces wind
speed distribution over Europe. Energy
Conversion and Management, 49(8), 2142-2151.

[11] Kumar, Ajal and Prasad, S. (2010). Examining
wind quality and power prospects on Fiji Islands.
Renewable Energy, 35 (2), 536-540.

[12]Laapas, M. and Venéldinen, A. (2017)
Homogenization and trend analysis of monthly
mean and maximum wind speed time series in
Finland, 1959-2015. International Journal of
Climatology, 37(14), 4803-4813.

[13]Mani A, Mooley DA. Wind Energy Data for

India, Allied Publishers Private Limited, New
Delhi, 1983.
Minola, L., Azorin-Molina, C. and Chen, D.
(2016) Homogenization and assessment of
observed near-surface wind speed trends across
Sweden, 1956-2013. Journal of Climate, 29(20),
7397-7415.

[14] Olauson, J. (2018) ERAS: the new champion of
wind power modelling? Renewable Energy, 126,
322-331.

[15] Ramachandra TV, Subramanian DK, Joshi NV.
Wind energy potential assessment in Uttara
Kannada district of Karnataka, India. Renew.
Energy 1997;10:585-611

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 278



© November 2021| IJIRT | Volume 8 Issue 6 | ISSN: 2349-6002

[16]Scaife, A.A., Arribas, A., Blockley, E.
Brookshaw, A., Clark, R.T., Dunstone, N., Eade,
R., Fereday, D., Folland, C.K., Gordon, M.,
Hermanson, L., Knight, JR., Lea, D..,
MacLachlan, C., Maidens, A., Martin, M.,
Peterson, A.K., Smith, D., Vellinga, M., Wallace,
E., Waters, J. and Williams, A. (2014) Skillful
long-range prediction of European and North
American winters. Geophysical Research Letters,
41(7), 2514-2519.

[17] Torralba, V., Doblas-Reyes, F.J. and Gonzalez-
Reviriego, N. (2017) Uncertainty in recent near-
surface wind speed trends: a global reanalysis
intercomparison. Environmental Research
Letters, 12(11), 114019.

[18] Usbeck, T., Waldner, P., Dobbertin, M., Ginzler,
C., Hoffmann, C., Sutter, F., Steinmeier, C., VVolz,
R., Schneiter, G. and Rebetez, M. (2012) Relating
remotely sensed forest damage data to wind data:
storms Lothar (1999) and Vivian (1990) in
Switzerland. Theoretical and Applied
Climatology, 108, 451-462.

[19]Vose, R.S., Applequist, S., Bourassa, M.A.,
Pryor, S.C., Barthelmie, R.J., Blanton, B.,
Bromirski, P.D., Brooks, H. E., DeGaetano, A.T.,
Dole, R.M., Easterling, D.R., Jensen, R.E., Karl,
T.R., Katz, RW., Klink, K., Kruk, M.C., Kunkel,
K.E., MacCracken, M.C., Peterson, T.C., Shein,
K., Thomas, B.R., Walsh, J.E., Wang, X.L.,
Wehner, M.F., Wuebbles, D.J. and Young, R.S.
(2014) Monitoring and understanding changes in
extremes: Extratropical storms, winds, and waves.
Bulletin of the American Meteorological Society,
95(3), 377-386.

[20] Zeng, Z., Ziegler, A.D., Searchinger, T., Yang, L.,
Chen, A., Ju, K., Piao, S,, Li, L.Z.X., Ciais, P.,
Chen, D., Liu, J., Azorin-Molina, C., Chappell,
A., Medvigy, D. and Wood, E.F. (2019) A
reversal in global terrestrial stilling and its
implications forwind energy production. Nature
Climate Change, 9, 979-985.

[21] Zahradnic™ek, P., Brazdil, R., Ste"panek, P. and
Reznic'kova, L. (2019)Differences in wind
speeds according to measured and homogenized
series in The Czech Republic, 1961-2015.
International Journal of Climatology, 39(1), 235-
250.

IJIRT 153251 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 279



