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Abstract

Knowing the pattern of surface winds on the seas and oceans and how it
changes over time is of great importance. In this research, the monthly surface
wind fields on the Indian Ocean have been studied and analyzed for a 35-year
period (1981-2015), using NCEP/NCAR data reanalysis. The results show that
transition from cold to warm pattern happens in May and that the summer
monsoon pattern begins in June and continues until August. The wind speed
pattern tends to the winter monsoon from November on. The maximum av-
erage wind speed in June is 13 m/s and its minimum is 2 m/s in October. Di-
rection of prevailing winds is the southwest in the summer. The highest wind
speed happens in the latitude of 10 - 15 degrees. Analysis of the wind distribu-
tion shows that the wind speed of 2 - 5 m/s happens in about 60% of the cases.
There is probability of blowing 0.5 - 4 m/s wind for all months; but this prob-
ability is higher in the autumn (October and November) than that in the
summer (July and August). Probability of the monthly over 5 m/s winds
shows a definitely opposite distribution; that is, wind speed in July and August
is higher than that in October. A long-term survey on the speed of surface
water wind and sea surface temperature shows an opposite changing trend in
wind speed and sea surface temperature during a 55-year statistical period.
Wind speed reduced, while the sea surface temperature was increasing. The
wind speed gradient in the upper levels of atmosphere graph has been in-
creasing; this phenomenon confirms the effects of global warming and ocean
warming on the monsoon system patterns in the Indian Ocean.

Keywords

North Indian Ocean, Wind Fields, Climatic Trend, Monthly Probability of
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1. Introduction

Oceans and seas are among the most effective environments on the countries’
economy, security and culture. Iran has a special position, regarding to access to
the open waters in the south. The Indian Ocean is the third large ocean in the
world and covers 20% of the earth. One of the most crucial effects of the ocean is
creation of the rainy winds, which causes seasonal raining and tropical hot water
current. About 60% of the world trade and transit are conducted through the
Indian Ocean. This ocean has 36 countries in her neighborhood and forms 11
countries’ immediate access to open waters. Entrance of seven seas, four strateg-
ic straits (Hormoz, Bab-el-Mandeb, Malacca and Suez) is in this ocean. Wind
field as one of the wind characteristics with applications in the study of currents
and waves and billows is very important. Wind as the main source of wave pro-
duction is considered the principle parameter in designing the offshore struc-
tures and sediment transport studies. According to studies, wind plays role in
determining the water circulation pattern. Since many transits and trades are
conducted through the Indian Ocean, and with regard to the extensiveness and
special position of the ocean, it is necessary to know the wind patterns. The wind
field and circulation in the Indian Ocean is highly complex [1]. Knowing the
Oman Sea’s wind field is of great importance, because of the monsoon in the sea
[2] [3] [4]. The summer monsoon is one of the basic factors of the earth climate
[2]. Changes of the surface sea temperature are affected by the seasonal cycles
and changing monsoon winds [5] [6] [7] [8] [9]. The aim of this research is to
determine the monthly wind field of the Oman Sea, the Arab Sea, the Indian
Ocean as well as study the wind speed changes in a long-term statistical period,
in order to specify the effects of the climate changes on these parameters in the
studied region, Figure 1. These changes would be also considered relative to the

increase of latitude.

2. Data and Method

In this study, the data reanalysis of the National Center for Environment Predi-
cation (NCEP) and the National Center for Atmosphere Research (NCAR) have

been used [10]. These data covers direction and speed of winds as well as surface
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Figure 1. Indian ocean map (studied region).
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sea temperature in the range of eastern 40 - 80 degrees along with the longitude

and northern 0 - 25 degrees along with the latitude. The 35-year study period was

from 1981 to 2015. Methodology was analysis of the mean wind field as follows:

- Determining the monthly surface wind field in the Indian Ocean in a 35-year

period (1981-2013).

- Determining the direction of the prevailing wind, using the wind rose graph.
- Determining (PDF) and (CDE).
- Determining changes of the surface wind speed with the increase of latitude

in the studied region.

- Determining changes of the wind speed, with the increase of altitude in the

studied region.

- Determining the average changes of the surface wind speed from 1981 to

2015 and the effects of the ocean surface temperature on these changes.

3. Results

3.1. North Indian Ocean Seasonal Wind Field

Figure 2 shows the monthly surface wind field from 1981 to 2015; the images

begin in the winter and end in the autumn. In December, direction of surface

winds is northward on the Oman Sea and northeastward on the Arabian Sea and

the Indian Ocean. The maximum wind speed is 8 m/s from Cape Hafum toward

north and along with the Somalia coast to the Cape Asir and a little higher to-

ward South Yemen (the region is referred to as CHCA in this paper). Wind

speed is not considerable on the Oman Sea. The wind direction is northwestward
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Figure 2. Monthly surface sea wind field from 1981 to 2015.
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on the Oman Sea, in January, but it is northeastward on the Indian Ocean. In
February, however the wind direction becomes more westward on the Oman
Sea, while it is northwestward on the Arabian Sea and northeast on the Indian
Ocean.

The wind speed also reduced. In March, the westward winds’ speed increases
on the Oman Sea. The wind direction is northeastward on the Indian Ocean,
while in April it is westward on the Indian Ocean. The wind field pattern in May
changes, entirely. In the west of the Indian Ocean, the wind direction becomes
southwest and the direction is westward in the middle. The first month of sum-
mer (June) faces southwestward winds in all studied regions; the wind speed in-
creases, considerably with maximum speed of 13 m/s in the CHCA. The same
pattern dominates in July, with higher wind speed, of course. The same is true
for August. In September and beginning of the autumn, the wind field pattern is
the same as that in May. In October, winds become northward and wind speed
reduces on the Indian Ocean. In November, winds direction becomes nor-
theastward and tends to the winter pattern.

Figure 3 shows monthly average wind speed in a 35-year period from 1981 to
2015. The maximum wind speed in July is 5.59 m/s and the least wind speed in
October is 2.02 m/s. the figure reveals that the highest speed happens in the
summer (summer monsoon) and in the winter (winter monsoon). Wind speed

reduced considerably in other seasons.

3.2. Prevailing Wind in the North Indian Ocean Basin

Figure 4 shows the monthly wind rose in a 35-year period. In December, the
prevailing wind direction is northeastward and the wind speed is 0.5 to 2 m/s.

The same pattern is seen in January, February and March. In April the prevailing
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Figure 3. The monthly average wind speed (m/s) in a 35-year period from 1981 to 2015 in the studied re-

gion.
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Figure 4. Monthly wind rose from 1981 to 2015.

wind direction changes considerably; so that it is westward at about 30% of the
cases. The sub-prevailing wind is southwestward with 25% of all winds, followed
by the northwest winds with 23%. The winds speed had no increases and it was 2
m/s. In May, the prevailing and sub-prevailing winds are in southwest direction
with the same speed as in the previous month. In June, the wind direction is
southwestward. 11% of the winds have the speed of 0.5 to 2 m/s and others’
speed is 2.1 to 3.6 m/s. July is similar to June, but the wind speed varies from 2.1
to 3.6 m/s. August follows the summer pattern, but in September, both prevail-
ing and sub-prevailing wind speed is 0.5 to 2 m/s and southwestward. The wind
rose pattern in October, which is the month of transition from cold to warm
weather, differs from that in summer months, seriously. The prevailing wind di-
rection is northwestward, which has speed of 0.5 to 2 m/s in 25% of cases. 10%
of the west winds, 8% of the northeast winds and 5% of the west winds have the
same speed. The pattern in November follows the winter pattern as in December
and January.

Figure 5 shows winter, summer and yearly wind roses, respectively. In the
winter pattern, the prevailing wind direction is northeast with maximum speed

of 2 m/s. In the summer pattern, the prevailing and sub-prevailing wind direction
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Figure 5. (a) yearly, (b) summer and (c) winter wind rose patterns from 1981 to 2015.

is southwest. The prevailing wind consists of 55% of all winds of which 15%
blow with the speed of 2 m/s and other 40% with 2 - 3.6 m/s. The yearly pattern
however, provides a Northeast prevailing wind, which forms 35% of all winds
with maximum speed of 2 m/s. The sub-prevailing wind blows to southwest di-
rection with the speed of 3.6 m/s.

3.3. Wind Speed Changes Relative to the Latitude

To investigate wind speed changes in various latitudes, a fix longitude (in this
research the 60 degrees circuit) has been selected (in order to cover the Iranian
coast of the Oman Sea); north latitude 5 to 25 degrees. The average wind speed
has been calculated in a 35-year period (Figure 6). The highest wind speed at la-
titude 10 - 15 degrees is about 6 m/s. It is about 4.5 m/s near the equator. The
lowest wind speed blows at latitude 25 degrees, due to proximity to the coasts.
This speed is 2.7 m/s. The reason for increase of wind speed in latitudes 10 - 15
degrees is being away from beaches and mitigation of friction effects, due to the

terrains; as well as significant amounts of Corilios force at above the quarter.

3.4. Seasonal Probability Analysis

In order to explain systematic distribution of all winds in the studied field, we
have used this analysis for a 35-year period. The monthly PDF (Figure 7(a)) and
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Figure 6. The mean wind speed (m/s) at north longitude 60 degrees and latitudes 5 - 25 degrees in a
35-year (1981-2015) in the studied region.
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Figure 7. PDF (a) and CDF (b) for the winds in the studied region (the average of each month for a 35-year period
from 1981 to 2015 has been calculated).
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CDF (Figure 7(b)) of the region reveal that the wind speed of 2 - 5 m/s happens
in about 60% of cases (CDF about 80% near to 5 m/s minus CDF of 20% with
the speed at about 2 m/s). Probability of speed at about 0.5 - 4 m/s can be ob-
served for all months. However, the probability is higher in the autumn months
(October and November) than that in the summer months (July and August) at
about 50% (CDF 90% in October minus CDF 40% in July at about 4 m/s). Prob-
ability of monthly wind with the speed of over 5 m/s shows a perfectly opposite
distribution, Ze. the wind speed in July and August is higher than that it Octo-
ber. For example, the winds blow at the speed of over 5 m/s in June, July and
August with frequently of 40% (CDF 100% at the speed of about 12 m/s minus
CDF 60% at the speed of about 5 m/s); but about 10% (CDF 100% at the speed of
about 7 m/s minus CDF 90% at the speed of about 4 m/s) are observed in April
and March. Seasonal changes of PDF and CDF are consistent with the wind
speed climatology of the studied region.

3.5. Changes of Wind and Sea Water Temperature in the Indian
Ocean Basin

Researches on the changes of wind region in the Indian Ocean are less than
those in other ocean, such as the Pacific and Atlantic oceans, while a large crowd
live on the edge of this ocean and their lives would be severely affected by the
climate changes [11]. Registration of the long-term observation data including
wind on the sea and ocean surface is very rare relative to land surface [12]. Fig-
ure 8 shows the wind speed changes in the Indian Ocean basin from 1981 to
2015. As the changes line slope in the chart shows, the average wind speed in the
35-year period is downward. It also faces many fluctuations, so that the highest
wind speed average in 2015 was 3.63 m/s, and in 2000 it was 3.6 m/s. the chart of
seawater temperature changes in this period has been contrary to that of the
wind speed in the region (Figure 9). As the line slope reveals, the seawater tem-
perature is upward. SST in 2015 was 28.7°C, which differs from the least wind
speed average in the same year. The least SST related to 1984 and 1985 with
27.6°C, which is exactly consistent with the maximum average wind speed. In
other words, the two variables are completely reverse. This means that SST
changes in the Indian Ocean are highly affected by the monsoon currents. The

findings of this study are in conformity with those of Swapna et al (2014) [13],
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Figure 8. Surface wind on the Northern Indian Ocean from 1981 to 2015.
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Figure 9. Changes of surface temperature on the Northern Indian Ocean from 1981 to
2015.

based on the ECMWF data reanalysis in the period 1958-2011. These findings
confirm the effect of global warming on the pattern of winds and monsoon cur-
rents of the Indian Ocean [14]. For further exploration, we have analyzed the
wind speed changes at lower level (850 hPa), middle level (500 hPa) and higher
level (200 hPa) of the atmosphere in a 35-year period. The wind speed changes is
download relative to time in two levels of 500 and 850 hPa, but the download
slope of the wind speed at the 500 hPa level is less than that at the lower level of
atmosphere and land surface. At the 200 hPa level, wind speed increased as time
passed (Figures 10(a)-(c)). Therefore, dependency of the wind speed change to
the lower levels variable and global warming is confirmed.

4. Discussion and Conclusion

General knowing about the different characteristics of seas surrounding Iran
would improve efficacy of the macro decisions and ultimately provide the coun-
try with sustainable development. Nearly, one third of the southern coast strip of
Iran is covered by the Oman Sea coast, which connects to the Indian Ocean and
is affected by its pattern changes in long-term. It is an instrument for prediction
of the climatic changes. Where there is no/little observation data, the reanalysis
data are used in long-term. The surface sea wind climatology for the Oman Sea,
Arabian Sea and Indian Ocean was analyzed for the period 1981-2015, using
NCEO/NCAR data. The results show the seasonal changes in speed and direc-
tion of the wind in the studied regions. Changes in speed and direction of wind
happen in May and the summer monsoon pattern begins in June. After the
summer monsoon, in October the region faces a change in the wind field pat-
tern. From November this pattern goes toward the winter monsoon. The maxi-
mum average of wind speed in the CHCA reaches to 13 m/s in July. In the entire
region, the maximum wind speed in July is six m/s and the minimum in October
is 0.5 - 2 m/s. The prevailing wind direction in the winter is northeastward and
in the summer, and it is westerly and southeasterly. Changes in wind speed rela-
tive to latitude shows that the highest wind speed happens in 10 - 15 degrees,
where it is far from the equator in the south and far from friction effects in the
North. Analysis of the wind distribution probability reveals that wind speed of 2
- 5 m/s happens in 60% of cases. Probability of wind speed of 0.5 - 4 m/s is for all
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Figure 10. Changes of wind speed (m/s) on the Northern Indian Ocean from 1981 to
2015; (a) at 850 hPa level; (b) at 500 hPa level; (c) at 200 hPa.

months. However, this probability in the autumn months (October and No-
vember) is higher than that in the summer month (July and August). The
monthly probability of winds with the speed of over 5 m/s shows an opposite
distribution; that is, the wind speed in July and August is higher than that in
October. The highest and lowest wind speed happened in 1984 and 2015, respec-
tively. The trend of wind speed changes was downward and that for the SST
changes was upward during the 35-year period. Again, the wind speed trend in-
creased, due to the global warming phenomenon. Therefore, the monsoon pat-
tern of the Indian Ocean has been severely affected by the climatic changes,

which may change the region’s climate cycle.
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