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Mean Sea Level Variability along the Northern Coast of the Oman Sea
and its Response to Monsoon and the North Atlantic Oscillation Index
from Tide Gauge Measurement
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ABSTRACT. Sea level analysis along the Northern Coast of the Oman Sea was investigated on the basis of tide gauge
measurements. Meteorological parameters, along with monsoon and NAO (North Atlantic Oscillation) indices were
used to study the response of sea level to local and global forcing. The relation between sea level and forces were ex-
amined. Low correlation coefficient (-0.35) between sea level and atmospheric pressure at Chabahar indicated that the
response to atmospheric pressure was not an inverse barometric. The nature of local inverse barometric effects were
examined through a series of statistical models. Analysis between sea level and atmospheric pressure reveals a signif-
icant coherence, which meant that along the Northern Coast of Oman Sea, mean sea level responded to atmospheric
pressure as an inverse barometer. It can be noticed that the difference between atmospheric pressure and mean sea level
was due to alongshore wind stress forcing and was consistent with that expected from Ekman dynamics. The four EOF
modes capture 87.16% for the x-component and 94.70% for the y-component of the total variance and were statistically
significant. Linear regression and ARIMA model forecasts were fitted to sea level and compared to the actual data.
Even though both models gave similar results, the ARIMA model performed considerably better.
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Introduction

he coastal environment is very vulnerable to the

I changes in the mean sea level, wave heights and
wave direction. Many forces in the atmosphere

and the ocean influence the sea level. Thus, the sea level
integrates a great number of physical processes in the
environment and therefore can be a representative pa-
rameters for monitoring the relationship between oce-
anic and atmospheric parameters. This study of sea-level
variability is usually undertaken from hindcasts of the
last decades (Somot et al., 2006) and from the available
tide gauges and satellite altimeters data. Sea level chang-
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es can be divided into dynamic and quasi-static compo-
nents (Stammer et al., 2013). For various reasons, the sea
level can be changed quite differently from one region
to another (Ding et al., 2001). According to Eshghi et al.
(2020), the inverted barometer effect was significant in
the north-western Indian Ocean. Siddig et al. (2019)
estimated the linear trend using monthly mean residual
sea level and they found the highest trend values was at
Mina Salman about 3.4 0+0.98 mm/year and Abu Ali
Pier about 3.1+0.7 mm/year. Therefore, it is necessary
to study the sea level changes locally or regionally to un-
derstand the various geophysical processes associated
with the sea level variability. The Oman Sea, also called
the Oman Gulf, is located at the north of the Arabian
Sea (Figure 1).

The Gulf of Oman is strongly influenced by outflow
from the Hormuz Strait. From fall through mid-spring,
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Figure 1. Circulation of the Oman Sea and Northern Ara-
bian Sea and the location of the Tide Gauge, Chabahar and
Jask (Johns et al., 1999)

satellite SSTs suggested a plume of outflow water owing
as a coastal current along the Oman and Emirate coast
to Ras al Hadd at the edge of the Arabian Sea (Johns et
al., 1999). This would imply that at least through part
of the year this outflow from the Hormuz Strait con-
sists of deep water layer and a modified surface layer
that must together balance the inflow component. The
seasonal upwelling and circulation are also important
along the coast of Iran in the Oman Sea. The seasonal
and inter-annual variations in the circulation of the Gulf
of Oman is significant (Figure 1). The northern side of
the Gulf of Oman has consistent upwelling associated
with the SW monsoon along the Pakistani coast (Figure
1). Upwelling along the western, Iranian coast is more
variable.

In 1995, for example, this coast was associated with
upwelling filaments that moved to the west and even
entered the outer edges of the Strait of Hormuz. Other
years suggest less extensive upwelling although there is
localized upwelling at the mouth of the Strait in all the
years examined. In this study, data from two tide gauges
and meteorological parameters in the Oman Sea as well
as data set of the gridded Ekman transport, the North
Atlantic Oscillation (NAQO) index and the Monsoon in-
dex of the Indian Ocean were used.

Methodology

Tide Gauge Data and Mean Sea Level

Hourly time series of tides were obtained from the Na-
tional Cartographic Center of Iran (NCC) and monthly
means of atmospheric parameters were gathered from
the Islamic Republic of Iran Meteorological Organiza-
tion. Atmospheric pressure, air temperature and wind
data records were obtained from offshore stations at
Chabahar and Jask (Figure 1).
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Figure 2. Hourly sea level variability at Chabahar on the
north coast of the Oman Sea

Water level is measured using a mechanical float
gauge manufactured by the Ott Companyin Germany.
Tidal records were monitored with 30 min sampling and
1 cm resolution. The 30 minute values were converted
to hourly values using software developed by NCC. The
tide gauges in the Iranian Tide Gauge network were
connected to benchmarks established by NCC. NCC
did the precise leveling, i.e., they were responsible for
determining the vertical distance between the bench
marks and the contact point at the tide gauge. The lev-
eling was performed several times every year. The NCC
benchmarks were connected to the Iranian Nation-
al Leveling Network. The tide gauge was calibrated by
making its readings equal to the observations on a tide
pole installed beside the tidal station. All observations
are compared with tidal predictions. If the inspection
of the data revealed errors in observed heights, the data
were corrected by NCC. NCC used a “modified” Indian
Spring Low Water (ISLW) as chart datum. The quality of
the Iranian Tide Gauge network was approved by IOC/
GLOSS, Technical Report (Hareide, 2004).

The monsoon and NAO indices were obtained from
web. Hourly tide gauge data from both Chabahar and
Jask stations were used in this study. An example of 1997
tide gauge record at Chahbahar is shown in Figure 2. The
daily mean sea levels were calculated by averaging the
hourly data of the whole day and are shown in Figure 3.
The monthly sea level data available for Chabahar from
1993 to 2005 and for Jask from 1997 to 2005 are shown
in Figure 4. Sea level was high in summer and was low in
winter at both stations. Interannual variability was also
apparent as this appeared relatively coherent between
stations.

The annual mean of the sea level at both stations are
shown in Figure 5. The highest mean sea level occurred
in 1999 and 2004 at Chabahar and in 2003 at Jask. The



annual cycle was common to both tide gauges in the
northern coast of the Oman Sea. The seasonal variabil-
ity had a close relation with the wind and atmospheric
pressure. As the monthly data were not removed from
this effect, a marked seasonally in monthly average was
appeared. The behavior of the seasonal variability is pre-
sented in the Figure 6.The seasonal variability in both
stations showed a gradual increase in the sea level be-
tween February and June, the highest value in June and
lowest in January (Figure 6). Then it began to decrease
until December at Chabahar and until February at Jask.
The ranges were about 14 cm in Chahbar and about 20
cm in Jask. The major peak in June occurred during the
southwest monsoon.

Monthly data on sea level, atmospheric pressure,
air temperature, sea surface height (SSH), local wind,
Monsoon and NAO Indices were analyzed. The month-
ly and yearly averages for each data set were computed
and different statistical analyses were applied. In the first
exploratory approach, correlations between sea level
and each of the explanatory variables were produced by
calculating the Pearson correlation coefficient, and cor-
responding P-values, between the time series. The em-
pirical orthogonal function (EOF) technique was used
to define the patterns of spatial and temporal behavior of
the Ekman transport. This technique was also referred
to the principal component analysis (PCA). The EOF
decomposition was used to extract the dominant modes
of spatial and temporal variability of the signal (Preisen-
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dorfer, 1988).

Modelling Response and Sea Level Prediction

The role of different climate forcings that might affect the
northern coast of the Oman Sea is statistically explored
in this section. A linear regression and an Auto-Regres-
sive Integrated Moving Average (ARIMA) model were
fit to mean sea level and forcings as predictors for each
station and then were used to forecast sea level. The
Ekamn transport was first decomposed in its PCs. The
ARIMA models are AR models with differencing or
moving average terms. The multiple regression was used
to observe sea level, SL, as the dependent variable in the
regression model of the following form:

N
SL=aP+bT+cWZd,-PCi Eq.(1)

i=1

where independent variables P, T and W are the atmo-
spheric pressure, temperature and wind, respectively,
and a, b, and c are the coefficients. PC, is the ith PC of the
Ekman transport and d, is the corresponding coefficient,
and N is the number of PCs included in the model. Ow-
ing to possible significant correlation between different
sea level forcing inputs, the results from the univariate
model are likely to be affected. The statistical way to take
the correlation between input forcing into account was
to perform a multivariate regression analysis of mean

1004

A

Sea Level (em)
]
]
&

140
1997

o

.
3 ESLE] LY SR
Tine

Figure 3. Daily sea level variability at Chabahar (top) and Jask (Bottom) on the north coast of the Oman Sea
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Figure 4. Monthly sea level variability at Chabahar (top)
and Jask (Bottom) on the north coast of the Oman Sea

sea level on predictors.

Multivariate regression was performed to confirm
the relationship between sea level and forcing inputs.
Thus, regression model enabled to predict sea level using
pressure, temperature, wind and Ekman transport forc-
ing. Autoregressive integrated moving average model of
degree p, d and g, ARIMA (p, d, q), was a combination of
AR and MA with differencing. Where, p is the number
of autoregressive terms, d is the number of non-seasonal
differences, and ¢ is the number of lagged forecast errors
in the prediction equation (Box and Jenkins, 1976). Lags
of the differenced series appearing in the forecasting
equation are called “auto-regressive” terms, lags of the
forecast errors are called “moving average” terms, and
a time series which needs to be differenced to be made
stationary is said to be an “integrated” version of a sta-
tionary series. For non-stationary data one should apply
ARMA description to the series of differences of appro-
priate order, thus yielding ARIMA model (Autoregres-
sive Integrated Moving Average). It can be written as:

p(B)VyX, = 6(B)e, Eq.(2)

where, V, is a differential operator of degree d: V,
X=(X;-X,_1)q- Usually 4 = 0,1,2. A forecast generated by
the above process is given by:
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Figure 5. Annual mean sea level at Chabahar (top) and
Jask (Bottom)on the north coast of Oman Sea

able X, in time #, which can be written as:
Xy(m) = E([Xesml = E[Xpamlxp Xe—1, 1 Eq.(4)

Thus, the forecast is: Eq.(5).

To calculate conditional expected values in the equa-
tion above one can assume that:

Et[Xt_j]:Xt_j, where Xt_j, in time t already known, one
leaves without changes,

E[Xi+] = X¢(j),where X4, still unknown are replaced
with their forecasts X,(j).

Et[et_i]:et_j, where e:(t—j), in time ¢ already known, one
specifies as X;_; — X;_;_1(1). Eq.(6)

The monthly data were used to compare the predic-
tive ability of the multiple linear regression based on the
predictor variables and ARIMA model based on mean
sea level time series. The results of the linear regression
model fitting for monthly mean sea level at Chabahar
and Jask can be found in Figure 10. The results of the
ARIMA model for monthly mean sea level series at Cha-
bahar and Jask are also shown in Figure 10. The ARIMA
model was based on time series of the mean sea level us-
ing the formula given above. Four ARIMA models with
different orders were used to analyze the cases with two
Stations for Chabahar from 1993 to 2005 and for Jask
from 1997 to 2005. The model parameters including the
ARIMA coefficients denoted by p, d, and q are estimated
according to the Box-Jenkins methods (Box and Jenkins,

Xeem = @1VaXeom-1 + -+ @p1aVaXitsm-p-q T €t4m — 01€p4m-q1 — 1 — 9q€t+m—q

A forecast with least mean squared error, m periods
ahead, is a conditional expected value of random vari-
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1976) and for Chabahar is shown in Table 1.
The optimal order of the ARIMA models was cho-
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Figure 6. Seasonal change of sea level at Chabahar (top)
and Jask (Bottom) on the north coast of Oman Sea

sen by Bayesian Information Criterion (BIC) (Sawa,
1978). Minimum BIC values are used to determine the
best performance of the ARIMA model because the BIC
places more emphasis on the parsimony of the model.
Hence, ARIMA (1, 1, 1) and ARIMA (2, 1, 1), shown in
Table 1, were selected to forecast the mean sea level.
The predicted of ARIMA (1, 1, 1) models are shown in

Eq.(5)

Fig. 10. The predictions are in agreement with the rel-
evant observations. We compared the forecasting per-
formance of alternative models of the Mean Sea level.
Four models are included in the comparison: the ARI-
MA, models shown in Table 1. Forecasting performance
was compared in terms of three criteria: R-Squared, root
mean square error (RMSE) and mean absolute percent-
age error (MAPE). Table 1 summarizes the main diag-
nostic and forecasting performance measures for the
models. The model with the best overall performance is
the ARIMA (1.1.1).

In summary, the ARIMA (1,1,1) model has a number
of desirable features. All its coefficients are statistically
significant, most of them at the 1% level. It can be used
to determine the mean sea level. Finally, it has the best
forecasting performance of the models considered. Fig-
ure 10 shows the similarity between fits of the linear re-
gression and ARIMA models for Chabahar and Jask re-
spectively. Both models predicted seasonality of the data
for the sea level. The ARIMA models are more accurate
for forecasting the mean sea level than the linear regres-
sion models. The two models predicted similar forecasts
for sea level, but the greater accuracy for the ARIMA
models are attributed to their dynamic nature and their
ability to incorporate new information in forecasting by
containing lagged terms of the forcing functions as ex-
planatory variables.

Results and Discussion

Effect of Meteorological Parameters on Sea
Level Changes

Sea level changes are mainly due to variations in the
regional and global meteorological parameters. Atmo-
spheric pressure variations and the thermal effect are
the most important caused of sea level changes (Gomis,
etal., 2008 and Juncheng, et al., 2009 and Hosseinibalam,
et al., 2007). The inverted barometer (IB) effect approx-

Table 1. Testing result of selected Autoregressive Moving Average (ARIMA) models for Chabahar

Structure BIC (Normalized)
ARIMA (1,1,1) 0.566
ARIMA (2,1, 1) 0.642
ARIMA (2,1, 2) 1.199
ARIMA (1, 1, 2) 1.499

R-Squared RMSE MAPE
0.887 0.684 0.178
0.889 0.647 0.166
0.942 0.490 0.109
0.959 0.415 0.099

Note: BIC (Bayesian Information Criterion), RMSE (Root Mean Square Error, Mean Absolute Percentage Error (MAPE)
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Figure 7. Coherence between mean sea level and atmo-
spheric pressure of the Oman Sea for Chabahar station.
Frequency is (cycles/month).

imately related the oceanic response to the atmospheric
pressure fluctuations. In coastal areas the onshore-off-
shore wind component can directly push water toward
the shore or away from it. Usually the more dominant
effect was caused further offshore by the longshore wind
component, which can raise or lower the water level be-
cause the Coriolis force caused transport to the right of
the wind direction. Air temperature affected sea level by
warmth caused by the greenhouse effect. A sea level rise
could probably be caused by thermal expansion of the
water column due to a decrease in water density caused
by it being warmed. In a first exploratory approach, cor-
relation coefficients between sea level and each of the
above parameters as explanatory variables were found
by calculating the Pearson correlation coefficient, and
corresponding P-values, between each time series.

Atmospheric Pressure

The correlation coefficient (r) between monthly atmo-
spheric pressure and monthly sea-level data for Cha-
bahar was (r =-0.35) with p-value 0.00 and for Jask is
(r =-0.75) with p-value 0.00. The p-values for all coef-
ficients were less than 0.05, thus the Chabahar station
had a weak negative correlation with the atmospheric
pressure. The weak correlation coefficients meant that
the Oman Sea mean level at Chabahar station did not
respond to atmospheric pressure as an inverse barom-
eter effect, or strong deviation from isostatic response
was observed. The non-barometric response to local at-
mospheric pressure partly represented an influence of
sea level anomalies farther east due to the alongshore
component of wind stress and it generally forced a large
response than the onshore component. This was con-
sistent with that expected from Ekman dynamics and
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Figure 8. Coherence between mean sea level and air tem-
perature of the Oman Sea for Chabahar station. Frequency
is (cycles/month)

upwelling (Figure 1). But, the ocean response to atmo-
spheric pressure variations was close to the isostatic
ones at Jask (r =-0.75), the response depended on the
water flux dynamics at the Hormuz strait.

In the open ocean and for periods longer than a few
days, the sea level response to atmospheric pressure
forcing was close to an isostatic response (Fu and Pihos,
1994; Gaspar and Ponte, 1997) and is well known by an
inverse barometer effect: a 1-mbar increased in atmo-
spheric pressure induced a sea level decrease of 1.01 cm.
Ducet et al. (1999) examined the validity of the inverse
barometer approximation for the Black Sea mean lev-
el using 5 years of Topex/POSEIDEN data. They found
very significant deviations from the inverse barometer
response. They suggested that the deviation attributed
to narrowness of the Bosphorus Strait and it had limiting
role in water exchange. Also the Mediterranean mean
sea level to atmospheric pressure departed from a stan-
dard inverse barometer effect due to the limiting role of
the Strait of Gibraltar (Candela, 1991). Alothman et al.
(2014) showed that at the Mina Sulman gauge there was
no correlation between atmospheric pressure and sea
level when the IB effect was subtracted from the data.
Gomez-Enri et al. (2004) found that at mid and high
latitudes in the Indian Ocean. They suggested that the
relation between atmospheric pressure variations and
sea level fluctuation (BF) values indicated a response
near to the isostatic one; however, at low latitudes strong
deviations from the isostatic response were observed.
They observed some specific zones with values between
0.60 and 0.40 cm/mb, where the oceanic response was
clearly far from isostatic (south of India, Thailand Gulf,
south of Indonesia and the east region of Madagascar),
contrary to that observed in the Atlantic Basin. Chabahr



located in low latitude in the north of the Indian Ocean,
therefore the deviation from the isostatic response was
expected.

Coherence Analysis between Atmospheric
Pressure and Sea Level

In order to study the response of mean sea level at the
Northern Coast of the Oman Sea to atmospheric pres-
sure more fully, coherence between two parameters was
observed. Coherence between atmospheric pressure
and sea level is shown in Figure. 7. If the coherence val-
ue was unity, then the response of the sea level to the
atmospheric pressure should be inverse barometer. It
can be seen from Figure 7 that the coherence was unity.
This means that in the northern coast the Oman Sea,
mean sea level responded to atmospheric pressure as an
inverse barometer at low frequencies. It can be noticed
that the low correlation (-0.35) between atmospheric
pressure and mean sea level found in the previous sec-
tion was due to the combination of other interrelated
physical parameters, such as air temperature, steric ef-
fect, evaporation, wind and Ekman transport, and this
played an important role in mean sea level changes, in-
terfering with the atmospheric pressure response. The
behavior of the response of the Oman Sea mean level to
atmospheric forcing at least in the northern coast was
different from the one in the Persian Gulf because of the
Hormuz strait, which was pure inverse barometer (Has-
sanzadeh et al., 2007).

Atmospheric Temperature and Wind

The correlation coefficients (r) between monthly sea-lev-
el and air temperature and wind data for Chabahar were
0.35 and 0.16, respectively. For Jask the correlation
coefficient (r) between monthly sea-level and air tem-
perature and wind data were 0.70 and 0.39, respectively.
Hereafter, we present the same coherence analysis as be-
fore, but between the mean level of the Oman Sea and
air temperature and wind at Chabahar station.

Results of the coherence analysis are shown on Figure
8 for mean sea level and air temperature. The most strik-
ing point to notice was the strong coherence, around
0.6, 0.8 and 1.0, for different periods with an almost
steady gain at about 2.0., which meant that temperature
had significant effect on mean sea level variations. The
correlation between air temperature and atmospher-
ic pressure showed that these parameters were highly
inter-correlated. The same coherence analysis with the
wind data was also performed, and this is shown in Fig-
ure 9. Interestingly, it lead to a much lower value at lower
frequencies and noisier coherence at high frequencies,
which meant that wind had no direct significant effect
on mean sea level variations. The wind effect would yield
water level proportional to wind stress, because of the
associated Ekman transport and Ekman upwelling along
the Iranian coast around the Chabahar Gulf as it can be
seen from Figure 1.

Hassanzadeh, Hosseinibalam

The coherence analysis of the corresponding time se-
ries revealed an oscillatory behavior between mean sea
level and other variables. The annual peak was domi-
nant and contained the major energy in the time series
and it can be seen for coherency of mean sea level and
atmospheric pressure. The coherency between mean
sea level and air temperature and wind indicated an an-
nual and a semiannual signal. There were some coher-
ency peaks at high and low frequencies which were not
significant. The atmospheric pressure was minimum in
summer while the temperature was maximum, and vice
versa. It was obvious that the annual cycle was dominant
in the atmospheric pressure and air temperature. There
was also a weak semiannual cycle in the coherency of
wind. This can be due to the variability associated with
the strong monsoonal forcing over the northern Indi-
an Ocean. The annual cycle was prominent in the wind
speed.

Other Forces

In this section, we consider the Ekman dynamic in order
to examine the wind forcing and also, the external fac-
tors, NAO and Monsoon that may affect the sea level in
this area need be investigated. Sea level anomalies were
affected by the global climate change as well as by ab-
normal local climate changes (Church et al., 2006). For
example, Barzandeh et al. (2018) showed that the sea
level anomaly responds to wind-driven coastal upwell-
ing, as a regional phenomenon. The Ekman transport
can be calculated in terms of wind stress, T, sea water
density, p, =1025 kg m3, a dimensionless drag coeffi-
cient, C;=1.4x1073, and air density, p,=1.22 kg m3, with
the following formula:

T

y
L =5 Eq.(7)
Pwf
Q===
y = Eq.(8)
pwf
where, wind stress components are:
Ty = pacd( W;g + W_‘E)Wx Eq.(9)
and
Ty = pacd( ng + WJZ,)W}, Eq.(9)

f is the Coriolis parameter defined as twice the vertical
component of the Earth’s angular velocity, Q, about the
local vertical given by f=2Qsin(6) at latitude 6. Finally,
the x subscript co rresponds to the zonal component
and the y subscript to the meridional one. EOF analysis
was used to study for spatial and temporal linked vari-
ability by analyzing mean sea level and Ekman transport.
This method partitioned the temporal variance of the
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Figure 9. Coherence between mean sea level and wind of
the Oman Sea for Chabahar station (Frequency, cycles/
month)

highly correlated data into a small number of orthogonal
spatial patterns called eigenvectors and corresponding
orthogonal time coefficients. These Eigen functions have
a series of coefficients in time that modulate them are
ranked in decreasing order according to the percent of
the variance. In general, each mode has an associated
variance, non-dimensional spatial pattern, and dimen-
sional time series. The set of orthogonal functions are
derived from the data itself. The first eigenvector is vir-
tually the same as an overall average pattern of Ekman
transport in this case. The Ekman transport input data
steps on n grid points.

The initial EOF analysis was performed on the Ek-
man transport. The results of the analysis demonstrated
that over 48.90% of the mean square of the data was con-
tained in the first function and that 87.16% of the mean
square was captured by the first four modes of east-west
component. Also, it demonstrated that over 48.20% of
the mean square of the data was contained in the first
mode and that 94.70% of the mean square the data was
captured by the first fourth of the north-south compo-
nent of the Ekman transport.

The correlation coefficients (r) of sea level with Ek-
man transport were found for both stations. Significant
correlation coefficients, r=-0.70 (p-value=0.00) for Cha-
bahar, and r=-0.40 (p-value =0.00) for Jask. The North
Atlantic Oscillation (NAO) was recognized as the fore-
most mode of variability in the North Atlantic region
with major impacts in Europe and further afield (Hur-
rell, 1995; Cullen and deMenocal, 2000) especially in the
winter. Sea level in Black Sea was significantly correlated
with winter NAO only in spring (Tsimplis et al., 2004),
but sea level in the Persian Gulf was not correlated with
the winter NAO index (Hassanzadeh et al., 1995). The
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Figure 10. Comparison of fitted linear regression and
ARIMA models with the observation

contributions of linear change and the NAO to sea-level
variability in the northern coast of the Oman Sea were
investigated in this study.

The monthly NAO indices of each year was used,
which are represented by the sea-level difference be-
tween Azores atmospheric pressure High and Icelandic
Low. The correlation coefficients (r) between monthly
NAO and monthly sea-level data for Chabahar was r
=-0.05 and for Jask it was r =-0.07. The p-values for all
coefficients were less than 0.05, thus both stations had a
weak negative correlation with the NAO.

Correlation coefficients between time series of Indi-
an summer monsoon index and sea-level was calculated.
The correlations coefficients, r =0.26 p = 0.12, for Cha-
bahar and r =-0.07 p = 0.73, for Jask were obtained. Thus
the sea-level at these tide gauges was little affected by
Indian Ocean Monsoon. The sea level change appears
to response to the Ekman transport which would be ex-
pected from the wind stress regimes. Sea level response
to NAO and Monsoon was negligible compared with
the response to regional forcings. EOF analyses was per-
formed to find relations between the sea level and the
Ekman transport. In the following, the Ekman transport
variability is discussed in terms of the four time series of
the leading PC mode.



Conclusion

The correlation analysis showed that the response of the
Oman Sea mean level was deviated from inverse barom-
eter. The coherence analysis revealed a significant coher-
ence value between sea level and atmospheric pressure
and did not validate the non-inverse barometer effect.
Other causes of sea level variation in this region, such as
steric effects associated with non-propagating seasonal
variations or the existence of baroclinic Rossby and Kel-
vin waves in the Indian Ocean. It seemed that impor-
tance can be explained by the inverse barometer devia-
tion. The departure from inverse barometer was due to
the combination of other interrelated physical process-
es, such as air temperature, steric effect, evaporation,
wind and Ekman transport, which played an important
role in mean sea level changes and interfering with the
atmospheric pressure response. Sea level response to
NAO and Monsoon was negligible compared with the
response to regional forcings.

The linear regression model was fitted to the mean sea
level and forcing functions and ARIMA (2,0,2) models
used various lagged values to forecast mean sea level.
The accuracy of the forecasted using ARIMA is better
than linear regression models.
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