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1. Introduction

ABSTRACT

Selecting appropriate activities and their distribution in natural areas is one of
the most important issues in tourism management and planning in natural

ecosystems. Accordingly, in the present study, while identifying suitable areas
for recreational activities development that are demanded and can be
developed in the mangrove forests of Hara Protected Area (PA), these
activities were prioritized according to the capabilities of the natural areas and
the effective criteria for their development. The criteria were selected based on
previous documents and studies, as well as experts' viewpoints. These criteria
were standardized in the numerical range of 0 to 1 in a linear path and then
weighted using the ANP model. Then, for each criterion, a spatial map was
prepared in Arc GIS software, and the Topsis method was used in Topsis
Solver software to prioritize recreational activities. As the results revealed, the
zoning of recreational activities in this area includes 4 options of how to
combine the recreational activities demanded in the mangrove forests of Hara
PA. Based on the ranking of activities, the highest priority is related to option
2, and the next priorities include options 3, 1, and 4, respectively. In general,
measuring the proportionality of recreational activities in tourism destinations,
especially in PAs that have legal prohibitions and potential biological and
protective restrictions for human activities development, is essential and can
lead to proper planning and management. Considering that the mangrove
forests of Hara PA are among the valuable protected reserves of the southern
coasts of the country, prioritizing recreational activities in suitable areas and
outside the protection zones of the region can help to sustainably use the
capacity of natural resources and the appropriate distribution of recreational
activities in the area while protecting these natural habitats.

properly managed, they can also lead to harmful

Recreational and nature tourism activities are one of
the tourism sectors that has grown significantly in
recent years due to the expansion of environmental
requirements in all human activities, so it accounts for
30-40% of the global tourism volume [15, 31].
Recreational activities can be an important economic
activity, but in case of improper development and not

impacts on the environment and economy of natural
ecosystems [21, 40]. Therefore, according to the
increasing importance of nature tourism in the world,
it is necessary to provide fields for the development of
recreational activities that are appropriate to the nature
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of each activity, along with the ecological and socio-
economic requirements of the region.

Nature tourism oversees sustainable recreational
activities in  connection with  environmental
considerations in natural environments and Protected

Areas (PAs), which can help control the negative

impacts of tourists on these valuable biological
reserves [38]. In this regard, one of the most important

topics discussed in the management and planning of
tourism in natural areas is how to choose recreational

activities that can be developed and demanded by

tourists in these areas [32]. Experts in the field of
nature tourism believe that any development in the

nature tourism industry can only be achieved through

proper management and planning of destination
recreational activities, as well as people's cooperation
in the field of sustainable nature tourism protection
and development in these susceptible areas [37].
Therefore, the zones and areas that can develop nature
tourism are selected [27]. In the following,
recreational activities that are suitable and can be
established in the selected areas are placed and
designed, and finally, a sustainable management
program is  presented considering  training,
participation and monitoring of recreational activities
[8]. In general, the zoning and prioritization of
selected recreational activities that are appropriate to
nature is one of the most important goals of
management and planning for the development of

sustainable nature tourism in natural ecosystems and
pristine PAs.

The increasing demand for the development of
recreational activities requires management measures

to adapt these activities to nature and protect
biodiversity while reducing the negative impacts of

tourism on natural areas [4, 34]. Considering the
importance of this issue in preserving and exploiting
natural areas, some studies conducted in this direction

were investigated. Franceschinis et al. (2022), studied

the factors that determine the choice of recreational
activities in PAs. The findings showed that each

recreational activity has different impacts and
capabilities on natural heritage to generate income,

protect nature, and increase the quality of local
communities' life, so the selection of activities should

be made according to the location characteristics of
the park. DaRugna et al. (2022), studied the

heterogeneity of recreational activities in a park and
protected area. Their results showed that the lack of

coordination of recreational activities in PAs can have

significant negative consequences for natural areas. Xi
& Ma (2021), assessed tourism resources and

countermeasures based on network connections and
the TOPSIS model. The results demonstrate that the

relative importance of proportionality measurement of
tourism resources and its evaluation is very important,

and evaluation and countermeasures of these

resources based on network communication and
TOPSIS model can be effective. In another study,

Mahmoudi et al. (2018) planned the development of
nature tourism in the "Anshan" tourist area in

Khuzestan province. The obtained results showed that
this area has a moderate capacity for recreational

planning and placement of recreational activities in
nature and rural tourism.

According to the studies, most of the studies have
focused on the evaluation of the ecological potential

and the location of recreational areas in natural
ecosystems, and less attention has been paid to the

zoning and prioritization of recreational activities in
accordance with natural areas, especially in PAs and

coastal ecosystems that have sensitivity and highly
fragile against environmental changes. Accordingly,

in the present study, recreational activities were zoned
and prioritized in Hara PA with the aim of sustainable

nature development tourism in this area.

Mangrove forests of Hara PA, as a land-sea ecosystem
on the coasts of the country, have many attractions

and landscapes for the development of nature tourism.
Since this area is known as one of the areas under the

protection of the environmental organization, it has
biological  sensitivities and high  protection

prohibitions for the development of tourism and
recreational activities. Therefore, the development of

nature tourism in these natural habitats should be done

within the framework of the principles of
sustainability and considering the biological capacities

of the area. Based on this, in the present study, by
identifying suitable zones for the development of

recreational activities in Hara PA, each of these
activities is prioritized according to the capabilities of

the natural areas and effective criteria for their
development. In this regard, the main research

questions are: 1) What are the suitable zones for the

implementation of recreational activities that are
demanded and can be developed in the mangrove

forests of Hara PA? 2) Which recreational activities
have a higher priority for the development of nature

tourism in this area?
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2. Study Area

Hara PA with an area equal to 86258 ha in
Hormozgan province and in the position of
north latitude 26° 43' 47" to 27° 01' 02" and east
longitude 55° 23' 46" to 55° 54' 01" (Figure.
1). Mangrove forests in this area, based on the habitat,
include 3 delta types (Kal and Mehran river deltas),
coastal (Qeshm island coast) and island types [34].
The predominant plant species in the tree area is
Avicennia marina, and in terms of its animal species,
we can mention 6 families and 16 species of terrestrial
and aquatic mammals, as well as 111 species of birds
from 33 families [17]. This area is known as one of
the most demanding places for coastal nature tourism
due to its many tourist attractions and high potential
for the development of recreational activities.

, 9

B

B Hormaorgan Proviace/

Figure. 1. Location of the studied area; a) Iran, b) Hormozgan
province, c) Hara PA

3. Materials and methods

3.1. Methodology

To identify recreational activities that can be
developed in Hara PA based on the
expert's viewpoints and available documents [9, 25,
30], a list of recreational activities was prepared
(Table 1). Then, 43

were identified and given to tourists in the form of a

recreational  activities
questionnaire to determine their chosen activities and
prioritize them in the numerical range of 1 to 10.
According to Cochran’s relationship, the sample size
with the unknown population and with a confidence
factor of 90%, according to Eqg. 1 (Krebs, 1999), was
determined to be equal to 96, and in this regard, by
randomly distributing 100 questionnaires among the

tourists, a survey was conducted and their demand

was identified about the recreational activities
available in this area.
2
Y4
n=2M (1)
d
In the above equation, n: the number of required

questionnaires, d: error rate (0.1), Z-statistic: 1.96, and
p, g = 0.5. In the next step, the required activities were
screened and selected according to Eq. 2. In this
regard, Zi: weighted score of the activity, yi: the
priority coefficient, xi: priority score, n;: frequency of
selecting the priority, and N: frequency of the
requested activities. The basic selection of activities in
this study is based on more than 10% of the total
priorities, which have the most demand among
recreational activities with an average of more than
100 (priorities 1 to 3). It should be mentioned that the
final score of the activities is also standardized and

reviewed according to the highest sum of the priority

coefficients.
Z = Zyi n xN
2)

_ X
Yi —in

Table 1. List of recreational activities suitable for development

in the studied area
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Recreational activities

1) Pedal Boat
(PEB)

2) Fan Boat (FBT)
3) Flyfish Rides
(FFR)

4) Rafting (RAF)
5) Wind Surfing
(WSU)

6) Skim Boarding

(SKB)

7) Zorbing (ZOR)

8) Zipline (ZIP)

9) Atv's on the
Beach (ATB)

10) Beach Football
(BFB)

11) Watching
Marine Wildlife
(WMW)

12) Walking in the
Forest (WAF)

13)

Visiting Villages
near the Forest
(VVF)

14) Traditional
Fishing (TFI)

15) Floating
Gazebo (FGA)

16) Stand-Up
Paddleboard
(SUP)

17) Hovercraft
(HOC)

18) Banana

Boat Rides (BBR)
19) Body Glove
Sea Shuttle)
(BGS)

20) Jet Skis (JSK)

21) Foil Surfing
(FSU)

22) Parasailing
(PAS)

23) Visiting the
Forest with a
Balloon (VFB)
24) Segway
(SEG)

25)

Beach Volleyball
(BVB)

26) Beach
Paintball (BPT)

27) Watching
Muddy Islands
and Forest
(WMF)

28) Picnic
in Mangrove Fore
st (PMF)

29) Photography
in Mangrove
Forest (PHM)

30) Jet Boating (JEB)

31) Sailing Ships
(SSH)

32) Water Tricycle
(WTR)

33) Kayak Ride (KYR)

34) Kart Ride (KAR)

35) Kite Surfing (Kite
Boarding)
(KIS)

36) Motor Kite (MOK)

37) Glider Ride (GLR)

38) Bike Riding (BKR)

39) Camel Riding
on the Beach (CRB)

40) Bungee Jumping
(BJU)

41) Watching Sports
Competitions
(WSC)

42) Camping
in Mangrove Forest
(CMF)

43) Sunbathing on the
Beach (SUB)

nature of these activities. Therefore, according to
relevant study records (Jahani et al. (2011); Akhondi
(2014); Masnavi et al. (2013); Babazadeh (2014);
Golchin et al. (2013); Mirkarimi et al. (2014);
Shamshiri (2015); Sobhani (2022); Lotfikhah et al.
(2017); Sharifian (2018); Mirzaei (2021); Markova et
al. (2013); Danehkar et al. (2016); Asur et al. (2020);
Misthos et al. (2019); Jahani (2019)), 13 indicators
were used to estimate the spatial proportionality of
recreational activities, including coastal slope,
maximum elevation above sea level, beach material,
wind intensity, precipitation intensity, speed of the
water flow, maximum wave height, maximum water
depth, best time for recreational activities (Tourism
Climate Index), viewing angle, direction of view,
maximum  viewing distance, and landscape
composition. Likewise, in the present study, the
zoning of recreational activity demanded and
developable in Hara PA was examined. Moreover, the
spatial compatibility map of each of these activities
was prepared based on the linear relationship of the
combined spatial indicators. The codes related to the
keywords of spatial indicators are also presented in
Table 2.

Table 2. Spatial indicators codes (keywords) examined in

recreational activities

After examining the results of questioning to examine

recreational activities, a series of spatial indicators

were presented according to the land and coastal-sea

Row Spatial index Code
1 Beach Material BM
2 Coastal Slope cs
3 Direction of View DV
4 Elevation (above sea level) EL
5 Landscape Composition LC
6 Precipitation Intensity Pl
7 Viewing Angle VA
8 View Distance VD
9 Water Depth WD
10 Speed of the Water Flow WE
11 Wave Height WH
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12 Wind strength WS

3.1.1. Prioritizing recreational activities

After zoning recreational activities, weighting and
prioritization of these activities were conducted
according to the series of selected criteria based on the
viewpoints of 35 experts (Table 3) and similar studies
and documents (Danehkar et al., 2019; Mirzaei, 2021,
Lotfikhah et al., 2018). Likewise, in the process of
identifying criteria, the environmental conditions of
the studied area and other factors that can affect
recreational activities development in this area were
considered (Table 4).

Table 3. Characteristics of experts

in ArcGIS software. In Eqg. 3 and 4; X}V'a“ —X;V”n : the
maximum and minimum value range of the desired
indicators, X:-v'ax : the maximum value assigned for

. . Mi - )
the jth attribute, X; " the minimum value assigned

j
for the jth attribute and Xij: the assigned value for the
jth attribute and option i.

. ©)
Min
ij XMax . Xl_\/Iin
J J
Max
Xij = )l(\/ljax ):/iljin (4)
X =X

J J

In addition, in the present study, the Topsis method
was used in the Topsis Solver software to prioritize
recreational activities, and the steps of this method are
as follows (Chakraborty, 2022).

Expertise Number
s Step 1
Management and planning of coastal areas 10 . . _ __
| and wetland envi Create an evaluation matrix consisting of "m
coastal and wetland environment . e e . . .
( ) alternatives and "n" criteria, with the intersection of
Environmental management and plannin 7 . . .
g P g each alternative and criteria given as X;;, hens, a
Evaluation and land use planning
Environmental science and engineering 4 matrix (Xij) .
mxn
Management and planning of forest ecosystems 8 Step 2

(environmental assessment and planning)

Table 4. Criteria examined in the zoning of recreational

The matrix (Xij )mxn is then normalized to form the

matrix
activities ) o
Criteria Classes Criteria Classes R= (rii )mxn ,using the normalisation method
Existi -1 R -1 X;; , ,
xisting sea 0-1000 oad access 0-100 rij _ ij i=12..m, J=12,...,n
infrastructure and 1000-2000  network (m) 100-200 Zm X2
\/ 17K
ports (m) <2000 <200 K=t
Distance from 0-1000 Distance from 0-1000 Step 3 ) ) o )
protective patches (m)  1000-2000  the city (m) 1000-2000 Calculate the weighted normalized decision matrix
tinw,i=12,...m, j=12..,n
<2000 <2000 \where w | = so that
Resident population >1000 Location of 0-1000
(people) 1000-4000  settlements (m) 1000-2000
<4000 <2000 Zwi =1land w; is the original weight given to the

In the following, the investigated criteria for
prioritizing recreation areas in the numerical range of
0 to 1 were standardized according to the linear
method according to Eq. 3 and 4. Then weight was
assigned to each of the criteria using the ANP model.
Finally, a spatial map was prepared for each criterion

i=1
indicator v;, .j=12,..,n

Step 4
Determine the worst alternative (AW) and the best

alternative (A, ):
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AW={<max(tij i:L2,...,m)jeJ—>,<min(tij i—12

Ab:{<max(tij 1 =1.2,..,m)j e 3-),(min(t, | i =1.2,...m)j e J+)

Where,

J={j=12,..,n,j} associated with the criteria
having a positive impact, and

J-= {j =12,...,n, j} associated with the criteria
having a negative impact.

Step 5

Calculate the L? - distance between the target
alternative i and the worst condition A,

d,, = /Z(tij ~t,) i=12...m
j=1
and the distance between the alternative i and the best

condition A,

i(tu ~t,) i =12.,m

=1

dy,

Where d., and d., are L*norm distances from the

target alternative i to the worst and best conditions,
respectively.

Step 6

Calculate the similarity to the worst condition:

v d%iw +diy )

S, =1 if and only if the alternative solution has the

,0<s <1i=12,...m

w —

S

best condition; and
S, =0 if and only if the alternative solution has the
worst condition.

Step 7

iy~ v

Rank the e{?t-:'_rntatvi”vés_aazgrdlng tos, (i=12,..,m)

={t;,j=12,..,n|

4. Results and Discussion

4.1. Identify recreational activities suitable for
development in the area

The results showed that from 43 recreational activities
in this area, 27 activities were selected (Table 5). In
the next step, the screening and selection of demanded
activities was done according to Eq 2. As the results
demonstrate, 12 recreational activities with an average
of more than 100 and based on the frequency of the
first 3 selections (priority 1 to 3) had the most demand
among tourists. In addition, the results show that
among these activities, the highest standardized score
is related to "visiting the forest with a balloon™ (with a
score of 69.55) and the lowest score is related to the
activity "sunbathing on the beach™ (with a score of
7.90). Likewise, the highest frequency in the first
priority is allocated "walking in the forest" and
"visiting villages near the forest” (n=16), in the second
priority "visiting the forest with a balloon" (n=28),
and finally, in the third priority, the highest frequency
was assigned to "watching marine wildlife" (n=17). In
this regard, the studies of Mirzaei (2021) and
Sharifian (2018) showed that development of the
tourism industry in any destination with different
geographical and climatic conditions, requires the
identification and selection of the most appropriate
recreational activities that can be developed in the
area.

Table 5. List of recreational activities identified in the area

Row Recreational activities xi 3 2 1 > Standardization Weighted  Standardized
_ score score
yi 05 033 017
1 . . .
Visiting the Forest with n 2 28 9 39 0.9 906.29 69.55
a Balloon Xi.n 6 56 9 71
zi 1 924 153 1177
n 15 8 17 40 1 729.68 56
2 Watching Marine Wildlife Xi.n 45 16 17 78
zi 57 264 289 13.03
n 16 7 0 23 0.79 597.98 45.89
3 Walking in the Forest xin 48 14 0 62
zi 8 2.31 0 10.31
4 Visiting ViIIages near the n 16 3 0 19 0.69 431.52 33.12
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Forest

Jet Boating

Traditional Fishing

Watching Muddy Islands and
Forest

Camping
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Xi.n 0 0 9 9
zi 0 0 153 153
19 Water Tricycle n 0 0 5 5 0.07 24.65 1.89
xi.n 0 0 5 5
Zi 0 0 08 085
20 Camel Riding on the Beach n 0 1 5 6 0.09 14.16 1.09
Xi.n 0 2 5 7
Zi 0 033 08 118
21 Rafting n 3 0 0 3 0.12 12 0.92
xin 9 0 0 9
zZi 150 0 0 1.50
22 Bungee Jumping n 1 0 0 1 0.04 9.5 0.73
xi.n 3 0 0 3
zZi 050 0 0 0.50
23 Segway n 0 0 5 5 0.07 9.35 0.72
Xi.n 0 0 5 5
zi 0 0 08 085
24 Fan Boat n 0 4 0 4 0.10 7.92 0.61
Xi.n 0 8 0 8
zi 0 132 0 1.32
25 Kart Ride n 0 0 3 3 0.04 5.61 043
Xi.n 0 0 3 3
Zi 0 0 051 051
26 Pedal Boat n 0 0 3 3 0.04 2.04 0.16
Xi.n 0 0 3 3
Zi 0 0 051 051
27 Beach Paintball n 0 0 2 2 0.03 1.7 0.13
Xi.n 0 0 2 2
Zi 0 0 034 034
4.2. Investigating recreational activities investigated according to the spatial indicators in
according to location indicators Table 6. In this way, every recreational activity was
After identifying and determining the recreational examined and analyzed in a range of defined index
activities demanded in the area, these activities were values.

Table 6. Spatial indicators of proportionality of recreational activities demanded
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Visiting Various <300? - Very good - No 16< - - 5<
the Forest with to heavy
a Balloon (VFB excellent rain
)
Watching Various 1500< SEast to 110- 2January- - No - - - -
Marine Wildlife South 180 February heavy
(WMW) rain
Walking in the Uniform - - Very good - No 30< - - 5<
Forest (WAF) to heavy
excellent rain
Visiting Villages Uniform 500< “Northeast to 45- Very good - No - - 20< -
near the Forest South 180 to heavy
(VVF) excellent rain
Jet Boating - - East to South 110- Very good 1< No 30< Sandy - 5<
(JEB) 180 to heavy
excellent rain
Traditional - - - Very good 1< No - - -
Fishing (TFI) to heavy
excellent rain
Watching Various 500< East to South 110- Very good - No - - - -
Muddy Islands 180 to heavy
and Forest excellent rain
(WMF)
Camping - - - Very good - No - Non- - -
in Mangrove Fo to heavy muddy
rest (CMF) excellent rain
Atv's on the - - - Very good - No 30< Sandy - 5<
Beach (ATB) to heavy
excellent rain
Bike Riding - - - Very good - No 30< Sandy - 5<
(BKR) to heavy
excellent rain
Photography Various 500< ®Northeast to 45- Very good - No - - - -
in Mangrove For West 270 to heavy
est (PHM) excellent rain
Sunbathing on - - - Very good - No - Sandy - -
the Beach to heavy
(SUB) excellent rain

! Vertical view based on the height above the sea level in the area
2 As the weather cools down and birds migrate to this area
% Based on the existing birdwatching site in the area

“ Based on the high concentration of historical and traditional villages in the northeastern and southern regions of the area

® Based on the distribution of mangrove habitats in the area
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4.3. Recreational activities zoning

4.3.1. Suitable zones for visiting the forest with a balloon
Visiting the forest with a balloon is an activity that
can be done in conditions with a beach slope of less
than 5%, wind less than 16 km/h, no heavy rain,
tourist climate (during the months of December,
January, February, March and April) in very good and
excellent conditions, vertical viewing distance less
than 300 m and various landscape combinations are
applicable. The linear model of this activity zoning is
as follows and in Figure. 2, suitable zones for the
implementation of this activity can be seen.
VFB=CS1+WS2+LC1

4.3.2. Suitable zones for watching marine wildlife
Watching sea animals and birds in this area, in the
condition of no heavy rain, in the winter season and
during the months of January and February
(coinciding with the migration of birds to the area),
the viewing angle 45 to 180 degrees, in the east to
south direction, in the maximum visibility distance up
to 1500 m,
combinations for this activity is significant (Figure.
3).

WMW= (VAL, VA2, VA3, VA4) + (VD1, VD2, VD3) +
LC1

4.3.3 Suitable zones for walking in the forest

and with various landscape

Suitable conditions for the implementation of this
activity include beach slope less than 5%, wind
intensity less than 30 km/h, no heavy rain, tourism
climate in very good to excellent conditions and
various landscape combinations. Suitable areas for
this activity are according to Figure. 4.

WAF=CS1 + (WS1, WS2) + LC2
4.3.4. Suitable zones for visiting villages near the

forest
Visiting villages near the mangrove forests at a
maximum height of less than 20 meters, no heavy

rain, tourism climate in very good to excellent

10

conditions, viewing angle 45 to 180 degrees (northeast
to south viewing direction), distance visibility less
than 500 m, and this activity is possible with the
combination of a uniform landscape. Figure. 5 also
shows the zoning map for the implementation of this
recreational activity.

VVF= (EL1, EL2, EL3) + (VAL, VA2, VA3, VA4)
/D1, LC2

4.3.5. Suitable zones for traveling by Jet boating

To perform this recreational activity (Figure. 6), the
slope of the beach must be less than 5% and sandy.
Likewise, other requirements for using this activity
include wind speed less than 30 km/h, no heavy rain,
water flow speed less than 1 m/s, maximum wave
height of 1 m, and maximum water depth of 5 m. The
appropriate time for this activity is in the conditions of
very good to excellent tourism climate and in the
viewing angle of 110 to 180 degrees (east to south
view direction).

JEB= CS1+BM1+(WS1, WS2) +WF1+(WH1, WH2)
+(WD1, WD2, WD3) +(VA3, VA4)

4.3.6. Suitable zones for traditional fishing (hook
fishing)

It is possible to perform this recreational activity in
the condition of no heavy rain, the water flow speed is
less than 1 m/s, the maximum wave height is 1 m, and
the maximum water depth is 5 m. Furthermore, the
favorable indicator of tourism climate for
traditional fishing is very good to excellent. Figure. 7
also shows the zoning map for the implementation of
this recreational activity.

TFI= WF1+(WH1, WH2) +(WD1, WD2, WD3)

4.3.7. for

watching muddy islands and forest

Suitable zones
Viewing muddy islands and mangrove forests should
be done in conditions such as no heavy rain,
maximum wave height of 1 m, tourism climate in very

good to excellent conditions, viewing angle 110 to
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180 degrees (east to south viewing direction),
maximum viewing distance less than 500 m, and
various landscape combinations for this activity is
significant (Figure. 8).

WMF= (WH1, WH2) + (VA3, VA4) + VD1 + LC1
4.3.8. Suitable zones for camping in the mangrove
forest

In terms of weather, camping in the mangrove forest
is possible in the no heavy rain. Likewise, the
beach material should be non-muddy type and the
tourism climate should be in very good to excellent
condition. It should be noted that due to the proximity
to habitats, water areas, and the effects of tourists, as
well as any possible danger, suitable zones for
camping are considered at a distance of 100 m from
the mentioned items (Figure. 9).

CMF=BM3

4.3.9. Suitable zones for traveling with an Atv's on
the beach

It is possible to travel with an Atv's on the beach with
a maximum slope of less than 5% and sandy material.
Other requirements for doing this activity include
wind intensity of less than 30 km/h, no heavy rain,
and very good to excellent tourism climate (Figure.
10).

Figurei 2. Suitable zones for visiting
the forest with a balloon

Figure“." 3. Suitable zones for watching
marine wildlife

ATB= CS1 +BM1 + (WS1 + WS2)

4.3.10. Suitable zones for bike riding on the beach
Bike riding on the beach is applicable with a
maximum slope of less than 5%, sandy beach
material, wind intensity less than 30 km/h, no heavy
rain, and very good to excellent tourism climate
(Figure. 11).

BKR= CS1 +BM1 + (WS1+WS2)

4.3.11. Suitable zones for photography in the
mangrove forest

The necessary conditions for photography in the
mangrove forest include no heavy rain, a very good to
excellent tourism climate, a viewing angle of 45 to
270 degrees (northwest to west viewing direction), a
viewing distance of less than 500 m, and various
landscape combinations (Figure. 12).

PHM= (VA2, VA3, VA4, VA5, VA6) + VD1 + LC1

4.3.12. Suitable zones for sunbathing on the beach
The conditions for the implementation of this activity
include the sandy beach, no heavy rain, and the
tourism climate is very good to excellent. Figure. 13
also shows the map of suitable and feasible zones for
this recreational activity.

SUB=BM1

Figure. 4. Suitable zones for walking
in the forest
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Figure. 8. Suitable zones for watching
muddy islands and forest

Figure. 11 Suitable zones for bike riding

Figure. 9. Suitable zones for camping
in mangrove forest

Fidure. 12 Suitable zones for photography in

Figurﬂé. 10. Suitable zones for Atv's
on the beach

Figure. 13. Suitable zones for sunbathing on the

mangrove forest beach

4.4. Zoning of recreational activities

After identifying the suitable zones for recreational
activities development demanded in the area, the final
map of the suitable recreational zones was compiled
and prepared. Since the studied area is also known as
a PA, the final map of the integration of recreational
activities in this area was prepared by considering the
position of the protection zones (1 and 2), and as a
result, recreational activities corresponding to the
protection spots were removed from the map (Figure.
14). This map includes 4 options for the state of
dispersion of integrated recreational activities, which
include the following according to Table 7:

* Option 1 includes zones with three recreational
activities,

* Option 2 includes zones with four recreational
activities,

e Option 3 includes zones with five recreational
activities,

* Option 4 includes zones with seven recreational
activities.

In this regard, the results of other studies such as
Latfikhah (2018), Mirzaei (2021), and Danehkar
(2019), which focused on the zoning of tourism
activities in the southern regions of the country,
indicate the similarity of geographical conditions and
location, as well as the most effective
spatial indicators in measuring the proportionality of
recreational activities in this area.

Table 7. Combined recreational activities in the studied area

Option  Recreational activities

1 Walking in the forest, watching marine wildlife, visiting the forest with a balloon

2 Visiting villages near the forest, walking in the forest, watching marine wildlife, visiting

the forest with a balloon

3 Photography in mangrove forest, traditional fishing, Jet boating, watching marine

wildlife, visiting the forest with a balloon
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4 Sunbathing on the beach, Atv's on the beach, camping in mangrove forest, watching
muddy islands and forest, walking in the forest, watching marine wildlife, visiting the

forest with a balloon

" n@>2

z
Studied area [ =
Optionl z
Option2 &
Option3
Optiond

Figure. 14. Map of the combi

E S5

nation of recreational activities in the studied area

(including protection zones 1 and 2)

45 Weighing recreational

activities

and prioritizing

To prioritize demanded recreational activities in Hara
PA, these activities were weighted and prioritized
based on the suggested and selected criteria as
follows. For this purpose, firstly, the standardization
of the criteria was conducted (Table 8). As the results
revealed, among the criteria, the access road network,
distance from the city, the location of settlements,
marine infrastructure and existing ports have a
decreasing linear relationship, which means that by
reducing these criteria, the distribution value and
in the area

prioritization of recreational zones

increase. On the other hand, distance measures from

protective patches and resident population have an
increasing linear relationship. Thus, increasing the
distance from protective patches (protection and safe
zones of the area), as well as increasing the number of
people living in the region, leads to an increase in the
importance of recreational activities in these areas.
Yaqubzadeh et al. (2020), also investigated the role of
docks around mangrove habitats in Khamir port and
Khor Azini. Their showed that the

existing docks and structures in these areas have

results

increased widely in recent years, which have a
great role and effects on the mangrove habitats in this

area.

Table 8. Standardization classes of the studied criteria

Function Standardized

. Standardized
Function

Criteria Classes - Criteria Classes value of
type value of criteria type .
criteria
Road access 0-100 Linear ! _E;(lst;ng tsea 0-1000 Linear !
network (m) 100200 reduction 05 INMASTUCIUTE 1000-2000  reduction 05
<200 0 andports (M) 5009 0
0-1000 1 Distance from 0-1000 0
Distance from  1000-2000 Linear 0.5 protective 1000-2000 Linear 0.5
i i patches (m) i
the city (m) 22000 reduction 0 22000 increase 1
Location of 0-1000 Linear 1 Resident >1000 Linear 0
settlements 1000-2000  reduction 0.5 population 1000-4000 increase 0.5
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(m)

<2000 0

(people)

<4000

Following, the criteria were weighted using the ANP

model and based

According to the obtained results, the highest weight

is assigned to the criterion of marine infrastructure

on experts' viewpoints (Table 9).

Table 9. The weighting coefficient of the studied criteria

Criteria

Criterion weight

and existing ports (0.215), and the lowest weight is

related to the criterion of distance from the city

(0.104). Figure. 15 to 20 also show the spatial maps of

studied criteria.

26°510°N

26°4130°N

26°55'0°N

26°4330"N

Road access network
Distance from the city
Location of settlements
Existing sea infrastructure and ports
Distance from protective patches

Resident population

0.168
0.104
0.115
0.215
0.187
0.152

$5°250"F 55°3730"F 55°5000°F

Figure. 17. Location map of the settlements
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Figure. 18. Distribution map of existing sea infrastructure and ports
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55°250°F 55°3730° 55°500°

26°55'0°N

Distance from

protective
patches (m)

26°43'30°N

01000
10002000
2000<

55°25'0"E 55°37'30"F 55°500"F

Figure.19. Map of the distance from protective patches

In this study, the Topsis method was used in the
Topsis Solver software to prioritize recreational
activities (Tables 10 to 15). Based on the results
obtained from the ranking of recreational activities,
the highest priority is related to option 2, and the next
priorities include options 3, 1, and 4, respectively
(Table 16). In this regard, Mirzaei (2021), discussed
the zoning and integration of tourism activities in
the coastal cities of Hormozgan province. The results
showed that Bandar Abbas city has the highest

55°250°F 55°37'30"F 55°50'0°

Rilgliri @

6°55'0"N
\\

\\
5 @
\»«//
1

______

6°43'30"N
\
.
1§
\
D),
{

26°43'30"N
26°43'30°N

55°250°F §5°3730°F $5°50'0°F

Figure. 20. Map of the population living in the area
priority (in terms of favorable zones) for the

development of recreational activities in this area. In
another study, Sorkhaei et al. (2022), investigated the
effective criteria in the development of sports and
tourism activities in the coastal areas of Hormozgan.
They stated that prioritizing the development of sports
activities in this area requires the examination
of

facilities, public relations and advertising, social-

economic-marketing  criteria,  infrastructure

cultural, political-security, and management factors.

Table 10. Creating a decision matrix

. . - Di
Road Distance Location Existing sea Istance .
. . from Resident
Option access from of infrastructure rotective  population
network thecity settlements and ports P pop
patches
1 1 2 3 5 4 2
2 2 1 4 5 5 3
3 1 2 3 4 5 4
4 4 1 3 5 2 4
Criterion
- - - - + +
type
crierion 5 168 0.104 0.115 0.215 0.187 0.152
weight
Table 11. Matrix normalization
. . Di
Road Distance . Existing sea Istance .
. Location of . from Resident
Option access from the infrastructure . .
. settlements protective population
network city and ports
patches
1 0.21 0.63 0.45 0.52 0.47 0.29
2 0.42 0.31 0.61 0.52 0.59 0.44
3 0.21 0.63 0.45 0.41 0.59 0.59
4 0.85 0.31 0.45 0.52 0.23 0.59
Table 12. Determination of positive and negative ideal solution
. _— Distance
. Road Distance Location of . Existing sea from Resident
Option access from the infrastructure - .
. settlements protective population
network city and ports patches

15
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+ 0.035
- 0.14

0.032
0.065

0.051
0.07

0.088
0.111

0.110
0.043

0.089
0.044

Table 13. Determining the distance from the positive and negative ideal solution

Distance size

+

1

2
3
4

0.070

0.031

0.044
0.09

0.11
0.10
0.13
0.05

Table 14. Proximity to the positive and negative ideal solution and the ranking of the options

Option Proximity factor Rank
1 1.68 3
2 3.32 1
3 3.08 2
4 0.60 4

Table 15. Prioritization of recreational activities in the studied area

Priority  Options (combined recreational activities)
1 Visiting villages near the forest, walking in the forest, watching marine wildlife, visiting the forest with a
balloon
2 Photography in mangrove forest, traditional fishing, Jet boating, watching marine wildlife, visiting the forest
with a balloon
3 Walking in the forest, watching marine wildlife, visiting the forest with a balloon
4 Sunbathing on the beach, Atv's on the beach, camping in mangrove forest, watching muddy islands and

forest, walking in the forest, watching marine wildlife, visiting the forest with a balloon

55°25'0°E

55°3730"E

55°50°0"E

26°SS'0°N

26°43'30"N

26°55'0"N

Pricrity 3 W
Priority 4

55°25'0"E

55°3730"E

55°50'0"E

Figure. 21. Map of prioritizing recreational activities in the area

5. Conclusion

Selecting appropriate activities and their distribution
in natural areas is one of the most important issues in
tourism management and planning in natural
ecosystems. Accordingly, the present study identified
suitable zones for the development of recreational

activities in Hara PA, each of these activities was
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prioritized according to the capabilities of the natural
areas and effective criteria for their development.

As the results revealed, the zoning of recreational
activities in this area includes 4 options of how to
combine the recreational activities demanded in the
mangrove forests of Hara PA. Based on the ranking

of activities, the highest priority is related to option 2,



and the next priorities include options 3, 1, and 4,

respectively. In  general, measuring  the
proportionality of recreational activities in tourism
destinations, especially in PAs that have legal
prohibitions and potential biological and protective
restrictions for human activities development (both
physical and economic activities), is essential and can
lead to proper planning and management. In fact, the
successful development of a tourist destination can
be based on effective planning and in compliance
with the principles of sustainable development, and
this goal is achieved when the development of
suitable and developable recreational activities in the
region is addressed. According to the results
obtained, one of the most important factors in the
development of sustainable nature tourism, as well as
the possibility of using the power and tourist
attractions in natural ecosystems, is the zoning and
prioritization of recreational activities according to
the environmental conditions of the region.
Considering that the mangrove forests of Hara PA are
among the valuable protected reserves of the

southern coasts of the country, prioritizing
recreational activities in suitable areas and outside
the protection zones of the region can help to
sustainably use the capacity of natural resources and
the appropriate distribution of recreational activities
in the area while protecting these natural habitats. In
addition, for a more detailed investigation, it is
suggested that the zoning of recreational activities in
other mangrove habitats in southern Iran be
investigated and analyzed with other methodologies
in future research.
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ABSTRACT

Monsoon is a very important meteorological phenomenon that affects a large
part of the Indian Ocean every year. These effects sometimes extend to the
seas and bays connected to this ocean, especially the Gulf of Oman, and have
destructive effects on the economic activities of this area. Although the effects
of monsoon on the coasts of Iran are much less than the coasts of the Arabian
Sea, but local reports indicate that the monsoon usually affects two bays
belonging to Iran, Chabahar Bay and sometimes Pazm Bay in the northeast of
the Gulf of Oman. In this research, the monsoon phenomenon in the northwest
of the Indian Ocean has been analyzed in order to investigate its effects on the
waters of the Gulf of Oman. One of the important results of this study is the
extraction of Monsoon Line. In this syudy, the monsoon line is defined as the
boundary line of the monsoon. This line, if we call it the Monsoon line,
indirectly connects Ras Al-Had to the west of Chabahar Bay and sometimes

also includes Pazm Bay.

1. Introduction

Indian Ocean monsoon is a well-known
phenomenon that strong monsoon winds periodically
affect most of the western parts of the Indian Ocean.
This phenomenon starts in late spring and continues
until almost the end of summer.

Although the effects of monsoon on the coasts of
Iran are much less than the coasts of the Arabian Sea,
but local reports indicate that the monsoon usually
affects two bays belonging to Iran (namely, Chabahar
Bay and sometimes Pazm Bay), which are located in
the northeast of the Gulf of Oman. But its effects are
rarely reported in the west of Pezem Bay. It has even
sometimes been observed that monsoon storms have
entered to the inner regions of the Gulf of Oman. For
example, in June 2007, Hurricane Gonu swept across
large parts of the Gulf of Oman and even affected
parts of the Iranian coast[1]-[3]. The Gulf of Oman is
a deep waterway that connects the Persian Gulf to the
Indian Ocean. Due to the importance of this water
basin, many studies have been done, especially in the
field of oceanography and ocean engineering in this
region[4]-[16]. This study was conducted to
determine the extent to which the effects of the Indian
monsoon typically enter the Gulf of Oman, and what
parts of the coast of Iran are affected.
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2. 2. Material and Methods

In this research, the studied area is the Northwest
Indian Ocean and the Gulf of Oman. The northwest
region of the Indian Ocean experiences the monsoon
phenomenon every year. In this study, atmospheric
data related to the study area in the months of
monsoon occurrence were extracted and analyzed. In
order to investigate the effects of monsoon winds and
the resulting waves, wind field, wave statistics and
swell have been analyzed. The ECMWEF database is
used to achieve this goal. This database is a reliable
source that has been used as a reference for many
studies[17]-[21].

3. Results

Figure (1) shows the wind field in the
northeastern Indian Ocean during the Monsoon
period. Figure (2) shows the wave field in the
northeastern Indian Ocean during the Monsoon
period. As this figure shows, a definite boundary
has been formed between the Monsoon area and
the Gulf of Oman. This line, if we call it the
Monsoon line, indirectly connects Ras Al-Had to
the west of Chabahar Bay and sometimes also
includes Pazm Bay (figure 3).
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precipitation. These data are usually
accessible from databases such as
ECMWEF or NOAA [8].

Although the effects of monsoon on the coasts of
Iran are much less than the coasts of the Arabian Sea,
but local reports indicate that the monsoon usually
affects two bays belonging to Iran (namely, Chabahar
Bay and sometimes Pazm Bay), which are located in
the northeast of the Gulf of Oman. But its effects are
rarely reported in the west of Pazm Bay. It has even
sometimes been observed that monsoon storms have
entered to the inner regions of the Gulf of Oman [9].

The Gulf of Oman, including Pazm Bay, is
influenced by the southwest monsoon winds of India
during the summer. This monsoon brings changes to
the marine environment, impacting factors such as
fisheries, plankton biodiversity, and larval fish
assemblages in bays along the Gulf of Oman. The onset
of the summer monsoon contributes to enhanced
fisheries in coastal bays like Pazm Bay. It's important
to note that studies have been conducted on the effects
of monsoons on various aspects of marine life in
different bays within the Gulf of Oman, highlighting
the significant impact of these seasonal winds on the
ecosystem [10] [11].

For example, in June 2007, Hurricane Gonu swept
across large parts of the Gulf of Oman and even
affected parts of the Iranian coast(10,16,17). The Gulf
of Oman is a deep waterway that connects the Persian
Gulf to the Indian Ocean. Due to the importance of this
water basin, many studies have been done, especially
in the field of oceanography and ocean engineering in
this region(1,2,5-9,11-15,18). This study was
conducted to determine the extent to which the effects
of the Indian monsoon typically enter the Gulf of
Oman, and what parts of the coast of Iran are affected.

2. Material and Methods

In this research, the studied area is the Northwest
Indian Ocean and the Gulf of Oman. The northwest
region of the Indian Ocean experiences the monsoon
phenomenon every year. In this study, atmospheric
data related to the study area in the months of monsoon
occurrence were extracted and analyzed. In order to
investigate the effects of monsoon winds and the
resulting waves, wind field, wave statistics and swell
have been analyzed. The ocean-atmosphere database is
used to achieve this goal. This database is a reliable
source that has been used as a reference for many
studies(3,4,19).

To analyze the impact of the Indian monsoon on the
waves in the Oman Sea, we can follow the steps below.
In the following, the necessary materials and methods
for our analysis are described in detail and a block
diagram of the work steps is presented [12] [13].
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2.1. Materials
The main materials used in this research can be
categorized as follows [14] [15]:
a) Dataset:
For atmospheric and oceanic data analysis, there are
several databases that can help you get accurate and
comprehensive information. In the following, some
valid databases are introduced:

= ECMWEF (European Medium-Term Weather
Forecast Center):

o Weather data provider including
forecasts and observations of pressure,
temperature, humidity, precipitation,
etc.

e Wave and ocean data are also available
in this database [16].

and

= NOAA (US National Oceanic

Atmospheric Administration):

e Includes atmospheric and oceanic
data, such as temperature,
precipitation, ocean currents and
hurricane statistics.

e GHCN (Global Historical
Climatology Network) database for
historical climate data [17].

= NASA (United States National Aeronautics
and Space Administration):

e Providing climate and ocean data
through projects such as MODIS
(Moderate  Resolution Imaging
Spectroradiometer) and other space
missions [18].

= Copernicus Climate Change Service (C3S):

e This database contains a set of climatic
and atmospheric data that includes
forecasts and observations [19].

= World Ocean Database (WOD):

e A global database of ocean
observations, including temperature,
salinity, oxygen and other parameters
[10] [20].

= Global
(GHCN):

Historical Climatology Network

e A collection of historical climate data
including temperature and
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precipitation from different stations
around the world [21].

= Argo Project:

e A global project that includes ocean
depth observations through automatic
floats [22].

These databases are useful sources for analyzing
atmospheric and oceanic data [23]. Depending on the
type of analysis we want to do, we can take advantage
of these resources. In this research, due to some factors
such as the amount of access to the data of the target
area and accessibility, etc [24]., from the ECMWF
dataset was used. access to the ECMWF database, in
particular:

= wave data (significant wave height, wave
period, wave direction)
= Atmospheric pressure data.

b) Software tools:

There are many tools and software for analyzing and
displaying atmospheric-oceanic data, for example,
these can be mentioned:

= Python or R for data analysis

= Libraries: NumPy, Pandas, Matplotlib for
Python; dplyr, ggplot2 for R.

= GIStools (such as QGIS) if spatial analysis
is needed

= Statistical software (such as R or SciPy in
Python) for regression analysis

= QOcean Data viewer packages such as ODV,
Ferret, etc., in order to analyze and display
atmospheric and oceanic data in terrestrial
coordinates [25].

¢) Hardware requirements:
A computer with enough processing power and
memory to manage big data.

2.2. Methods
In order to analyze the corresponding atmospheric
and oceanic data in the monsoon months, as well as to
investigate its effects in the Gulf of Oman [26], the
following steps and methods were followed:
a) data extraction:
= Extraction the relevant datasets from
ECMWEF for the study period that includes
the Indian monsoon season (June to
September).
= Ensuring that the data includes wave and
atmospheric parameters [7].

b) Data preparation:
= Dataset cleaning by managing missing
values and outliers.
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= Converting data into a usable format (such
as time series) [27].

c) Data analysis:

= Correlation analysis between monsoon low
pressures and wave characteristics in Oman
Sea.

= Using statistical methods such as regression
analysis to determine the effect of
monsoons on wave height and direction.

» Visualize data trends using graphs and
charts [28].

d) Interpretation of the results:
= [nterpreting statistical results to understand
the relationship between Indian monsoon
and wave activities in the Oman Sea.
= Discuss the findings in relation to the
existing literature on ocean wave behavior
and monsoon effects [29].

e) Documentation:
= Preparation of a report that explains the
methods, results and interpretations in
detail.
= Inclusion of visual representations of data
analysis (graphs, charts) [30].

3. Results

In this study, atmospheric data related to the study area
in the months of monsoon occurrence were extracted
and analyzed. In order to investigate the effects of
monsoon winds and the resulting waves, wind field,
wave statistics and swell have been analyzed. To detect
anomalies, we used various statistical and machine
techniques. By applying these techniques, we can
effectively detect anomalies in our datasets or systems.

Figure (1) shows the wind field in the northeastern
Indian Ocean during the Monsoon period.

Figure (2) shows the wave field in the northeastern
Indian Ocean during the Monsoon period. As this
figure shows, a definite boundary has been formed
between the Monsoon area and the Gulf of Oman. This
line, if we call it the Monsoon line, indirectly connects
Ras Al-Had to the west of Chabahar Bay and
sometimes also includes Pazm Bay (figure 3).

Figures (4) and (5) show the local wave field and
Swell field in Chabahar Bay during the Monsoon
period, respectively. The average height of the local
wave in this area is about 0.5 meters, while the height
of the swell is about 2 meters. This significant
difference shows that during the Monsoon period,
Chabahar Bay was strongly influenced by the swell
caused by the Monsoon.
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Figure 1. Wind field in the northeastern Indian Ocean during the Monsoon period.

Figure 2. Wave field in the northeastern Indian Ocean during the Monsoon
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Figure 4. Local wave field in Chabahar Bay during the Monsoon period.
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Figure 5. Swell in Chabahar Bay during the Monsoon period.

4. Conclusions

Strong monsoon winds usually affect the
western part of the Indian Ocean during the
monsoon months. It is rare for monsoon storms,
such as Gonu cyclone, to enter the Gulf of Oman.
But the study of wind and wave fields in this area
shows that the waves that are formed due to
monsoon winds and storms in the northwest of the
Indian Ocean, enter the eastern part of the Gulf of
Oman in the form of swell and affect parts of the
coast of Iran. A definite boundary has been
formed between the Monsoon area and the Gulf
of Oman. This line, if we call it the Monsoon line,
indirectly connects Ras Al-Had to the west of
Chabahar Bay and sometimes also includes Pazm
Bay.
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1. Introduction

ABSTRACT

Gorgan Bay (GB) is a semi-enclosed basin located southeast of the Caspian
Sea (CS), Iran. The bay was registered as a biosphere reserve in 1976 and had
an international focus on conservation. GB severely suffers from low water
quality and water level. A hydrodynamic model was used to determine its
general circulation, differences in temperature, water elevation, and current
speed. This investigation includes the study of current vectors' profiles and
analyzing the effects of rivers and air pressure in the circulation of this water
body. The average current speed was determined to be 0.1 m/s through the
bay. The lowest and highest temperatures were investigated and were -0.53°C
and +36.57°C, respectively. The general circulation is mostly counter-
clockwise. Water elevation and temperature inside GB always follow a
seasonal sinusoidal pattern. This paper neglects the effects of rivers on GB
hydrodynamics due to their insignificance discharge. Also, the air pressure has
a profound effect on the water level. Current vectors showed that while
current speed inside this water body has decreased in the past decade, the
temperature increased by almost 7°C.

Caspian Sea

Gorgan Bay (GB) is a shallow water body located
southeast of the CS. It is partially separated from the
sea by Miankaleh Peninsula, an elongated barrier
system. The bay currently has two connections to the
sea through two narrow channels: Chapaghli and
Ashuradeh. GB is about 60 km along the bay axis
with a maximum width of about 12 km, with an
average depth of about 1.8m [1].

As shown in Figure 1, the bay is relatively isolated
from the sea and is characterized by significantly low
wave energy [2]. The water level fluctuations of the
tide in GB are negligible [3]. Therefore, tidal impacts
on physical processes can be ignored, compared to the
effects of wind and density gradients in GB [4,5].
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Figure 1. Gorgan Bay [26]

As one of lIran's protected environments, GB is a
habitat for migratory birds and the primary habitat for
sturgeon fish. GB is the only lIranian bay on the
southern shores of the CS that was registered as a
biosphere reserve in the Ramsar Convention in 1976.
GB receives fresh water from a number of rivers and
small streams that originate in the humid northern
slopes of the Alborz Mountain range towards the
south. This bay is mostly affected by processes within
the basin. The water balance GB is affected by the
infiltration of CS water, precipitation, evaporation and
a smaller amount of freshwater from the river [9].
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Due to the severe influence of CS on the physical
properties of GB, decreasing water-level of CS has
significantly increased the time residence of the water
body, and also resulted in eutrophication. Based on
the studies, the continuation of the warming trend of
the climate governing the CS in the next century can
cause the water level of the CS to decrease by 5 m in
the next 75 years [6]. Sharbaty [7], while predicting
the impact of the long-term process of lowering the
water level of the CS on the life of GB, forecasted by
the time that the water level of CS reaches -27.6 m,
there is no connection to the CS. Population growth
around the bay and industrial and agricultural
development has also resulted in discharging
wastewater into the bay, which decreased the water
quality of this basin and raised some serious concerns
regarding the future of this sanctuary [1].

Therefore, there is international concern about GB and
the appropriate decisions to restore this water body.
One of the significant prerequisites in comprehensive
studies on water bodies is performing hydrodynamic
research. Hydrodynamic modeling is a powerful tool
for describing the flow in water basins. The
hydrodynamic modeling has become a part of
computational fluid dynamics with the development
of technology in numerical models and advanced
computing systems [8]. Among The hydrodynamic
phenomena in the GB, the wind essentially has an
essential role in creating the wave-driven currents,
sediment transport, and morphological processes in
this basin.

Other than the wind, other factors should be
considered when creating the three-dimensional
hydrodynamic model MIKE 3 FM Flow Model. This
numerical modeling system considers the effects of
bed topography, drag forces, river inflows, climatic
changes in the water level, and the fluctuation of
water discharge in open boundaries. Also, it can
determine water levels and layered currents to
successfully simulate the estuary, bay, and coastal
areas. The MIKE 3 model uses the implicit method
with variable direction to temporally and spatially
integrate the continuity and equations of motions.

This study uses the ECMWEF-ERAS5 database to force
the MIKE model with the required atmospheric data.
To analyze the characteristics of the bay, 18 points,
each in 4 layers, were examined. These points are
divided into six categories. West, middle, east, mouth,
boundary, and deepest part of the bay were studied.
The model ran three times under three different
scenarios to assess the importance of river and air
pressure on the hydrodynamics of the GB as follows:
1) the comprehensive analysis of GB under real
conditions.

2) The same as (1) but without the input of its main
eight rivers.

3) The same as (1) but without air pressure variations.

2. Materials and Methods

The largest Bay on southern shore of the CS has an
area of approximately 400 km?, an average length of
60 km, and an average width of 12 km. The GB
geographical coordinates are from 36.5 to 37 N and
from 53,4 to 54.1 E. This Bay is separated from the
CS by the Miankaleh Peninsula. Although the length
of this peninsula is about 60 km and its average width
is 2 km, these numbers change over time due to the
Caspian Sea's sea-level rapid fluctuations [11].
The bay stretches from east to west as shown in
Figure 1. A narrow and long margin of Miankaleh
separates the bay from the sea. Its maximum depth is
around 5 m in the southeast and its minimum depth is
about 1 m in the western region. GB was connected to
the sea by four canals consisting of 3 Ashuradeh
islands and the Miankaleh peninsula. However, today
there is only one canal between the Bandartorkman
and the tip of the peninsula, the small island of
Ashuradeh. The rest of the canals in the sea have dried
up, the islands of Ashuradeh are connected to the
Miankaleh Peninsula, and there is no more islands
[12].

2.1 Hydrodynamic Modeling

Mike 3 is a 3D model developed by the Danish
Hydraulic Institute (DHI). This model uses the
intercellular finite volume method to discretize the
governing equations of processes; such as continuity,
momentum, and transfer-diffusion equations. These
equations are discretized using flexible triangular
cells, as shown in Figure 2. The hydrodynamic
module of the model is based on the numerical
solution of the Navier-Stokes equations, taking into
account the Boussinesq assumptions and hydrostatic
pressure for an incompressible fluid [14].

The parameters used in the hydrodynamic relations
are presented in Table (1).
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2.2 Model Setup

This study uses the Iranian National Institute for
Oceanography field data of 5 RCM instruments to
calibrate the model. The ECMWF-ERAS database
was used to implement the MIKE model with data
along with important river inputs, bed resistance,
atmospheric radiation data, and sea level air pressure
changes. The bathymetry map is one of the most
critical inputs of hydrodynamic models because there
needs to be more precision in modeling the geometric
boundaries to simulate the desired phenomenon
correctly. The Iranian National Institute provided the
bathymetric data for simulations.

Table 1. Parameters used to present model equations

Parameter symbol Parameter Parameter Parameter
definition symbol definition
h=n+d Total water Zy.X Cartesian
depth coordinates
wW,V,U Flow n Water level
velocities in elevation
order
Z,¥,X
f = 2Qsing Coriolis D Constant
force water depth
p Water G Earth's
density gravitational
acceleration
Sxxr Sxys Syxr Syy Reflective Vi Vertical
stress vortex
tensors viscosity
P, Atmospheri Do Water
C pressure reference
density
Ug, Vg The velocity S Discharge
of water Springs
flowing
from a point
source

The measurement file was completed in the Mesh
Generator-MIKE ZERO environment. The selection
of the computing network should be done according to
the accuracy and cost of computing so that the results
are independent of the computing network. A grid
with a large size causes wrong results, and a grid with
a minimal size causes the volume of calculations to
increase tremendously. After making a series of
volumetric files and testing the accuracy of their
results, the file presented in Figure 2 was selected as
the optimal computing grid [8].
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Figure 2. The mesh file and 18 points selected for the study

Wind force has been used as a variable in space and
time as an essential factor in shaping the currents of
the Bay and gathered from the ECMWF data center to
investigate the current patterns of GB. In addition, the
inflow discharge of 8 rivers to GB (Qarasu, Baghu,
Gaz, Sar Kalaneh, Nokandeh, Golugah, Rostam Kala,
and Behshahr) has been incorporated. The boundary
conditions of water level fluctuations were enforced to
the boundary using outputs of a large-scale calibrated
FVCOM model [10].

To include the effects of solar radiation, the data of air
temperature, relative humidity, and 2m surface
temperature of GB from the data of the ECMWF-ER5
database, which have sufficient accuracy in
performing numerical modeling, have been used.
Latent heat, sensible heat, short and long wave
radiation are all numerically entered into the model
according to Valizadeh [10].

A four-layered 30 seconds time steps Mike 3 FM
model was performed to simulate a three-dimensional
pattern due to wind, bottom topography, precipitation,
evaporation, air pressure, and principal rivers leading
to GB. Three years of the simulation were performed
to investigate such effects on the hydrodynamics of
GB. Four sigma layers were employed as more layers
only increased the cost of calculations and did not
have a significant effect on the accuracy of the results.
Barotropic pressure modeling and vortex viscosity are
considered with the Smagorinsky formulations with a
constant value of 0.28. Also, bed resistance roughness
was set at 0.05 m.

2.3 Calibration, Validation, and Stability

The calibration process was performed by comparing
the Iranian Institute for Oceanography field
measurements of the measured points with the model
output. In Table (2) and Figure (3), the names and
locations of five measuring stations by the National
Institute of Oceanography are evident. From August
10, 2019, to August 25, 2019, the temperature and
current speed at these points were measured and
recorded by the National Institute of Oceanography.
Pearson's correlation coefficient was used to study
model output and field data accuracy. For a statistical
population, the correlation coefficient of the
population is defined as follows:
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Figure 3. Locations of RCMs

Table 2. Stations, position, and depth of RCMs

Installation Installation Position
Depth i

P Longitude Latitude Stations
(m)
11 54°2.355'E | 36°53.919'N | RCM9-1
15 54°2.212'E | 36°53.952’N | RCM9-2
1.8 54°1918'E | 36°54.022’N | RCM9-3
2.4 54° 1.536'E | 36°54.113'N | RCM9-4
2.5 54°1.322'E | 36°54.163'N | RCM9-5

where cov is the covariance, gy is the standard

deviation of variable X, uy is the mean of variable X,
and E is the mathematical expectation. According to
this method, model output and field data's correlation
coefficient is 0.72. Figure (4) shows the temperature
measured in the middle of the mouth at a depth of 1.8
m by the device installed at this depth in a period of 2
modeling

weeks compared with the data.
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Figure 4. Calibration of Model and in situ data

3. Results and Discussion’’>>>>>>°3.1 Temperature
As shown in Figure 2, 18 points, each in 4 layers,
were examined to analyze the Bay’s temperature.
These points are divided into six categories. 1. West,
2. Middle, 3. East, 4. Mouth, 5. Boundary, and 6. The
deepest part of the Bay was studied. Each of these
sections was studied separately and compared with
each other. For better identification, these points are

29

coded so that the first digit from the left represents the
studied profile, and the next two digits are the location
of the discussed point and the layer where the point is
studied, respectively.

As shown in Figure 5, the temperature fluctuations
were studied across the entire Bay. The temperature
inside the Bay has changed sinusoidal in all places
and all layers during different seasons. The study of
temperature changes revealed that the lowest
temperature reaches -0.05°C, and at the highest
temperature, it reaches +36.5°C. It should be noted
that with all existing similarities, the average
temperature of the entire Bay is 20.4°C, and also, due
to the heat received from the sun, the average
temperature in the surface layer experiences a higher
temperature than the average temperature in the
bottom layer of GB.

Another issue that should be mentioned is the visible
temperature difference at different points on the
surface and bottom of GB in the same period. In the
winter season, we experience a temperature difference
of more than 12°C on the surface of the western part
of the bay and the model border. This temperature
difference can also be seen with a slight decrease at
the entrance of the bay, so that in the hot season, on
average the surface and bottom of the GB in the
western part experience a lower temperature than the
eastern areas. This temperature difference, although
insignificant, can also be seen from the north to the
south of the Bay; so, as we move from the northern
coasts (Miankaleh) to the southern coasts, we will see
an increase in temperature.
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Figure 5. Temperature at different points inside GB

3.1.1 Western section of the Bay

In the western part of the bay, which is more affected
by changes in temperature and water level of GB due
to its distance from the mouth of the bay, its depth,
and also due to the topography of the region, the
temperature has similar behavior in all layers. The
research results indicate that the water temperature in
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GB is greatly influenced by the seasonal temperature
fluctuations of the bay.

The temperature on the northern coast of the western
side of GB experiences a temperature difference of
1°C on average in all seasons of the year. The average
temperature is relatively high from 11 June to 9
September in all layers, and the temperature of 35.6°C
is the highest temperature calculated in the layer near
the bottom of the bay. The lowest temperature was
measured as -0.53°C in the surface layer on the
northern shores of the western part of GB. In all
layers, as we move from the northern coasts to the
southern coasts, it gets hotter, as well as the middle of
the bay in the western part, which experiences its
lowest temperature in the bottom layer of the bay.
Also, the temperature gradually decreases from the
surface to the bottom of the Bay.

3.1.2 Middle section of the Bay

The temperature changes in the layers are noticeable
in the middle part of the Bay since the most
significant depth of the Bay is located there. GB
receives fresh water from several rivers and small
streams that originate in the humid northern slopes of
the Alborz Mountain range towards the south [18]. In
the summer season, we see the highest temperature on
the southern coasts, and in the winter season, we see
the lowest temperature. Most temperature fluctuations
occur on the southern coasts of GB. Unlike the
western part of the bay, in the deep part of the bay
(middle), the distance between the temperatures in
different layers is more different as the depth
increases. In the middle part, the temperature changes
fluctuated between 2.56 and 36.62°C; Thus, GB is
very much affected by seasonal temperature
fluctuations in the Bay. Like the western part of the
Bay, the maximum and minimum temperatures occur
in July and January, respectively. The average
temperature in this profile is 20.7°C, and it should be
kept in mind that as the winter season approaches, the
temperature will decrease as one moves from the
northern coast to the southern coast. This process of
change will be repeated in all layers.

3.1.3 Eastern section of the Bay

The eastern part of GB is the closest point to the
mouth of the Bay and the rivers that flow into it.
Various permanent and seasonal rivers flow into the
Bay from the southern and eastern parts of the Alborz
Mountain range, including the Qarasu and Gorganrod
rivers in the northeast of the Bay, with an average
discharge and annual sediment of about 0.5 million
cubic meters and 3.5 million tons are the most
important of them. GB, in January and March seasons,
experiences relatively lower temperatures in all layers
compared to the western and central part of the Bay,
but the behavior of those places, like other parts of the
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interior of the Bay, is seasonally fluctuating. Its
maximum and minimum, like in other places,
happened in July and December.

Another noteworthy point in the eastern part of the
Bay is its temperature behavior. The eastern areas
near the mouth of the Bay feel lower temperatures in
summer than the middle-eastern and the southeast part
of the Bay. Also, they are the warmest point among
profiles 1 and 2 in the winter season. By moving from
the northeast to the southeast, the minimum
temperature decreases. With a temperature of 2.4°C,
the minimum temperature in the surface layer
southeast of the Bay occurs in profile 3.

3.1.4 Mouth of the Bay

Temperature changes in the winter season are not
more significant in any place inside GB than outside
its mouth. Ashuradeh mouth - Bandar Turkman,
located in the northeast of GB (approximately 400 m
wide, 3 km long, 1.5 m average depth), where intense
water exchange with GB takes place, witnesses a
minimum temperature range of 2.56 and a maximum
of 35.96¢°c. In winter, there is a temperature difference
of more than 8-c in just over two days.

In the research conducted in the past by Ranjbar and
Hajizadeh [3], they also witnessed seasonal
temperature fluctuations in the GB and reported the
maximum and minimum temperatures in the seasons
of July and December. The temperature range of the
bay in this research was at a minimum temperature
similar to the current research, but the highest
temperature recorded in their research was 29.2-c,
which is lower than the current study, which may be
due to the difference in the years in which the
modeling was done. This finding indicates the
warming of the bay over time, which is considered a
climate risk and may eventually lead to the destruction
of the bay.

3.1.5 Boundary of the Model

The highest minimum among all points in GB was
recorded at model’s boundary. The lowest
temperature is 7.7°C, and the highest temperature is
32.4°C, which is the lowest among other parts of the
Bay. In the bottom layer of GB, we see a temperature
range of 9.91 to 31.83°C at point 511 near the model
boundary. The border points of the model have the
lowest temperature in the summer season and the
highest temperature in the winter season.

3.1.6 The comparison of temperature of the Mouth
and the Farthest Part from the Mouth

Six points have been identified in the mouth of GB
and the western areas of GB, which are further away
from the mouth. The minimum temperature of the
mouth of the Bay is 2°C warmer than the temperature
of the western parts of GB. The study shows that the
mouth and the west of the Bay experience the exact
temperature of 35°C in summer. However, these two



Alireza Eftekhari, Seyed Mostafa Siadatmousavi / IJCOE 2024, 9(2); p.26-37

points will feel a temperature difference of nearly
10°C in winter. The mouth of the Bay experiences a
much higher temperature. The temperature difference
in the mouth of the Bay and the western areas reaches
its maximum value from 10 December to 10 March.
This difference of nearly 10°C is continuously
repeated in all layers. It is worth noting that in most of
the modeling time, the mouth of GB feels a higher
temperature than the western region of the Bay.

3.2 Water Level

The pattern of water level changes in GB, which is
shown in Fig (6), is similar in the western, central,
eastern, and deep parts, with few differences, and
most fluctuations in the water level occur at the mouth
of the bay and the boundary of the model in the CS. It
is known that water level fluctuations in GB have a
seasonal behavior such that from April to mid-August,
the trend of surface water fluctuations in the Bay
increases, and from mid-August to mid-February, a
decreasing trend occurs, but with high fluctuations.
Fluctuations of the water level in the western part with
an average, a minimum, and a maximum of 0.02,
0.04, and 0.22 m, respectively. From the western part
of the Bay to the middle, there is an increase in depth
and the height of surface fluctuations; So, in the
middle part of the Bay, average and minimum
fluctuations are 0.03 and 0.22 m, respectively.
Fluctuations in the eastern part of the Bay behave
similarly to the western part and maintain their
average of 0.02 m. There is a sinusoidal behavior in
the water height at the boundary of the model so that
in the second six months of the year, it has a
downward behavior, and in the first six months of the
year, it has an upward behavior. It is worth
mentioning that the deepest area of GB shows a
maximum height fluctuation of 1.19 m.
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Figure 6. Time series of water level of GB

3.3 Current Speed

As shown in Figure 2, the speed of surface currents
was studied at 18 points across GB in four layers. The
speed of the currents is shown in Fig (7). At the mouth
and the boundary of the model, currents were more
substantial than others. Based on the modeling results,
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the surface layer of water and the bottom layer of GB
have a noticeable difference in the speed of currents.
3.3.1 Western Part

The current speed near the southern shores of the Bay
in the surface layer is lower than that of the northern
shores. From north to south in the western part of the
Bay, there was a downward trend in the speed of
currents, and the average speed in the northern and
southern parts was 0.03 and 0.02 m/s, respectively.

In the layer near the bottom of the GB, the speed of
currents in all western parts is more uniform, and they
experience lesser fluctuations, unlike the surface layer
of the Bay. The average speed in this part is 0.015
m/s, and the maximum speed is 0.01 m/s, slightly
higher in the southern part than in the northern part.
3.3.2 Middle Part

The speed on the northern coast in the central part is
higher than on the southern coast of this part. The
maximum speed is 0.16 m/s in the northern part and
0.1 m/s in the southern coasts, and the average speed
of the differential currents is 0.06 m/s. A noticeable
difference can be seen between the layer near the sea
floor and the surface layer. The speed in the surface
layer is higher on the southern coasts than on the
northern coasts, but the highest speed occurs in the
center of this section. It is worth mentioning that from
the bottom of the north to the south of this section, the
speed is 0.02 m/s.

3.3.3 Eastern Part

In this section, the difference in the speed of currents
in the northern and southern parts was 0.02 m/s. The
average speed close to the mouth of the Bay, the
central part, and the southern part are 0.34 m/s, 0.19
m/s, and 0.11 m/s, respectively. Like point 314, this
layer has the highest speed; after that, the center and
south of the Bay experience faster speed respectively.
This section's maximum speed currents is 0.23 m/s in
the northern part.

3.3.4 Mouth of the Bay

The speed increases from the north of this area to the
south. At point 414, the average speed was 0.74 m/s,
and the maximum speed was 0.79 m/s. Meanwhile, at
point 434, the average and maximum speed, the
highest value in the whole bay, are 0.12 and 1.1 m/s,
respectively. In the bottom layer, in each region,
speed decreases, but the increasing trend of flow
speed remains the same from 414 to 434. So the
average at point 414 is equal to 0.051 m/s and at point
434 is equal to 0.088 m/s.

3.3.5 Boundary of the Model

In the surface layer at the model's boundary, we see
homogeneous velocity fluctuations, the maximum of
which is 0.44 in the center of this section, and the
average is 0.09 m/s. In the bottom layer, the flow
velocity fluctuations have the same trend as the
surface layer; the only difference is that they have a
difference of 0.1 m/s with the surface layer at all
points.
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3.3.6 Deepest part of GB

The bay's mid-bottom was studied in this section,
which is the deepest part. Its center's maximum and
average speeds are 0.1 and 0.017 m/s, respectively.
3.4Study of flow vectors

This study has been done in twelve seasons, the
results of the first three have been ignored so that the
model is stable and the results are reliable.

3.4.1 Spring

In April, the intensity of currents at the mouth of the
bay is very high, and in fact, the highest intensity of
currents in GB has been witnessed in this place. Also,
currents from west to east can be seen on the northern
and southern coasts, considering that the density and
intensity of these currents are more visible on the
northern coasts than on the southern ones. An eddy
current is formed in the center of the bay and the

shallow western part.
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Figure 7 Surface currents of GB — Surface layer of every
profiles from north to south coasts

Notably, the model results show the difference in the
water level inside and outside GB. The model shows a
difference of three centimeters inside the bay
compared to its outside. From mid-May to mid-June,
we see an increase in the water level in the bay. This
increase in level leads to a difference in the level
inside the bay so that the right side of the bay is more
than one centimeter higher than the western part. The
water level continues to rise until the end of the
season, but this water level difference can still be seen
inside the bay.

The current vectors show that the density and intensity
of the current are higher on the northern coasts than
on the southern coasts. It also indicates a current from
the entrance into GB, and eddy currents are seen in
the middle and west of it.

3.4.2 Summer

In the surface layer of the bay, there is a trend from
west to east. In this layer, the north shores experience
more current than the south shores, and a vortex forms
near the mouth of the bay. In this layer, during the
summer, the intensity of currents in the shallow part is
less and remains constant in the deep part. In the deep
part of the bay, there is a counter-clockwise eddy all
summer long. The intensity of the currents in the
bottom layer, on the north and south coasts, decreases
during the summer.

The trend of increasing the water level inside GB
continues in July and reaches the most considerable
difference in the water level inside the bay in the
summer season. During the whole summer, the
difference in the level of the eastern and western parts
inside GB is quite evident. In July, the currents on the
northern coasts are more than on the southern coasts,
the density of currents is witnessed at the mouth of the
bay, and the eddy currents are visible in the central
and western parts of the bay.

In August, the speed of the currents in the north and
south coasts and the mouth of the bay reach their
lowest level. However, still, the difference in the
balance in the eastern and western parts of the bay is
seen. From mid-September to mid-October, there is a
decrease in the GB's water level, and the currents in
the north and south coasts and the mouth of the bay
experience a significant increase compared to last
month.

3.4.3 Autumn

The currents become more robust and denser as we
move toward the mouth of the bay. The currents on
the north and south coasts are from west to east. In
addition, to counterclockwise eddies, currents from
west to east can be seen in the middle of the bay. As
November and December are approaching, this time,
it is the west of the Bay that has a higher average level
than the east. The currents have lost their speed,
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density, and intensity in the coasts and mouth of the
bay.

3.4.4 Winter

In the winter season, we see a change in the average
water level so that in January, the western part of the
bay has a higher level than the eastern part. However,
this trend changed in March, and this is the right part
of the bay, which has a higher average level than the
western part. Regarding the currents, as the end of
winter approaches, the speed of the currents in all
parts is increasing.

3.5 Profiles of flow vectors

This study has been done in four seasons; the results
of the first three months of the model have been
ignored so that the model is stable and the results are
reliable.

3.5.1 Spring

Currents in April in the surface layer and the bottom
layer follow a similar trend most of the time. In the
surface layer, the flow vectors move toward the
opening. The flow density at the opening and
boundary of the model is very high. In the bottom
layer, the speed of currents in the deep part of the bay
is negligible. In May, most of the currents in the
surface layer were towards the inside of the bay; the
intensity of the currents in this layer near the north
and south coasts was higher than the bottom layer.

In the surface layer, a series of currents move from the
southern coast to the northern coast, and we also see
counterclockwise eddy currents in the deep part of the
bay. In June, in the surface layer in the deep part of
the bay, currents are from east to west, but on the
northern and southern coasts, these currents are along
the coasts from west to east. In the bottom layer,
counterclockwise eddies occur in the deep part of the
bay.

3.5.2 Summer

In the surface layer of the bay, there is a trend from
west to east. In this layer, the north shores experience
more current than the south shores, and a vortex form
near the mouth of the bay. In this layer, during the
summer, the intensity of currents in the shallow part is
less and remains constant in the deep part. In the deep
part of the bay, there is a counter-clockwise eddy all
summer long. The intensity of the currents in the
bottom layer, on the north and south coasts, decreases
during the summer.

3.5.3 Autumn

In the surface layer, counterclockwise eddy currents
are formed in the deep part of the bay in October. The
currents in the crater are strong, and over time, their
intensity decreases during the fall. Currents on the
north and south coasts are from west to east. In this
layer, in November, the main currents are from west
to east, and of course, these currents are insignificant,
such as the currents near the north and south coasts. In
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December and early January, currents move from the
mouth into the bay, and a vortex can be seen in the
shallow part of the bay, which is located in the west of
the bay, during autumn. In the bottom layer, the
current on the southern coast is negligible. In this
layer, the deep part of the bay has a small current
towards the mouth of the bay during autumn, except
in November, when eddy currents are seen in the deep
part of the bay again.

3.5.4 Winter

In the winter season, two currents occur in two
different directions in the surface layer and bottom of
GB. The flow in the surface layer is from the mouth to
the inside of the bay during winter. Since the middle
of January, there have been currents on the northern
coasts, but they are not seen on the southern coasts.
These currents are insignificant in the deep part of the
bay. Moving towards February, the currents become
much more potent and can be seen in the mouth,
north, and south coasts, as well as in the deep part of
the bay. Just like the surface layer of the bottom layer,
a similar trend is created for currents during winter;
currents move from the bay's sides to the outside.

3.6 Effects of main rivers

GB receives fresh water from several rivers and small
streams that originate in the northern wet slopes of the
Alborz Mountain range to the south. The construction
of dams and the use of freshwater resources in
agriculture worsens the bay's condition because of the
decrease in the water output of the Gorgan River,
Qarasu, and other rivers, as well as the drainages
leading to the southern part of the bay. In the last two
decades, the rapid drop of the sea level by 150 cm has
created unexpected water exchange conditions
between the sea and the bay by the existing
waterways.

It is evident that the level inside the bay has no
significant relationship with the rivers and only
depends on its topography and the currents entering its
mouth. A model run without considering rivers
showed that currents in winter and summer near the
northern and southern shores of the Bay cause slight
changes in the water circulation pattern. Regarding the
velocity vectors, it should be mentioned that only in
the layer close to the bottom of GB did minor changes
occur on the northern coasts from mid-December to
mid-January. These changes can be seen on the
southern coasts from mid-August to mid-September.
3.7 Effects of air pressure

In the equations of motion, pressure changes can
cause flow changes and create flows on a large scale.
It is gathered that the water level inside GB depends
on the pressure parameter and the differences are
evident in almost all year seasons. Also, velocity
vectors affect the pressure parameter near the northern
and southern coasts of the Bay from mid-May to mid-
June. The lack of pressure has affected the average
velocity of currents; So, in the winter season, the
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intensity of the velocity vectors in the surface and
bottom layer of the bay is less than in no-pressure
state. In addition, the absence of pressure in May and
June in the bottom layer of the areas near the coast has

October

0.055

November

eastward. In deeper areas, there was westward
transportation. Therefore, the circulation of water in
GB was composed of gyres. These findings were in
agreement with the findings of previous studies [8,

December

535 536 537

539 54

Figure 8. Currents vectors and Water Level in Autumn

reduced the intensity of the current vectors.

4. Conclusions

A bay is a geomorphic and sedimentary basin with a
distribution controlled by the geological setting,
climate, hydrology of the rivers, eustatic conditions,
and the hydrodynamics of waves and longshore
currents [19]. Transitional waters such as bays are
often exposed to a wide range of stresses associated
with the dense human population inhabited by coastal
regions. [20] [21] In this research, GB, one of the
thirteen biospheres inside the borders of Iran, was
studied. This bay was registered as a biosphere
reserve in 1976, and there is an international view on
its protection [22].

This research studied the fluctuation of hydrodynamic
objectives, such as water surface elevation and current
speed, under three scenarios to provide findings that
can make available important information on adapting
suitable decisions relating to the management and
restoration of water bodies. The water circulation
inside this basin is counterclockwise and a function of
wind-induced currents in all the layers. In shallower
areas, the transportation of water masses was
eastward. In deeper areas, there was westward
transportation. Therefore, the circulation of water in
GB was composed of gyres. These findings were in
agreement with previous studies' findings [3].

The average current speed inside the bay is 0.1 m/s,
which is lower than previous studies conducted
because water exchange between GB and the Caspian
Sea has reached an all-time low. The water circulation
inside this basin is counterclockwise and a function of
wind-induced currents in all the layers. In shallower
areas, the transportation of water masses was
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23,3].

The prevailing wind direction is southwest, which,
together with the bathymetry of the bed, is why there
is not enough time for water to escape into the deeper
areas in the center of the bay. As said in studies of
Kheirabadi [4] and Ranjbar and Hajizadeh Zaker [5],
GB is highly affected by three factors: a) the Caspian
Sea, B) Wind forcing, and C) Geophysical factors in
physical terms.

In figures 8 and 9, the background color shows the
water level in GB. The water level fluctuates inside
and outside of GB and in the eastern and western parts
of the bay throughout the year. Its cause is the
overflowing of rivers that mostly flow into it from the
bay's east, southeast, and south sides. According to
Figure (9), it is worth noting that the currents at the
bay's entrance are much higher than in other parts of
it. Also, from west to east, strong wind-induced
currents are seen near the northern and southern
coasts, and the average speed of the current on the
northern and southern coasts is higher than in its
interior areas. Even though the currents in the surface
layer and bottom are similar for most of the year, we
see a difference in the flow direction in the winter
season.

The bay receives freshwater input from 10 small
rivers and precipitation; discharge of all rivers into the
bay is about 1.3 m%s, and the precipitation rate is
30.7 cm/year for the bay. 62% of the freshwater inputs
are from the Qareh Sou River, with a flow of 800 L/s.
[1] With that said, rivers have not had a significant
effect on the flow vectors, and the currents in winter
and summer near the north and south coasts of the
Bay cause slight changes in the water circulation
pattern.
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Figure 9. Currents vectors and depth in GB

The water level inside GB is influenced by several
factors. One is the water level of the CS and the
topography of the bottom of the GB. This study
clearly shows that the water level inside GB also
depends on the pressure parameter. The lack of
pressure has affected the average velocity of currents.

The temperature inside the bay has changed
sinusoidally in all places and all layers during
different seasons, caused by the seasonal variability of
atmospheric fluxes. This result directly correlates with
the studies of Ranjbar and Hajizadeh Zaker [3]. The
temperature on the northern coasts of the western side
of GB experiences a temperature difference of 1
degree on average in all seasons of the year with other
places in the west of the bay. Unlike the western part
of the Bay, in the deep part of the Bay (middle), the
distance between the temperatures in different layers
is more different as we go deeper into GB's depth. The
minimum temperature in the surface layer of water
southeast of the bay occurs in profile 3, with a
temperature of 2.4°C.

Temperature changes in the winter season are not
more significant in any place inside GB than outside
its mouth. The temperature in the coastal areas of GB
is the highest, with 36.35°C in July and August. It
reaches zero degrees in January on the southern coast,
which is its lowest value. In former studies, the
maximum temperature inside the bay was estimated at
around 29-30°C. However, this paper indicates that
the temperature inside the water body has accelerated
over the past decade and shows a maximum degree of
36.57°C. This paper finds these effects directly
putting GB under stress because of climate change..
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Several suggestions are given below for future
investigations on the restoration of GB:

1. The restoration of GB requires solutions
compatible with the existing ecological and
hydro morphological conditions and includes
the scenario of long-term reduction of the
Caspian Sea water level until the end of the
21st century.

2. According to the results of past studies in this
regard and the topography and hydrography
maps of the coast, finding the most suitable
place to construct the canal can be very
important.

3. The reduction of water self-purification in the
GB due to the decrease in water volume and
disconnection from the CS can also be
investigated. Poor water quality has seriously
affected the ecotourism and fishing industries
on which people depend for their livelihood.
As a result, building water quality models for
the bay can help improve the residents’
quality of life.

4. Predicting the effects of water level reduction
on the degree of drought in the international
wetlands of Gorgan, Gamishan and
Miankaleh under the possible scenarios of
water level reduction through computer
simulation and using the output results of the
model for appropriate planning for the
development of vegetation in dry coastal areas
to prevent dust. The region helps inland
coastal communities such as birds to create
ecological nests and increase the population.

5. Estimating the time required for the complete
drying of GB and Miankaleh Wetland after
being separated from the CS under a set of
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climatic and hydrological factors governing
the basin.
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ARTICLE INFO ABSTRACT

Article History: With the increasing trend of containerization in large ports, empty container
iigee"’t‘;g:_lfsm zggg’ , provision and management have become a major logistics service at ports.

pred y Every day, a large number of empty containers should be available to be sent
to different logistics yards for stuffing and export purposes. The empty

Keywords: container demand forecast can highly improve the time and resource
Empty containers management by both terminal operators and port authorities. In this paper,
gielf]ﬂl'aet"’i‘;?]'”g Shahid Rajaee Port, as the largest and most important commercial port in Iran
Optimization is investigated. A private terminal operator is the main provider and
responsible party for the majority of empty container operations. The
optimization process of empty container operations using machine learning
and artificial intelligence methods is investigated in this paper. Given the
possibility of predicting the demand for empty containers, it is possible to
reduce the daily operation volume through advanced planning and consider
necessary measures regarding the appropriate spatial distribution of empty
containers before the demand arises. A simulation software is also used for
different managerial scenarios. The results show that by sending half of the
monthly predicted demand of only six out of 75 depot yards as well as the
container yard in off-peak times, the total empty container delivery time can
decrease up to 30 %. Besides that, planning a schedule for an asynchronous
call of trucks to pick up the requested empty containers has proved to reduce
the queue lengths and average waiting times up to 90%.
1. Introduction model and operational constraints. Currently, it is
In Shahid Rajaee port, empty containers are provided mainly used for storage of 20-foot containers. 40-foot
to shipping companies in off-deck depot yards as well containers, which account for less than 10% of the
as container vessels waiting to load empty containers empty container operations, are stored in another yard
at berths. The management of distribution and in case of emergency situations or insufficient storage
delivery of empty containers is carried out after the space.
demand is determined. The process is important Due to the high demand from numerous customers,
because any disruption can cause delays in delivering the management of distribution and delivery/receipt of
empty  containers  resulting in  customers’ empty containers is accompanied by many
dissatisfaction and even negative impact on the complexities, which, during peak demand, result in
country's export process. An exclusive yard for the queuing and reduced operational efficiency at the port.
storage of empty containers (ECT), is located in the This issue becomes even more complicated during
western part of Shahid Rajaee port on a land area of times when the demand for exporting empty
11.5 hectares, with a static capacity of approximately containers by vessels exists since the volume of

17,000 TEU of empty containers based on the layout demand from vessels at the quay is very high and
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can lead to improving the performance of this cycle
during peak demand and daily operational activities.

2. Related Works

Research in the field of artificial intelligence in
container operations management include different
issues such as transportation planning and scheduling,
optimizing transportation capacity at ports, predicting
future demands, resources management, etc. In most
studies conducted, artificial intelligence and machine
learning have been utilized to provide optimization
algorithms for operational management processes. By
analyzing historical data related to the transportation of
empty containers, machine learning algorithms can
identify patterns and predict future needs based on
them. This prediction can assist ports in optimizing
resource allocation and transportation capacity, thus
preventing the need for excess empty containers or
addressing their shortage. According to the conducted
surveys, many prominent companies in the shipping
industry, including Maersk, MSC, and CMA-CMG, as
well as companies involved in port operations and
logistics chains such as DPworld, directly and
indirectly utilize artificial intelligence (Al) in their
maritime and port services.

As an example, Nile Dutch Africa Line BV
(NileDutch), a large shipping company specializing in
container and break-bulk shipping between West
Africa and the rest of the world, has utilized Al,
machine learning and intelligent algorithms for empty
container handling and relocation in collaboration with
Transmetrics, a leading provider of predictive
optimization and Al tools for logistics. The two
partners jointly developed a predictive asset
management software to streamline empty container
flows which provides daily rolling Al-driven forecasts
for the next 10-12 weeks based on the historical data
and the external factors influencing the demand. The
system also suggests the most optimal and actionable
plan for empty repositioning, storage, repair &
maintenance for the next 12 weeks, which takes into
account all the related costs (including grading,
stevedoring, gate costs, etc.). [1]

In 2019, Liu Yuan investigated the effect of machine
learning in predicting empty container volumes, using
five machine algorithms on the Los Angeles Port and
Long Beach Port datasets. The best machine learning
algorithms for predicting the volume of empty
containers are introduced and compared with existing
empirical methods and mathematical statistics
methods. He has concluded that machine learning
needs to combine multiple models or select more high-
correlation feature quantities to improve performance
on such prediction problems. [2]

In 2020, Shankar et al. used long short-term memory
(LSTM) networks to forecast container throughput of
the Port of Singapore. The LSTM model performance
was compared with seven different time-series
forecasting  methods, including autoregressive
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integrated moving average (ARIMA). The results
showed that LSTM outperformed all other benchmark
methods. [3]

In 2022, a number of multivariate predictive models
based on deep learning were developed to forecast
container throughput in the port of Barcelona. The
models’ performances were assessed to identify the
best model architecture and set of hyper parameters. A
comparative analysis of the out-of-sample accuracy of
some models in predicting the container traffic volume
was carried out. [4]

In 2022, two novel approaches based on machine
learning and probabilistic techniques were introduced
to predict the future weekly availability of empty
containers for more than 280 locations worldwide. A
data set of more than 100 million events with different
stages of container transportation process were used.
Both models were based on a two-step forecast logic in
which the expected location of a container was first
predicted and the timestamp for arriving at that location
was estimated afterwards. Artificial neural networks
and mixture density networks were used in the machine
learning model for the containers’ movement forecast.
The comparative assessment of the model results
versus the actual availability of containers indicated the
outperformance of the neural network approach over
other approaches concerning every evaluation metric.
[5]

Seaport resilience analysis and throughput forecast has
been conducted for Busan port in 2022, using a deep
learning approach. The mentioned research deals with
data analytics for analyzing port resilience and a new
paradigm for productivity forecasting that utilizes a
hybrid deep learning method. Nonlinear analytical
methods have shown that throughput demand at Busan
port has a complex behavior due to business
fluctuations and uncertainties. A combination of long
short-term memory (LSTM) and random forest (RF)
approaches have been utilized for port throughput
forecasting. The LSTM networks have shown high
effectiveness in time-series forecasting tasks and RF is
proposed as a complementary method to mitigate
residual errors from the LSTM scheme. [6]

The literature review has shown that system simulation
tools can be very effective in operational optimization
of ports and terminals. Container terminal simulation
offers several advantages including performance
evaluation, resource allocation optimization, reducing
equipment idle times, minimizing vessels and trucks
waiting times and improving overall operational
efficiency. As an example, in 2015, a simulation of the
internal transport system of empty container terminals
was conducted using SIMIO software at Delft
University of technology. The objective of the study
was to determine the most suitable transport system for
internal traffic within the terminals. [7]

In 2016, the optimal layout for a container terminal in
Sri Lanka was selected using simulation. Considering
that container movements within the terminal incur
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costs and time, choosing an appropriate layout for the
containers can lead to cost and time reduction in
terminal operations [8].

Another study regarding the optimization of empty
container operations is the simulation of the empty
container transfer process between the quay and the
terminal at the Tanger Med port in Morocco, which was
carried out in 2017. In this study, the design of transfer
operations and the simulation of empty containers,
considering related activities at the container terminal,
were proposed. The simulation was performed using
ARENA software for a one-week time frame. The main
idea of the modeling was to propose methods for
allocating empty containers to storage locations based
on vessel destination, movement time, and container
type [9].

In 2018, another study was conducted to simulate and
analyze container movements using ARENA software.
In this study, the terminal's cranes, quay, internal
transportation vehicles, and operators were examined.
The results of this research provided a new simulation
model for a developed terminal dataset, in which the
terminal's utilization, waiting time, and resource counts
were determined [10].

Another study on optimizing operations at container
terminals was the analysis of container dwell time at
the Surabaya terminal in the Tanjung Perk port in
Indonesia in 2020. This study utilized ARENA
software for discrete event simulation to model the
terminal's operations and employed the RCA (Root
Cause Analysis) method to analyze pre-simulation
data. The resulting simulation model was an
interpretation of a real system that combined logic and
mathematics [11].

Prediction of empty container demands using LSTM
method has been conducted for Shahid Rajaee port in
2024 in which the total demand of 72 terminals has
been predicted for one month based on 22 months’
available data. The predicted result for the
representative month demand has shown only 0.3
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percent deviation from the real demand value [12],
[13].

3. Material and Method
In this section, the available dataset and the
methodology for data interpretations are described.

3.1. Available Data Set

In the present paper, Al-based methods have been used
to improve the spatial and temporal management of
empty container allocation to the off-deck depot yards
in Shahid Rajaee Port. The monthly demand of the
empty container is predicted based on the demand
history which is available on a daily basis for 25
months from August 15, 2021 to September 22, 2023
[14]. The data set includes the number, type, size,
loading date, transportation agent, and destination
depot yards of empty containers. Based on the initial
analysis of the available data during the mentioned time
period, out of approximately 245000 allocated empty
containers, 93% were 20-foot and 7% were 40-foot.
Therefore, the majority of the empty container
movements between depot yards are related to the
transfer of 20-foot containers. Consequently, the
present study focuses on the operations of empty 20-
foot containers. The daily and monthly 20-foot empty
container allocations to off-deck depot yards and deck
container yard (CY) is shown in Figure 1 and Figure 2
respectively. As shown in the Figures, the demands
from vessels at CY are occasional but large which led
to high total demands for empty containers at the empty
container Terminal (ECT) at certain times. Empty
containers are sent to various off-deck depots at Shahid
Rajaee Port. The monthly average demands of 75 off-
deck depots (named T1 to T75) and CY are shown in
Error! Reference source not found. which indicate
that the majority of demands are dedicated to a limited
number of depots, and the demands of others are
relatively low.
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Figure 3. Monthly average demand of off-deck depots and CY

The management of empty container allocation during
peak times can be improved by handling the high
demand of main requesting depots. In the present study,
CY and six main depots with an average monthly
demand of more than 500 TEU have been selected for
further investigations. The demand prediction is a
prerequisite for implementing management measures
to reduce the volume of daily operations and provide
regular services to customers.

3.2. Methodology
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With the advancement of deep learning, new models
have been developed for time series prediction, among
which Recurrent Neural Networks (RNNSs) are
considered to be one of the most effective approaches
due to their feedback connections that allow
information to be circulated within the network,
creating a form of memory. However, the RNNs have
some limitations in capturing long term dependencies
for which, variations of RNNs such as Long-Short
Term Memory (LSTM) and Gated Recurrent Unit
(GRU) have been developed. The gating mechanism
incorporated in these variations, control the flow of
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information and determine which data in the sequence
is important to be retained and which data should be
discarded. The LSTM consists of numerous memory
blocks known as cells. The data flow into and out of the
cells is controlled by input, output and forget gates. For
a time series ( X, ), the first cell uses the initial state of

the network and the first time step of the sequence to
compute the first output and the updated cell state. The
state of the layer at each time step consists of the hidden
(output) state ( h, ) and the cell state (c, ). Attime step t,

the block uses the current state of the network (c,_;,h4

) and the next time step of the sequence to compute the
output ( h,) and the updated cell state (c, ).

The cell state contains information learned from the
previous time steps. At each time step, the layer adds
information to or removes information from the cell
state. The layer controls these updates using gates. The
input gate (i) controls the cell state update, forget gate
(f) controls the cell state reset, cell candidate (Q)
adds/removes information to/from cell state and output
gate (0) controls the cell state added to the hidden state.
Figure 4 illustrates how the gates forget, update and
output the cell and hidden states at time step t.

Forget

£ )

Cioi ——# /;ﬂ\ > ¢
R

ST G
| I |

Xy
Figure 4. Data flow in LSTM at time step t
The cell state and the hidden state at time step t (c,,h,)

are given by:

Update Output

ht—l —> ht

1)
()

¢t = [tOC—1 + it 09t
hy = 0,©o.(ct)

In the above equations, ® denotes the element-wise
multiplication of vectors and o, denotes the state
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activation function for which hyperbolic tangent
function (tanh) has been used. The gate functions at
time step (t) are described by the following formulas:

it = og(Wixt + Rih._; + b;) (Input gate) 3)
ft=0gWfxt+Rfh1 +bf)  (Forget gate) (4)
gt =0c(Wgxt + Rgh._1 +bg)  (Cell candidate) ~ (5)
ot =og(Woxt + Rohi—1 + bo)  (Output gate) (6)

In these calculations, g, denotes the gate activation
function for which the sigmoid function given by
a(x) = (1+e ™)~ has been used.

The matrices W, R, and b are concatenations of the
input weights, the recurrent weights, and the bias of
each component, respectively.

This is the structure in which, the network passes
important information along the sequence chain to
obtain long-term dependencies and mitigate gradient
related issues. The LSTM method has been employed
to forecast the monthly demands of main depots based
on the available datasets. Once the estimated demands
for the upcoming month at main depots are determined,
it is possible to send a portion of empty containers to
the main depots ahead of schedule. Some of these
depots even have stripped containers which are
normally sent back to ECT while they can be kept if the
predictions confirm the requisite. To assess the
effectiveness of the proposed scenarios, ARENA
software has been used for simulating the operational
allocation process.

4. Demand Prediction

In the present study, 25 months of data is available. The
initial 24 months of demand data for six main depots
have been used for network training and testing. The
training process of the network is done on 90 percent
of data for adjusting the hyper-parameters to achieve
acceptable validation results and the rest of data is used
for testing. After training and testing the network, the
demand for the 25th month is predicted and compared
to the actual values as shown in Figure 5.
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Figure5. Predicted daily demands of 25th month versus actual values for six main depots

As it can be seen in Figure 5, the daily predictions do
not always demonstrate perfect alignments with actual
demands which might be due to the insufficient length
of the input data or the fact that the variation does not
follow a regular trend and is very susceptible to
different local parameters. However, the sum of daily
predicted values for a month can be used as an
estimation for the upcoming month’s demand. The sum
of daily predicted values for the last month is compared
to the actual demands in Table 1 which indicates that
the predictions are acceptable for most of the selected
depots. However, the error is significant in case of T64
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depot which could be due to its specific and
coincidental circumstances. It is obvious that with the
increase in the length of input data in the future, the
accuracy of predictions will increase.

Table 1. The predicted versus actual demands for 25th month
in six main depots

Depot Actual Predicted Error  Error
ID Demand Demand (TEU) (%)
T6 405 477 72 18

T26 804 741 -63 -8
T45 1052 987 -65 -6
T64 124 385 261 210
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5. Simulation of Empty Container Distribution
Knowing the approximate demand of main depots, it is
possible to send a portion of demand ahead of the
schedule during off-peak times, or utilize stripped
empty containers available at the demanding depots. To
assess the effectiveness of this approach, ARENA
software is used for simulating the operational empty
container allocation process in September 2023. Three
scenarios have been considered for the simulation as
explained below:

In the first scenario, the normal condition
based on the actual demands of September
2023 is simulated.

An abrupt increase in the CY demand is added
to the normal condition. Total demand of 2000
TEU is considered for CY.

In this case, it is assumed that half of the
predicted demand for six main depots and CY
are pre-sent during off-peak times. The rest of
the demand for these depots are kept in the
simulation.

Figure 6 shows that a limited number of depots allocate
the significant volume of the demand and the share of
other depots is negligible. In September 2023, 99.4 %
of the total demand was allocated by 30 depots out of
75 depots. In the simulation process, these 30 depots
are considered. The distance from ECT to demanding
depots and their monthly demands in different
simulation scenarios are shown in Table 2.

Empty Container Demands (September 2023)
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Figure 6. Depots’ empty container demands in September 2023
Depot  Distance Demand (TEU)
Table 2. Depots’ d(_emandg in in September 2023 in three from ECT Scenario  Scenario  Scenario
simulation cases [12] (m) 1 2 3
Depot  Distance Demand (TEU) T22 1700 483 483 483
from ECT Scenario  Scenario  Scenario
(m) 1 2 3 T23 3000 84 84 84
T3 3000 40 40 40 T26 3400 804 804 434
T5 3000 20 20 20 T29 3400 477 477 477
T6 4000 405 405 167 T30 2000 513 513 513
T8 3000 58 58 58 T31 3000 62 62 62
T9 4000 245 245 245 T36 3000 85 85 85
T11 3300 172 172 172 T41 3000 74 74 74
T13 3000 60 60 60 T43 3000 37 37 37
T14 1500 169 169 169 T45 3700 1052 1052 559
T18 2400 161 161 161 T49 2000 108 108 108
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Depot  Distance Demand (TEU)
from ECT - - -
Scenario Scenario  Scenario
(m) 1 2 3
T51 1300 136 136 136
T53 3000 31 31 31
T57 3000 64 64 64
T59 2700 263 263 263
T62 300 448 448 448
T64 3700 124 124 0
T65 2300 463 463 463
T67 1200 910 910 429
T69 1700 821 821 373
T73 3000 25 25 25
CYy 2500 4 2000 1000
Total - 8398 10394 7240

In the simulation process, it is assumed that enough
empty containers are always available at ECT. Based
on the registered and approved monthly demand of
requesting depots, their exclusive trucks are called to
refer to ECT for picking up the empty containers but
for sending empty containers to the CY, ECT trucks are
used. Each truck has the possibility to move two TEU

at the same time, so in the simulation, each input entity
is equivalent to two TEU. Hence, the number of entities
entering the system is considered to be half of the
demand. It is assumed that two staff members at ETC
are in charge of executive operations, who carry out the
load-on services of empty containers onto trucks during
12 working hours per day (day shift). The time required
to load each truck is assumed to follow a triangular
distribution with minimum, maximum and average of
2, 10 and 6 minutes respectively. The number of trucks
sent by each depot is different. Based on field surveys,
each depot uses an average of five trucks to transport
empty containers. The number of ECT trucks for
sending empty containers to the CY is 14. The speed of
trucks in the port area varies between 20 and 60 km/h,
which depends on the travel time and the amount of
traffic on the internal roads. In this study, the traffic
information of the area was not available and the
approximate speed of the trucks was assumed to be 40
km/h. In the destination depots and CY, two personnel
are considered to unload the trucks, who perform the
executive operations with a triangular distribution
similar to the loading stage. The operational steps of
empty containers distribution and the simulation model
are shown in Figure 7 and Figure 8 respectively.

Create Assign Station Decide Request Process Write
T toT, T, toT, Allocation to | ) || Record
Demands Attribute ECT Terminals Transporters L Data 1
Decide Transporter  Station Process Free
Choose Transport to | | s -
T, toT, T, toT, Load-off Transporter Dispose

Figure 7. Operational steps of empty containers distribution
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Figure 8. ARENA simulation model for empty containers distribution

In the first scenario regarding the normal condition in
September 2023, the total actual demand is 8398 TEU
for which 4199 entities have entered the system.
Considering that two executive agents at each depot
can load-on two trucks simultaneously and each truck
requires a minimum loading time of two minutes, the
whole distribution time cannot take less than 70 hours.
However, considering that the time required to load on
each truck is assumed to follow a triangular distribution
with an average of 6 minutes, the optimal average
operational time would be around 210 hours.

In the initial modeling, the number of allocated
transporters (trucks) to each demanding depot was
considered unity. The average time for delivering all
the entities to the destination depots was approximately
288 hours (24 working days). As mentioned
previously, based on field surveys, each depot yard
uses an average of five trucks to transport empty
containers and 14 trucks are usually used by ECT to
deliver empty containers to the CY. So, in the next step,
the number of available transporters increased to the
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mentioned values. The results show that the total time
required to deliver all the empty containers reduces to
213 hours (18 working days). Further increase in the
number of trucks did not have a meaningful effect on
the total operational time. The only consequence would
be an increase in traffic and queue length at ECT for
load-on process. It can be concluded that the number of
trucks used by the depots for delivering empty
containers is almost optimum.

In the second scenario, an abrupt increase in the
demand from the CY is added to the normal condition.
The CY demand (which was actually 4 TEU in the
desired month) is increased to 2000 TEU and
consequently the total demand in this condition reaches
10394 TEU (5197 input entities).

The total time required to deliver all the empty
containers in this case has increased from 213 hours (18
working days) to 262 hours (22 working days).

In the third scenario, it is assumed that half of the
predicted demand for six main depot yards (section 4)
is sent ahead of schedule during off-peak times. The
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rest of the demands for these depots are kept in the
simulation. It is also assumed that half of the CY
demand (1000 TEU) is pre-sent and only 1000 TEU is
considered as CY demand. Consequently, the total
empty containers to be sent have reduced from 10394

TEU to 7240 TEU (30% reduction). These results show
that the total delivery time has also decreased from 262
hrs. (22 working days) to 183 hrs. (16 working days).
The main results of the simulations are presented in
Table 3.

Table 3. Main simulation results

Scenario .

Item 1 5 3 Unit
Total Simulation Time 212.6 261.9 183.3 hours
Total Wait Time (Maximum) 2125 261.8 183.2 hours
Total Transfer Time (Maximum) 0.1 0.1 0.1 hours
Load On Wait Time Per Entity (Maximum) 7.58 8.07 7.86 hours
Load On Wait Time Per Entity (Average) 3.21 3.70 4.23 hours
Load On Queue Waiting Time (Maximum) 7.48 8.01 7.76 hours
Load On Queue Waiting Time (Average) 3.11 3.6 4.13 hours
Load On Queue Number Waiting (Maximum) 148 161 156 Number
Load On Queue Number Waiting (Average) 62 71 82 Number
Load Off Wait Time Per Entity (Maximum) 0.23 0.25 0.25 hours
Load Off Queue Waiting Time (Maximum) 0.08 0.15 0.15 hours
Load Off Queue Number Waiting (Maximum) 2 3 3 Number
Load Off Queue Number Waiting (Average) 0 0 0 Number

The results indicate that the maximum transfer times in
all scenarios are negligible compared to the waiting
time at load-on queue. Hence, increasing the number of
trucks or the assumed velocity does not affect the
results considerably. This is important from the
viewpoint of resource allocation management and
traffic control measures. It is also remarkable that the
waiting time in load-on process is considerable at ECT
where all the trucks sent by requesting depots shall pass
through a shared queue. On the contrary, the load-off
processes at different depot yards do not lead to
significant queues or noticeable waiting times.
Although the entire distribution and transportation

180 +
160
140 +
120
100
20
60

Number in Queue

40

20 +

0 1 2 3 4 5 6 7 8 9
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operations can be completed within a month, the length
of the load-on queue and the associated average waiting
times are significantly high in all the scenarios
indicating the importance and necessity of management
measures.

The daily variation of load-on queue length and
average waiting time for different scenarios are shown
in Figure 9 and Figure 10. The trends show that in case
all the requesting depots send their trucks
simultaneously to pick up the empty containers, a long
queue is formed at ECT at the beginning of the month
and the average waiting time of trucks in the load-on
queue reaches 4 to 5 hours.

Scenario No.1

Scenario No.2

Scenario No.3

12 20 21 22 23

Days

13

Figure 9. Daily load-on queue length for different scenarios
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Figure 10. Average waiting time in load-on queue for different scenarios

One solution for reducing the queue length and waiting
time is the asynchronous calling of the trucks from
different depots on a pre-scheduled plan. Such
schedules can be planned and checked through
simulations. As an example, an asynchronous schedule
is planned for the first scenario and the resulting queue
length and waiting times are compared to the case of
simultaneous call of trucks. As it can be seen in Figure
11 and Figure 12, while the entire operational time has
remained 18 days, the max number in load-on queue

has decreased from 147 to 13 (91% reduction) and
waiting times has decreased from 6 to 0.5 hrs. (92%
reduction). Although this approach is found to be very
useful, it should be applied with caution and based on
operation simulations since blind scheduling may result
in extension of the overall operational duration.

The results including the similar scheduling for the
second and the third scenarios are shown in Figure 13
to Figure 16 and Table 4.

1%t Scenario, Length of Load-on Waiting Queue
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Figure 11. First scenario queue length, simultaneous versus asynchronous call of trucks
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Figure 12. First scenario average waiting time, simultaneous versus asynchronous call of trucks
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Figure 13. Second scenario queue length, simultaneous versus asynchronous call of trucks
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Figure 14. Second scenario average waiting time, simultaneous versus asynchronous call of trucks
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Figure 15. Third scenario queue length, simultaneous versus asynchronous call of trucks
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Figure 16. Third scenario average waiting time, simultaneous versus asynchronous call of trucks

Table 4. Load-on queue condition, simultaneous versus asynchronous call of trucks

Item Scenario

Call of Trucks 1 5 3

Simultaneous 212 262 183

Total Load-On Queue Time (hrs) Asynchronous 213 259 182
Difference % 0.5 -1.1 -0.5

Simultaneous 147 160 155

Max Number in Load-On Queue (Number) Asynchronous 13 15 15
Difference % -91.2 -90.6 -90.3

Simultaneous 6.1 6.7 6.5

Peak of Average Waiting Time in Load-On Queue (hrs) Asynchronous 0.5 0.5 0.5
Difference % -91.8 -92.5 -92.3

It is observed that while the entire operational time is been investigated using machine learning and

kept almost constant, the scheduling of truck calls has
led to a considerable decrease (around 90%) in queue
lengths and average waiting times.

6. Conclusion
In this paper, the optimization process of empty
container operations in Shahid Rajaee Port of Iran has
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simulation tools. Management of empty containers
delivery to demanding depot yards and vessels is rather
complex in this port, especially when high demands
arise from container yard for loading empty containers
on vessels. The demand history was available on a daily
basis for 25 months. Although the empty containers are
sent to almost 75 demanding depots, the records show
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that the majority of demand was dedicated to a limited
number of them. Six main depots with an average
monthly demand of more than 500 TEU as well as
container yard have been selected for demand
prediction using Long-short-term-memory neural
network. The daily predictions did not always
demonstrate perfect alignments with actual demands
due to insufficient data, but the sum of daily predicted
values gave a good estimation for a month. Knowing
the approximate demand of main depots, it is possible
to send a portion of monthly demand ahead of the
schedule during off-peak times, or utilize stripped
empty containers available at the demanding depot. To
assess the effectiveness of this approach, the
operational empty container allocation process in
September 2023 was simulated. The normal condition
based on the actual demands was first simulated. Then,
an abrupt increase in the CY demand was added to the
total demand. Eventually, half of the predicted demand
for six main depots and the CY was subtracted from the
model assuming that it was sent to the depots ahead of
schedule during off-peak hours. The simulations
revealed that the load-on process at ECT is the
operational bottleneck. The transfer time and load-off
operations at destination depots do not have a
significant effect on the total operational duration.
Early demand prediction of only six depots as well as
the CY and providing half of the predicted demand
ahead of the schedule can reduce the total operational
time up to 30%. However, such remedies do not have
any positive effect on reducing the maximum queue
length or average waiting times. The simulation results
have shown that the depots’ trucks should not be called
simultaneously upon demand confirmation at ECT.
Planning a schedule for asynchronous call of trucks to
pick up the requested empty containers can reduce the
queue length and average waiting time up to 90%.
Although an asynchronous call of trucks has been
found to be highly effective in reducing the queue
length, it cannot be used randomly and without a
precise plan since it may lead to the extension of the
overall operational duration.
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1. Introduction

ABSTRACT

The evaporite chemical sedimentary rocks are rare, but extremely important
commercially as the raw materials for the chemical industry. As the name
suggests, the evaporites consist of a suite of minerals formed from the
evaporation of sea water. Tees area was located of the northern coast of the
Oman Sea is located in the northern Chabahar in southern Sistan and
Baluchestan province. In this research, evaporite deposits of region by used
investigation of geochemical, mineralogical and sedimentological and were
taken 17 samples of sediments (non-systematic method). The samples analyzed
by Geological Survey and Mineral Exploration of Iran. Was calculated
Correlation coefficients, cluster and Factor analyses. According to the results of
chemical analysis and field observations, the study area is located in Supratidal
And are directly affected by sea water. The main source of the basin has been
affected by external factors basin (large evaporate and sea water fed) are placed.
The amount of Na and chlorine are the maximum amount and the rest less than
1. The amount of B and Li in the sediments show significant correlation
(average between 338.8 and 738.5) that the correlation is similarly changed.
The extent of these changes can be affected by seasonal rivers of Serkan and
Tees by related environmental factors. There are also significant differences
between the amount of Li and B (average between 399.7 and 738.5), probably
affected by coastal erosion and transport margins have been deposited by
flowing water and this makes B from earlier upland areas Na and Li stacked in
margins of areas. Evaporite minerals that are mainly halite. In study area for all
three categories evaporite minerals Contains of chloride, sulfates and
carbonates Of course is in low amount. According to cluster and factor analysis,
three sources were identified included biogenic, geogenic (continental) and
environment.

borates, silicates, nitrates, and sulfocarbonates.
Evaporite deposits occur in both marine and nonmarine

Evaporites are layered crystalline sedimentary rocks
that form from brines generated in areas where the
amount of water lost by evaporation exceeds the total
amount of water from rainfall and influx via rivers and
streams. The mineralogy of evaporite rocks is complex,
with almost 100 varieties possible, but less than a dozen
species are volumetrically important. Minerals in
evaporite rocks include carbonates (especially calcite,
dolomite, magnesite, and aragonite), sulfates
(anhydrite and gypsum), and chlorides (particularly
halite, sylvite, and carnallite), as well as various
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sedimentary successions.

Evaporites are sediments chemically precipitated due
to evaporation of an aqueous solution. Common
evaporates can be dominated by halite (salt), anhydrite
and gypsum. Evaporites may be marine or non-marine.
Marine evaporates formed by evaporation of water
within an ocean basin with increasing evaporation
produce calcite and dolomite (~10% evaporation),
gypsum (~80% evaporation), and halite (~90%
evaporation). Anhydrite can be precipitated at
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temperatures >40°C. Minerals such as sylvite (KCI),
carnalite (KMgCls.6H,0) and langbeinite (K.Ca,Mg
(SOs4) 6120) are typical minor components of marine
evaporites. Restricted ocean basins with limited
circulation of sea water and coastal plains (sabkhas)
during marine regression are typical depositional
environments for marine evaporates. Non-marine
evaporites may be dominated by halite, gypsum or

anhydrite  and also can  contain  borax
(NazB+07.10H,0), epsomite (MgS0..7H,0), and
gaylussite  (Na;Ca  (COs)2.5H20).  Non-marine

evaporites typically form in arid to subtropical
environments in basins with limited fluvial input and
output (e.g., playa lakes).

Alteration of evaporites after deposition is common.
Anhydrite can replace gypsum by dehydration during
burial whilst gypsum can form by hydration of
anhydrite by interaction with groundwater. Gypsum
and anhydrite can also be found as concretions formed
during diagenesis. Halite deposits are capable of flow
as diapirs on burial and rise through overlying
sedimentary sequences. Anhydrite and gypsum
commonly form a cap rock on diapirs due to dissolution
of halite. Halite diapirs can extrude at the Earth’s
surface to form salt glaciers. Evaporites often form
important decollement layers in fold thrust belts.
Evaporites are often interbedded with other
sedimentary rocks such as mudstones, marls and
siltstones. Where evaporites have been removed by
dissolution but pseudomorphs remain deposits are
often termed evaporitic [1, 2].

In warm and arid climates, water evaporating from
landlocked, or playa, lakes may result in the
development of various minerals. As the lake waters
evaporate, they become naturally enriched in the
different soluble chemicals carried into them by
streams. These chemicals have been obtained through
weathering and erosion of nearby rock materials.
Continued evaporation concentrates these chemicals to
the point where they precipitate and accumulate at the
bottom and shores of lakes as a group of distinctive
minerals [3].

Considering that so far accurately and evaporate
deposits of the southern region of Sistan-Baluchistan
province has been less studied and extraction of these
deposits, 70 years old, it is necessary be a full scientific
study of sediments to the type of minerals, trace
elements, their origin and their impact on the
environment to be assessed.

Geographical location and access roads to the area
The port of Chabahar is located in the south-east of
Iran, north-west of the Indian Ocean, and north-east of
the Oman. Chababhar is situated on the Makran Coast of
the Sistan and Baluchestan province of Iran. The Port
of Chabahar is a seaport in Chahbahar in southeastern
Iran. Its location lies in the Gulf of Oman. It is the only
Iranian port with direct access to the ocean. The port
was partially built by India in the 1990s to provide
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access to Afghanistan and Central Asia, bypassing
Pakistan. Study area in southeast Iran, the extreme
south of the coastal Makran region and is part of the
city of Chabahar. Because of its establishments and
ease of access to ocean as well as Oman Sea and
Persian Gulf, long ago it was the center of business,
trade and navigation. Chabahar coastal town with an
area of 14 square kilometers located in this zone.
Chabahar with a population of more than two hundred
thousand largest and most active coastal city of
Zahedan, lIranshahr Iran by land ways, Nikshahr,
Chabahar, Konarak and related Jask. It is also possible
air flights from Tehran to Zahedan, Bandar Abbas or
Chababhar is possible.

Paleogeographic the oldest deposits in Chabahar
belonging to Middle Miocene has been from collection

---------

Gulf of Chabahar

---------

Figure 1. Portion of the Geologic map of the study area

These deposits and the fossils found in them, represent
the facies are shallow (intertidal and possibly to 30
meters deeper than the sea) and then the upper Miocene
sedimentary Basin in a little deeper and marl unit was
deposited in those circumstances lower Pliocene
continued [4]. The marl unit also contains large
quantities of molluscs shells that can be represented
neritic sedimentary environment. Late Pliocene
orogenic phase in the performance of a shallow basin
become again a set of sandstone and conglomerate
deposited in study area. There are primary sedimentary
structures in the sediment’s signs and high-energy
shallow sedimentary environments and is also fast
deposition of sediment in it. In early Quaternary
deposits and dry environment by advancing sea, the
beach for progressive and unconformity deposits has
been formed in a coastal part of the study area. The
effect next orogenic movements and mild, sediment has
formed as marine terraces [4, 5]. Highland’s region of
east-west trend and often are flat.

Material and Methods

In order to investigate the geochemical and
sedimentological and  mineral identification
evaporation in this area, with the use of reviews Office
includes research reports, student theses, scientific
papers presented at seminars and publications and so
on. Also, geological maps and geochemistry related to
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this area were collected and investigated. After the
study is to gather research information geological map
of the study area, all the information and previous work
conducted on the region's geology was investigated.
Field studies including repeated visits regional and
surface sampling 15 samples of sediment Tees areas,
Pozm and park on the northern coast of Chabahar,
study the sedimentary structures and institutions of the
region. When you navigate in the area of evaporites,
formed crystals, morphology, and vegetation, in order
to investigate and more precision, photos were taken
(Figure 2).

Figure 2. Surface sediments in the region Tee
In order to determine the geographic location of
the sampling was used GPS and the results were
recorded in Table 1. The samples sent for chemical
analysis to laboratories of Geological Survey of
Iran in Karaj and results were received. To identify
evaporite minerals samples, XRF and XRD studies
were performed. To identify evaporite minerals
samples, XRF and XRD studies were performed.
To analyze the data was used from Excel and
SPSSy23 software.

Table 1. Geographical location sediment samples with GPS

No. Longitude Latitude Area
At-01-93 E 60° 37 28" N 2518' 16" Tees
At-02-93 E 60° 37 32" N 25 18' 20" Tees
At-03-93 E 60° 37 36" N 25 18' 24" Tees
At-04-93 E 60° 37 40" N 25 18' 28" Tees
Ap-01-93 E 60° 19 08" N 25 27' 14" Pozm
Ap-02-93 E 60°19 12 N 25 27' 20" Pozm
Ap-03-93 E 60° 19 14 N 25 27' 24" Pozm
Ap-04-93 E 60° 19 20" N 25 27' 30" Pozm
Ap-05-93 E 60° 19 24 N 25 27' 34" Pozm

Apa-01-93 E 60° 33 47" N 25 26' 26" Parak

Results and Discussion
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Evaporite Reserves that with main high thickness
have been deposited in marine basins (Jacob).

These deposits and the continuation of
AT- | AT- [ AT- | AT- | AP- | AP-
01-93 | 02-93 | 03-93 | 04-93 | 01-93 | 02-93
Na* | 37.00 | 34.85 | 3653 | 3162 | 38.45 | 395
MgO 0.6 1 04 | 18 - <1

ALO, | 01 | 06 | 02 | 08 | 01 | <1
Si0, 02 | 19 | 04 | 25 | 02 | o1

SO3 0.5 11 22 3.4 0.6 0.1
K* 0.23 0.33 <1 0.74 <1 <1
Cao 0.5 1.6 24 0.4 0.6 0.1

710, <1 | <1 ] 01 [ <1 | <1 -
CI* 57.44 | 54.71 | 56.43 | 49.41 | 59.57 | 60.28
Br <1 | <1 | <1 | <1 | <1 ]| <1

Humidity | 3.17 | 3.09 | 0.87 | 5.02 | 022 | 0.14

Ce0, 01 | 02 | 02 | 02 - -
Fe,0, | <1 | <1 | <1 | <1 | <1 | <1

sedimentation in the region by factors such as
weather conditions and changes in static basin,
hydrographic and tectonic linked. When the basin
is out of equilibrium, evaporates will deposit [6].
Laminated anhydrite and halite will precipitate in
the center of the field. Congestion (feeding) of
alternating will allow the water mass to be formed
thick sequence. If this does not happen, sediments
on the basin floor dry and evaporate minerals will
come into existence. One sedimentary basin uplift
above sea level can again start a new cycle [7, 8,
9]. The average amount of Li in the earth's upper
crust is about 70 ppm economic factor to form Li
in internal environments (such as pegmatites) and
external (e.g., ground salt, Sabkha and clay). In
both cases, under certain circumstances, after the
deposition of Li is less soluble and can be focused
to an economic deposit. Li occurs in a variety of
rocks and water but usually low concentrations.
Curves and the values of Li and B were measured
in the study area (Table 2 and Figure 3).

Table 2. Value measured B and Li

Sample No. B Li Location
At-01-93 3.86 3.34 Tees
At-02-93 2.96 3.33 Tees
At-03-93 0.86 10.01 Tees
At-04-93 6.2 8.46 Tees
Ap-01-93 0.5 8.43 Pozm
Ap-02-93 4.4 2.55 Pozm
Ap-03-93 3.24 3.32 Pozm
Ap-04-93 5.64 4.25 Pozm
Ap-05-93 0.76 6.58 Pozm

Apa-01-93 1.06 23.58 Parak

According to Table 2 and Figure 3, variations B is
between 0.1 and 6 and variations Li is between 3
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and 24. The highest value of Li is in the area park
and the lowest value of that in the area Pozm. The
highest value of B is in the area Tees and the
lowest value of that in the area Pozm. Figure 4 and
5 shows the amount of B, Li, major elements and
Location of samples on map in the study area.
According to the map that was drawn with GIS
software, has determined that the samples were
influenced by seawater and are totally dependent
on it. Of course, in the area surrounding the study
area is changed to a value indicating not great
abundance. The amount of B in the center of the
basin will increase, but reduced the amount of that
in the margins of the basin indicate that the
influence of sea water.

Table 3) XRD analysis of samples

B Li

O koM ow s G oa N
@

0 5 10 15 o 5 1o

Figure 3. Diagrams B and L.i variations

Variations the abundance of elements show that
with away from the sea, basin are affected by fresh
water river seasonal and the amount of Li will
more and the salinity of seawater is more
implicated, the amount of B increases in the basin.
According to Figures 4 and 5, the region most
affected Pozm lowest seasonal rivers, and sea
water, thus is provided conditions for the
accumulation of B element. Due to seasonal river
discharge into the sea, the amount of B is deposited
on the margins of the sea. The amount of Li
because more weight, the concentration in the
upstream. In Pozm area in addition to the amount
of B, Li and the number of major elements
compared to other regions increasing trend that
can be said probably be the origin of
environmental pollutants. By using the XRD
analysis, 12 kinds of chemical composition
(include Sos, Na, SiO2, Al203, Fe0, Ca203, MgO,
B, Li, K, CL, Br) were identified in studied area.
According to Table 3 and figure 6, Halite is the
mineral found in sedimentary basins studied
(Pozm and Tees). The graph in Figure 6 shows
three ranges is the most abundant mineral halite.
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Figuvre' 4. Values of B and Li on map in the study area usingv
GIS software

...........

Figureu5. Values of Major Elements on map in the study area
using GIS software

Halite, syn
N

ount)

Lin(

Figure 6. Graph of the results of XRD analysis

Table 4 shows the amount of each element in the
six samples analyzed that the following will be
discussed to determine the mean, median and
variations weight percent the elements. In order to
analysis and interpret more, were calculated the
correlation coefficient, clustering and factor
analyze for samples. The results of elemental
analysis shows that the study area, the conditions
of the evaporites is formed. But these conditions to
prepare for the mineral halite given the amount of
Na, Cl. Histograms in figures 7 to 10 shows that
the number of elements and their variations P-P.
The objective is to determine the effective
distribution data. Of course, the median and
standard deviation determined above each
histogram.
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According to the figures 7 to 10, between the
median and standard deviation of the data, there is
little difference in one point to reach their greatest
amount. But at the end of the diagrams can be seen
a decreasing trend. These variations increased and
then decreased ppm in combination, caused by the
effect of external factors (such as erosion and
clastic particles entering the basin and the
influence of sea water in front of the sea) are on
conditions of the sedimentary basin. Though,
environmental agents are effective on the basin.
Table 5 shows the model of Pearson's the
correlation coefficient of elements. Since both
elements are included, the effects of the elements
can be shown as a numeric value and adaptive
coefficient. This amount is always between -1 and
+1. In the event that exists positive linear
correlation between the two elements, this factor is
+1 and in the case of a negative linear relationship
exists, this amount is -1 and the relationship
between the elements is determined by the
numeric value of zero. On the other hand, these
factors, meaning that at specified confidence level.
In this table, the elements that have the most
correlation show with red color and ones that have
low correlation with green color and the elements
that have lacking in the correlation coefficient do
not have any symbols. Therefore, carbonates and
chlorides the correlation is significant and is
related to the mechanism of their formation. In the
region of Pozm, these elements due to the little
distance to the coastline and the effect of upstream
sediment basin is probably a result of external
basin activities.
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Cluster Analyses is indicated in Figure 11. The
results of these studies (Dendritic) in the study
area, shows three groups of elements. The first
group: includes elements Na and CI are highly
correlated together and B with lower relationship
the origin of this group is within the basin (inner
Basin). The second group: includes elements SiOy,
Al203 and MgO are highly correlated together the
origin of this group is Geogenic and by rivers or
wind (erosion rocks) have been imported into the
basin. The third group: includes elements Fe,O3,
SOs, K, B and CaO are highly correlated with each
other the origin of this group is biological origin
and due to environmental pollution. Of course,
Ceo2 combined with high difference between the
second and third groups are linked and also Zro>
combined with more distance associated with the
second and third groups. The evaporative
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crystallization of minerals in accordance with the
results of chemical analysis are as follows:
Initially carbonates (including CaCOs, Ca SQa)
then chloride (NaCl includes a solid solution with
chloride, KCI, MgClz, B and Mg) and sulfates
(including MgSQO4, KCI MgCl2 +6H.0) formed
are. Therefore, the necessary conditions for the
formation of three groups of evaporite minerals
(including chloride, sulfates and carbonate) are
available in the study area. But according to the
elements Na and Cl, the necessary conditions for
the formation of chlorides (especially halite) is
much better than in the studied area.
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Figure 10. Histograms of ZrO, SOz and SiO2 with their
variations P-P
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Table 4. The results of elemental analysis by using the

software SPSS17
Case Summaries®
S.N NA Mgo Al203 Sin2 So3 K Cao
AT-01 37 |06 A 2 25 .23 5
ATO2 35 (1 B 19 11 .33 16
AT-03 37 |04 2 4 22 A0 24
AT-04 32 |18 8 25 3.4 74 4.0
AP-01 38 (0 1 2 B A0 B
AP-02 39 [ 01 A A N A0 51
N 6 6 6 6 6 6 6 6
Minirnurn 32 o ) 1 v 10 1
Maximum 39 | 04 8 25 3.4 74 4.0
Mean 36.26 N7 883 1.317 2667 1.533
Median 36.79 150 300 850 1650 1.100
S.N Zro2 Cl Br Humidity Ceo2 Fe203 B
AT-01 01 57.44 | 01 317 a 2| 3.86
ATO2 01 54.71 01 3.09 o 2 296
AT-03 01 56.43 | 01 .87 0 A 86
| AT-04 01 49.41 | 01 5.02 1) 5 6.20
AP-01 0.1 59.54 | 01 22 o 1 1.06
AP-02 1] 60.28 | 01 14 o 1 50
N 6 6 6 6 6 6 6 6
Minimurm 0 49.41 | 041 14 A 50
Masimum 0.1 60.28 | 01 5.02 1) 5 6.20
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Figure 11. Cluster Analyses of elements in study area
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Table 5. Results of the correlation coefficient between the
elements

Interpret the depositional environment and
presenting a model

Arid environments (hot with limited precipitation)
are ideal for developing brines. Semiarid playa
lakes, sabkhas (supratidal flats), salt pans,
estuaries, and lagoons are all environments where
brines forms. Evaporites have uneven spacial and
temporal distribution, with widespread appearance
in broad, shallow basins with minimal competing
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sediment flux in arid climates. Although we have
no modern analogues, huge evaporate deposits
suggest that ancient environments contained large
evaporating basins. Because suitable climate
conditions are usually between 10° and 30°
latitude (a global band of desert), evaporate
deposits can assist in reconstructing prehistoric
continent positions.

Evaporites in non-marine settings (closed lakes,
ephemeral lakes, or playas in arid or semi-arid
climates) are most likely to demonstrate a bulls-
eye pattern of minerals, with gypsum rims and
bitter borate centers. The most common trace
minerals are borax, trona, epsomite, gaylussite,
and glauberite. Evaporites in shallow marine
settings can be divided into supra- and intratidal
deposits, and marine shelves. In both instances, the
brine is refreshed by seawater and groundwater,
and deposits are layered by adjacent facies during
as sea level changes adjust shoreline position [10,
11,12, 13].

Typically, evaporite deposits occur in closed
marine basins where evaporation exceeds inflow.
The deposits often show a repeated sequence of
minerals, indicating cyclic conditions with a
mineralogy determined by solubility. The most
important minerals and the sequence in which they
form include calcite, gypsum, anhydrite, halite,
polyhalite, and lastly potassium and magnesium
salts such as sylvite, carnallite, kainite, and
Kieserite; anhydrite and halite dominate. These
sequences have been reproduced in laboratory
experiments and, therefore, the physical and
chemical conditions for evaporite formation are
well known.

The outcrops in the area are calcareous mudstone
(former marls) and marine terraces and plateaus
which are composed of two levels, and the city of
Chababhar, is located on them. Silty sand and sandy
silt are two sediment types in Chabahar Bay. The
sands and silts are dominated by Siliciclastic
sediments of quartz, calcite, feldspar, rock and
oyster shell fragments. These sediments have a
moderate to well sorting, platykurtic kurtosis and
positive skewness. Some of shell fragments come
from intra-basin and others are clastic. The clastic
shell fragments are mostly originated from the
upper part of the marine terraces and have been
transported into the Bay by the wind or water
erosion. The calcite grains are also abundant
clastic sediments [15, 16, 17, 18]. The evaporator
is a heat transfer system, and is that part of a
refrigeration cycle in which liquid refrigerant is
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evaporated for the purpose of removing heat from
the refrigerated space or product [19, 20]. Sabkha
is a phonetic translation of the Arabic word for a
salt flat. Sabkhas are supratidal, forming along arid
coastlines and are characterized by evaporite-
carbonate deposits with some siliciclastics.
Sabkhas form subaerial, prograding and shoaling-
upward sequences [21, 22, 23, 24] that have an
average thickness of a meter or less. Sabkha are
common in modern supra- and intratidal settings,
with evaporites intermixed with siliclastic debris
washing down from inshore erosion, and offshore
sand tossed up by storms. Sabkha commonly
demonstrate chicken wire structure, elongate
anhydrite clumps separated by strings of carbonate
or siliclastic mud. In the other hand, in the study
area, the basin is Sabkha model which is connected
by tidal basin and then because of the sand dunes
(like a bar) and prevent the return of water. Basin
compounds concentrated and after evaporating in
the study area are formed evaporites (Figure 12).
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B Sea level
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Figure 12. Cross-sectional diagram of a barred basin, ‘
illustrating the deposition of evaporates (Depositional model
suggested).

Conclusions

The effects of the elements can be shown as a
numeric value and adaptive coefficient. This
amount is always between -1 and +1. In the event
that exists positive linear correlation between the
two elements, this factor is +1 and in the case of a
negative linear relationship exists, this amount is -
1 and the relationship between the elements is
determined by the numeric value of zero. On the
other hand, these factors, meaning that at specified
confidence level. The results of these studies
(Dendritic) in the study area, shows three groups
of elements. The first group: includes elements Na
and CI are highly correlated together and B with
lower relationship the origin of this group is within
the basin (inner Basin). The second group:
includes elements SiO», Al2O3z and MgO are highly
correlated together the origin of this group is
Geogenic and by rivers or wind (erosion rocks)
have been imported into the basin.The third group:
includes elements Fe»O3, SO3, K, B and CaO are
highly correlated with each other the origin of this
group is Biological origin and due to
environmental pollution. Of course, Ceo>
combined with high difference between the second
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and third groups are linked and also Zro, combined
with more distance associated with the second and
third groups. In the study area, the basin is Sabkha
model which is connected by tidal basin and then
because of the sand dunes (like a bar) and prevent
the return of water. Basin compounds concentrated
and after evaporating in the study area are formed
evaporites. The evaporative crystallization of
minerals in accordance with the results of
chemical analysis that is show initially carbonates
(including CaCOs, Ca SOa) then chloride (NaCl
includes a solid solution with chloride, KCI,
MgCl,, B and Mg) and sulfates (including MgSOa,
KCI MgCl, +6H20) formed are. Therefore, the
necessary conditions for the formation of three
groups of evaporite minerals (including chloride,
sulfates and carbonate) are available in the study
area. But according to the elements Na and Cl, the
necessary conditions for the formation of chlorides
(especially halite) is much better than in the
studied area.
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ABSTRACT

Barranguila is located on the left bank of the Magdalena River, about 22 km
from the outskirts of the mouth. The river flows in the direction of the north to
the Caribbean. Measures were taken to create a duct with a width of 150 meters
and a depth of 9.2 meters in the river. In this research, the factors affecting the
sedimentation and erosion process in terms of structural modifications in the
access channel were investigated using numerical methods. In the present study,
the numerical results of the effect of non-volumetric spray drift with 90° T-
shaped spray guns, relative to the external wall of an arch with a length of 15
channel width, on the average velocity distribution and shear stress in a 90°
gentle arch with a ratio of R/B = 4, 0.7 m wide and 0.14 m water depth. The
results of the study showed that the presence of a spur gear causes uniformity
of upstream velocity and high-speed transmission from the outer wall to the
middle of the canal to the inner wall. The shear stress of the bed is increased
due to the presence of a spray gun but has little effect on the location of the
shear stress incidence. As it can be seen, the negative pressure in the outer arc
is increased and in the external arc exposed to erosion due to the high forces
caused by positive pressure, the reduction of the Groyne is reduced and the
conditions for the stabilization of the bed are provided. As can be seen, in the
inner arc, after the construction of a Groyne, a negative pressure increases as
well, and the ability to precipitate in this area also increases.
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1. Introduction

The changes in the bed and banks in the river bend are
of great importance from the point of view of
morphology and river engineering. One way to
stabilize the external bend is to use breakwater
structures. The port of Barranquilla is located on the
left bank of the Magdalena River, approximately 22 km
upstream of its mouth. The river flows in a near-north
direction and empties into the Caribbean Sea. Until
1972, the river had only one access channel for
navigation, and it accepted vessels with a draft of up to
10 m. From 1970 onwards, adverse morphological
changes forced the government to carry out emergency
dredging operations. In 1986, the Ministry of Public
Works signed a contract with the University of the
North and the Hydraulic Laboratory of Las Flores to
study the problem and design corrective measures. The
project aimed to design arrangements for the creation
of a channel 150 m wide and 2.9 m deep. In 1987, a
team of engineers from Haskoning and the Delft
Hydraulic Institute of the Netherlands joined the
Colombian team. Several solutions were identified,
such as constructing a non-permeable guide dam, a
sand dam, and difficult spots in the river, and removing
the recently created fill area. In this research, the factors
affecting scour in the conditions of corrective
structures in the desired access channel will be
investigated using a numerical method.

Breakwaters are usually constructed to protect shores
or to provide sufficient depth for navigation purposes.
Known by names such as epis, groynes, and cross arms,
these structures can be grouped by their shape, such as
T-shaped or L-shaped.

Tuned T-shaped Straght  Inchned
T-shape anqular

L-shaped or Z-shapedor  f-shaped of
fishtail

Figure 1 - Types of breakwaters that so far have been built

The most important parameters that should be
considered in the design of breakwaters are: breakwater
design plan, breakwater length, distance between
breakwaters, orientation with the flow path, crest
height, slope of the bank, materials used in the
breakwater section.

- Breakwater length

The length used for the breakwater is usually calculated
in the intervals between the committee rate and the
maximum flow depth and is usually about a quarter of
the average width of the desired bank.

Flow decton

e L L L
Figure 2- Flow pattern in the field of breakwaters with very
small aspect ratio.
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Figure 3- View of breakwaters with different angles and how
the flow moves in their area.

In 2013, Div Salar and Mousavi Jahromi studied the
effect of increasing the wing length of an L-shaped
breakwater on the scour around it in a 90-degree arc.

Figure 4- Schematic of the laboratory flume used (Divsalar
and Mousavi Jahromi, 2013).
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Figure 5- Schematic of the laboratory flume used and the used
sluice gate samples (Divsalar and Mousavi Jahromi, 2013).

Figure 6- Example of the experiment (Sluice gate L with wing
size 10.5 cm, Q=4.25 liters per second and ¢=90 degrees of bed
before and after scouring (Divsalar and Mousavi Jahromi,
2013).

In 2009, Vaghefi et al. studied the temporal changes
in scour around a T-shaped breakwater in a 90-degree
arc.
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Figure 7- Laboratory sciences used by Vaghefi et al. 2009

In 2015, Vaghefi et al. studied the effect of supporting
structures on the flow pattern around T-shaped sluice
gates in a 90-degree bend.

In 2015, Vaghefi et al. studied a laboratory study of
turbulent flow in a 180-degree bend.

In 2012, Mehrnahad and Ghodsian studied the effect of
the parameters of sluice gate length and material
diameter on scour around a T-shaped sluice gate
located in a 90-degree bend.

In 2009, Ghodsian and Vaghefi studied a laboratory
study of scour and flow around a T-shaped sluice gate
in a 90-degree bend. Experimental research was
conducted to investigate the bed in the bend and its
protection using gravel. The experiments were
conducted in a 90-degree bend with sediments with an
average diameter of 0.34 and 1.18 mm. The results of
this study show that the water mainly occurs in the
outer arc of 90 degrees of horizontal maximum
sedimentation and sedimentation occurs around 30
degrees of the middle section near the concave and
convex part. During the downflow, the scour depth
increases near the concave bank and its maximum
value increases around the 30 degrees section. At
further downstream, the scour depth decreases along
the section. On the other hand, sedimentation occurs
near the lower part of the convex channel from 20
degrees to 60 degrees. There is a transverse slope of the
water surface within the section with a higher surface
on the concave side. As a result of this transverse slope,
the bottom water moves from the concave bank
towards the convex focus while the surface water
moves from the convex to the section.

In 2012, Vaghefi et al. studied the effect of Froude
number on scour around a T-shaped weir in a 90-degree
bend. This paper presents the results of experiments on
scour around a T-shaped weir located in a 90-degree
bend. The effect of the tooth length on the scour rate is
investigated. The experiments are repeated in a
rectangular channel. The results show that with
increasing weir length, the maximum scour depth and
the volume and dimensions of the scour hole increase.
The location of the maximum scour depth occurs at a
distance of about 10 to 20% of the length of the ponds
upstream.

In 2009, Hosseini et al. conducted a field study of the
condition of water structures in the Ghezel Ozan River
[7].

Field visits to the project area show that the agricultural
lands on the left bank have been restored and are well
cultivated. Therefore, it was suggested that the
structures be reviewed to continue protecting the lands
in the critical area mentioned. It was also recommended
that necessary measures be taken to strengthen the
bodies of the apiaries located in the meanders of the
arteries in order to prevent serious damage to these
structures during floods. It was recommended that the
number of river arteries and their meandering nature be
examined in the management plans and that a final
decision be made based on the morphology of the river.
The use of a system of breakwaters and longitudinal
embankments to control the river, prevent erosion of
the banks, and restore new lands is recommended as a
suitable model for managing rivers.
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Using the results of field visits and technical and
structural assessments of the reorganization plans can
be very useful in identifying and reconstructing critical
areas and damaged structures, improving the efficiency
of the studied plan, and making future plans more
effective. Therefore, it is suggested that the executive
authorities pay special attention to this issue.

. 1w - — _ 2
Figure 9- View of a constructed spillway in the Qezel Ozen-
Qowijan River

Elyasi et al. (2011), using Flow3D software and
applying the RNG k-¢ turbulence model, simulated the
flow pattern around a single submerged spillway in a
straight inclined channel without considering the free
surface and compared the results of the numerical
model with experimental data. The results of this
simulation, without considering the free surface,
showed a good agreement with the experimental data.
Comparison of the velocity profiles in the numerical
model and the experimental results indicates the
agreement of these data.

Mosteh and Atma (2004) investigated the effect of
spillway length on the circulation zone behind the
spillway by considering the scale effect with the Fluent
software.

Shahrokhi (2008) prepared a numerical model of the
flow pattern around a weir using Fluent software and
applied different turbulence models to study the effect
of these models on the length of the flow separation
zone behind a weir. The most important result of this
research shows that the LES turbulence model has the
best agreement with the experimental results and this
model provides a better prediction of the length of the
separation zone behind the weir. Finally, it was
suggested that the model be implemented in a wider
range of changes in flow parameters, length and angle
of installation of the weir.

Akhirya et al. (2011) conducted a numerical simulation
of the hydraulic flow and sediment transport around
various weirs. The modeling results showed that among
the turbulence models, the RNG k-¢ and k-e¢ models
were closer to the experimental data, but the RNG k-¢
turbulence model showed the best results for
simulating the flow field around the weir.
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Abbasi-Chenari et al. (2011) simulated the flow pattern
around L-shaped breakwaters perpendicular to the
shore using the Fluent software and the k-¢ turbulence
model. In this study, the L-shaped breakwater was
impermeable and was placed non-submerged at 5
different angles of the river curve. The results indicate
that the flow turbulence, the maximum velocity range,
and ultimately the highest bed scouring occur at the
breakwater tip. Also, with increasing discharge and
Froude number, the maximum flow velocity range near
the breakwater tip increases and its shape is stretched
in the flow direction. Finally, it was concluded that the
k- turbulence model has good accuracy in simulating
the backflow areas downstream of the breakwater and
the location of eddies and flow turbulence around the
breakwater.

Ghanadan et al. (2012) numerically simulated the flow
over a wide-edge lateral spillway using Fluent software
and compared the results obtained from this software
with experimental data. The results showed that among
the turbulence models available in the software, the
RNG k—¢ turbulence model has a higher accuracy for
simulating the flow over a lateral spillway. Also, using
the calibrated model, the effect of changing the height
and width of the spillway crest on the discharge passing
through the spillway was investigated. Accordingly, it
was concluded that the height of the wide-edge lateral
spillway crest is more effective on the discharge value
of the spillway outlet than the crest width.

2. Methods

The port of Barranquilla is located on the left bank of
the Magdalena River, approximately 22 km upstream
of its mouth. The river flows in a northerly direction
and empties into the Caribbean Sea. Until 1972, the
river had only one navigable channel, admitting vessels
with a draft of up to 10 m. Since 1970, adverse
morphological changes have forced the government to
undertake emergency dredging operations. In 1986, the
Ministry of Public Works signed a contract with the
University of the North and the Las Flores Hydraulic
Laboratory to study the problem and design corrective
measures. The project aimed to design arrangements
for the creation of a channel 150 m wide and 2.9 m
deep. In 1987, a team of engineers from Haskoning and
the Delft Hydraulic Institute in the Netherlands joined
the Colombian team. Several solutions were identified,
such as the construction of the Natrava guide dam, a
sand dam, and the removal of the recently created
embankment. In this study, the factors affecting scour
in the conditions of corrective structures in the desired
access channel will be investigated using a numerical
method. The figures below show the location of the
Magdalena River in Colombia.
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Barranquilla in Colombia
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Figure 13- Location of the Magdalena River and the port of
Barranquilla in Colombia

To solve the flow using computational fluid dynamics,
the following steps must be performed (Shojaifard and
Noorpour Hashtroodi, 1995):

- Selecting the Gambit model to create the geometry

- Selecting the computational model

- Selecting the calculation solution method in the model
- Selecting the basic equations to solve

- Determining the physical characteristics of the
materials

- Determining the boundary conditions

- Specifying the problem solving parameters

- Making an initial guess in the entire solution field

- Performing the solution and outputting the
calculations.

3. Results and Discussions

In this study, Gambit software version 3.3.2 was used
to generate the geometry and mesh it. The mesh pattern
was Quad element and map type was used for the
surfaces. The existing boundary conditions are velocity
input from the left side from the top of the arc and
pressure output boundary condition at the bottom of the
arc outlet. The simulation results from Fluent software
are seen in Figures 14 to 22.
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Figure 14 - Mesh pattern in the arch in the presence of a T-
shaped breakwater with a length of 15% of the channel width
at an angle of 30 degrees to the y-axis.
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Figure 15- Average velocity distribution pattern in the curve
in the presence of a T-shaped breakwater with a length of
15% of the channel width at an angle of 30 degrees to the y-
axis.

As can be seen, the velocity in the inner arch increases,
and in the outer arch, which has been subject to erosion
due to high forces resulting from positive pressure, it
decreases with the construction of the breakwater, and
conditions are created for bed stabilization.
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Figure 16 - Pressure distribution pattern in the arch in the
presence of a T-shaped breakwater with a length of 15% of
the channel width at an angle of 30 degrees to the y-axis.

As can be seen, the negative pressure in the outer arch
increases, and in the outer arch, which was exposed to
erosion due to high forces caused by positive pressure,
it decreases with the construction of the breakwater,
and conditions are provided for bed stabilization. As
can be seen, the negative pressure in the inner arch also
increases after the construction of the breakwater,
which also increases the ability to deposit sediment in
this area.
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Figure 17 - Mesh pattern in the arch in the presence of a T-
shaped weir with a length of 15% of the channel width at an
angle of 45 degrees to the y-axis.
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Figure 18 - Velocity distribution pattern in the curve in the
presence of a T-shaped breakwater with a length of 15% of
the channel width at an angle of 45 degrees to the y-axis.

As can be seen, the velocity in the inner arch increases,
and in the outer arch, which has been subject to erosion
due to high forces resulting from positive pressure, it
decreases with the construction of the breakwater, and
conditions are created for bed stabilization.

B FLUDNT [0] Floent Inc

92602
8.68e-02
8.09e-02 ZEEs
751e-02 Eit
692002 Tiis
6.34e-02
5.75e-02
5.17e-02
4.58e-02
4.00e-02
341602
282602
224802
1.65e-02
1.07e-02
483603
-1.03e-03
-6.88e-03
-1.27e-02

—‘ -1.86e-02
24402

L
Elz

Aug 12, 2018
FLUENT 6.2 (2d, segregated, ske)

Figure 19- Pressure distribution pattern in the arch in the
presence of a T-shaped breakwater with a length of 15% of
the channel width at an angle of 45 degrees to the y-axis.
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As can be seen, the negative pressure in the outer arch
increases and in the outer arch part that has been
exposed to erosion due to high forces caused by
positive pressure, it decreases with the construction of
the breakwater and conditions are provided for bed
stabilization. As can be seen, the negative pressure in
the inner arch also increases after the construction of
the breakwater, which also increases the sedimentation
ability in this area.
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Figure 20 - Pressure distribution pattern in the arch in the
presence of a T-shaped breakwater with a length of 15% of
the channel width at an angle of 75 degrees to the y-axis.
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Figure 21- Velocity distribution pattern in the arch in the
presence of a T-shaped breakwater with a length of 15% of
the channel width at an angle of 75 degrees to the y-axis.

As can be seen, the negative pressure in the outer arch
increases and in the outer arch part that has been
exposed to erosion due to high forces caused by
positive pressure, it decreases with the construction of
the breakwater and conditions are provided for bed
stabilization. As can be seen, the negative pressure in
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the inner arch also increases after the construction of
the breakwater, which also increases the sedimentation
ability in this area.
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Figure 22- Pressure distribution pattern in the arch in the
presence of a T-shaped breakwater with a length of 15% of
the channel width at an angle of 75 degrees to the y-axis.

As can be seen, the negative pressure in the outer arch
increases and in the outer arch part that has been
exposed to erosion due to high forces caused by
positive pressure, it decreases with the construction of
the breakwater and conditions are provided for bed
stabilization. As can be seen, the negative pressure in
the inner arch also increases after the construction of
the breakwater, which also increases the sedimentation
ability in this area.

4. Conclusions

The aim of the present study is to investigate the effect
of the presence of a breakwater in the arch on the flow
pattern. For this purpose, the data obtained from the
two-dimensional velocity acquisition were analyzed.
The overall results of this numerical study can be stated
as follows: the velocity distribution pattern in the arch
indicates the concentration of areas with maximum
velocity downstream of the arch and in the vicinity of
the outer wall, which indicates the importance of
protecting these areas by breakwaters. The use of
breakwaters has made the velocity distribution
upstream of the breakwater uniform, and also caused
the high-velocity area to be transferred to the middle of
the channel and the inner wall, but the placement of the
breakwater increases the flow velocity in the channel
compared to the case of the arch without breakwaters.

According to the results in both cases, the main cause
of erosion of the outer bank of the arch is the
concentration of high-velocity areas in the final third of
the arch, which, as can be seen, the placement of the
breakwater has effectively prevented the formation of
these areas. The speed in the vicinity of the outer bank
of the arch is greatly reduced and the placement of the
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breakwater causes the dispersion and transfer of the
high-speed zone from the outer wall to the middle of
the channel and the inner bank. According to Figures
15 to 22, the speed changes in the vicinity of the
breakwater noses change rapidly and high speeds are
located a short distance from the breakwater noses.
This shows that protecting the breakwater noses is
inevitable to maintain the stability of the breakwater
structure.

According to the velocity distributions presented in
Figures 15 to 22, in this case, high-velocity zones
dominate over a large area of the arch near the inner
wall. Figures 15 to 22 represent the average velocity
distribution in the arch in the presence of a breakwater
with a length of 15% of the channel width. Considering
the shape of the T-shaped breakwaters, they also
protect it by moving high-velocity layers away from the
outer wall of the arch.
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