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Drying of Okra by Different Drying Methods:
Comparison of Drying time, Product Color
Quality, Energy Consumption and Rehydration

By Osman Ismai| Azmi Seyhun KipcAl& Ibrahim Doyma¥

In this study, okra was dried and modelled with using five different drying methods
exist in literature. In the methods of vacuum and hot air drying, the drying
temperatureof 50°C was selected, while the powers of microwave and infrared were
set as 90 W and 83 W, respectively. The results were evaluated in terms of drying
time, product color quality, energy consumption and rehydration. The minimum
drying time was obtainedybmicrowave drying method. Also, the energy efficiency
increased with the microwave drying method. In terms of color criteria the best value
was obtained by the hair drying method. Rehydration content of dried okra samples
with hot air was higher thanhat of other drying methods. From the results of this
study, the most efficient drying methods were determined as microwave aaid hot
drying.

Keywords: Color, Drying Methods, Rehydration, Specific Energy Consumption.

Introduction

Okra (Abelmoschusseulentus L. Moenghwhich belongs to the family
Malvaceae is an annual vegetable crop growing 3 to 6 feet tall (Pendre et al.
2012, Afolabi and Agarry 2014). According to FAO data for 2Qidkra
production all over the world was about 1104407 hectdies . major producer
countries include India (530790 hectares), Nigeria (385000 hectares), Ivory
Coast (50000 hectares), Cameroon (23998 hectares) and Sudan (22114 hectares).
Turkey has the tenth place in the production of okra with 6099 hectares.

Among theseveral drying methods, in hot air drying method, which has
been used widely, the lower energy efficiency and long drying times are the
disadvantages (EMlesery andMwithiga 2012, Feng and Tang 1998, Pan et al.
2008) Opensun drying is the most common tined of crop drying in developing
countries. Despite several disadvantages, -spandrying is still used in many
places throughout the world where plenty of solar radiation is available. Also it
is renewable, cheap and etendly. The only problem of g¢ing opensun is
drying time is slow according to the other drying methddsmfleAkintunde
2011)

In recent years, attempts have been made to shorten the drying period to
improve the energy efficiency of the drying process and the quality of the dried

"Assistant Professor, Yildiz Technical University, Turkey
fAssociateProfessorYildiz Technical University, Turkey

YAssociate ProfessoY,ldiz Technical UniversityTurkey.

! FAO Statistical Database (2015). Available frduttp:/faostat.fao.org/
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products. The quality of the dried products could be improved by decreasing the
drying temperature or the drying time. Therefore, instead of-spendrying,
microwave, infrared, oven and vacuum drying is widely prefefied K | ar et
2014) Infrared drying method has so many advantages in comparison with hot air
drying, because the equipment can be compact with easily controllable parameters
(Sakai and Mao 2006). In microwave drying, short drying time that leads to lower
energy consumption and better quality of the dried food is the most advantage
among the other drying methodis ¢ meand Kocabay 2016).

The increase in the population and energy needs are two important factors that
trigger each other. Energy productionvigth increasing need in developing
countries, directly proportional to the development level of the country. The food
industry has the energlependent processes required for ensuhegfreshness
of foods and reliability. Heat treatment and drying dre tnost common
processes, which use significant amount of energy for the preservation of
foods. In the food industry 29% of the total energy used in the heat treatment
processes and 16% is used for cooling and freezing processes. In today, various
criteriaare evaluated for the drying performances; such as moisture absorption
rate, energy consumption and specific energy consumption (Okos et al. 1998).
For this relation to decrease the energy costs is the main focus for the
dehydration processes. Existingdies in the literature is very much about the
drying methods of food products. Also these methods are known as the-energy
consuming food preservation methods, hence to decrease the energy cost on
these methods is worth of a study.

There are several factoinfluencing the quality parameters of dried product.
Some chemical and biochemical reactions such as browning reactions and lipid
oxidation might alter the final color (Okos et al. 2007). Drying conditions and
physicochemical changes that occur duringndy and rehydration processes seem
to affect the quality properties of the rehydrated products (Faiciia 2008).

Processed and value added products are gaining importance in the worldwide
markets. Dried okra is one of these. According to TUIK data2@¥5, okra
production all over the Turkey was about 31,898 tonnes. Okra is mainly exported
in the form of fresh okra, dehydrated okra, canned okra and okra pickle.
Dehydrated okra is considered as a potential product in world trade. In European
countries,the demand for fresh and dried okra is very high. For this reason, the
exports of okra play an important role in the Turkish economy. The various kinds
of drying methods followed for dehydration of okra such as convective air drying,
open sun drying, vacau drying, microwave drying and infrared drying are
reviewed here. These techniques are mainly used for preservation and value
addition of okra. There are many studies on okra in the literature. Other studies
about okra dried with different drying methodslgresent works are summarized
in Table 1 (Afolabi and Agarry 2014, Wankhade et al. 2012, Doymaz 2011,
Kocabay and Ismail20lbadal € et al . 2007, Doy maz
Gogus and Maskan 1999, Adom et al. 1997sAlaiman 2011, Ismail and Ibn
Idriss 2013, Ajay and Fakayode 2011, Huang and Zhang 2016, Aamir and
Boonsupthip 2017).
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Table 1.Studies on the Drying of Okiin the Literature
Drying
Drvin conditions Air Drying
me){h(? d Pretreatment | (Hot air (°C) velocity time Ref.
Microwave (m/s) min
(W)
. . Afolabi and
Hot air drying 50, 60, 70 - 600780 Agarry 2014
. Afolabi and
Sun drying Natural - - 7200 Agarry 2014
. Afolabi and
Solar dying - - 4320 Agarry 2014
Hot air drying 40 1 960
Sun drying Natural - - 1380 \é\g?kggfg
Solar drying - - 900 '
. Doymaz
Sun drying Natural - - 6000 2011
Natural - - 1980 Kocabay
Sun drying Blanched - - 1080 and Ismail
Salted - - 1320 2017
Microwave Natural 180, 360, 540, i 50,37, |Dadal &
drying 720, 900 23, 20, 15 2007
. . 960, 630,| Doymaz
Hot air drying Natural 50, 60, 70 1 480 2005
. . NaCl 780, 540,| Shivharea et
Hotairdying | panched | 4955 70 ) 300 al. 2010
Gogus and
Hot air drying Natural 60, 70, 80 1.2 860, 570, Maskan
440
1999
Solar tent Adom et al.
dryer Natural 30-60 0-0.2 2880 1997
) 19, 18, :
Mlcroyvave Natural 75, 150, 300, i 17 16 Al-Sulaiman
drying 500,700, 900 15, 13 2011
Ismail and
Solar drying Natural - - 1620 Ibn Idriss
2013
Ajay and
Hot air drying Natural 50, 60, 70 14.6 580, 560, Fakayode
540
2011
Vacuum 100 Pa ) 220
freeze drying 45,-38 °C
Microwave
vacuum 500 - 110
drying Natural Zlﬂhl;ingzaz)rl%
Pulsespouted 9
microwave 500 i 95
vacuum
drying
Microwave Aamir and
: Natural 440, 618, 800 - 7,5,4 | Boonsupthip
drying 2017
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As it is seen from the literature, at the sun drying the drying times were very
different due to the daily temperature and solar radiation fyVitmsummer
months (Jua, July and August), relative humidity, wind speed and okra thickness.
The differences of the hair drying times are due to the relative humidity and air
flow. There is no considerable difference in microwave drying.

Hot air drying and sun drying are draonal drying technologies widely used
in the drying of agricultural products for a long time, but usually recognized as
time-consuming or producing lowguality products. Microwave drying is a
rather effective drying technology that has advantages toaditional drying
technologies. According to the studies given in the literature, there is no study
about the infrared and vacuum oven drying of okra. In the sun drying of okra the
ambient temperature less than 50°C, so in this study considering thenaent
temperature 50°C is taken as the reference temperature. Hence, reduced power
levels both on microwave and infrared method is used. Based on the literature, five
different drying methods have been applied to the drying of the okra samples.
Drying time product color, energy consumption rehydration are examined and
compared.

Methodology
Samples

Fresh okra(Hibiscus esculentus Lgamples, which have approximately
the same length and diameter were collected from Thrace region of Turkey.
The selectedbkra samples were cleaned with tap water to make samples free
from dust and foreign materials and stored at 4.0+0.5°C in the refrigerator for
about one day for the moisture equilibrium. Then, okras were removed from
the refrigerator and allowed to reachth@ ambient temperature. The stalk and
tapered head of the cleaned samples were cut off to form a cylikelshape
with an approximate length and weight of 50+0.3 mm and 4+0.3 g,
respectively. Average diameter of okra samples was measured as 1.1+0.2 cm
Dry matter and moisture contents of the fresh samples were determined prior to
drying process. To determine the initial moisture content, four identical
experiments were conducted. In these experiments approximately 15+0.2 g
samples were dried in an ovliemmert UM400, Germany) at 135 for 24
h (AOAC 1990). The average initial moisture content of okra was found as 84
% wet base (w.b.).

Drying Equipments and Drying Procedures

After the drying procedures explained below, all of the dried samples were
packed in low density polyethyleibags.
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OpenSun Drying

Opensun drying experiments were carried out during August 2016 (08.00
AM - 20.00 PM) in Turkey. The okra samples, about 30+0.2 g were distributed
uniformly in a single layer in the sample tray, and exposed to sunlight for 12 h
daly. Moisture loss and temperature of the ambient air were measured at 1 hour
intervals during drying by a portable digital balance (Alfais, 1200@hichhas 0
300 g measurement range with an accuracy of £0.1 g). When the drying time
took more than 12 hhe samples during the night were packedéducing the
effect on increase in moisture content. During the drying experiments, the
temperature of ambient air ranged from 32 to 45°C. The highest air temperature
was reached between 10:30 AM and 14:30 Bkjing was continued until the
samples reached the desired moisture level of approximately 0.092 g water/g dry
matter.

Infrared Drying

Drying experiments were carried out in a moisture analyzer with one 250
W halogen lamp (Snijders Moisture Balance, &g b.v., Tilburg, Holland).
In the infrared drying process, samples should be separated evenly and
homogeneouslgver the entire pan. The power level was set in control unit of
equipment. The drying experiment was performed at infrared power level to 83
W. The samples of okra (approximately 30+0.2 g) were removed of dryer at a
time interval of 15 min during the drying process, and their weights were
measured with a digital balance (Precisa, model XB220A, Precisa Instruments
AG, Dietikon, Switzerland) wittan accuracy of 0.001 g. The temperature is
not measured. Drying was finished when the moisture content of the samples
was approximately 0.084 g water / g dry matter.

Microwave Drying

Drying experiments were carried out in a Robert Bosch Hausgerate GmbH
(Germany) model microwave oven which has a maximum output of 800 W
working at 2450 MHz. The microwave oven has the capability of operating at
different microwave stages, from 90 W to 800 W. The area on which microwave
drying was performed was 530x500x3g#m in size and consisted of a
rotating glass plate 300 mm in diameter at the base of the oven. The adjustment
of microwave output power and processing time was done with the aid of a
digital control facility located on the microwave oven. Drying experimeag
carried out at a microwave power level of 90 W. During drying experiment
30+0.2 g okra arranged as a thin layer on the rotatable plate fitted inside the
microwave oven cabinet. The rotating glass plate was removed from the oven
every 2 min during thérying period and moisture loss determined by weighing
the plate using a digital balance. The temperature is not measured. Microwave
drying continued till the moisture reduces to 0.112 g water/g dry matter of the
initial moisture content.

159



Vol. 6, No. 3 Ismailetal: Dr yi ng of Okra by D

Vacuum Oven Dryig

Vacuum oven drying was performed in a laboratory type vacuum oven
(Nuve EV 018, Turkey) with technical features of ~220 V, 50 Hz, 3.5 A and 800
W. The temperature of the vacuum oven has a sensitivity of 1°C, with a max
temperature of 250°C. The areawhich vacuum drying oven was performed was
30x20x25 cm in size. A laboratory type vacuum pump (KNF ND26AN 18,
Turkey) was used in the vacuum drying operation. Its operating conditions
were 220 V, 50 Hz and 0.85 A. The adjustment of vacuum value and
processing temperature was done with the aid of a digital control facility
located on the vacuum drying oven. The drying experiment was carried out
using okra samples of weight of about 30+0.2 g and at one vacuum oven dryer
at a constant temperature of 80and pressure of 0.1 kPa. Moisture loss in the
okra samples was measured at 30 min intervals. Drying was finished when the
moisture content of the samples was approximately 0.087 g water / g dry
matter.

Hot-Air Drying

Drying experiments were performed a cabinet type dryer (APV &
PASILAC Limited of Carlisle, Cumbria, UK). It was constructed from stainless
steel sheets formed as a rectangular tunnel of dimensions 05UR2.4n. The
dryer consisted of a centrifugal fan to supply the airflow, an elalchreater, an air
filter and a proportional temperature controller. The dryer is operated at dry bulb
temperatures between @00°C. The desired drying air temperature was attained
by electrical resistance and controlled by the heating control unitvelbeity of
air passing through the system was measured via200@'s range anemometer
(model AM-4201, Lutron Electronic, Taipei, Taiwan). The airflow was measured
directly in the drying chamber. The samples are dried in the perforated basket 30
cm sqare and 11 cm high, and moisture loss is recorded during drying by a
specially developed weighing unit. This weighing unit consists of a balance (20 kg
capacity), hanger rod, digital indicator and load cell (Revere Transducers Europe,
Holland). The okra saples, about 50+0.3 g were distributed uniformly in a single
layer in the sample tray, and then dried in hot air day&0°C air temperature and
a constant air velocity of 1 m/s. Moisture loss in the okra samples was measured at
30 min intervals. Dryingvas finished when the moisture contehthe samples
was approximately 0.085 g water/g dry matter.

Color Measurement

Sample color was measured before (fresh okra) and after drying methods
using a Chromameter GR0O (Minolta, Japan)., a andb values vere measured
to describe three dimensional color space and interpreted as follawghe
brightness/lightness or whiteness ranging from no reflection for blad) to
perfect diffuse reflection for whitd_£100). The value, is the redness ranging
from negative values for green to positive values for red. The ‘aisighe
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yellowness ranging from negative values for blue to positive values for yellow.
The total change in colorE) of dried samples was calculated as follows
(Phoungchandang and Saemtasuk 2011):

DE = (L, - )7 +(ay - &) + (b, - b)) (1)

whereL,, a, andb, are the color values of okra samples before drying samples.
Fresh okra samples were used as the reference while a bpdiepresents a
greater colour change from the reference material.

Calculation of Specific Energy Consumption

The total energy consumption of the drying process was evaluated through
the Specific Energy Consumption (SEC). During drying, the electricatigy
was consumed. Energy consumption of infrared radiation, microwawvajrhot
convection, oven and vacuum oven with together vacuum pump was determined
using a digital electric counter (Kaan, Type 111, Turkey) with 0.01 kWh precision.
The specific energconsumption which is a measure of the energy needed to
evaporate a unit mass of water from the product was calculated using Eq. 2
(Ismail and Kocabay 2016):

:&

M, )

where Qs is the specific energy consumption in kWh / kg waf@r,is the
consumed energy in kWh, ang, is the mass of vaporized water in kg water.

Rehydration Experiments

Rehydration and diffusion are two important parameters in the
characterizationof the dried foods. Okra samples were rehydrated by
immersion in distled water at controlled room temperature. In other words,
five dried okra samples introduced in a plastic mesh basket were immersed
during a predetermined time into water at 25°C using glass jar with 300 mL of
water. At every 30 min intervals, okra saegmlwere removed from water,
drained, and weighed. The weights of samples were measured with an electronic
digital balance. The weight change was observed at specific intervals until the
equilibrium moisture content was reached. The experiments were cautied
duplicate and their average values were reported. The rehydrationRgtio (
was calculated using Eq. 3:
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VVt'Wdry

R, =
R Wd

v 3)

whereW; and Wy,y are the weight of the samples at any time (g) and the dry
weight (g), respectively. Also in thhehydration experiments, the data observed
were found ap < 0.05.

Results and Discussion
Drying Time

The effect of the different drying methods on the drying time of okra is
given in Figure 1. From Figure 1 it is seen that the drying times of oksa wa
recorded in the range of 46 min to 50 h. The maximum drying time of okra was
reached by the opesun drying method with a drying value of 50 h. Like the
microwave method in which the experiments were conducted at 90 W power
level, the drying time of the@kra samples about 46 minutes. Other drying
methods, which were conducted at a temperature of 50°C, the drying times
were found as 13.5, 10 and 9.25 h for the drying methods edihotacuum
and infrared drying, respectively. The drying times were deteunfrom
highest to lowest as; opeun drying > hotir drying > vacuum drying >
infrared drying > microwave drying.

Figure 1. The Effect of the Drying Methods on the Drying Time of Okra

60

50

Drving time (h)
fad
(=]

13.5

10 925
10 -
0 i - I T T

Vacuum Sun Microwave Infrared Hot-air

Drving method

162



Athens Journal of Sciences September 201!
Color Analysis

Color is one of the most important factormang the food acceptability
parameters. Too much color change on the food product adversely affects the
food quality, which leads to decrease the marketing sales of the products. In
other words, the initial quality parameter assessed by customers igftwe su
color of the food. The fresh okra samplesa andb values were measured as
42.69,-3.6 and 8.34, respectively. The impact of different drying methods
upon the color parameters of the dried okra samples was exhibited in Table 2.

Table 2.Color Analysis Results of Okra

*

Drying Samples 42L69 . a b CE
methods Fresh Ol 99‘ -3.6£0.84 | 8.34x0.54 -
Vacuum 44,71 + 10.64 =
oven Dry 103 6.80 +0.78| 9.39 £ 0.68 1.08
Opensun Dr 51.35+ 11.38 + 16.02 + 18.93 +

P y 1.26 0.89 0.65 1.34

. 50.21+ 15.79 + 13.54
Microwave Dry 0.59 4.85+0.72 103 0.94

45.39 + 14.36 £ 11.15+
Infrared Dry 104 5.39+0.39 0.74 192
. 48.82 +

Hot-air Dry 118 3.67+0.16| 9.80+0.90| 9.62+1.18

*Values are means + SEE.

From the results of Table 2, it is seen that the fresh bkd a lightness
value of 42.69. The lightness values of the dried okra samples range from
44.71 to 51.35, where the all drying methods increased the lightness. The
highest lightness value was seen at the method ofsyredrying with a value
of 51.35.Then, microwave and hatir drying methods were followed with the
lightness values of 50.21 and 48.82, respectively. Fromathad b values
results of the dried okras, it is seen that the redness and yellowness of the dried
okras were increased with respéo fresh okras.

The total color changesf Bt was calculated according to Eq. (1) using the
measured., a andb values. A largeee Evalue represents a greater change in
color. Table 2 also presents tipeEof the sample dried at five drying conditions
The color change of the dried okra samples was determined in tergq$: of
which ranged from 9.62 to 18.93 for different drying methods. The lofest
value is seen on the hot air drying method with a value of 9.62. Result from
here, hot air dried okra showdige least color change compared to the fresh
okra sample. Similar results can be seen in the literature (Mana et al. 2012, Cao
et al. 2016). Since high lightnedls) (and low total color changegE value
were preferred in the food drying, hot air dryingthhod gave better results for
the preservation of the color quality.
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Energy Consumption

The energy consumption values obtained using vacuum, microwave, infrared
and hotair drying of okras are given in Figure 2. When the four drying methods
were compaed with respect to energy consumption values, it is seen that the
lowest energy consumption occurred in microwave drying method and it is
followed by infrared, vacuum and hair drying methods. Since the energy
value for opersun drying method is zero, epsun drying method is not
included in Figure 2.

Figure 2. Energy Consumption during the Drying of Okras
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The best result was found as the microwave drying method among all drying
methods considering the energy consumption values. Energy consuniption o
microwave method was found as 0.18 kWh. The highest value in all drying
methods considering the energy consumption was seen-air fdrying, with a
value of 2.27 kWh. Other methods of infrared and vacuum oven drying energy
consumption values are fouad 0.76 and 1.45 kWh, respectively. As a result of
this study, the drying processes carried out at low temperature and power levels,
leads to a longer drying period and higher energy consumptions. These results are
in agreement with the literature {Mesey andMwithiga 2012)

Specific Energy Consumption

The specific energy consumption was determined, in all of the four drying
methods by considering the total energy supplied to dry the okra samples from
initial moisture content of about 5.25 g waterdrg matter to a final moisture
content of approximately 0.67.12 g water / g dry matter. The specific energy
consumption of the drying process under different drying methods were
calculated by using Eqg. (2) and given in Figure 3. As can be seen frone Figur
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3, the minimum energy (20.54 kWh / kg water) is needed for drying of 1 kg of
okra samples at microwave drying method. The maximum energy (69.95 kWh
/ kg water) is needed at vacuum oven drying method. Hence microwave drying
method is the most suitable rhet for drying fresh okra samples because of
the minimum energy consumption (20.54 kWh / kg water) and drying time (46
min). The results that are found are similar to those reported by researchers for
other products (Sharma and Prasad 2006, Motevali 2051.).

Figure 3. Specific Energy Consumption for Drying 1 kg of Wet Product
80
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Drying methods

Rehydration

Rehydration process depends on structural changes in vegetal tissues and
cells of food material during drying, which produces shrinkage and collapse
and reduce the water absorption capacity, thereby preventing the complete
rehydration of the dried product (Krokida and Philippopoulos 2005). Using Eq.
(3), the rehydration conteniRg) values are calculated and are shown in Figure
4. Since there are no significanchanges after 200 mins, rehydration experiments
were terminated at 270 mins. As it seen from Figure 4, the rehydration contents
ranged from 3.35 to 4.86v8e/Oury mater The highest rehydration content of 4.86 g
water / g dry matter was found in ket method then followed by opesun @.39
Owate/Qdry matte), INfrared 4.29 (@hte/Odry matte), Vacuum oven (4.12yge/Jary matte)
and microwave (3.35ugte/Jdry matte) Methods. Similar results can be found at
the studies of Moreira et al. (2008)dcaMana et al. (2012).
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Figure 4. Rehydration Results of Dried Okra Samples
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Conclusions

The growing trend on the amount of quality products and energy costs has
motivated researchers to do research using different combinations of drying
technologiesBased on the several conducted analyses, the best method for the
drying of okra samples was found as the microwave drying method, considering
the low drying time (46 min), low energy consumption (0.18 kWh) and low
specific energy consumption (20.54 kWy/kater). It can be said that this
method can be applied to industry easily and can provide consumers to high
quality and uniform products. Highest rehydration contents and lowest total
color change (9.62), were obtained in dried okra samples with hoirt
from the microwave drying method, hot air drying is also recommended for
okra drying in terms of rehydration and total color change.

Nomenclature

Lightness

Greenness

Yellowness

Rehydration time (h)

Total color change

is the speific energy consumption in kWh / kg wate
is the consumed energy in kWh

is the mass of vaporized water in kg water
Rehydration ratio

Water content at a specific time (g water)
Dry weight of product

;é;;@pmﬁcmr
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Sedimentation Processes in the Black Sea during

the Last Glacial Period Dedwed from Grain Size

Analyses on Gravity Core MSM 33/543 from the
Eastern Anatolian Continental Margin

By Carolin Neugebauer

Abrupt climate fluctuations within the last glacial period are recorded in several
palaeoclimate archives such as Greenlandcoees and northern hemisphere sediments,
both marine and terrestrial. Characterised by an abrupt warming within a few decades
and followed by gradual cooling, these evéntemown as Dansgaar@eschger events

(DO) - are directly related to changes in theedimentary mechanisms for several
marginal basins. Black Sea sedimentary mechanisms were mainly influenced by
continental ice sheet dynamics of the northern hemisphere. Variabilities of more intense
(stadial) and less intense (interstadial) glacial coiodis are caused by variations in

North Atlantic oceanic meridional heat transport, leading to regional climate changes
(Henry et al. 2016). Thus, changes of regional climate are reflected in the grain size
composition of terrestrial and marine sedimentsutB eastern Black Sea sediments
represent well archived paleoenvironmental records of the last glacial course. As a
marginal basin with its only connection to the world ocean circulation system via the
Bosporus, the Black Sea experienced several persods isolated glacial lake, caused by

sea level fall during cold DO events. To reveal the dominant modes of temperature
variability between 6@0 thousand years, a sedimentary sequence of a gravity core of the
south eastern Archange3l6sAkdy3 . Biddge E() 4 1 A5 8a.n%8 5y6s
to several climate indicators. Laser diffractometry and statistical calculation programmes
such as GRADISTAT obtained sedimentary parameters in order to estimate the dynamic
and genetic reasons for the presenceunfi@rous grain size distributions of the sediments.

The process of EAthember modelling has been used to assign the grain size distributions
to the sedimentary mechanisms during DO events. Additionally, XRF analysis revealed the
aeolian and fluviatile indiative elements of the core sequence to clarify how the regional
ecosystem, especially vegetation, responded to these climate changes. As a result, the
grain size distributions correspond notably with climate changes and therefore, reveal
high impacts of DCevents on sedimentary processes in the south eastern Black Sea
region. The present study contributes a piece to the puzzle of the climate development of
Southeast Europe to understand past climate mechanisms as well as to predict future
climate scenarios.

Keywords: Black Sea, Dansgaat@eschger Events, Grain Size Analysis, Palaeoclimate.

Introduction

Greenland ice core records were first to show that rapid climate fluctuations
during Marine Isotope Stage 3 (MIS 3,-89 ka years BP) impactdate North
Atlantic territory during the last glacial course. These climate fluctuations are

“Master of Science, Germany
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known as Dansgaai@eschger events (DO), characterised by rapid warming
over Greenland of as much as 10°C within a few decades and followed by a
gradual cooling continuingpf several centuries, then rapidly leading to stadial
conditions (Rahmstorf 2002). Heinrich events (HE) are a climatic phenomenon
that occurred during the coldest phases of DO events (Clement and Peterson
2006) and are related to massive episodic icelisoharges from the Laurentide

ice sheet (Rahmstorf 2002). They are reflected as cgaagged layers in

North Atlantic sediments; the thickness of these sediments decreases from
several metres in the western Atlantic down to a few centimetres in theneaste
Atlantic (Rahmstorf 2002). HE and DO events are not unrelated as Heinrich
events are followed by a warm DO event, and DO events tend to get cooler
until the next Heinrich event (Rahmstorf 2002). Much remains unknown about
the mechanisms that lead to $keclimate changes. However, changes in the
North Atlantic Meridional heat transport caused by freshwater release seem to
be one of the main mechanisms that triggered these climate events as sea
surface temperatures (SST) of the North Atlantic are cloratghed with DO
events in Greenland (Clement and Peterson 2006). With respect to that theory,
stadial conditions are associated with weak oceanic heat transport and large sea
ice extent of northern latitudes. Interstadial conditions are related to strong
oceanic heat transport that extends far into the high latitudes of the North
Atlantic (Wegwerth et al. 2015). The deepter formation in the North Atlantic
linked to the Atlantic Meridional Overturning Circulation may play a crucial role

in triggering climate changes. Three modes of North Atlantic Ocean circulation
have been estimated for the last glacial period (Rahmstorf 2B@2¢d on their
occurrence during stadial, interstadial phases and Heinrich events, the modes
are stadial mode, interstadial modaed Heinrich mode with reference to
Rahmstorf (2002). These modes differ in their location of North Atlantic Deep
Water formation and are all but stopped during Heinrich events (Rahmstorf
2002). The cold stadial mode is characterised by reduced deepfavatation

south of Iceland, during interstadial mode deep water formation increased and
experienced a northward shifting into the Nordic Seas (Rahmstorf 2002).
Furthermore, a strong ocean circulation led to warmer conditions in the Atlantic,
melting ice skets and freshwater supply into the North Atlantic that weakened
the circulation again. Other studies suggest the collapse of northern Laurentide
ice sheet, leading to increasing icebergs in the North Atlantic (Heinrich events)
and thus, enhanced freshwatupply (Rahmstorf 2002). Probably, it is the
interaction of all these mechanisms that may explain the abrupt climate changes
during MIS 3.

The NAO (North Atlantic Oscillation) play a key role for the atmospheric
and oceanic circulation pattern in the thern hemisphere and represents an
index between higpressure and loygressure systems of the Atlantic. There
are two states of the NAO: a positive NAO intensifies atmospheric circulation
caused by strong subpolar low and subtropical high systems ofléimécAOcean,
strengthening the westerlies betweer683N (Voelker 1999). Temperaturase
increasing in northern Europe but decreasing in the Mediterranean, leading to
dry winters in southern Europe (Voelker 1999) and bringing cold air to the
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Black Sea(Hurrel et al. 2003). On the other hand, a negative NAO results in
weakened westerlies, so that easterly and meridional wind systems predominate,
leading to colder temperatures in northern Europe; southern Europe and the
Black Sea experience warmer and ldiiconditions (Voelker 1999). However,
changes in the NAO have an impact on atmospheric pattern and North Atlantic
current systems (Dickson et al. 1996), such as of deep water formation and
thus, may have contributed to DO events.

No less important is thguestion whether these events are a phenomenon
of the northern hemisphere or whether they appeared with the same dramatic
character globally. Recent studies demonstrate that these events are not local to
Greenland (Voelker et al. 2002). These events sHetectable patterns in
many sediments worldwide (Figure 1). Climate fluctuations have also been
detected in glacial loess deposits in China. Cegramed layers of loess
deposits indicate cold climate intervals and are mixed with-ratdy fine-
grained ayers, indicating warm climate intervals (Ruddiman 2008). To identify
DO events in sediments, climate fluctuations are traced by means of grain size
analysis and linked to sedimentary mechanisms. Local changes in environmental
conditions have a direct inféence on sediment composition and grain size and
actually reflect the contrast between DO stadials and DO interstadials. There
are clear indications that dry and cold environmental conditions lead to high
proportions of coarse aeolian fractions within diseent (Ruddiman 2008). On
the other hand, warm and humid environmental conditions increase the fine
grained fluviatile character of a sediment. These environmental conditions are
dependent on prevailing wind systems and local rain fall that were inéghsifi
or limited regionally as a result of the impact of DO events.

Figure 1. Global DO Interstadialleft) andStadial(right) Pattern
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The present paper aims to undanst the longange impact of North
Atlantic temperature changes during DO events and the influences on
sedimentation mechanisms for the study region to be demonstrated for the
period between 6G80 ka years of MIS 3 by detailed grain size analyses. This
study is crucial for the assessment of current and future climate changes, as
global climate patterns have different regional effects whose intensities cannot
yet been estimated.
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Palaeoclimate Black Sea

As a marginal basin in the middle of the Eurasiartioent, the Black Sea
reacts very sensitively to environmental and climatic changes in the surrounding
area. During the past 670,000 years, the Black Sea experienced several oscillations
between brackish and limnic conditions due to sea level fluctuatitmsh
have been characterised by the constant change of interruption and connection
with the Marmara Sea (Wegwerth et al. 2015). The isolated Black Sea developed
to a Black Sea fALakeo during |l ow sea | evel
Sea were inteupted and both hydrological and sedimentary conditiwese
impacted by freshwater fluxes from the Eurasian continent in the north and the
Anatolian region in the south. During MIS 3 the sea level of the Black Sea was
constantly below present Bosporudl, sndicating the glacial phase of the
Bl ack Sea fALake. 0

The intensity of freshwater fluxes is directly linked to the extent of the
northern hemispheric ice sheets and the associated northward or southward
shifted polar front. During the last glacial et the Fennoscandian ice sheet
changed its extent remarkable with response to DO warming or cooling. A
direct correlation with the dynamics of intermediate ice sheets is assumed,
because almost all DO events occurred during past glacial periods (Rahmstorf
2002). Changes of enhanced or weakened westerly winds and fluctuations in
precipitation resulted in dramatic environmental changes that can be detected
in the sediments of the Black Sea.

Detailed pollen analyses of previous studies allow regional changes
vegetation in northern Anatolia to be correlated with climatic fluctuations
(Shumilovskikh et al. 2014). DO interstadials are related to temperate forests
due to the onset of humid conditions in northern Anatolia. On the other hand,
Black Sea sedimentdemonstrate nearboreal pollen during cold DO events
and suggest mainly xerophytic biomes that characterised the northern Anatolian
region due to arid conditions (Shumilovskikh et al. 2014). Black Sea surface
temperatures reacted sensitively to Nortratic Heinrich events as temperatures
cooled down on 3°C (Wegwerth et al. 2015).

The Study Region

The Black Sea is the largest anoxic basin on earth with a characteristic
stratification of the water column and a maximum water depth of 2258m. The
upper D0-150 m comprise a freshwater layer that is welygenated, followed
by a saline water column below that has anoxic conditions (Kwiecien et al.
2009). This stratification is due to the interruption of vertical circulation caused
by the freshwater inputfaivers and precipitation and the influx of saline
marine water from the Marmara Sea through the Bosporus that is 35 meters
below sea level (Kwiecien 2009).

European largest rivers drain into the Black Sea such as the Danube and
Dnieper, contributing tdhe positive water balance by enhanced freshwater
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supply that is higher than evaporation (Wegwerth et al. 2015). Large quantities
of sediments (>33%) are supplied by the large Anatolian rivers such as Kizilirmak
into the south eastern Black Sea (Lericoki43).

The basin is surrounded by the Carpathian mountains in the west, the Pontic
mountains in the south and the Caucasus in the east (Wegwerth et al. 2015).

Local Climate

The climatic conditions of the Bl ack
atmospheaqd circulation pattern. Main features are the westerlies, the Siberian
and midlatitude subtropical higipressure systems as well as the Polar Front
Jet and the Subtropical Jet (Wegwerth et al. 2015). Indian monsoon and Siberian
high-pressure system strogginfluence Mediterranean lopressure systems
that reach the Black Sea, depending on the seasonal situation of the Polar Front
and Subtropical Jet (Wegwerth et al. 2015). However, the southern Black Sea
region is mainly characterised by the Mediterranganate leading to hot and
dry summers and cold and wet winters. Accordingly, a positive winter NAO
caused strengthened westerlies and cold and dry air is controlling the Black Sea
area. A weakened NAO is leading to south westerlies and wet winters (\ikegwer
et al. 2015). During summer the eastern Black Sea and north Anatolia are the
most rainrladen regions due to precipitation in the Pontic mountains and
Caucasus in the east (Wegwerth et al. 2015). It is precisely this climatic situation
of the Black Seahtat suggests regional changes in these atmospheric patterns
during DO events as the change of one of these features results in the change of
the other features as well (Figure 2).

Figure 2. Atmospheric Pattern for the Black Sea Region
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Methods
Core Sediments

In order to reconstruct the environmental changes and the associated
different sedimentary composition of the Black Sea, a sediment sequence of a
gravity core from Archangelsky Ridge (41°688 56 N, 36A43. 8450
depth of 382.2 m was examined for its grain size and element composition. The
Archangelsky Ridge is an uplifted fault feature of the south eastern Black Sea
and located within a highly tectonically active zone of the Aratatontinental
margin (Wegwerth et al. 2015). The basin itself represents a part of the Para
Tethys that developed as a bawk basin (Wegwerth et al. 2015).

Black Sea sediments contain three stratigraphic units (WUiitas described
by Ross (Rosstal. 1974), comprising mainly coccolith ooze (UnitHplocene
sapropel (Unit I1) and limnic clays of Unit Il (Figure 3). The investigated core
sequence of 35352 cm can be assigned to the clayey sediments of Unit I,
covering a time period between-80 ka years. Sedimentation in the south
eastern Black Sea is relatively low compared to the high sedimentation rates of
the western Black Sea (Wegwerth et al. 2015). The age model is based on
previous investigations by Nowaczyk et al. (2012) by means MSE A4C
(accelerator mass spectroscopy).

Figure 3.Black Sea Sediment Unitsll
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Sample Preparation

First, the core sequence was sampled in 1cm units and freedsged.
Subseqgantly, a quantity of 12050 mg sample material was removed. Two
sample series were prepared. The laboratory procedure comprised treatment
with 15 ml 33% HO, for both sample series in order to remove organic particles
and the treatment with 15 ml HCI féhe second one for removing calcium
carbonate to determine the siliciclastic particles. Both series were heated for 1h
afterwards. Furthermore, the series were filled with distilled water to keep the
particles in suspension and treated with 5ml dispergedtaand sonicated for
15 minutes. Replicate samples were prepared at intervals of 10cm, showing a
consistent pattern in grain size distribution.

Grain Size Analysis

Grain size fractions of the core sequence are separated into clay (<2 um),
silt (<2 pmto <62.5 pm) and sand (>62.5 pm). The sediments are classified
according to the scale of Udden & Wenthworth. The grain sizes were analysed
by laser diffractometry with the particle size analyser CILAS at the Institute of
Baltic Sea Research in Rostock, \Waminde (IOW). Laser diffractometry is a
method based on the principle of light refraction on particles of different sizes,
which produces different refraction patterns. As a result, grain sizes were
summarised in grain size classes that were used faostdltistical calculation
program GRADISTAT that was developed by Blott and Pye (2001). It has
been written for the grain size analysis with respect to statistics such as mean,
mode, sorting and skewness (Blott and Pye 2001).

EndMember Modelling

The proess of Enemember modelling has been used to assign the grain
size distribution of each sample to sedimentary mechanisms during DO events.
Grain size distributions were used as input data from laser particle size analysis
for the endmember modelling algahm. The input data represent reflectance
values by means of DRS (Diffuse reflectance spectroscopy) of the grains size
distributions (Seidel 2015). The determination of the number ofhesbers
refers to the number of prevailing sedimentation processksaurce areas for
the studied period as sediments are mainly a mixture of several sedimentation
processes (Figure 4). The minimum of endmbers is calculated by the
coefficient of determination (r) that represents the proportion of variance of
grain si2 classes (Prins and Weltje 1999).
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Figure 4. Number of EndMembers by the Coefficient (r)
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X-Ray Fluorescence

High resolution core scanning was carried out byaxfluorescence (XRF).
XRF wasused with respect to the mineral composition of the sedimentsder
to exclude dilution effects by carbonate, Zr was normalised to Al. Zr is an
indicator for aeolian processes and strengthened wind systems and is associated
with heavy minerals. K is ainly due to weathering processes and incorporated
into clay minerals, mainly deposited by river influx (Wegwerth et al. 2015).

Results
Grain Size Results

The mean varies between 4um and 8um and is mainly composed of cohesive
fine silt size fractionsFew grains reach 16pum with a trend to the coarser silt
fraction. The sorting is classified as poorly sorted with notable shifts for few
samples.Poorly sorting is associated with a mixture of several grain size
classes. The grain size distribution showamy unimodal pattern with except
for few samples that show-band trimodal pattern, corresponding to coarser
grain size due to higher amounts of sand. Coarsening of these samples
corresponds to decreased clay content. Grain sizes are increasinglgtithgctu
between 440 cm and 550 cm core depth, indicating changed sedimentation and
environmental conditions, respectively.

End-Member Modelling Results

Three predominantly end members have been obtained as minimum number
of endmembers for a well approxeion of the grain size data. Thus, three
main sedimentation mechanisms are assumed. Two end members show a similar
trend in grain size classes (EM1, EM2), indicating a similar process or source.
Endmember 1 and 2 are classified as fgrained. Enédmembe 3 comprises
the coarseayrained fraction and a wide range of grain size classes. Compared
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with NGRIP, there are clear inverse reactions between EM1 and EM3. EM1
tends almost towards 0 compared to the maximum values of EM3. EM1
reaches maximum values dugiO interstadials, maximum values of EM3

are correlated with DO stadials (Figure 5). For visualisation of the results in
Figures 5 and 6, EM 1 was considered, since EM2 comprises the same grain
size classes as EM1.

Figures 5 and 6 Results Plotted to NP and Ca XRF
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XRF Results

Ratios of In(Zr/Al) XRF and In(K/Ti) XRF are compared to NGRIP and
the calculated enthembers. Maximum peaks of In(Zr/Al) XRF correspond to
maximum peaks of EM3. Thushd coarseyrained fraction can be correlated
with high In(Zr/Al) XRF. High In(K/Ti) XRF is correlated with maximum values
of EM1. Lowering in In(K/Ti) XRF results in low EM1 and the fugeained
fraction (Figure 5). A clear inverse reaction between In(Xi¥RF and In(K/Ti)
XRF can be derived as well as for EM1 and EM3. Hence, high In(Zr/Al) XRF
and high EM3 correspond remarkable to cold DO events. These values are almost
diminished during DO warming, when In(K/Ti) XRF and EM1 are at highest.
Regarding C&XRF the results correspond with climate changes detected in
NGRIP. Increasing temperatures correlate with high amounts of Ca (Figure 6).
Lowering in temperature agree with decreased Ca XRF. Ca is mainly originating
inorganic due to increasing temperatuitest lead to inorganicallprecipitated
carbonates as suggested by Kwiecien et al. (2009). Decreased Ca XRF is the
result of inputs of terrigenous material that leads to carbonate dilution (Kwiecien
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et al. 2009). However, primary productivity in the Blgg&a was high during
DO interstadials and low during DO stadials.

Discussion

Because high In(Zr/Al) XRF and high EM3 match, it can be concltiukd
both values indicate the same sedimentary process and source, respéttavely.
maximum peaks of EM3 remable correspond to few samples with maximum
shifts in their grain size for 42 ka years, 45 ka years and 47.5 ka years,
demonstrating highest contents in coarse grains related to sand. The coarse
grained character of the sediments indicates aeolian suhpty to arid
conditions of northern Anatolia and low vegetation, raising soil erosion as well
as icerafted debris as suggested by Shumilovskikh et al. (2014). Low primary
productivity and xerophytic vegetation corresponds with these values during
DO stadals (Shumilovskikh et al. 2014) and are supported by high Ca XRF
results. Related to a southward shifted polar front due to ice sheet extent, European
polar air masses and strengthened westerlies gained increased infloetiae
study region. Accordinglyless Mediterranean cyclones reached the Black Sea
basin, thus, evaporation was higher than precipitation and riverine freshwater
input (Wegwerth et al. 2015) (Figures 7 and 8). DO stadials mainly experienced
strong winters leading to coastal ice formataom thus, explain the amounts of
ice-rafted debris in southern Black Sea sediments (Wegwerth et al. 2015).
There are no clear differences between HE and normal cooling DO events in
the sediments detected, but highest In(Zr/Al) XRF and EM3 at 48 ka yegrs m
notably correspond to Heinrich event 5 (HE 5). Howeverraded debris are
not sufficiently proven in the present study. Several studies document large
eastern and southeastern loess deposits during cold and dry periods that
demonstrate high amount$ Zr (Buggle et al. 2008). Generally coarsening in
grain sizes of loess deposits from Western Europe to the Dnieper valley is
observed for 40 ka years BP by Rousseau et al. (2014). These results are
similar to the present study as main coarsening of giaés occur between 40
ka years and 50 ka years. Rousseau et al. (2014) revealed strengthened North
West winds due to northern hemisphere ice sheets. Aeolian deposits are located
along rivers such as Danube, acting as source areas for sediment supply by
wind systems when river flow was low (Rousseau et al. 2014). Thus, both the
north of the Black Sea and Anatolia offer sources for aeolian sedimentation.

On the other hand, high In(K/Ti) XRF corresponds with high EM1, indicating
fine-grained sediments thaitiggest freshwater supply of rivers and may be related
to enhanced riverine inflows by the Kizilirmak as well. Incredkadatile supply
may reflect melting ice in the Anatolian mountains but also of the Fennoscandian
ice sheet as well as increased poeation (Wegwerth et al. 2015). Spread of
temperate and grassland biomes ati54%a and 20 ka BP suggest humid
conditions and correspond to high concentrations of freshwater and brackish
dinocysts, indicating high productivity during DO interstadiatsestablished
by Shumilovskikh et al. (2014). At 545 ka BP, high EM1 and K are
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considerably constant on the expense of EM3 and Zr, supporting the idea of
warm and humid conditions for this interval and increased riverine input (Figure
5). Studies by Vdker et al. are in accordance with these results (Voelker et al.
2002) (Figure 1). Furthermore, increased fluviatile input corresponds with
minimum ice extent of the Fennoscandian ice sheet (Wegwerth et al. 2015).
More Mediterranean cyclones reached thacBlSea basin due to a northward
shifted polar front and weakened westerlies, thus, leading to higher precipitation
than evaporation for the Black Sea (Wegwerth et al. 2015) (Figuessl 10).
Shumilovskikh et al. (2014) estimated freshening of the Blaek surface
caused by humid conditions.

However, the grain size distribution is a result of the interaction of various
parameters such as changes in wind strength, sea level and local precipitation.
These parameters changed in accordance with DO patBatsated Anatolian
mountains may contribute to diminished freshwater supply into the southern
Black Sea during DO stadials and vice versa. Pollen analysis by Shumilovskikh
et al. (2014) indicates temperate and waemperate aboreal pollen that
suggest @cial refugia in northern Anatolia. Much remains still unknown about
the glaciation history of northern Anatolian mountains and its effects on
sedimentation processes. Further, it is of interest to find out from where the
aeolian entries come. Sources amh the European loess in the north and
northern Anatolia in the south of the Black Sea. Previous studies by Wegwerth
et al. (2015) have suggested aeolian indicators by the analysalkaines in the
sediments, as-alkanes represent leaf wax lipid®rft higher vasculant plants
(Wegwerth et al. 2015). High-alkanes indicate less vegetation cover of the
source area and strengthened wind systems during cold intervals. With respect to
studies by Shumilovskikh et al. (2014) thesalkanes have their so@rdn
northern Anatolia, suggesting aeolian inputs from the south of the Black Sea.

Flgures 7 and 8EnV|ronmentaI Condltlons of the Black Sea during DO Stadials
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Figures 9 and 10.Environmental Conditions of the Black Sea during DO
Interstadials
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Conclusions

The present study showdear patterns of DO events during MIS 3 in
south eastern Black Sea sediments. The changes between warm and cold DO
events indicate remarkable environmental changes for the Black Sea during the
last glacial period. The mulgiroxy application of sedimebre analysis methods
by means of grain size analysis, andmber modelling and XRF analysis
leads to a clearer picture of the supra regional effects of DO events between
60-30 ka years BP on the Eurasian continent. DO interstadials led to warm and
humid ®@nditions with high influences of Mediterranean lpvessure systems
and higher precipitation for northern Anatolia, corresponding to a mainly
fluviatile character of the sediments due to freshwater inflows. On the other
hand, a coarsgrained character dfie sediments with aeoliaeposited elements
such as Zr reflect cold and arid conditions of the environment during DO stadials
due to enhanced wind systems and less vegetation cover in nakiresioiia.

Thus, DO events had similar effects on inland su@s for the North Atlantic
region, as previous studies by Wegwerth et al. (2015) and Voelker et al. (2002)
suggested. These effects are due to changing ice sheet extents of the northern
hemisphere as well as northern oceanic circulation changes andgvenytes

of the NAO that can be both the mechanism and consequence of DO events.
This question remains still open. However, many studies are necessary to
analyse past climate processes for marginal basins as they offer perfect
palaeoclimate archives that ynaexplain future climate changes for both global

and regional areas as well.
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Dry Ports Development:
A Pivot Strategy toEnhance Sustanable
Transit Traffic via West African Corridors

By Sewodo Augustin Degb& Bingliang Soné

West Africa like many other regions in Africa, is enjoying a period of rapid growth in
the past decade and within this period, its international trade has gsymificantly.
However, the region lacks sufficient dry ports, which can enhance a sustainable
transportation of transit cargoes via the various corridors as well as relieving
pressures on the seaports. The essence of this paper is to select an optiatiom loc
for the development of a dry port in West Africa based on specific factors relevant to
the research objective. The center of gravity location model was applied at the
landside in order to ascertain the transportation cost of goods from selecte@dlcoast
ports to the hinterland markets as well selecting an optimum location for the
development of dry port with a cost minimization objective. A simple forecast of
demand throughput for West African landlocked countries was also applied using time
series regession analysis in order to access the traffic growth rate as well as the
associated capacity constraints that the ports might experience in the nearest future.
Finally, SWOT analysis was used to analyze the endogenous and exogenous factors,
which are demed crucial to the development of dry port in selected West African
Country.

Keywords: Dry Port, Landlocked Countries (LLCs), Transit Traffic, West Africa.

Introduction

Dry port development has received great attention from numerous scholars
recently and itsemergence is regarded as a prime outcome of the continuous
increase in containerization and the growing integration between seaports and
hinterland networks (Nguyen etal. 2018)s seaportsdé transport v
to grow, inland access becosne a cr i ti c al factor for the
advantage. Thus, a progressive operation at the maritime sector and the seaport
terminals without any developments in inland access by means of intermodalism is
not sufficient for the whole transportationain to functionRoso et al. 2009 he
ability for countries to deliver goods and services on time and at the lowest
possible cost is a key determinant of integration into the world economy today and
landlocked developing countries in West Africa corginto face serious
constraints and challenges in the areas of trade, transit, and overaticwmic
developmentUnfortunately, just as traffic continues to grow through the transport
corridor by each passing year, so are the difficulties in mandggrtgade.

The United Nations Convention on the Law of the Sea (UNCLOS) defined a

"PhD StudentShanghai Maritime UniversinChina.
*ProfessorShanghai Maritime UniversipChina.
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| andl ocked country as a fAstate or country
permission by a coastal country for hinterland nations to transit through its

seaport(s) is permissible right. West Africa consists of twelve coastal countries

with ports of relatively significant scale of operations and three landlocked

countries (Burkingraso, Mali & Niger). Additionally, six out of the twelve coastal

states provide substarti@ansit traffic services to the hinterland countries thus,
regionalcorridors are predominantly important to hinterland nations because they

serve as economic lifelines providing the only overland paths to global and

regional markets.

Problem Statement

As business environment becomes more competitive and global than ever,
service industries such as ports, are placing greater emphasis on customer
satisfaction through providing quality services efficiently (Song and Cullinane
1999). The World Bank Logiss Performance Index (LPI) which is an overall
LPI score measures the performance of a country's logistics based on efficiency
of arranging competitive shipments in terms of price, quality of logistics services,
ability to track and trace consignmerard frequency with which shipments reach
the consignee within the scheduled time (Arvis et al. 2014). According to this
index, Germany, Luxembourg and Sweden are the most efficient and highly
ranked LPI countries at positions 1, 2 and 3 in the 2016 LPAfrioa, South
Africa, Kenya and Egypt are the most consistent and highly ranked in logistics
performance at 20, 42 and 49 positions respectively. West African countries had
mixed rankings with Burkinéaso ranked the highest at position 81 followed by
Ghana, Nigeria,Togo, Cote divoire and Niger which are ranked at 86, 90, 92, 95
and 100 positions respectively. How then can the development of a dry port
improve the transportation network by enhancing sustainable transit traffic which
would reduce the tdtéransport and logistics cost within the regidrfs research
intends to unveil some comprehensive analysis which would serve as a unique tool
for strategic decision making

Research Objectives

The main objective of this research is to ascertain amoypt location where
dry port(s) can be sited in West Africa and its economic impact on transit traffic
designated for West African Landlocked countries. In order to achieve this goal,
this study intends to address other supporting objectives which ardeceds
crucial to the research. These objectives inclhaglightingthe principal factors
influencing the development of dry ports, factors influencing the growth of
transit traffic,hinterland transportation cost analysis for West African landlocked
countries and to identify the endogenous and exogenous factors in developing a
dry port in West Africa.
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Dry Port Concept

The concept of dry ports became global in conjunction with containerization.

Dry Port or Inland Clearance DepotPG can be defined as:

facility with public authority status, equipped with fixed installations and offering
services for handling and temporary storage of any kind of goods (including
containers) carried under customs transit by any appgicalbde of transport,
placed under customs control and with customs and other agencies coitapetent
clear goods for home use, warehousing, temporary admissicespos,
temporary storage for onward transit

Drivers kehind the Emergence and Development of Dry Ports

Veenstra et al. (2012) ascertained that the usage of inland transport nodes
has become more pragmatic considering the fact that every organization has its
own individual objectives for developing dry porMajor drivers behind the
development of dry ports include; sustainable access to hinterland locations,
constraints at the seaports and a means to facilitating economic zones which
are considered nodes in the supply ch&everal gateway ports are curtgnt
confronted with development limitations such as diseconomies of scales,
environmental issues and land availability (Roso 2005). Considering these
restrictions, most seaports have delve into the developmeirygiorts as a
solution to relieve burdenshite improving in the operations through a modal
slip. Thus, relocating space consuming activities to inland locations. An example
of this scenario is the port of Genoa in Italy (Caballini and Gattorna 2009).
Additionally, another reason for developing g¢rgrts is to gain a competitive
position through the expansion of hinterland connectivity network.

Dry Port Classification and Functions

Dry Ports are located based on their assessment criteria, need and the
center of gravity favorable to the shippergvirtheless, dry port development
should be evaluated with its cost functions and also value added services that
can be provided to every stakeholder in the logistics network. Roso et al. (2009)
categorized inland nodes as close,-maidige & distance dryquts (Figuresl-3)
and this classification has been used by numerous scholars in their works. In
general, dry port plays a role of operations by rail or road to and from serving
ports customs clearance, warehousing with temporary storage of cargo and
contaners and computerized processing of documeitg.ports can also be
sited in different location based on its distance to the seaport and the three
types of geographical location of dry port also plays different oummary
of these categories and fitions isbuttressed iMTablel.

The main role of close dry ports is to relieve the seaports from the burden
of space shortage, congestion and environmental issues. With abundant land
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available, all high spaesonsaiming activities, such as warehousing or sorting,
are shifted from seaports to dry ports. The customs clearance procedures could
be carried out in these close dry ports.

Figure 1. A Seaport with a Close Dry Port
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Dry port  Conventional intermodal terminal  Shippers Seaport Road Rail éity
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Source:Woxeniuset al. (2004) The Dry Port ConcépConnecting Seaports with their Hinterland
by Rall, p. 11

Mid-range dry port functions as a consolidation center for diverse rail
services, denoting technical and administrative equipment define for sea transport
It works as intemodal centers to consolidate or deconsolidate cargo from
shippers. It can also function as a tramzdal/trandoading terminal before
cargoesare being transported to their designated markets. These types of dry
ports are more beneficial tine seaports because it increases the hinterland
access in getting close to customers. Pollution and congestions are also tackled
by the implementation of modal shift from trucks to barges/trains.

Figure 2. A Seaport with MieRang Dry Port
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Source:Woxenius et al. (2004) The Dry Port Concieionnecting Seaports with their Hinterland
by Rail, p. 10.

The distant dry port is situated near the market, which might be the
consumingarea in imporbased supply chains, or a core prctchn location in
exportbased supply chains. This type of dry port plays an imperative role in
the logistics system of landlocked countries to connect to international markets.
In this case, the seaport will benefit from the connection to this type qiodry
by gaining access to the inland market.
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Figure 3. A Seaport with a Distant Dry Port
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Source:Woxenius et al. (2004) The Dry Port Conce@onnecting Seaports with their Hinterland
by Rail, p. 8.

Table 1. Dry Port Categories and their Functions

Close dry port/ M;/d—rangle d(;y Distant dry port/load
satellite terminal | P°" transloading center
center
Development Seaport constraints| Hinterland access Economic zone
reason facilitation
Position in
hinterland Start Point Middle point End point
supply chain
Development Seadriven Sea or land driverl Land driven
driver (Outsidein) (inside out)
- Relieve seaports | - Transmodal - Distribution
from space shortage| -Tranloading - Consolidation for
congestion & cargoes exported cargo
Role environ_mental issueq - Modal shift_ - Reduce c_ongestion
- Handling cargo - Consolidation & | - Modal Shift
- Custom Clearate | deconsolidation | -High value added
- Low value added | -Value added services
service services

M arket derived
Direction of hinterland access
Source:Nguyen C. L., Notteboom T. (2006) Dry Poes Extensions of Maritime Deepea
Ports, p. 69.

Container Teminal Capacity

Container Terminal Capacity (CTC) has recently emerged as a foremost
problem in several ports around the globe. Capacity measures are generally in
units of output per time period and must signify the maximum throughput
possible unimpededybdemand or other schemes: maximum crane moves per
hour/day, TEU/acre, maximum TEU per hour/day/year and yard storage.
Capacity problem happens when the input is larger than the probable output
that can be produced by a terminal. Liu (2010) clarified thet to negative
procedure variation in the swdbructural efficiency, excess or congestion has
become a serious problem. Therefore, container port volume should be able to

187



Vol. 6, No. 3 Degbe and Sondry Ports Development: A Pivot Strategg tc

handle the fastracking pace of demand in emergent economies and thus, it is
the traffic development that energizes the expansion of ports' capacity. Some
scholars have shown an intense apprehension about how to handle capacity
problem. For example, Liu (2010) ascertain that terminals and container ports
are obliged to cope with overcagig because it has a substantial feature that
indicates how dependable and significant the port relates to stakeholders and
thus, it is important in defining traffic. Maloni and Jackson (2005) classify
container capacity influence as endogenous and exogenport capacity
factors. The endogenous port capacity measures include technology, capital,
waterways, labor, facilities, equipment, and efficiency while the exogenous
port capacity dynamics include shipper efficiency, railroad truck capacity and
efficiency, steamship line efficiency, capacity and efficiency, road congestion
and OTI (Ocean Transportation Intermediaries) efficiency.

Solutions to the Container Terminal Capacity Issue

Conferring to Nguyen and Notteboom (2016) the following measuges ar
proposed as solutions to container terminal capacity.

1 Physical Expansion
1 Using Automation and new technologies
1 Improving the utilization of resources

1 Floating and dry docks

1 Investing in dry ports

Potential Benefits of a Dry Port

Some foremost benefitsf developing dry port are elaborated with more
collaboration with inland localities which will foster an increase in regional
productivity using a more efficient and effective connection with inland
transport nodes and stronger support for the cargolihgnoperation of the
port because of adequate use of land space and augmented possibilities for a
fruitful modal shift. Additionally, there is a development of the hinterland, and
likelihood to capture a larger market share as competing ports as wathiagg
customers in the hinterland markets. Other benefits are better understanding
and level of service in the remote markets; increased prospects for intermodal
services, even on shorter distances, morecayehing hinterland services are
offered becase of an increased reliability, frequency and flexibility which will
further reinforce the geographic concentration of logistics firms, thus, creating
benefits for both seaports, inland terminals; and a more basic customs procedures.

Summary of Reviewégdkeratures
Literatures concerning the study have been reviewed and it is uratisput

that numerous outstanding studies have been conducted in the domain of dry
port development but very few of these articles cover the West African sector.
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There are numeus port expansion projects going on within the region. Therefore,
there is a need for more substantial research to be conducted in order to address
transport related problems that the region might be confronted with in the
nearest future. Additionally, me of the studies reviewed have assessed
political risk and the recent pirate attacks on the gulf of guinea as factors that
can influence the development of dry port in West Africa.

Methodology
Transport Corridor Concept

The noti on ot angéw pghenomedoo,ra® this haes existed for
centuries ago. The ancient Silk Road is probably theknestn transit corridor
globally, one that has had an enduring impact on the social and economic
development on the expanses it crossed Kunak&amdthes (2014). Although
the notion lacks an exact definition because of it physical and functional
dimensionsit is generically understood to synchronize bundle of logistics and
transport frameworks and services that accelerates trade and transportation
which flows betweencenters of economic activities. A simple objective of a
corridor project(s) include optimizing infrastructure connectivity, facilitating
the efficient transit flow of freight and promoting economic growth by refining
the effectiveness of eppts commodities and reducing imports costs or
emerging clusters of economic frameworks along the corridor strip supported
by efficient and effective logistics systems (Arnold 200Ajditionally, a
corridor is typically governed by national or regionatihavhich constitute of
a public or private sectors or an amalgamation of both.

Major Transit Corridors in West Africa

According to a report issued lyanida consulting group on Accelerating
Trade in West Africa(DanidaSaana 2015), West African corridocan be
categorized into Ate@inemal lodesAfndado ss a.nd |
transit corridors include; (1) Lagd$NG) - Jibiya the frontier with Niger and
beyond (2) Cotonou (BN) Niamey (NG), (3) Lomé (TG) Ouagadougou (BF),
(4) Tema(GH) - Ouagadougou (BF), (5) Abidjan (GIYOuagadougou (BF), (6)
Abidjan (CI) - Bamako (ML), (7) San Pedro (Cl)Bamako (ML), (8) Conakry
(GN) - Bamako, (ML) and (9) Dakar (SN) Bamako (ML). The two principal
WestEast intraregional transit corridorsxisting in the zone are; (10) Dakar, (SN)
- Niamey, (NE) and (11) Dakar, (SN)Lagos, (NG). These principal routes
emanates from six major port cities; Abid@ot e d 61 v oBenirg ; Cot onc
DakarSenegal; Lagobligeria (with three ports Apapa, Tin Candahekki);
LoméTogo and Tem#&hana (See Figure 4). Additionally, all corridors serve
bilateral trade between ECOWAS member states as wellexsational trade. In

Y(NG)-Nigeria, (BN)Benin Republic, (NGNiger, (TG)}Togo, (BF)BurkinaFaso, (GHGhana
(Cl)-Coted 6 | v 0oi +Mali, (GN)-Klinea, (SN)Senegal, (NENiamey.
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particular, they connect the three hinterland nations (Bukaso, Mali and
Niger) with mastal countries and market outside the region.

Figure 4. Map of West Africa Indicating Major Transit Corridors
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Factors Influencing the Growth of Transit Traffic in West Africa

The African continent is amid a transformative change and this will
absolutely have a positive impact on its populations and thus increasing its
market dimension. By 2020, Africa will have an approximated population of
2.1 billion people and a collective GOf? US$2.6 trillion and this is because
the continent remains a minerals treasure house and it has about 60% of the

worl dos
the heart of Africads
2014 (AFDB 2015). Thalynamics enumerated

uncul t Additohalydthe aNfest Bffican rdgiamisl at

econewfi® inr ansf or ma
below are considered as the

major factors influencing the growth of transit trade in West Africa,;

i. Sustainable Economic GrowthT h e

averaged Africabds GD

was 5% from 2002 to 2012 and it is exigetto significantly increase
by 5.5% in 2018 which is higher than any other region except Asia and

this has put Africa above America and Europe. Better economic sector

accompanied with economic growth has tremendously improved its
governance systems, lowdoreign debt, lower inflation and lower
budget deficit hence making African economies more resilient than in
the past (CNBC Africa 2017).

Implementation of Legal Instruments by Regional Bodies and
Bilateral Transit Trade between Member CountrieRegiond Trade
Agreements (RTAS) in West Africa are basically in form of Free Trade
Agreements (FTAs) and to a minimal extent Preferential Trade
AgreementgPTAS) and the custom unions have been a principal fagade
of the global multilateral trading systems (see
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iii. Table2 2). Within SubSaharan Africa, RTAs have principally involved
nations belonging to a specific stégion (i.e. "natural trading partners").
The main RECs in SuBaharan Africa are; Economic Community of YVes
African States (ECOWAS), Economic Community of Central African
States (ECCAS), West African Economic and Monetary Union (WAEMU),
East African Community (EAC), Intergovernmental Authority on Drought
and Development (IGADD) and Southern Africa Developn@arporation

(SADC).
Table 2. Bilateral Trade Agreements between Landlocked and Transit Countries in
W/A
WI/A Selected West African Coastal Countries with Seaports
LLCO6s Benin Cot e d| Ghana | Nigeria| Senegal| Togo
B. Faso a,hc a,b,cd a,b,c N/A a,b,c|abc
Mali a,b,c a, b, c N/A N/A | a,b,c,d] ab,c,
Niger a,b,cd a,b,c N/A a,b,c| ab,c|abc

a = port agreement, b = transit agreement, ¢ = road transport agreement, d = rail transport

agreement.

Soure: N'Guessan (2013) and Dani@aana (2016).

iv. Port

Infrastructure  Development: Many African

countries are

tremendouslyinvesting in port infrastructures in order to meet growing

demand and improve port performance and major international container

operatos are also eager to invebtew road and rail networks as well as
the expansions at airports and harbors are also under construction so as to

assist trade, while substantial capital investments which are internationally

financed have demonstrated the githa in these economies (AFDB
2010).Nearly three million containers were transported in West Africa in

2015 and this is quite a significant figure for the West African region.

v. Implementation of Joint CrosdBorder Initiative: There is currently an
ongoingoptimism that the novel methodology to regionalization will have

bigger success in Africa. An example of this novel methodology is the

Regional Integration Facilitation Forum (RIFF) which originated as a
CrossBorder Initiative (CBI) in 1992. The objectivof this framework is
to harmonize policies that can foster a madtaten concept of integration

between Southern and Western Africa and the Indian Ocean countries.
About fourteen member countries are active participants in the CBI/RIFF

and it is cespaisored by the European Union (EU), International
Monetary Fund (IMF), African Development Bank (ADB), and the World

Bank.

Port S
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This study takes into account three LLCs (Burli@so, Mali, Nigerand six

ports (Abidjan, Cotonou, Dakar, Lagos, Lomé & Tema) (see Figure 5); hence, a

ppers

combination of 18 alternatives (See Table 6). The capitals of the three hinterland
countries have also been considered as the major center of commercial activities;
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namey, Bamako, Niamey and Ouagadougou. Additionally, the various transport
infrastructure and intermodal transport is explained in Table 3 while a pictorial
view is provided in Figure 6.

Al

Figure5LLCs 0 Shi pper s Rivesih W&teAfrieac t i o n
Bamako Niamey Ouagadougou
Mali Niger w
Abidjan % ':: ngu | Daker ados / |~ \me\Q §ma
| 2 (| &R QJ Benin Sene Nig To a

Table 3. Transport Infrastructure in Selected West African Ports

Transport Rail Rail Road Road Traffic Condition
Infrastructure | Facilities | Management | Access
Benin Yes N/A Yes congestion in port area
SITARAIL - o
Cote di Yes Bolloré/APMT Yes congestion in port area
Ghana Yes N/A Yes Congestion on access road
Nigeria No N/A Yes congestion in port area and
exit points
Senegal+Mal
Senegal Yes + Yes Congestion at port exit point
Transrail
Togo Yes Togo-Rail Yes No Congestion at port but or
roads
Source:Debrie (2012) anRe s ear cher s6 Field Data (2018).

Figure 6. Rail and Road Links in West Africa

Rail links

Q 600 km

Road links

Source:Debrie (D12). The West African Port System.
Hinterland Transportation Cost Analysis for West African Countries

In this section, the total transport cost from various coastal ports to the
different hinterland markets was analyzed, and this is because they rbmain t

commer
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major port location and the transport cost determiméd. distances of various
locations of the commercial centers was used in part to determine the attractiveness
of eachproposed alternative port with regards to cost minimizaftwninland
transport to key hinterland markets. The method takes into account the location
of the coastal ports and markets, the shipping costs in US$ per ton kilometer
and the volume of goods gipied or to be shipped to those locations (volume of
imports and exports). The real road distances from ports to markets are used in
this part of the studwnd the objective here is cost minimization. Hence, the
portmarket route that offers the least ctstransit traffic would be preferred

by shippers in LLCOs.

Data Analysis

The demand for each location is the sum of imports and exports in million
tons. FromTable4, it can be observed that Mali recorded the highest tonnage
of cargo in2016 by 7.31 million tons and this was followed by Burkui@so
and Niger which recorded $and5.72 million tons of cargo respectively in
2016.

Table 4.Demand [mports and Exports) Data for West African LLC (Million Tons)
Year
Country | 2006 [ 2007 | 2008 [ 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016
B-Faso | 1.87 | 2.26| 2.60| 2.28 | 3.31 | 4.76 | 552 | 5.99 | 5.77 | 6.33 | 6.90
Mali | 3.90 | 454| 4.82| 3.78 | 4.76 | 5.11| 5.89 | 5.99| 6.06 | 6.46 | 7.31
Niger | 1.58 | 1.78] 2.26| 2.79 | 3.11 | 3.46 | 3.34 | 3.60| 3.94| 5.21 | 5.72
SourceResear cher sé6 e x partavebsiteamd PMAWCA, 201a.r i ou s

Transport costs in ton km are representedable 5, Cote divoire and
Ghana enjoys the cheapest transport cost of 0.17 US$ per ton km with Dakar
recording the highest with 0.21 US$ per ton km. The pricing mechanism for
such transport in West Africa is based on the cost of fuel along with road
conditions, indirect costs and direct costs associated with inland transportation.

Table 4. Average Transport Cost (US$/ton km. kilometer)

Country Transporicosti road Transport cost rail
(US$ ton km) (US$ ton km)
Benin 0.18 N/A
Cote dobélvoir 0.17 0.14
Ghana 0.17 N/A
Nigeria 0.20 N/A
Senegal 0.21 0.18
Togo 0.18 N/A

Source:Borderless West Afric2016.
Corridor distances were derived from Sofreco Bathan Associates and the

distances range from about 928km from Loim@uagadougou and 3250km for
the DakarlLagos corridor.
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Table 5. Distances between Selected Transit Corridors in W/A

Countries Corridors Distances (Km)
Cotonoui Bamako 1947
Cotonoui Niamey 1070
Benin Cotonoui Ouagadougou 1200
Cotonoulagos 126
CotonouLomé 155
Abidjani Bamako 1236
Abidjani Niamey 1694
Abidjani Ouagadougou 1232
Cote dg AbidjanTema 561
Abidjan-Lomé 728
Abidjan-Cotonou 870
Abidjan-Lagos 955
Temal Bamako 1967
Temai Niamey 1576
Temai Ouagadougou 1057
Ghana TemalLomé 169
TemaCotonou 311
Temalagos 436
LagosBamako 1942
Nigeria Lagosi Niamey 1028
LagosOuagadougou 1 095
Dakari Bamako 1 053
Dakari Niamey 2 695
Dakari Ouagadougou 2204
Senegal Dakar-Temf,Jl 2918
Dakar-Lomé 3135
Dakar-Cotonou 3194
Dakar-Lagos 3 250
DakarAbidjan 2 360
Loméi Bamako 1973
Togo Lomél Niamey 1222
Loméi Ouagadougou 928
Total (withoutoverlaps) 46 383
Countries Corridors Rail Distance (km)
Abidjan Abidjan-Ouagadougou 1260
Dakar DakarBamako 1230

SourcelRe s e

archersbo

Note: Statistics is based on road length.

Compil ation

from Sofreco

Analysis of TotalTransport Cost via Selected Transport Corridors

Total transportation cost can be represented mathematically as:
TC = Z"zld,ﬂ D, E,
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Where;

Dn = quantity in millions of tons

dn = distance between two locations
Fn = transportation cosh ton kilometers

The model makes the assumption that the cost per ton kilometer for rail
transport is utilized instead of road where direct rail transport from a port
location to a market is available, as rail cost is cheaper in line with the cost
minimi zati on objective. Abidjands rail
road route. However, the transport cost per ton kilometer is cheaper and hence
the total transport cost via the rail route is the cheaper option and is used in this
analysis (See Tabs 712).

Table 6. Scenario i SupposéVest African LLCs Gjose Port of Abidjan

Port Hinterland Distance | Quantity Cost Total cost
Markets (km) (million t.) | (US$/km.ton)| (US$)
Abidjan Bamako 1236 7.31 0.17 153549
(Cote Niamey 1694 5.72 0.17 1647.25
d 6 | v o] Ouagadougou 1232 6.90 0.14 1190.11
Total transport cost (million US$) 4 373.27

Source:Researchers 2018.

Table 7. Scenario Ili SupposéVest African LLCs Chase Port of Cotonou

Port Hinterdand Distance | Quantity Cost Total cost
Markets (km) (milliont) | (US$/km.ton) (US$)

Cotonou Bgmako 1947 7.31 0.18 2 561.86

(Benin) Niamey 1070 5.72 0.18 1101.67

Ouagadougou, 1200 6.90 0.18 1490.40

Total transport cost (million US$) 5153.93

Sour®: Researchers 2018.

Table 8. Scenario llli Suppos&Vest African LLCs Clase Port of Dakar

Port Hinterland Distance | Quantity Cost Total cost
Markets (km) (milliont) | (US$/km.ton) (US$)

Dakar Bamako* 1053 7.31 0.18 1385.54

(Senegal) Niamey 2 695 5.72 0.21 3237.23

Ouagadougou 2204 6.90 0.21 3193.60

Total transport cost (million US$) 7 816.37

Source:Researchers 2018.

Table 9. Scenario IM Suppos&ve st Afri can LLCOGs Chose

Hinterland Distance Quantity Cost Total cost
Pat Markets (km) (milliont) | (US$/km.ton)| (US$)
Lagos Bgmako 1942 7.31 0.20 2 839.20
(Nigeria) Niamey 1028 5.72 0.20 1176.03
Ouagadougou 1095 6.90 0.20 1511.10
Total transport cost (million US$) 552633

Source:Researchers 2018.
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Table 10. Scenario M Suppos&Ve st Afri can LLCO6s Chose Port
Port Hinterland Distance anntity Cost Total cost
Markets (km) (milliont) | (US$/km.ton)| (US$)
Lomé Bz_imako 1973 7.31 0.18 2596.07
(Togo) Niamey 1222 5.72 0.18 1 258.17
Ouagadougou 928 6.90 0.18 1152.58
Total transport cost (million US$) 5 006.82
Source:Researchers (2018).
Table 11. ScenarioVi Suppose West African LLCG6s Chose
Port Hinterland Distance Quantity Cost Total cost
Markets (km) (milliont) | (US$/km.ton)| (US$)
Tema Bgmako 1967 7.31 0.16 2 300.60
(Ghana) Niamey 1576 5.72 0.16 1 552.36
Ouagadougou 1057 6.90 0.16 1166.93
Total transport cost (million US$) 5019.89

Source Researchers (2018).

From the analysis above, the total transport cost with regards to inland
transport of goods from ports to markets range between US$ 4,373.27 million
for the port of Abidjan and US$ 7, 816.37 million for the Port of Dakar.
Additionally, the ranking pattern of the cheapest route based on the total inland
transportation cost is shown kigure 7.

Figure 7. Total Transport Cost for West African LLCs from Selected Transit Ports

US$ Millions
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8000
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2000 — —
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Abidjan | Cotono | Dakar | Lagos | Lome | Tema

(Ist) | u(4th) @ (6th) (5th) | 2nd) | (3rd)
‘IUS$ Millions | 4373.275153.937816.375526.33 1 5006.825019.89

AnalyZng Total Transport Cost with Forecasted Demand

A demand forecast for market regions is made, as dry port development
should be based on expected demand of markets. The forecasted demand of the
markets is based on multiple variables that include GDPylaopn and FDI
of the countries in which the markets are located (see Table 13).
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Table 12. Economic Variables Used for Demand Forecast

098 mil 606 607 608 6009 610 611 | o612| 613| 614| 615| 616
Benin 5142.1 5970.4 7133.8 7097.2 69705 7814.3 8117.6 9111.2 9575.0 9932.4 1064.5
'B. Faso 5845.7 6991.7 8378.4 8369.5 8969.5 10724.6 11166.4 | 11947.6 | 12377.5 | 10419.7 | 11693.1
Cote dg 17801.3 20344.6 24255.6 24277.8 24885.3 25382.7 270415 | 31293.0 | 34242.6 | 36345.9 | 39101.5
Ghana 20409.8 24759.5 28527.1 25978.4 32175.9 39566.2 41940.3 | 47805.6 | 38617.5 | 41764.8 | 45231.7
Mali 6975.0 8146.3 9751.4 10181.7 10679.5 12978.7 12443.7 | 13246.9 | 14388.8 | 13176.8 | 14035.8
Niger 3664.6 4291.9 5403.6 5397.6 5719.7 6409.6 6942.5 7668.5 8245.4 7143.6 7509.5
Nigeria 145430.4 | 166451.8 | 208065.7 | 169481.3 | 369062.2 | 411744.0 | 460954.3| 514965.9| 568508.6| 600125.3| 649071.6
Senegal 9359.1 11285.7 13386.0 12813.4 12932.2 14441.6 | 14046.3 | 14952.9 | 15658.5 | 17002.7 | 18657.5
Togo 2203.6 25234 3163.0 3163.5 3173.3 3756.7 3916.4 4339.8 4518.1 6734.8 8465.9

'Burkina Faso.
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FDl 606 607 608 609| 610| 6611 612 613 614 615 616
US$ mill

Benin -12.4 139.0 48.0 -18.7 53.5 161.1 281.6 360.2 377.4 380.2 385.9
B.Faso 83.8 21.7 33.1 56.4 38.8 143.7 329.3 490.3 356.8 167.4 308.7
Cot e do 350.7 443.2 466.5 396.0 358.1 301.6 330.3 407.5 462.0 466.8 499.1
Ghana 636.0 1383.2 2714.9 2372.5 2527.4 3247.6 3294.5 3227.0 3363.4 3501.0 3786.4
Mali 148.2 206.1 266.4 646.6 371.6 556.1 397.9 307.9 144.0 275.4 125.5
Niger 40.2 98.9 281.9 631.3 795.9 1066.5 841.3 719.1 821.9 529.3 292.8
Nigeria 4854.4 6035.0 8196.6 8554.8 6026.2 8841.1 7069.9 5562.9 4655.8 4895.7 5001.3
Senegal 289.6 351.0 453.9 330.1 266.1 338.2 276.2 311.3 342.7 378.4 390.0
Togo 91.3 62.3 50.7 46.1 124.9 727.8 1215 195.8 292.1 335.8 3785

*Pop ] ] ] ] ] A ] ] ] ] ]

mil 606 607 608 609 610 6611 612 613 614 615 616
Benin 8.4 8.7 9.0 9.2 95 9.8 10.0 10.3 10.6 11.0 11.7

B.Faso 13.8 14.2 14.7 15.1 15.6 16.1 16.6 17.1 17.6 18.1 18.6

Cote do 18.5 18.9 19.3 19.7 20.1 20.6 21.1 21.6 22.2 225 23.0

Ghana 220 22.5 23.1 23.7 24.3 24.9 25.5 26.2 26.8 27.6 28.3

Mali 13.2 13.6 14.1 14.6 15.1 15.5 16.0 16.5 17.0 17.5 18.0

Niger 14.1 14.7 15.2 15.8 16.4 17.1 17.7 18.4 19.1 19.9 20.7

Nigeria 143.3 147.2 151.1 155.2 159.4 163.8 168.2 172.8 177.5 180.3 188.6
Sengal 11.6 11.9 12.2 12.6 13.0 13.4 13.8 14.2 14.7 15.6 16.0

Togo 57 59 6.1 6.2 6.4 6.6 6.7 6.9 7.1 7.7 8.4

Source:Population, Foreign Direct Investment (Total Inflows), G@¥orld Bank 2018).

*Population.
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Linear Regression Modé&l Application

According to(Peng ad Chu 2009) linear regression isne of the most
common quantitative prediction methodologies and it has been extergipéd
in port throughput literatures tascertain indicators of throughput and forecast
implementation Tongzon (1995) and Tongzamd Wu (2005)employedlinear
regression to demonstrate the causal relationship between the determinants of
cargo throughput and port performan8eabrooke et al. (2008)soprojected the
level of cargo growthhrough the application aegression anaystechniquesn
Hong Kong. Additionallya further studyoy (Chou et al. 2008)vas conducted in
projecting volumes of import containers in Taiwahere amodified regression
model was developed to guarantee improved forecast acclirecyrediction of
throughput capacities has a substantial effect on port development strategy and the
capacity to offer quality and effective services. Thus, a basic forecasting selection
technique was adapted from Wang et al. (2009) (See Figure 8).

Figure 8. Common Quantitative Forecasting Methods

Forecasting methods overview

v ! 3 ¥ r

Smoothing Regression Advance d MNeural Other data mining
methods methods statiatical models networks algorithms

SRR,
Simple i Feaedforw ard
" 1
"

Maural Mebw ork

__________

Source:Rule Induction for Forecasting Method Select{vang et al. 2014).

Sun (2010) suggested a dual forecasting model based on conditional
expectation through probability dissemination of port cartooughput.
Alternatively, Huang et al. (2003) have applied the grey model in forecasting
demand in dransportatiometwork An improved Grey theory using Fourier
series FRMGM (1,1) foenhancingforecast accuracy of cargbroughputat
Kaohsiung portsrbm 20132015 has also been applied by (Wang and Phan
2014). In this study, forecasting cargo throughput for the West African LLCs is
executed using a classical tireeries regression model.

ForecasiModel and Analysis

In defining the economic indica®rto be used in the regression model,
numerous indicators were evaluated to check their level of correlation and the
most remarkably used indicators in previous research include Population,
Gross Domestic Product (GDP), Foreign Direct Investment (FDRwrsfland
the level of imports and exports. The economic data used in the regression
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model is based on the hypothesis that these drivers are the key factors of cargo
throughput for West African LLCs.

Y = A +B1 X1+ BXo+ é Bn Xn
(2)

Where:

Y= dependent variable (container throughput)
Xn= independent variable

a=y- intercept (value of y when x=0)

b= slope or trend

NéXY—éXéY éY aq X0
b= . . 2 a= ="~ 8
N& X - (& X) N &N =2

Where N= number of period of data

The accuracy of the regression model was first checked by lookihg a
R square and adjusted R square figures from the output of the regression
statistics. The R square values were verified to ensure that the variance of the
output variable (cargo throughput) can be clarified by the variance of the input
variables (GDF-DI and population). The adjusted R square, which is a more
conservative form of the R square, was also verified and this indicates the
model is very consistent for forecasting future cargo throughput levels. The
coefficient, GDP and FDI were therefore falito be statistically significant at
level that were much lower than 0.05. Cargo throughput, GDP and FDI are set
respectively asy and X1 and X2 respectively in the model and based on the
output. Deriving the expected GDP forecast and FDI forecast éoméxt
period (2017) is required in order to derive the throughput for the next period
and this is achieved by determining the GDP and FDI value depending on time
(t) using a linear equatioin order to obtain the linear equation in the focit
= a+b.t, (where x1t is the anticipated GDP forecast) and determine the
coefficientsb and a, the values fot2 and x1*t need to be determined. The
result of the forecasted data is presented Table 14 below.
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Table 13. Forecasted Demand &conomic Variables fowest African LLCs

LLCs 617 618 619 620 0621 622 0623
Benin 8.82 9.40 9.93 10.51 10.97 | 11..49| 11.98
BurkinaFaso| 7.64 8.23 8.72 9.41 9.89 10.38 | 10.91
Cote d| 1689 | 1749 | 17.93 | 18.38 19.58 | 19.99 | 20.61
Ghana 12.30 | 12.84 | 13.41 | 13.98 1452 | 1499 | 15.45
Mali 7.95 8.68 9.02 9.78 10.44 | 10.97 | 11.63
Niger 6.39 6.82 7.30 7.81 8.20 8.69 9.01
Nigeria 21.67 | 22.32 | 22.86 | 23.41 23.94 | 24.49 | 24.98
Senegal 10.72 | 11.41 | 11.98 | 12.49 12.97 | 13.43 | 13.96
Togo 9.01 9.62 10.20 | 10.74 11.27 | 11.70 | 12.4
Total 34.28 | 36.59 | 38.45 | 40.98 43.05 | 45.03 | 47.01

Source:Researchers 2018.

From the year 2022023, a combined forecasted cargo throughput of 285.39
million tonnes of cargoes shall be loaded and discharged through port of Abidjan

and cargo throughputl increased at an average of 9% per annum.

Port of Abidjan as a Gateway Port to West African Landlocked Countries

The
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regain stabilityin the nearest future.

Recently, the port of Abidjan has expanded by building new terminals,
upgraded its IT systems as well as widened its operational partnerships and
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Abi dj an
Af r i c a 0-speakimgrngtiens It is oRe of thacglst sea ports in
West Africa lying on the Ebire Lagoon N 03 and E4.(° connecting the Atlantic

by the Vridi Channel. The port is located at the intersection of major shipping lines
As i a bs with a land
surface area of 8,000 000 m2 housing 36 conventional berths located along its
three main quays (Eastern, Southern and Northern Quays). Although the port has
recently lost most of its market to neighboring competitors such as Tema, Lomé
and Dakar due to the sporadic post electoral crisis in 2011, itrstiéives an
average of 5217 vessels 2017, comprising of general cargo vessels, tankers, Ro
Ro, container vessels etc. and this implies that the port of Abglgxpectedo

and
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addition to building and maintaining infrastructures.

Y LCs- Land Locked Countries.
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to handle increasing volumes of traffic from 19.6 million tonnes in 2016 to
20.2 million tonnes in 2017 (See Figure 9). Development projects completed in
2020 shall include expansion and dredging of the Vridi access channel,
construction of a second cairter terminal, modernization of the fishing berth,
installation of conveyor belt for cement and clinker vessels etc. Additionally,
the Port of Abidjan generally runs a variety of the landlord port management
system and the port authority is responsiblerégulating port operations, in
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Figure 9. Port of AbidjanTransit TrafficStatistics by Destination 20082017

Source:Researchérs ¢ o mframithe port wabsite (www.portabidjan.com).
Inland/Dry Port Location Selection

The gravity location model is used in this section to propose an optimum
location of a dry port for the region with the Port of Abidjan as a gateway port.
This is proposedni order to take further advantage of scale economies and
increase the level of service for efficient distribution of cargo to hinterland
markets in West Africa. The model is basically used in management science to
determine the optimum location of a fatlithat has the function of either
reducing transit time or lowering transport cost. The cost of distribution is seen
as a linear function of the distance and the quantity or weight of cargo transported.
The model uses a coordinate system superimposedv@ua map with the
coordinates representing a set of numerical values when calculating averages.
The grid map set up on a Cartesian plane identifies a set of coordinates which
designates a location central to all other locations on the grid map. Usiag a
of West Africa, geometric locations of port and market are ascertainedXising
andY axes.

The coordinates for the location of the dry port facility are computed using
the following formula:

4)
Where,
X,y = coordinates of the dry port facility at the center of gravity

Xi,yi = coordinates of gateway port and other competitive ports
Wi = annual demand shipped from gateway port to a particular market
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