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[To develop a framework
that assess the impact of
policy and investment

Objective decisions on the inland
transport chain.]
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Background

Seaport Plays an Vital Role in Global Trade
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80%

Trillion By sea By container

Source: WTO, 2017 Source: Review of Maritime Transport, 2017
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Background

Industry Aiming at Moving Cargo Faster, and

More Efficiently
N imnteienn [éj_‘[é
Mega ships & Alliances: Vertical Integration: Technology :

Fast Operation Needed Hinterland Investments Blockchain
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Background

Number of Interactions Increase Complexities

Port Customs Ship Freight Trucker Customers
Terminal Agent Forwarder
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Case Study:
Jordan
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Case Study

Jordan’s Inbound Containerized Trade Growing
Over Past 10 Years

Lebanon % worldatlas

§
3 Gol .
So Seaof . Heights Iraq ‘ 0/ Of containerized
, Galilee 0 .
Trade are imports

T -i;i- l.w 4 5 % for(;\g;g between 2008

/\ 0 throughput growth rate
II["I[III 95 O in 10years
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Case Study

Fewer Ships with Bigger Volumes. Positive
Throughput Growth from 07 — 13, then Dropped

Total TEU Throughput
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YTD
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Case Study

In-Transit Containers was 25% of Imports in
2012, Today it’s at <2%, BUT Exports are Rising

2012 2017
259 2% Share of Full Containers
Domestic Imports ™
In-Transit Containers ,
75% :
98% Full Container Exports 1T
B X Full Exports 3X Full Exports
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Logistics Performance Index: Ranks Jordan =
67 in 2016 -

19.4 million

E won X 3days
W 28.4 million | BE= Jordan = :
X 3days I W 777.5 thousand u.-m gg'gng million
I | X 8days % X o
I . I 5 days
, ! I— UAE ,
: | Wi 20.6 million!
° s )Y 2 days [

Brazil °
W 9.3 million
)Y 4 days

NI Annual TEU Throughput 2016 (O PIRank 2016 ¥ Import Container Lead Time2016

Sources: LPI 2016, World Bank, UNCTAD 2016, ACT for JO data I - -
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= Case Study

LPI Ranking

Jordan Dropped to 84 in LPI 2018

German
19.4 million

% 514 [ 2o B~ Jord
51.4 million Jordan o .
X 2days @ Wil 796.0 thousand @ S China

I Il-l egge
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WNEI Annual TEU Throughput 2017 (O tPIRank 2018 ¥ Import Container Lead Time2018

Sources: LPI 2018, World Bank, UNCTAD 2017, ACT for JO data I - -
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Case Study

Reasons for Improving Jordan’s Transport
Chain

* Regional shifts impact containerized trade volumes.

* Due to it’s geo-political location, Jordan has the potential to act as a
transit hub.

 Jordan has one access point to the sea.

 Jordan’s LPI ranking is low, and has gotten worse.
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Case Study

How Should We Asses the Impact of New
Initiatives/ Policies?

e Reduction of import dwell time by reducing documentation
processing time.

» Establishment of a dry port outside of Agaba.

* Rail project
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Building the
Framework
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Building the Framework

System Dynamics

* A methodology for studying and managing complex feedback systems.

* |dentifies the underlying structure of a system to gain insights into
behaviors, focusing on the interactions between components of a system.

* Allows decision makers to design policies that seek to eliminate unwanted
patterns of behavior.
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Building the Framework

The Framework Follows 4 High Level Steps

Conceptual
Model

Process
Mapping

e |dentify e |dentify Relations
Stakeholders ° Deve|op Causal
e Conduct Interviews Loop Diagram

e Map the Process

q _'j i Toukan & Chan 2018

e Data Collection &
Processing

e Develop Stock &

Model
Testing &
Review

Simulation

Model

e |dentify Alternatives
e Compare Output

e Scenario Analysis
Flow Model
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Building the Framework

The Import Process Overview

' b
Aqaba Container Terminal Yard 4

.3
- M
L2

| Customs & Doc Formalit —
4 ard
7-8 days \~
12 :
%ay(s) |
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Conceptual
Model
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Conceptual Model

The System’s Elements and Interactions are
Drawn Using a Casual Loop Diagram

Terminal’

- Productivity
Ship Waiting Time

Dwell Time

+
. . + \
Container Terminal Deliverv Time
Yard Utilization y\/ +

Documentation
Processing Time MTY Container

) [ (e) -
% Return Time
_}
/7 Fleet Utilization 'IL
Import Container wansport Prices *

Volume
Line Service Calls +
A
T Total Landed Cost
7 Terminal’s Competitiveneu
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] Conceptual Model

Terminal's
Productivity

R1
Ship Waiting Time O Dwell Tim +

Backlog
Contamer Terminal ) ) )
Yard Utilization Delivery Time Porrt Srorage
+ +
@ Documentation @
@ Avg. Truck

Liner Calls Processing Time Turnaround Cargo Delivery Time  Empty Container

B: Balancing Loops
R: Reinforcing Loops

Terminal Utilization R3

= ) \_/ Return Time
+
@ Trucking -
Daocumentation Processing Turnaround -
+ +
/rleet Utilization
Import Container @ Trucking Costs
Volume Trucking Prices +

Liner Service Calls

+ Terminal's Total Landed

Competitiveness - Cost

+

Casual Loop Diagram — developed using Vensim TH=
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Simulation
Model
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Simulation Model

Assumptions are Made to Simplify the
Model

m One size and type of ﬁ Terminal productivity is at 100%,

containers unless yard gets fully congested

One size and type of Empty containers for export
trailers bookings are picked up from
container depots

A Third order delay assumed Vessel load capacity =

In documentation _ _ _
processing E E discharged containers
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Simulation Model

The Model’s Backbone: 4 Subsystems
Limited by 2 Main Constraints

Subsystems A L :
Quay-side , Documentation Export
________________ - Processing Booking

1
v

S 0 ---------- > Inland Transport S RRREEEEELE @ ?
| Chain '
Constrained By: | .
Y Container, | Fleet
Terminal Size
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What the Model Actually Looks Like ?

I H I
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Simulation Model

Quay-side

Berthing C algc;y_\

Beﬂh Availability
. . . Ship Service Ti
Daily Ship Arrival Q . Hp SELACE TIHE
, to)
4 \ _
) = B Arrived Ships Ships at Berth )
Ship Arrival Rate Beﬂhmg Rate Sailing Rate
_|_
- Sailing Order N
+ Delay

<Containers in Terminal Yard>

<Terminal Capacity=
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Simulation Model

Documentation Processing

Avg. Documentation
Processing Time

\ Doc Processing
X Order N
<Import ﬂpmcessing

Discharge>

Documents
\{ is)
S :
0 7 P Documentation i »AV ‘\
Documents to Process Processed Documents

Maximum Daily

_|_
/ Documents

Average Containers per
Document

I H I
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Simulation Model

Export Booking _
Booked MTY Containers

5

_I_
o 7 P Export Booking = "

Export Orders Fulfilled Exports
. w\
+ Pre-Carriage Transit Time
. <Available Trailers>
Full Export Bookings e
7 X
Average Daily Standard Deviation of
Exports Daily Exports

I H I
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Simulation Model

Inland Transport Chain :

<Processed Documents>

c B
In-Transit to Dry Port O wved Dry Port Ready for Pick-up from +
Arrival Dry Port Customn Formaiit Drv Port
- ustom Formalities
A A . 'D
+ Time to Dry Port O
ey Container at Inspection
PrlPick-up to Dry Port \:fl:gﬂgble o ) Yard ? 4] DP Cleared Pick-up
+ Inspection Rate
@ + Open Dry Port _—~ T
<Ships at Berth> Averaze Containers I3 Inspection Pick-up <Available Trailers> \' *
. o .\_‘.;::.jzauﬂ-;.:: + . . . o
a:\-:‘SEE;:':, <Berthing Rate> v Luma:;:::e ed @ +‘L ‘\ Inspection Time “Available Trailers>

Inspection +

Documents> Requeit O_r'n

o [mE?FUfT (I:oarllt:ina’ds in Containers Ready for
erminal Yar e
Max Containers Import Discharge Documents Processed ez Fe g Cleared Pick-up

Indicators: perm\; / W \@/‘ G

Containers per + MTY Return " DE]I\,EIW-‘_\\

. . Ship Containers Per Ship h Delav Ord Delivery Rate
Containers in N Gh G e /h
) N Export [Ifontajners in Containers at Staging @ . )
the Terminal + ¥ ExportLoading | L o0r@ Y | 6o 1 Containers Yad Containers Delivered| ' Transit Time
i . MTY Retwrn
Min Containers +
per Ship / / / @
CO nta Iners at <Ships at Berth> + <Container Acceptance> MTY Retura Time ) Depot Transport *
D r PO rt , Desired Stock of
y Time to Depot @J‘ - MTY at Depots
C t . CFulfilled Exports> w:d MTY Containers at +
<F ed Exports> 7 D £
ontainers on N cpo N
. —
Trailers + pd :
Booked MTY Containers
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Simulation Model

Container Terminal Fleet Size

<Containers at Containers in
<Import Containers <Export Containers Staging Yard=> Transit= Containers

in Terminal Yard: m Terminal Yard= De wered=
<Containers Ready for
n Pick-up>
/
Containers in Booked Trailers
Terminal Yard

Terminal Capacity Container Acceptance National Fleet Size

Available Trailers
+
_I_
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Berthing Capaﬁy\

Daily Ship Arrival

+
Berth Availability

Ship Service Time

Avg. Documentation
Processing Time

Documentation

=)

I e

+

Average Daily
Exports

Tiport Conlainers
in Terminal Yard

\

+ <Import
+ Discharge>
o P Arrived Ships Ships at Berth 0 "
Ship Arrival Rate Berthing Rate Sailing Rate ., v -y
7~
4 AN
- Sailing Order N Documents to Process
+ Delay +
<Containers in Terminal Yard>
<Terminal Capacity> Average Containers per
Document
+ )
<Average Containers per Document>
<Processed Documents>
. B
In-Transit to Dry Port D ived Dry Port E Ready for Pick-up from +
Arrival Dry Port Custom Formali Dry Port
- ustom o1 eS
A ; 5
* Time to Dry Port @
. Container at Inspection
Pick- Drv P vailable Trailers> ===
hfiPick-up to Dry Port Yard M DP Cleared Pick-up
+ [HlInspection Rate
<Ships at Berth> Inspection Pick-up <Available Trailers> -
+ S
| Containes <Berthing Rate> @} 4 \ Inspection Time <Available Trailers>
Acceptance> = Inspection + )
Request %
Import Containers in :
. oy’ " Contamp?:i ?{eady for s in Transit |-t
Max Cogl}t:mers Import Discharge Documents Processed E Cleared Pick-up
per
+ + \_/4
+ B B
. \ / W CJ‘ CJ‘ et
Containers per + MTY Return very
; + + i e + L
P Containers Per Ship F Delay Order Y Delivery Rate
+ @} Export Containersin | @} Contai at Staging @}
. - = 4 . . g
+ + Export Loading Terminal Yard Gate-Tn Containers Yard 4=\,1TY o Containers Delivered + Transit Time
Min Containers + -
per Ship / A \ @
<Ships at Berth> + <Container Acceptance> MTY Return Time ) Bepot Transport N
. Desired Stock ¢
Tine to Depot '3 b ). MTY at Depot
MTY Containers at +
} Depot
k’_'Remm Full i MTY Acceptance
—

Booked MTY Containers

o

Developed using Vensim by Vanata Systems
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Doc Processing

'Y Order N

/\‘Processmg
Documents
Processed Documents

Maximum Daily
Documents

Booked MTY C ontainersi

Export Booking
Export Orders

Full Export Bookings

N

Standard Deviation of
Daily Exports

<Exporl Conlamers
in Terminal Yard
“Containers Ready for

" Pick-up=
/

Containers in
Terminal Yard

Terminal Capacity

Contamer Acceptance

Beyond the Seaport

Fulfilled Exports

).

Pre-Carriage Transit Time

~Conlainers al
Staging Yard>
Delivered=

\ + /
+
/ Booked Trailers

National Fleet Size

Uble Trailers
+
I

<Containers in

Transit> <Containers



Simulation
Runs
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Simulation Runs

Simulation Setup

. . Time Line: 30-days | One Ship Arrival| 1,375 Containers
Alternative Policies

Scenario Analysis

Measured Against
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Simulation Runs

Alternative Policies Parameters

Time Line: 30-days | One Ship Arrival| 1,375 Containers

Status Invest in Invest in Combo
Quo Dry Port Technology Dry Port + Tech
* OpenDryPort=0 Open Dry Port Documentation * OpenDryPort=1
* Documentation =1 Processing Time * Documentation
Processing Time = 3 days Processing Time =

=5 days 3 days

* A hypothetical terminal, all numbers here may not present reality, the aim is just to
show how the model works

[ |
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Simulation Runs

Scenario Analysis Parameters

Base
Case

Terminal Capacity =
40,000 Containers
Fleet Size = 4,000
Trailers

Max Daily Document
= 700 Documents

Toukan & Chan 2018 Beyond the Seaport I II I I

Time Line: 30-days | One Ship Arrival| 1,375 Containers

Limited Limited Limited
Yard Capacity Trucking Capacity Doc. Capacity

Terminal Capacity Fleet Size Max Daily Documents
= 1,000 Containers =500 Trailers = 150 Documents

Yard

capacity
98%




Simulation Runs

Base Scenario: Containers in Terminal Yard

2K
Full Dwell Time MTY Return Time

T Container Turnaround
Status Quo 19

Contoners

Dry Port 19
Tech 16
20 30
Time (Dav)
Status Quo Tech Investment Combo 16
Dry Port Combo
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Simulation Runs

Base Scenario: Trailers Utilization

1K
. Trailers Utilization
g 500 Status Quo -
Dry Port 8

0 Tech -

0 30
Time (Dav)

Status Quo Tech Investment Combo T

Combo

Dry Port
I H I
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Simulation Runs

Base Scenario: Delivery Time

300
7days 13 days

200 Delivery Time

Status Quo 13

onlamers

-5
-

[

100
Dry Port 12
0 Tech 8
30
Time (Dav)
Status Quo Tech Investment Combo 7
Dry Port Combo

I H I
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Containers

Simulation Runs

Achieved Highest Rank in Base Scenario

Container in Terminal Yard Trailers Utilization Delivery Times
2K 1K 300

n & 200

o o

% 500 g

"E o 100

8 @)
0 0

3 0 10 20 30
Time (Days) Time (Days) Time (Days)

Status Quo Tech Investment
Dry Port

* Dry port reduces the dwell time, but not delivery and turnaround time.
* Tech reduces the delivery time and turnaround compared to Dry port ..

I H I
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Containers

Simulation Runs

Achieved Highest Rank in Limited
Terminal Capacity

Container in Terminal Yard Trailers Utilization Delivery Times
1000 300 200
800 400
600 // '// — Q 300 8
= Is
100 \ / Status Quo & Tech 8O 0 =
) rejected some containers g (@)
) U
U 100

200

/
'o' r

/ ,,/
P

30 30

Time (Days) Time (Days)
Tech Investment

0 10 20

Time (Days)

Status Quo
Dry Port

(%)
(=]

 The Current and Tech rejected some containers due to space.
* Dry Port and were able to accommodate more containers.
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Containers

Simulation Runs

Tech Achieved Highest Rank in Limited
Fleet Size

Container in Terminal Yard Trailers Utilization Delivery Times

500
2000 200

100

Containers
Containers

0

0 20 30

Time (Days) Time (Days)

Time (Days)
—— Status Quo Tech Investment
—— Dry Port
* The dry port alternatives, Dry Port and had a greater utilization of

trucks, resulting in higher container turnaround time.
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Containers

Achieved Highest Rank in Limited
Documentation Capacity

2000

1000

Time (Days)

Simulation Runs

Container in Terminal Yard Trailers Utilization Delivery Times
600 200
500
2 <
E 400 O
E 300 % 100
()
"E 200 E
o
LO) 100 (@)
0 0
Time (Days) Time (Days)
Status Quo Tech Investment
Dry Port

 Tech and
e Current and

achieved fastest container turnaround, and delivery times.
had the highest fleet utilization.
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combo AChiEVEd the Highest Rank’ Simulation Runs
No Surprise!

45

0

Current Dry Port Tech Combo

B Base M Limited Terminal Capacity M Limited Fleet Size m Limitation in Daily Documents
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What happens over a longer time
period?

I H I
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Simulation Output: 365 Days Simulation funs

Status Quo vs. Combo

criSis On Day 275 Terminal Capacity: 82500 CNTRs

Container in Terminal Yard Fleet Size: 4000 Trucks

100000 Daily Ship Arrivals
L Day 275:
80000 A .
" T ) Max capacity reached.
E : ///' : ’ i
s 60000 ,:/ - 1. Empty containers couldn’t gate in
S #_‘__,J—""’f/-_j.j I
o P | 2. To load exports, imports must first discharge
20000 - l 3. Vessels couldn’t discharge
ol el [
0 100 200 S b 4. Terminal yard completely block.
Time (Days)
Status Quo

No. of containers in the yard kept piling up, as trailers couldn’t keep up with
the number of moves.
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Containers

Simulation Output: 365 Days
Problem Solved by 1 Fleet

4000

3000

2000

1000

Container in Terminal Yard

PAaWA

100

\/H

200
Time (Days)
Combo +

Toukan & Chan 2018
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300

Simulation Runs

Combo+

Terminal Capacity: 82500 CNTRs
Fleet Size: 5000 Trucks
Daily Ship Arrivals

By increasing the fleet size, the build-up
of containers in the yard was reduced.

Lower daily yard utilization to an
average of 4%.

A desirable outcome to the status quo.
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Conclusion
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Conclusion

Moving Forward: Using the Model in
Practice

* Run the model with real-data and create a goodness of fit.

* Relax certain assumptions, to gain additional insights.

* Factor in financial implications.

* Develop a web-base easy to use interface for decision makers.

* The model is just a supportive tool, humans make the final decision.

Toukan & Chan 2018 Beyond the Seaport I II I l



Conclusion

Look Beyond the Seaport & Take a Holistic
View

* Encourages collaboration between stakeholders.

e Support decision makers in selecting the decisions the will improve
the overall container transport chain.

* Evaluates the current container transport chain under different
scenarios.

* Encourages a proactive approach in planning.
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Questions &
Comments

mamoun@alum.mit.edu
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