A SYSTEMS APPROACH TO MODERN PORT PLANNING AND MANAGEMENT

Madhav Pappu, Ph.D.,

Assistant Professor

Department of Marketing & Logistics

University of North Texas

Denton, TX 76203-1396

Tel: (940) 565-2123

Fax: (940) 565-3837

E-Mail: pappum@unt.edu

INTRODUCTION

Strategic Planning

Change  is a primary consideration in the design of today’s complex organizations.  As the environment becomes more turbulent, forces of change compel organizations to re-evaluate their situation.  Under such conditions, strategic management will play a more important role in affecting the firm’s long-term performance.  In dynamic environments, we find firms responding in different ways.  We find that firms vary greatly in the manner in which they create the capacity to defend, enlarge, or change their individual domains.  However, the speed with which firms adapt to such change is crucial; to a large extent it is dependent upon the degree of responsiveness that they have built into their management systems.

The strategic planning process, as it relates to seaports and marine terminal operation, represents a break from traditional project-oriented planning.  It involves a continuous assessment of the competitive position of the port.  Recent trends in the maritime industry have created a greater need for strategic planning by ports.  These trends include an accelerated rate of change in cargo handling technology, increases in the size of ocean going vessels (Brennan, 1995), increased competition by steamship companies and ports for less cargo, and competition for unbalanced cargoes (Wolf, 1987).

The Problem

Existing studies of port operations have traditionally followed a piece-meal approach, as opposed to a systems analysis.  Thus, in spite of the availability of large quantities of data, the problem was generally not dealt with satisfactorily.  Two key difficulties seemed to be (1) the hesitancy of most investigators to make excess use of mathematical modeling, and (2) the tendency to regard port operations in terms of a few independent activities rather than in terms of a highly complex entity of subsystems.  The analysis of only a portion of the whole entity cannot lead to the creation of a full model.  Yet, each and every part must be regarded as a separate problem before one can proceed to study the interaction of all as a whole (Imakita, 1978).

Goals and Objectives

The goal of this paper is to (1) promote a better understanding of the complexities and inter-relationships of marine terminal systems, and (2) establish a systematic framework planners can use to analyze and understand the effect that their policies and decisions have on the entire system.  First, a model showing the fundamental subsystems of a marine terminal operation is developed.  The modeling process based on a systems perspective is then described, which is finally followed by a sample
 simulation.

THE PORT

Introduction
A port is the interface between the maritime and the domestic transportation sectors.  It plays a key role in the development of any economy.  Any imperfections in this “gateway” would have a drastic effect on the economic planning schemes of the country.  To maintain their competitive edge, many US ports have quickly adapted to the changes brought about by some recent changes in the transportation industry.  Deregulation of the airlines (Airline Deregulation Act 1978), railroad (Staggers Rail Act 1980) and motor carrier (Motor Carrier Act 1980) industries, and liberalized maritime policies (Shipping Act 1984) has changed the way ports regard their customers today (Talley, 1988).  Deregulation of the transportation industry has replaced the notion of a “natural hinterland” with competition (Talley, 1988).  Ports have found that service, not geography, is the key to attracting traffic.

The trend of US foreign trade is increasingly becoming “East-West traffic” – most of it consisting of high-technology, time sensitive products moving as a part of an integrated logistics and manufacturing system.  Technology trends include larger ships, domestic containerization, intermodalism, integrated transportation companies, and electronic data interchange (EDI.)  Finally, other trends in this new business environment include package pricing (or point-to-point pricing), value-added services by ports, inter-modal container transfer facilities, and on-dock or near-dock container transfer facilities.  As a whole, the business of managing and operating a marine port terminal is becoming more and more complex.  However, this complexity is incorporated in few studies since research still continues to be focused on specific segments or “sub-systems” of the whole system.

The Subsystems

The “capacity question” of a port cannot be answered solely within itself.  A port is only a sort of “gateway” for imports and exports, and not the final site of either production or consumption.  The port is merely a connection to the sea on one side and to inland transport facilities on the other.  Therefore, improvement of this intermediary system, without the simultaneous consideration of the joint systems, will result in nothing other than shifting the problem from one sector to another.  Advantages from such superficial improvements to the port system, without making adequate safeguard against the rise of bottlenecks at some points in the other connected systems, are quickly dissipated.  Hence, a brief discussion of a port’s subsystems is presented at this point.  The subsystems of a port consist of (1) Navigational system, (2) Handling system, (3) Storage system, and  (4) Inland connections.

Navigational System 

The number of items that can be classified under this category are quiet large – lighthouses, buoys, radio aids, harbor radar, tug-berth system, channel width and draft restrictions and so on.  Ones requiring closer scrutiny are the tug-berth system and the draft restrictions.  The tug-berth system is indispensable to large ports, but with appropriate management and implementation, optimality of this system may be achieved.  Draft restrictions, on the other hand can cause severe restrictions on the ports operational limits.  This is more so in the case of tanker and container-berths, where the size of ships has quickly outgrown the average ports capability of berthing them.  Therefore to accommodate bigger vessels and maintain a competitive status, ports will have to make judicious and timely investments in deepening its approaches.

Handling System

The handling system is the true interface between marine transport and inland transport.  Efficiency in the handling system depends not only on the handling rate at the quay-side, but also on the extent to which the link-ups between this system and all subsequent ones are properly matched.  Little improvement in overall productivity would result, unless it was well matched by commensurate improvements of the incorporated system.  Under this system, factors such as number, length and types of berths and gantries, gantry capacity and efficiency, berth storage transfer capabilities and capacities, storage-inland transport transfer capabilities and gate processing rates are considered.  Inefficiencies in any one of these stages would result in a “bottle-neck,” effecting the performance of the total transport system.  Human factors, such as working intensity, effective labor allocation, work hours per day and days worked per year, overtime regulations and costs, and so on are equally important.  It is intuitively clear that some excess berthing capacity is desirable to overcome congestion problems due to factors such as insufficiency of the handling system, irregular pattern of ship arrivals, seasonal effects, and bottlenecks caused by poor link-ups.

Storage System

Storage systems provide a variety of services – transit sheds, warehouses, open shed, grain silos, container parks and so on.  They provide users with options of direct (not requiring storage at all) and indirect (i.e. by way of the storage system) routes; serving as a kind of “buffer” between marine transport and inland transport.  The basic functions of the storage system of a port are to keep cargo for certain formalities such as customs clearance and to accommodate cargo for varying periods of time, providing a flexible period for shippers to adjust to delivery requirements.

There are a number of factors within the port system, which can impede smooth operations and thus retard the level of throughput.  Some examples include the efficiency of handling equipment at berths, number of fork lifts available for cargo carriage, the degree of sophistication in the overall information system, the reliability of software used to decide on stacking locations, restacking and consolidation, and relations with labor organizations.  But one of the main determinants of the berth throughput under normal circumstances is the capacity of the storage system.  Taking into account the facts that the amount of storage space available in a port is usually quiet limited and any expansion would require substantial planning and capital investment, the storage system is of critical importance, especially in view of the danger of its becoming the most greatly constricted bottleneck of the total system.  Modern container freight stations (CFS) with intermodal transfer capabilities (rail and truck) have alleviated a ports dilemma of lack of expansion space to a certain extent, while inland ports (e.g.. the inland port at Front Royal, Virginia) have done so, with an additional effect of attracting freight from areas encroaching into the natural territories of neighboring ports!  Improved logistics and inventory controls, the concept of “just-in-time” service, high-tech container tracking systems and innovative storage pricing policies have all gone a long way in improving the efficient utilization of the port storage space system.

Inland Connections

Inland transport is the pipeline connecting the port with domestic markets (for imports) as well as production sites (for exports).  Without effective inland connections the port cannot function.  This sector is beyond the control of port authorities, though its effect is felt profoundly by it.  Goods are transported away from the port by basically three modes – road, rail or barge.  The reliability of the delivery system depends upon the operating efficiency of the vehicles and the associated infrastructure (trucks and highways, wagons and railway system, barges and inland waterway network).

Summary
From the above discussion it is clearly evident that the analysis of a port system is complex, and involves a large number of detailed and intricate subsystems. The total system requires a closer scrutiny than most researchers have given it.  This is not meant to refute the results and the observations made by them, but merely adds certain doubts about their universal applicability.  Most researchers model their analysis based on certain case studies, and justify the methodology by correlating it to actual observations made.  It is my intention to present a methodology that is not based on any existing case study and may be used to analyze any port transport system.

SYSTEMS APPROACH

Decision Making and Systems Thinking

As businesses become more complex, the need to include such complexities in decision-making processes increases.  While traditionally used ‘linear thinking’ conceives problems and business situations to be discrete, singular, and unique, (Montana & Charnov, 1993) the port system described in earlier sections is neither simple, nor are its problems discrete.  A more sophisticated and efficient ‘thinking’ process is needed.

Systems thinking is more contemporary and better suited for the analysis of port systems.  This approach does not view problems as discrete; instead, it is a “discipline for seeing wholes” (Senge, 1990, p. 68.)  While organizations are viewed as being composed of several different functions, they are really inter-related and interdependent.  A systems thinking approach would incorporate these inter-relationships while analyzing problems or making business decisions.

Systems Dynamics

Systems Dynamics is a methodology for understanding certain kinds of complex problems.  It provides three elements essential to corporate planning and policy design: an emphasis on understanding how behavior results from corporate structure and policies, a theory of behavior,  and the use of computer modeling to aid planning.  When a company understands all aspects of its corporate behavior, it can bridge the gap between goals and policy design.

Systems Dynamics began some thirty-five years ago as industrial dynamics, focusing on problems arising in the corporate setting.  In the 1950s, Professor Jay Forrester of M.I.T. developed Systems Dynamics modeling.  In 1961, its initial application studied the behavior of industrial systems, where short-term dynamics of production rates and inventory levels were analyzed.  Dynamic models analyzing long-term problems of the city, problems of world growth, the United States economy, and air combat between US and USSR air forces have also been developed.  Systems Dynamics is based on the feedback concept.  It allows the representation of decision policies and information flow.  It is based on the foundations of (1) decision making, (2) feedback system analysis, and (3) simulation (Drew, 1990).

STELLA™ / ithink®7.0

The programming language used in the systems dynamics methodology is DYNAMO (DYNAmic MOdeling).  It is a FORTRAN based computer language that compiles and executes systems dynamic models.  STELLA™ / ithink®7.0, on the other hand, is PC and Macintosh compatible, written and developed by High Performance Systems Inc.  This software program too follows the same logic and computations as DYNAMO.  The decision to use STELLA™ / ithink®7.0 to analyze the present problem originated from the fact that it is simple yet a powerful tool for such an analysis.  In addition it is user friendly, easily adaptable to corrections and the graphics are clear and precise.  

MODEL DEVELOPMENT

Models and Modeling
As stated earlier on in this paper, the goal of this research is not to develop a full-scale model depicting all the inter-relationships related to port planning and operations, but an attempt to present a methodology that would enable it to be done.  The purpose is to develop a model capable of assisting managers in their decision making process, and to provide them with a framework that is capable of generating alternate solutions to various managerial problems.  The conceptual model shown in Figure 1 is based on the studies of Slack (1985), Arlt ( 1987), and Frankel (1989).

---------- Insert Figure 1 About Here ----------

The system diagram in Figure 2 shows some of the major inter-relationships between a port’s internal and external environments.  While these interactions are not intended to be representative of all ports, they however do serve to indicate the nature of inter-relationships that are likely to be found in most.  Also, the system diagram is not complete in itself – since the intention of this paper is to provide an example that would illustrate the possible use of the systems methodology in port planning and management.   The diagram shows information and freight flows that take place within the system.  While competing ports have been aggregated as one sub-system, the ‘study’ port is represented by two – Capacity and Service Quality sub-systems.  Lastly, demand for port services is represented by the Market sub-system.

---------- Insert Figure 2 About Here ----------

Figure 2 also shows that the demand for a port’s services is generated by the market.  This demand is a function of two factors (among others that are not mentioned here): (1) economy of the market (domestic and international), and (2) attractiveness of each port.  Demand results in freight flowing through that port, and is represented by flows labeled ‘2’ and ‘3’.  Freight flow ‘1’ represents the shift in freight volumes between ports that is caused by change in relative attractiveness of each port.  Relative attractiveness, in turn is a function of many factors such as proximity, availability of specialized equipment, and intermodal links.  Information flows are represented by lower case alphabets ‘a’, ‘b’, ‘c’, and ‘d’.  Flows ‘a’, and ‘b’ represent information from the market to ports, while flows ‘c’, and ‘d’ represent the markets’ perceptions of a particular ports relative ‘standing.’

Figure 3 shows some of the underlying relationships between factors that describe a port’s internal environment.  By improving its services, a port’s attractiveness to shippers increases.  This in turn results in increased freight volumes and higher revenues for the port.  However, increased freight levels would result in additional demand for capacity i.e., a demand for more storage space, container handling facilities, warehouses, additional berths, labor and other port facilities. While increased revenues would allow the port enough flexibility to in invest in new technologies, facilities and systems that would improve service quality, increasing demand, on the other hand, would cause congestion, bottle-necks and other delays.  These side effects of growing demand create a deterioration in service quality levels.  Thus while the “outer loop” is a self-reinforcing positive loop, the “inner loop” tends to bring the system back to a state of equilibrium.

---------- Insert Figure 3 About Here ----------

This issue of service quality  versus demand is addressed in Figure 4.  The question of capacity affects shippers as much as it does ports.  However, efficient planning and capacity creation would stave of possible repercussions due to congestion and delays.  Academic research and anecdotal evidence points to the shift of shipper emphasis from price to service quality.  In the intermodal industry studies have found that, higher prices detract fewer customers than lower prices attract.  On the other hand, carriers loose more customers due to poor service quality than due to higher prices or freight rates (James, 1994).  It is “Reference Behavior Patterns” such as this that are included in the modeling process to make strategic decisions.
---------- Insert Figure 4 About Here ----------

A Sample Scenario
The model in Figure 5 assumes that there are just two ports, A and B, competing in a single market.  It shows some of the factors that impact Port A’s revenues.  These factors include: (1) Port A’s actual or current indicators service quality; (2) Port A’s perceived service quality; (3) delay in Port A’s clients adjusting their perceptions of current service quality levels; (4) freight rates of Port A and Port B; (5) weightage factors assigned by port customers to service quality and freight rate; and (6) attractiveness of Port A.

---------- Insert Figure 5 About Here ----------

Observations
Figure 6 and Figure 7 show the results of the simulation based on which certain interesting observations can be made:

(1) Despite improving service quality levels, the perceived service quality levels continue to go down (Figure 6).  As mentioned earlier, this is attributed to the delay in customers ‘hearing’ of the improvements instigated by the port.  Thus at the end of twelve months, even though actual quality index is around 61 points, the customer sees it as being around 23.

---------- Insert Figure 6 About Here ----------

(2) Another interesting observation is the impact of freight rate and service quality on port’s attractiveness (Figure 7).  Let us see what happens when Port A wants to match Port B’s freight rate:

At the beginning of the simulation, Port A had a freight rate of 97.5 (as opposed to Port B’s 100), and a perceived service index of 100.  The combined impact of both gives Port A, a higher attractiveness index (approximately 58 to Port B’s 42).  As the simulation progresses, Port A’s freight rates are seen to increase while quality decreases.  Soon, Port A decides to revert to its old pricing strategy.  However, attractiveness continues to remain below that or Port B!  This can be attributed to two reasons: (1)  as found by an earlier study (James, 1994), shippers attach more importance to service quality than to freight rates, or (2) excessive delays between service improvements and its impact on shipper perceptions. Sensitivity analysis could provide information for strategies that Port A may adopt to address some of these and other issues.

---------- Insert Figure 7 About Here ----------

CONCLUSIONS

“For many organizations, strategic planning begins with, and is in large part driven by, forecasts of market demand” (DeMello, 1994, p.49).  This is true of many organizations.  Forecasting the demand for a ports services is a complex process.  Often, many factors are not within the direct control of the port.  However, not taking into consideration these would spell disaster.  A recent issue of Traffic World discussed some of the pressures being felt by West coast ports (Brennan, 1995, p.33).  Introduction of 5,000-TEU range container ships into the trans-Pacific trade routes has compelled ports to re-evaluate their strategies.  For example, Port of Tacoma’s senior director of planning, research, and budget stresses the importance of developing on-dock rail and other quick cargo movement systems (Brennan, 1995, p.34).  Such a strategy would, in essence mean, viewing and analyzing the entire transport system, rather than the port system as a stand-alone.

As shown in this paper, the systems methodology is an approach that achieves this objective.  Using this approach (and the software package described) managers can simulate several scenarios.  Concerns and questions most often voiced by managers can be modeled.  This paper has addressed a limited number of issues related to port planning and operations, but it has presented a methodology that enables more efficient decision-making.  This research has presented a methodology that enables managers deal with complex business situations in a more efficient manner.
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FIGURES

Figure 1: Conceptual Model of Port Operations
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Figure 2: System Diagram: Capacity, Attractiveness, Market, and Competition
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Figure 3: Interactions Between Major Factors
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Figure 4: Relationship Between Quality of Port’s Services and Freight Volume Growth


Figure 5: Port Attractiveness Model



Figure 6: Perceived Quality vs. Actual Quality Levels
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Figure 7: Impact of Freight Rate & Quality on Port Attractiveness
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� The intent of this approach is not to present a detailed model of the system, but to present a methodology by which a more comprehensive and complete model may be designed.


�Strategic planning of the intermodal transportation system is discussed in greater detail in an earlier paper (Pappu & Mundy, 1995)





�Portions of this section are from an earlier paper (Pappu & Mundy, 1995).  For a detailed discussion on systems thinking readers are referred to works by Peter Senge (Senge, 1990).
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