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8.1. TMCs and staff planning

8.1.1. Trends
The number of vehicles in the transportation system and the average vehicle miles traveled per day continue to increase at a greater rate than the expansion of the transportation system.(1)  Already, many road systems in major cities bear volume above their capacity.  To meet these demands, TMCs are undergoing a number of fundamental changes, including the introduction of more sophisticated technologies (e.g., evolving ITS architectures), a shift to integrated operations (e.g., multiagency, multimodal), and improvements to customer service capabilities.(2)  The increase in the demand for services and changes to TMC operations affects staffing practices.  For example, the introduction of ITS has led to the need to hire (or train) TMC employees with a skill set that was not possessed by existing employees.(3)  Although the implementation of new technology may add to the automation of TMC functions, often a greater level of skill is required to operate the new technology.  In general, increased demand for services will require an increase in the number of services offered by a TMC, an increase in the coverage area, an increase in the number of partnerships, etc.  Increasing demand requires more employees and employees with the necessary KSAO’s to handle the demand.  Although advances in technology that automate certain aspects of the TMC may reduce the number of employees required to manage TMC operations, employees with higher level KSAO’s will be required.
A major difference among TMCs that will have a large impact on staff planning is whether it is a new TMC or a legacy center.(1)  Legacy centers are generally older centers that were created on a smaller scale with less staff, less technology, and more specific service capabilities.  For example, a legacy TMC in New York provided signal timing throughout the city and monitored the tunnels that connected with Manhattan Island for incidents.  More recently, the information gathering efforts of the surrounding TMCs in New York have been integrated to provide real-time travel information to all travelers in the area.  In general, legacy centers rely more on their personnel and less on technology than newer TMCs.  Faced with the need to change (e.g., initiative to share information with surrounding TMCs), legacy centers may have trouble adapting and require more advanced planning to ensure a smooth transition.
8.1.2. Number of staff

There is no formula that provides a calculation of the number of employees required to staff a TMC.  The determination of the appropriate staffing levels comes down to a judgment call based on multiple factors, some of which may be unique to a TMC.  Two important factors are the number of functions supported by the TMC and the workload associated with supporting each function.  The list below provides a number of additional factors that impact staffing levels (adapted from reference 4).  Although the list below was designed for traffic signal operations, many of the factors are applicable TMCs performing other functions.

· TMC budget

· Shift design and operating hours

· Design of TMC facilities

· Coverage reasonability

· Type and operational reliability of the detection system

· Type and complexity of traffic control systems (e.g., central vs. distributed)

· Standardization and operational integration of control equipment and hardware

· Frequency and type of traffic control systems deployed and associated degree of automation for status polling and corrective actions

· Magnitude and complexity of technologies (e.g., VMSs, CCTV, video sensors, advanced or adaptive traffic controllers)

· Type, stability, and complexity of the communications system and associated electronic equipment and hardware

· Implementation of low-maintenance and easy-to-operate systems based on effective integration and system planning, design, construction, and inspection in support of quality system operations

· Acquisition basis for signal system components and associated performance on a life-cycle cost basis

· Integration and the amount of sharing with other TMCs and other agencies

· Institutional arrangements and organizational structure for integrated and inter-jurisdictional traffic operations and service delivery

· Degree and complexity of interaction and coordination with other support agencies (e.g., the media, police, emergency services)

· Operational strategies (e.g., fixed time, semi-actuated, full-actuated, time of day and day of week timing plans, traffic responsive, traffic adaptive)

· Level of data collection automation in support of traffic operations and design

· Response time requirements for corrective actions

· Availability and comprehensiveness of predefined response strategies and timing plans for non-recurrent events

· Quality of response and preventive maintenance programs

· Community requests for design modifications to timing changes, signal phasing, pedestrian provisions, etc.

· Support requirements (e.g., legal inquiries by law and insurance firms, rezoning applications, new developments, traffic impact studies, safety improvement studies)

8.1.3. Staffing structure

Figure 8.1 depicts a typical hierarchy of employee positions.(4)  The number of supervisors affects the quality of TMC operations and how quickly decisions can be made in a crisis.  Typically, supervisors (i.e., the decision makers) who handle day-to-day operations are highly accessible.  Supervisors typically carry pagers and/or cell phones, and shift supervisors generally have their offices next to the control room.  Figure 8.2 depicts a generic organizational chart from the Arizona Department of Transportation.(5)  The TMC is divided into an administrative unit, a project development unit, and a unit that maintains the day-to-day operations of the TMC.  The TMC Manager, Administrative Services Officer, and ITS Project Development Engineer report to the Assistant State Engineer (i.e., ITS Project Manager).(5)  The TMC Manager oversees operations, traffic analysis, and information technology.  The TMC Manager is responsible for operations, traffic analysis, and information technology.  The Traffic Analysis section is staffed by Transportation Engineering Specialists who are responsible for adjusting the ramp meter timings and complete monthly incident reports.  The Assistant State Engineer must approve any requests for overtime.  Arizona uses interns to help staff the operator positions.  Interns work the same 8-hour shifts as full-time operators.  When school is in session interns are limited to working 3 shifts per week (24 hours per week) instead of the typical 5 per week (40 hours per week).  Interns must be accompanied by at least one full-time employee when working in the control room.  If a staffing shortage occurs (e.g., an employee cannot work part or all of a shift), the shift supervisor has the responsibility of determining the staffing solution.
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8.2. Staffing plans

Staffing plans prescribe human resource activities (e.g., succession planning, training programs) to handle potential environmental uncertainties (e.g., expansion of TMC services) and existing human resource needs (e.g., TMC manager retires, sudden incorporation of new technology).  The purpose of the staffing plan is to collect information about human resource needs based on current conditions and a prediction of future needs.(6)  In general, the term workforce planning is used to designate planning by a larger organization (e.g., Federal Highway Administration) with multiple units in various geographical locations.  The term staff planning is more appropriate for smaller organizations (e.g., TMCs), which are typically in a single geographical location and do not oversee multiple organizational units.
A staffing plan does not need to cover the entire organization.(7)  Different sections of an organization merit different levels of planning and analysis; some may not merit any planning or analysis.  For example, jobs that can be filled quickly with known resources do not require a staffing plan.  Staff planning efforts should only be focused on those areas of the organization that require advance planning (e.g., jobs that are critical to the organization, jobs that are difficult to fill).  Parts of the organization that undergo change may require staff planning or a revision of an older staffing plan.  For example, the introduction of ITS may require the identification of new recruitment sources to find employees with the appropriate skills set to manage the technology.  The purpose of focusing planning efforts on key human resources is to ensure that staff planning resources are used where they are needed most and will have the most impact.
In general, there are two types of staffing plans.(8)  An aggregate plan focuses on groups of employees in specific, typically lower-level jobs.  For example, an aggregate plan may forecast the number of operators or maintenance personnel needed in the next six months to five years.  A succession plan focuses on critical, typically higher-level positions that must remain filled.  Often a succession plan covers specific employees in critical positions and employees who could be promoted to a critical position.  For example, a succession plan may include information on when a TMC Manager intends to retire and potential candidates for the position, if any, within the TMC or the DOT.  Organizations have included the following types of information in staffing plans:(9,10)
· Budget information
· Classification information
· Compensation and benefits information
· Demographic data

· Diversity issues
· Labor market analyses

· Recruiting sources
· Job analysis information (e.g., employee KSAO’s)
· Performance data and evaluations
· Redeployment plans
· Retention data
· Retirement plans

· Selection and staffing information
· Succession planning information
· Training and development information
· Turnover data

· Work/life balance issues
The core of a staffing plan includes the prediction (an estimate) of human resource needs in the future (i.e., demands), an assessment of human resource availability (i.e., supply), the differences between the supply and demand (i.e., gaps), and methods for reconciling the differences (i.e., solutions).(6)  Staffing forecasts rely on data collection, analysis, and judgments.  The assessment of the workforce includes a count of the number of employees in each job (e.g., operator, field maintenance technician) and the characteristics or KSAO’s (e.g., incident management experience, customer service skills) of each employee.  Future needs may be forecasted based on projected attrition rates, potential recruitment sources, hiring strategies, etc.  Often, the data collected for a staffing plan is incomplete, but is still suitable for use to devise staffing plans and strategies.(7)  Attempting to collect more data at great effort and expense should be avoided in favor of using existing data to the fullest extent possible.
8.2.1. Driving strategy

Staffing plans are driven by the strategy of the organization.(10)  A more appropriate conceptualization of strategy for a TMC may be in terms of the functions performed, the services offered, and the overall mission of the TMC.  The purpose of the staffing plan is to help ensure that the goals of the organization are met.(6)  More specifically, staffing plans address the human resources needed to meet the goals of the organization.
8.2.2. Objectives of a staffing plan

A well-crafted staffing plan should fulfill five key objectives:(6,8)
· Ensure appropriate staffing levels

· Ensure the organization employs staff with the requisite KSAO’s in the appropriate positions when needed

· Ensure that the organization adapts to changes within the organization and in the external environment

· Guide human resource decisions

· Provide direction to managers
A proper staffing level is required to ensure efficient operation of an organization.(6,8)  A staffing plan is designed to prevent periods of overstaffing and periods of understaffing.  Overstaffing causes excessive payroll costs.  An understaffed organization may not be able to meet consumer demands for service.  For a TMC this could translate into slower response rates to incidents, or CMSs that remain broken for longer periods of time.
Organizations must determine which employees they need currently, and which employees they will need in the future (to handle changes in technology).(8)  One method of determining who to hire from a pool of applicants is to consider which KSAO’s are required.  For example, an entry-level operator should be able to complete all of the training required to perform the position.  Moreover, the characteristics of an operator who will work the night shift may differ from a day shift operator.  The night shift may require an employee who can work independently and can handle more responsibility, in contrast to a day worker who may need more teamwork skills.  Because the operator position requires an extensive amount of training, an applicant may need to be hired several months before the position is open so that the new employee is able to perform the tasks of the job adequately when needed.
Organizations must also anticipate future changes either from within the organization or from external sources.(8)  Staffing plans can be formulated in advance by anticipating future changes instead of relying on reactionary decisions.  Key position within the organization can be tracked to determine when TMC employees plan to leave or retire.  Lower-level employees can be groomed for promotion to fulfill key positions before the departure of higher-level employees.  Economic growth or increases in gas prices may create a greater demand for services from TMCs.  By anticipating the opportunity for growth, the TMC can request more money to hire more employees to expand operations and improve the services offered.

The staffing plan provides guidance to human resource decisions and activities by outlining a systematic approach to human resource management.(6,8)  Human resource functions should be integrated to support each other.  For example, performance evaluations should include an assessment of training that employees have completed, and training activities should enable employees to receive pay raises and promotions, possibly as part of a succession plan.
Staffing plans ensure that managers have a shared perception of human resource functions.(8)  A staffing plan requires the input and support of all managers responsible for carrying out the plan within the organization.  A mutual understanding of human resource management facilitates communication and cooperation among managers and helps to guarantee that employees are treated similarly to each other.

8.2.3. Stakeholders

Identifying stakeholders is an important step in creating a staffing plan.(11)  Stakeholders are the people who have some interest in the staffing plan and include those who are needed to develop the plan, those who are needed to provide input about the plan, and those who are needed to approve, support, and promote the plan.  In part, the staffing plan is developed for the stakeholders, and identifying their needs will help to determine actions that need to be carried out to develop the staffing plan.  Identifying stakeholders also aids in selecting the right group of employees and managers who can develop and carry out the staffing plan.
8.2.4. Planning horizon
Demand analysis was discussed in Chapter 2 as a method of collecting information to determine scheduling needs (also see Chapter 3).  A schedule is a specific type of staffing plan with a short to medium planning horizon.  In this chapter, staffing plans and demand analysis are discussed in the context of long-range human resource decisions (e.g., recruiting, hiring).  Similar to generating a schedule, the planning horizon must be considered in terms of environmental uncertainties.  The plan is determined by a judgment of how far into the future predictions can be made, with some acceptable level of error.(10)  The planning horizon can be determined by aspects of the environment that contribute to either uncertainty or stability.  Greater environmental uncertainty is related to volatile social, economic, and technological conditions, high variability in demand, rapidly changing political and legal environments, smaller organizations, and poor management practices.  Stable social, political, and technological conditions, strong management practices and systems, and stable patterns of demand permit longer planning periods.  Staffing plans typically include a planning horizon of at least 5 years and may stretch up to 10 or more years into the future.(12)  Typically, staffing plans include a variety of planning horizons, with some immediate concerns addressed more quickly (e.g., within 1 year), and others over the long term.  Plans are usually updated annually or after any substantial changes occur within the organization (e.g., reorganization).
8.2.5. Assumptions

Due to future uncertainties, a certain number of assumptions must be made about future resources and needs.(8)  An important step in creating a staffing plan is to make explicit and clarify all assumptions about the organization and the external environment.  By recording all of the assumptions, the staffing plan can be more easily revised when a change that affects the assumptions occurs.  In addition, if the staffing plan fails to accommodate future needs, then the assumptions can be reviewed to determine where errors in prediction occurred and to facilitate corrective actions.  For example, a certain attrition rate of employees in a specific position may be assumed over the next 5 years based on the attrition rate from the last 5 years, and based on the assumed attrition rate 8 new employees may need to be hired over the next 5 years.  However, if the wage of the position goes up, then the process of re-evaluating the probable hiring rate is facilitated by examining the assumption.  Most likely the attrition rate will decrease, leading to a slower hiring rate than 8 employees over 5 years.
8.2.6. Demand analysis
The purpose of a demand analysis, in the context of staff planning, is to forecast future staffing needs that will be required to operate and fulfill the mission of the organization.(6,10,13,14)  Demand analysis includes predictions of the number of employees needed in different positions throughout the organization and the characteristics the employees need to successfully perform their jobs.  Predictions should also attempt to account for any changes in work, workload, or functions supported by the TMC.  For example, if ITS is going to be introduced at a TMC in the next five years, then existing employees may need to be trained or new employees hired to operate and maintain the ITS and fewer employees may be required if the ITS adds a level of automation.
Two types of factors impact the nature of demand.(10)  Internal factors include the services offered, service levels, budget constraints, and the structure of the organization.  External factors include the legal climate (e.g., speed limits), the economic climate (e.g., increasing gas prices), and changes in technology (e.g., ITS).  There are no hard-and-fast rules for conducting a demand analysis.  Typically, shorter-range plans are driven by budgetary constraints and the budget is driven by some prediction about future workloads.  Quantitative methods are used more often for longer-range estimates.
8.2.6.1. Quantitative methods

The quantitative methods discussed below rely on the use of a predictor, some variable or factor that underlies demand.(12)  Two principles guide the selection of an appropriate predictor (or predictors).  First, the predictor should be directly related to the work performed by the organization.  TMCs should consider variables that are directly related to traffic management (e.g., traffic volume, number of incidents).  Preference should be given to variables that are in use by other human resource processes to maintain a consistent approach.  If the budget is based on traffic volume, then traffic volume would be a more appropriate choice than the number of incidents to determine staffing requirements.  Second, changes in the variable selected should be proportional to the employee requirements.  That is, as the demand variable changes, the employee requirements should also change in a similar fashion.  (Also see Section 2.7.1.1 on the identification of demand drivers.)
8.2.6.1.1. Conversion ratio

A simple method used to estimate future staffing needs is the conversion ratio.(10)  A conversion ratio is based on the percent change in demand or workload.  A current estimate of demand can be compared to a future estimate of demand.  For example, assume that the total number of vehicles in the transportation system during the morning shift is 1,000,000 vehicles, and in five years the number of vehicles is expected to reach 1,500,000 vehicles, an increase of 500,000 vehicles.  The conversion ratio is equal to 1,500,000 vehicles over 1,000,000 vehicles.  The result suggests that demand will increase by 50 percent.  The conversion ratio can be used to determine how many additional employees will be needed to handle the additional workload.  The conversion ratio suggests that the number of staff will need to increase by 50 percent to accommodate the 50 percent increase in workload.  A staffing level of 8 employees would increase to an estimated 12 employees (
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8.2.6.1.2. Demand estimate model
The demand estimate model below provides a projection of the level of demand in the future and relies on estimating three variables: demand, the increase in demand over a certain planning horizon, and the increase in the level of productivity.(10)  The conversion factor in the denominator of the formula can be used to estimate the level of demand in employee requirements.  Procedures described in Section 2.7 on demand analysis in the context of scheduling can be used for predicting demand and to estimate the variables in the mathematical model.
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Where:
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D = a current estimate of demand.

I = the amount by which the estimate of demand is expected to increase through n planning periods in the same units as D.

P = the average level of improvement in productivity predicted through n planning periods (e.g., if P = 1.05, the projected level of improvement in productivity is 5%).

X = a conversion factor estimated at the same time as the current estimate of demand.  For example, by using the amount of demand one employee can handle, 
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The level of accuracy in prediction depends to a great extent on how well each variable is estimated.(10)  The estimation of each variable can be based on the previous experience of management and choices about the future.  An example will help clarify the use of the formula.  The volume of vehicles in the transportation system through the morning shift may be used as an estimate of demand.  Assume that 1,000,000 vehicles are recorded for D.  In 5 years (i.e., the planning horizon), the number of vehicles on the roadway is expected to increase by 500,000 vehicles.  One method to help calculate the change in productivity is to determine if the amount of demand that one employee can handle has changed.  For example, if 5 years ago employees could handle 180,000 vehicles and now they can handle 200,000 vehicles, then that represents about an 11 percent increase in productivity.  If the trend is expected to continue, then an 11 percent increase in productivity would be a good estimate.  One the other hand, if the TMC expects to make no other changes other than to incorporate more ITS technology (i.e., a decision), then the increase in productivity can be based solely on the incorporation of ITS.  If other TMCs experienced a 25 percent increase in productivity, then 1.25 would be an appropriate value for the increase in productivity.  Assume that, on average, one operator is required for every 200,000 vehicles in the transportation system, and the increase in productivity is set to 25 percent.  With a volume of 1,000,000 vehicles, 5 operators are required.  With an increased volume of 500,000 vehicles and an increase in productivity of 25 percent, the number of operators required jumps to 6 employees in 5 years.
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8.2.6.1.3. Regression models
A regression analysis may be used to predict future staffing needs (see Section 2.7.3.3 for a discussion of regression models), and should only be used by a professional with statistical training.(10)  If the number of employees and the amount of demand they handle are (linearly) related, then regression is a viable method.  The model is based on how well changes in the amount of demand covary with changes in the number of employees who handle the demand.  That is, as demand increases, the number of employees who handle the demand should also increase at a proportional rate.  Historical data can be used to create a regression model, and projections of future demand can be plugged into the regression model to project the number of employees required in the future.
8.2.6.2. Subjective methods: Expert estimation

Any of the subjective methods for eliciting work analysis information discussed in Section 2.3.2.1 could be adapted for use as a technique to elicit forecasts about future demand.  In addition, two subjective methods designed for forecasting staffing recruitments are described below.

8.2.6.2.1. Unit forecasting
Unit forecasting is a bottom-up approach.(8)  Each division of the organization estimates the future need for employees over a planning horizon (e.g., 1 year).  These predictions are handed up to higher levels of management for approval.  At each level of management, the staffing requirements are summed.  The final combination of employee requirements yields the total predicted demand for the entire organization, and is often presented to senior management for final approval.  By placing the responsibility for estimating future needs with the people who oversee the employees and services of the organization, the demand forecasts are often more responsive to their needs and the demand for services from consumers.  However, without measures to hold people accountable for their predictions, managers tend to overestimate their needs.  Problems occur when lover-level managers place the needs of their divisions above the needs of the entire organization.  One method of assessing accountability of staffing requirements is to conduct performance evaluations based on the number of employees in each division.
8.2.6.2.2. Top-down forecasting

Top-down forecasting, in contrast to unit forecasting, is driven by the judgment of senior-level managers.(8)  Senior-level managers allocate a portion of the budget to employee payroll and divide the pool of money among their managers.  Each subsequent layer of managers decides how to distribute the money for their division and to any other lower-level managers.  Personnel decisions must be made within the budget provided to the managers.  Through the top-down approach, forecasting decisions are constrained by budget allocations.  The top-down forecasting method is efficient and adheres to a strict budget for the entire organization.  On the other hand, the budget may not allow appropriate responses to changes in consumer demand.  Whereas unit forecasting focuses on adaptability to demand, top-down forecasting is consistent with a cost minimization strategy.  Some combination of the two approaches may be used if both adaptability and cost minimization are desired.
8.2.7. Supply analysis

Supply analysis is used to identify the number of employees in each job, the KSAO’s possessed by those employees, and the characteristics of hiring sources.(13,14)  That is, supply analysis involves an audit of human resources within the organization (i.e., internal sources) and potential sources outside of the organization (i.e., external sources).  Supply analysis should be conducted in the present, and projected into the future over the selected planning horizon.  The results from a supply analysis provide a baseline from which the results of the demand analysis can be compared.  The purpose of supply analysis is to determine whether sources of human resources will fall short of, meet, or exceed demand in terms of the number of employees required and the KSAO’s required.  For example, the introduction of ITS may increase the automation of TMC functions, which would reduce the number of employees required, but also increase the level of KSAO’s  needed by the remaining employees.  Table 8.1 displays the resources at several TMCs throughout the United States and Canada, including information on operations and maintenance.
Table 8.1. TMC staffing

	
	Boston
	Toronto
	Milwaukee
	Houston
	Long Island
	Detroit
	Atlanta
	Phoenix

	Operations

	Centerline Miles
	7.5
	60
	63
	122
	165
	180
	220
	254

	Number of Operator Positions
	10
	9
	3
	18
	5
	6
	12
	6

	Number of Prime Shift Operators
	3+
	3+
	2+
	12
	5
	4
	5
	2

	Total Operations Staff
	10
	12
	5
	19
	12
	9
	18
	8

	Number of Operation Staff Levels
	3
	3
	1
	1
	2
	2
	1
	2

	Operations Staff Source
	MassPike as contractor
	Agency Staff
(FT or PT)
	Staff, Students
	Agency Staff
	Contractor Personnel
	Temporary Part-time
	Staff, Students
	Agency Staff

	Number of Shifts
	3
	3
	2
	3
	3
	2
	3
	3

	Backup Operations Staff Resources
	Supervision, Off-shift, Overtime
	Supervision, Off-shift
	Supervision, Professional Staff,
Off-shift, Students
	Varies by agency
	Contractor Responsibility
	Supervision, Off-shift
	Supervision, Professional Staff,
Off-shift, Students
	Supervision, Off-shift

	Maintenance

	Number of Maintenance Staff
	N/A
	3+
	3
	3+
	N/A
	3
	combined with other functions
	3+

	Organization Responsible for Maintenance
	Installation Contractor
	Agency, Contractors
	Agency District Office, Comm. Contractor, Maintenance contractors
	Agency District Office
	Maintenance Contractor
	Agency District Office
	Agency, System Manager, PM Contractor
	Agency District Office TMC Systems Team

	Special Maintenance Elements
	None
	None
	Information Technology Specialist
	None
	None
	None
	Information Technology Team
	Systems Team

	Types of Field Equipment
	SCADA, VMS, Loops, CCTV, Gates, Overheight, FO Network, AM/FM Re-Broadcast
	VMS, Loops, CCTV, FO Network, Ramp Meters, RWIS
	VMS, Loops, Microwave Detectors, AVC, CTV, Ramp & Freeway Meters, HAR, RWIS
	VMS, LCS, Loops, CCTV, Gates, FO Network, Ramp Meters
	VMS, Loops, CCTV, Coax Network, Ramp Meters, Traffic Signals
	VMS, Loops, CCTV, Coax &
FO & Microwave Network, HAR, Ramp Meters
	VMS, Loops, Radar, VIDS, CCV, FO Network, Ramp Meters
	VMS, Loops, PAD, CCTV, FO Network, RWIS


(Adapted from reference 17)
8.2.7.1. Internal sources

Internal sources include both the number of employees in each job and the characteristics of the employees.(8)  In general, an audit of internal sources will be conducted in the present time and then projected in the future and compared with the demand analysis results.  Although simple counts may be used to determine the number of employees in each job, some sort of job analysis procedure (see Section 2.3) is required to determine the characteristics (i.e., KSAO’s) of the employees.  Typically, the information must be updated at least once a year because the characteristics of the internal sources will change as a result of attrition, training and development, promotion, job experience, etc.(10)  As TMCs experience a high degree of turnover because of a lack of a career path, opportunities in the private sector, and high stress levels associated with the job, the use of external sources may become critical for staffing.(4)
8.2.7.2. External sources

The depletion of internal sources through employee attrition and voluntary turnover, retirements, deaths, and discharges may require an organization to use external sources to hire new employees.(10)  In addition, the growth of the organization and the promotion of diversity require hiring from outside the organization.  In addition to postings within the agency and agency surplus personnel, TMCs have reported success using nearby community colleges as an external recruiting source.(4)  Several TMCs have developed relationships with nearby colleges in a proactive move to attract potential employees.  Common backgrounds for operations personnel include those who have worked with traffic equipment, air traffic controllers, bus and train operators, radio operators, clerical/administrative personnel, students, dispatchers, and transit police.  Several TMCs have found a poor fit with engineers because the positions did not challenge them. 

8.2.8. Gap analysis

The purpose of gap analysis is to reconcile the differences between the demand analysis results and the supply analysis results.(13,14)  The results of a gap analysis identify the differences between staff characteristics (i.e., the number and characteristics of the employees) and the projected future needs.  If the supply equals the projected demand then no staffing changes are necessary.  On the other hand, the number of personnel and the requisite KSAO’s may fail to meet future needs when demand exceeds supply (i.e., a gap).  Conversely, the number and characteristics of the workforce may exceed future needs when supply exceeds demand (i.e., a surplus).  Gaps and surpluses are mitigated through solution analysis.
8.2.9. Solution analysis

The purpose of solution analysis is to formulate ways of closing gaps or reducing surpluses.(13,14)  Solution analysis takes into account the information gathered from the demand analysis and supply analysis in an attempt to address the information yielded from the gap analysis.  The trade-off between the benefits and the costs of potential strategies must be weighed.  Solution analysis involves general planning to take action if certain conditions occur, and/or plans to take more immediate actions to reconcile the gap analysis results.  In a survey, organizations reported implementing at least one of the following strategies as the result of staff planning analyses:(9)
· Career counseling program

· Development program

· Downsizing/rightsizing

· Early retirement incentives
· Furloughs

· Improved benefits

· KSAO gap mitigation

· Pay/salary study

· Privatization

· Recruitment

· Redeployment

· Reorganization/restructuring

· Retention initiative

· Succession planning

· Training

8.2.9.1. Planning

8.2.9.1.1. Aggregate planning
Two strategies for aggregate planning include scenario planning and “what if” planning.(7)  Scenario planning involves formulating several likely events (i.e., scenarios), and the staffing implications that would arise from each event.  A staffing plan is formulated to address the staffing implications of the potential events.  For example, a budget increase is slated for approval in one month to increase the number of operator positions.  The new budget will allocate money for 2 to 5 new operators.  Based on the 4 different scenarios (i.e., 2 new operators, 3 new operators, etc.), at a minimum preparations should be made to hire 2 new operators.  Once the budget is finalized, the TMC will be in a better position to hire the number of newly authorized operators than if no plans had been put together.

“What if” planning involves planning for less certain events.  Strategies are formulated to handle possible events.(7)  For example, what if more than one operator left a TMC and created gaps in the schedule that could not be covered by the remaining operators under the current schedule?  Potential solutions may include revising the schedule, using overtime, having managers fill in, redeploying other employees, using retired employees, etc.  Although “what if” plans are not entirely spelled out, preparing for future events with some planning will improve the quality of a response when an event does occur.
8.2.9.1.2. Succession Planning
The first step in succession planning is to identify the key management positions that must be filled.(8,10,12)  Typically, these positions are upper-level, senior management positions, or positions that the organization has difficulty filling.  The second step is to create a plan for when an employee from a key position does leave.  The successor may come from inside the company or from an external hiring source.  The purpose of the succession plan is both to facilitate the transition from one employee to another and to groom specific employees from within the organization for promotions to higher-level positions.  For example, often a successor will work alongside a departing employee for a short period of time.  There is ample opportunity to groom an internal successor for advancement.  With an external hire, however, there may be less time (if any) for preparations to assume the new position.  If none of the internal sources have the potential to reach the qualifications of the position, then external sources will have to be used.  In general, a succession plan should include at least one employee who can fill each key position, even if just as an interim appointment.  Keep in mind that the promoted employee will also vacate a position.  A succession plan requires a list of the qualifications required for the critical positions, and employees who either meet the qualifications or who may meet the qualifications with training and development over time.
A traditional tool used for succession planning is a replacement chart.(8,10,12)  The replacement chart focuses on internal sources and is similar to an organization chart, but only lists positions included in the succession plan, and potential replacements for each key position (see Figure 8.3).  For example, a single replacement chart may list a single key position and every potential replacement.  Succession related information is often included below the job title, such as a judgment of when the replacement could take the position.  The replacement chart helps to remove bias from promotion decisions and assure that the most qualified individual is promoted.  In addition, the replacement chart can be used as a tool to aid in grooming employees for advancement.  Potential replacements can be given feedback about their performance and what they need to do to get the promotion (e.g., improve communication skills).

[image: image7]
Succession planning can also be used to identify training and development needs of upper-level employees.  Succession planning adopts an investment-style approach to managing high level employees. (8)  Organizational resources are invested in the training and development of senior employees.  This investment may entail a significant cost to the organization.  Not only will succession planning prepare the employees for promotion, but they may also become more marketable for jobs outside of the organization.
8.2.9.2. Actions
Whereas aggregate plans and succession plans are contingent on some future event occurring (e.g., upper-level manager leaving), action plans layout a list of items (e.g., increase incentive plan, hire two new maintenance personnel within a year) that will be completed regardless of future events.  However, an action plan may need to be revised if the organization undergoes a significant, unanticipated change (e.g., budget cuts).  The purpose of an action plan is to provide an explicit account of the methods that will be used to ensure that actions are carried out.(6)  The action plan identifies resources and strategies that are required to successfully complete the plan, and establishes accountability among stakeholders.

Actions will vary in the amount of time required to implement them.(7)  For example, if old recruitment sources begin to fail to provide applicants and an action plan is written to hire two new maintenance employees, then enough time should be allocated to find a new source, recruit applicants, and hire two of the applicants.  Additional time may be needed if initial training is an essential component of starting the job.
8.2.9.2.1. Gap mitigation strategies

In general, there are three categories of strategies that may be used to mitigate gaps or shortages of human resources.(8)  The organization can implement strategies to retain the current workforce, change the way that internal resources are used, and/or acquire more workers from external hiring sources.(4,13,15)  The list below provides examples of retention strategies.  As many of the retention strategies are incentives to work for the business, most of them will also help attract external hiring sources to apply for and accept a job with the organization.
· Training and development strategies

· Conference fee and travel expense reimbursement

· Formal training reimbursement

· Individual development plans

· Job rotation

· Lateral transfers

· Mentoring

· On-the-job training

· Tuition reimbursement

· Compensation/incentives

· Pay level

· Awards

· Bonuses

· Company vehicle or discount on the purchase of a vehicle
· Laundry services

· Other benefits (e.g., cafeteria benefits)

· Life insurance

· Medical insurance

· Number of vacation days, sick days, personal days, and holidays

· Retirement plan

· Career-based strategies

· Career counseling

· Create career paths

· Promote from within the organization

· Organizational programs and services
· Child care programs

· Diversity programs

· Work/family programs

· Motivation and morale improvement strategies

· Employee empowerment

· Employee recognition

· Flexible work schedules

· Timely and thorough communication

· Miscellaneous strategies

· Match charitable contributions

· Organizational assessment surveys

· Safe and attractive facilities

The list below includes examples of changes to internal human resources.

· Change the design of the schedule

· Cross train employees

· Demotion

· Job rotation

· Lateral transfers

· Overtime

· Promotion

· Redeployment

· Redesign the job for fewer employees

· Relocation

The list below includes strategies associated with acquiring more workers from external hiring sources, including both a list of potential external sources and strategies associated with recruitment.

· External sources

· Hire new part-time staff (e.g., job sharing)

· Hire new permanent, full-time staff

· Internship and co-op programs

· Rehire retired employees (possibly part time or temporarily)

· Subcontract work

· Hire employees under alternative arrangements (e.g., temporary employees, seasonal employees)

· Recruitment strategies

· Employee referral bonuses

· Give hiring authority to recruiters (e.g., on the spot hiring authority)

· Housing consultation

· Outreach efforts (e.g., job fairs, radio advertisements, Internet postings)

· Pay differential for cost of living

· Relocation bonuses

· Signing bonus

For many potential employees the compensation package will be the most important factor.  Compensation should be compared to similar jobs at other organizations to ensure a competitive pay rate.(4)  Not only will a level of pay that is lower than the industry standard diminish the total number of applicants and the number of applicants who accept offers, but it will also cause a higher rate of turnover.  Career paths help to establish a reasonable length of tenure in a position and potential lines of promotion.  A lack of career paths is one of the most frequent complaints across TMCs.(16)  Many TMCs have found it difficult to create career paths because of the small size of the organization.  Career paths may need to be extended through the department that oversees the TMC.
8.2.9.2.2. Surplus mitigation strategies

For the most part, gap mitigation strategies focus on adding positive features to a job.  In contrast, as listed below, the surplus mitigation strategies include both positive (e.g., training) and negative (e.g., layoffs) actions.  For example, downsizing often results in losses in motivation and morale.(8,17)
· Across-the-board pay cuts

· Attrition

· Resignations

· Retirements

· Deaths

· Downsizing/rightsizing

· Employee training

· Early retirement incentives

· Elimination of services or functions

· Expand operations

· Furloughs

· Hiring freezes

· Job redesign

· Layoffs

· Leaves of absence

· Redeployment

· Reduce outsourced work

· Reduce work hours

· Reduction in operation

· Switch to variable pay plan

· Training

· Voluntary severance

8.2.9.3. Recruitment

The purpose of this section is to discuss recruitment in greater detail, and contrast internal recruiting and external recruiting.  In general, there are two critical questions to answer.(8,12)  “How many people should be recruited into the applicant pool?”  “When should recruiting begin?”  Typically, most recruitment questions can be answered by examining past efforts; otherwise a best guess will need to be made.  Often recruitment and selection require the development and use of screening criteria (e.g., required KSAO’s), recruitment methods (e.g., newspaper, Internet), marketing strategies (e.g., advertise attractive aspects of the job), selection instruments (e.g., interview, letters of reference), and selection criteria (i.e., who should receive an offer).(17)  For prospective employees to apply for a job, the job seeker must believe that a potential job exists, that there is some sort of match between their qualifications for the job and the job requirements, and that the job merits the effort to apply.(12)
All aspects of selection should also include elements of recruitment.  A job applicant should leave an interview with a positive view of the organization.  With a positive view of the organization, the applicant will be more likely to accept a job offer, and to communicate the positive aspects of the organization to others even if no offer is extended.  Research also suggests that the recruiters should be honest about the jobs.(12,17)  Although fewer applicants tend to accept offers, applicants who received realistic previews tend to stay longer with the organization and report higher levels of job satisfaction than those who received specious favorable reviews.

8.2.9.3.1. Internal recruiting
An organization may choose to recruit from within or to use external sources.  Hiring from within includes a number of benefits.(8)  The organization has had an opportunity to observe the employee’s behavior within the organization, and has performance data on the employee.  The employee has experience working in the organization, and often in a job related to the open position.  Promotion from within creates a career path within the organization and may improve the motivation of other employees.  Promotion from within portrays an organization that provides opportunities for its employees, and rewards its employees for working with the organization.  Internal recruiting and hiring is less costly and time consuming than pursuing external sources.

Internal recruiting may also become very political and competitive within the organization.(8)  Conflict may arise when several employees apply for the same position, and the relationship among co-workers may deteriorate.  Motivation and job satisfaction may suffer when an employee feels that the other candidate was less qualified.  Hiring from within may cause the organization to become inbred by missing opportunities to hire new staff members with new skills.  By hiring from within, another vacancy is created and must be filled.
Several steps can be taken to mitigate the adverse affects of hiring from within.(8)  Openings should be posted in a place that all employees can read them.  The description of the opening should not guarantee that the position will be filled.  Specific, objective feedback should be offered to employees who are not selected.  An important component of the feedback is information about how the employee can improve the chances of receiving an offer from a future opening.

Internal recruiting is recommended under several conditions.(8)  When time and/or money are limited, an organization may be well-served by hiring from within.  Internal recruiting is appropriate for organizations that want to maintain the status quo, organizations that want to maintain stability, and organizations that are confronted by few external threats.  Typically public services, such as TMCs, face little threat from external competitors in the same service sector.  However, as a government agency, TMCs do compete with other government agencies for the allocation of funds.
8.2.9.3.2. External recruiting
Conversely, external recruiting promotes a strategy of embracing change, and is useful for organizations in volatile environments.(8)  If an organization is in dire need of changes, then recruitment should focus on upper-level positions.  Hiring from outside sources allows an organization to expand and update the KSAO’s of its employees.  New employees may bring in new ways of thinking about things, and new methods for conducting work.  New employees also foster diversity in an organization’s workforce.
However, external recruiting is more costly and often more time consuming.(8)  New employees often need more time to adapt to the new environment, meet the other staff, and learn the operation of the organization.  More risk is associated with outside recruits.  There is less knowledge about how the recruit will behave or perform within the organization.  The new employee may have the required ability level, but clash with the culture of the organization.  Finally, external recruiting may have a negative impact on the morale and motivation of existing employees who feel passed over.

The recruitment sources used determines the number and characteristics of the applicants.  A variety of recruitment sources may be used depending on the type of applicants the organization would like to hire.  Common advertising sources include newspapers, magazines, technical or professional journals, direct mail, television, and the Internet.(12)  Employment agencies (e.g., executive search firms, state agencies), educational institutions (e.g., technical/trade schools, alumni placement offices), and professional organization meetings (e.g., conventions) may also be used as recruitment sources.  Other sources include career fairs, walk-ins, and employee referrals.
8.2.10. After the plan
Evaluation of the staffing plan should be on-going.(6)  Information (e.g., recruitment statistics, retention rates) should be continuously updated.  The purpose of the evaluations is to ensure the continued success of the staffing plan.  The evaluation should confirm that those who are responsible for certain aspects of the staffing plan are following through, and determine whether any changes need to be made to the staffing plan in light of new information.  Finally, the changes that result from the staffing plan must be managed.(6)  It is important to manage the impact of the staffing plan on current employees.

8.2.11. Additional resources and examples of workforce plans

The primary mission of the Office of Personnel Management (OPM) is to support civilian Federal agencies with recruitment, hiring, and retention efforts.  The OPM’s web site hosts an assortment of work-related information available to the public (http://www.opm.gov/).  The OPM web site maintains a section devoted to workforce planning (i.e., staff planning; http://www.opm.gov/workforceplanning/index.asp), and includes webpages on the 5 Step Workforce Planning Model (http://www.opm.gov/workforceplanning/wfpmodel.htm), a list of examples of existing staffing plans used by Federal agencies (http://www.opm.gov/workforceplanning/WhosDoingWhat.asp), and additional resources and links (http://www.opm.gov/workforceplanning/BestCase.htm).
The Federal Highway Administration’s (FHWA) Workforce Planning and Professional 

Development Task Force Final Report is available online (http://www.fhwa.dot.gov/reports/workforce/).  In addition, the U.S. Department of Transportation’s Workforce Plan 2003-2008: FY 2005 Update is also available online (http://dothr.ost.dot.gov/DOT_workforce_plan_05_update_final_031505_v2.pdf).  The U.S. DOT’s Workforce Panning Guide from 1999 is also available (http://dothr.ost.dot.gov/guide.pdf).  Both the FHWA and the U.S. DOT staffing plans are based, in part, on the guidelines from the OPM’s 5 Step Workforce Planning Model.
The National Academy of Public Administration (NAPA) is an independent organization that was chartered by Congress in 1967 to assist government agencies at all levels with management and administrative issues (http://www.napawash.org/).  In particular, NAPA has extensive experience with workforce planning, and has released a report on the issue titled Building Successful Organizations: A Guide to Strategic Workforce Planning.

The RAND Corporation is a nonprofit research organization that provides expertise and analytic services to the public and private sectors (http://www.rand.org/).  RAND conducts research in numerous content areas (e.g., education, health) for a variety of purposes (e.g., improve business practices, public policy advocacy).  Among the publications available to the public (http://www.rand.org/publications/) is a technical document on workforce planning (http://www.rand.org/publications/MR/MR1684.1/MR1684.1.pdf).
8.3. Event planning

This section pertains to staff planning methods for specific events a TMC may encounter.  TMCs would benefit from creating a staffing plan to handle potential emergencies and special events.  Although the exact time when an emergency will occur is not known in advance, the probability of the event (e.g., severe flood, hazardous chemical spill) occurring over a range of months or years may be high.  Many events faced by a TMC are common enough to warrant a staffing plan tailored to the event.(4)  The purpose of emergency planning is to ensure that under certain conditions (e.g., few staff on duty during the weekend), the full performance capability of the TMC is recognized when a specific event (e.g., toxic chemical spill on a major highway) occurs.  Emergency planning may require some degree of generality, because the specifics of the emergency will not be known in advance.

Special event planning (e.g., regular season Major League Baseball game ends, Presidential visit), on the other hand, can proceed with a more specific and comprehensive plan, because a number of factors are known in advance, and similar special events have likely occurred in the past.  Special event management can represent a significant portion of a TMC’s workload, and must be included in staffing calculations.(4,18)  Special event management may require one or more employees solely dedicated to the task.  Because a technical document has been written on planned special events (see reference number 19), this document will focus on emergency planning.
8.3.1. Staff shortages

Perhaps the most common element of event planning is a lack of the necessary staff to effectively handle the situation.(4)  In addition, a staffing shortage may occur because of poor scheduling or because one or more employees did not report to work.  Several methods for handling staff shortages should be formulated in preparation for when the situation arises.  (Also see Section 3.9 on making real time scheduling decisions.)  The list below contains several common strategies:

· Access additional staff from a temporary agency or contractor

· Call in employees who have been promoted or moved to other sections of the organization

· Call in off duty employees

· Call in retired employees

· Create a list of volunteers within the organization who can perform critical duties during a staff shortage

· Cross train staff to perform other critical duties (e.g., train technical staff or maintenance personnel to perform operations duties)

· Decrease the level of service or number of function supported

· Have management, supervisors, or shift leaders perform the duties of their subordinates

· Place employees on-call in case of emergencies

· Redistribute workload among available staff

· Retain the current shift and/or call in the next shift early

8.3.2. Emergency management
8.3.2.1. Emergencies

Emergencies are unplanned events that may have any number of adverse consequences (e.g., death, injury, disruption of normal operations). (19)  Natural disasters and terrorist attacks often occur without warning.  Even for events that can be predicted to some degree (e.g., blizzard) the amount of advance warning is often short and the information is indefinite.  The most effective strategy is to plan in advance for events that may occur in the future, and to execute the plan when the event occurs.  This strategy requires organizational coordination, communication, and informed decision-making.  Developing an operational plan for an emergency event also often requires a high degree of coordination with other agencies.(4)  For the example, a severe winter storm may require the coordination of emergency medical services, police, and snow plow services.  The first part of the staffing plan should define when the plan should go into effect.(2)  Emergency procedures should include the actions employees should perform.  The emergency plan should specify the training of the TMC personnel that will familiarize the staff with the alarm systems, emergency equipment, and the location of the equipment.  Examples of external emergencies:

· Earthquakes

· Floods

· Hurricanes

· Woodland fires

· Winter storms

· Homeland security threats
Emergency actions also need to be formulated for emergencies that occur within the TMC.(16)  The following list includes events for which a staffing plan should specify the necessary actions to take and the proper authorities to notify about the event.  Examples of internal emergencies:

· Communication loss

· Loss of power

· Fire

· Smoke

· Severe weather

· Flood

8.3.2.2. Additional resources on emergency planning

The Federal Emergency Management Agency (FEMA) has prepared a guide for business and industry on emergency management that covers how to prepare for, respond to, and recover from an emergency (http://www.fema.gov/pdf/library/bizindst.pdf).(20)  The four step procedure for creating an emergency plan that is recommended by FEMA is summarized below.  In addition, The American Red Cross (http://www.redcross.org/services/disaster/0,1082,0_606_,00.html), the Occupational Safety & Health Administration (http://www.osha.gov/SLTC/etools/evacuation/index.html), and the Institute for Business & Home Safety (http://www.ibhs.org/docs/openforbusiness.pdf) have also provided information and tools on preparing for an emergency.
8.3.2.3. Emergency planning

The first step in planning for an emergency is to form a team that will write the emergency plan.(20)  The support and leadership of upper level management is critical.  The authority and the structure of the planning team should be defined along with the team’s objectives.  The team objectives should include a schedule that outlines a list of priorities and their planning deadlines.  In addition, the planning team should be allocated a budget for research, printing, consulting services, and other related expenses.
The second step involves identifying the capabilities of the organization before a emergency occurs, potential hazards, vulnerabilities to the hazards, and the capabilities of the organization after the emergency has occurred.(20)  Capabilities of TMCs include services provided to the public and the facilities and equipment required to deliver the services, services provided by outside vendors that support TMC operations, lifeline services within the TMC (e.g., electrical power, water, sewer, gas, telecommunications, and transportation), and any other remaining operations, equipment, or personnel that are critical to the continued operation of the TMC.  Internal resources include personnel (e.g., employees), equipment (e.g., first aid kit, flashlights), facilities (e.g., first aid stations), organizational capabilities (e.g., evacuation plan), and backup systems (e.g., backup generator).  Also consider external resources (e.g., fire department).  Potential hazards can be determined by considering the types of emergency events that have occurred in the past, common events in the geographical location, events that the TMC is designed to handle, and events within the facility that could result from a technical or structural failure or from human error.  Finally, the impact of each hazard on the personnel, the property, the business, and all internal and external resources and capabilities can be determined.
The third step involves developing and writing the plan.  An executive summary should summarize the work conducted as part of Step 1 and Step 2.  The core of the emergency plan should provide a detailed account of the work conducted in Step 2.  In addition, a plan should be developed that outlines a comprehensive approach to the management of each emergency.  Support documents (e.g., emergency phone numbers, maps, resource lists) should also be included in the plan.  The emergency plan should also include a list of training activities and training schedules to familiarize employees with the emergency plans.
The fourth step involves the implementation of the plan.  Implementation of the plan includes building awareness of the plan, training employees to execute the plan, and testing and evaluating the plan to ensure that the procedures will work under emergency conditions.  Revisions should be made as necessary.

This section will be concatenated into a single reference section when the chapters are combined in the full technical document.
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