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            40 TRANSPORTATION RESEARCH RECORD 135 7 Comparison of Suburban Commuting Characteristics GANG-LEN CHANG AND TONG-ANN LIN Rapid growth in population over th e pa t two decades ha inevitably turned once li ghtly traveled rural roads into hcavy- traffic highways that require considerable investment for upgrad- ing. However, uch a ne ed was not recognized in time to dev lop subUl'ban-oriented traffic management . traregie , and unpre- cedented level of uburban congestion res ulted. M bility im- provement in suburb ha thus become one of the most pressing trnnsportntion is ues. In response to increasing public concern reports and articles have been produced to explore various hort- and long-term strategies. However, one vital aspect a funda- mental understanding of suburban commuting behavior, ha not been adequately addressed in the transportation literature. An explonitory analysi is pe.rformed to characterize subu.rban com- muting behavior on the ba i of llrvey conducted at three sub - urban activity centers. A compari. on of the 14 travel and ocio- economic variables was perfom1cd first followed by a discrete e. timation of their relations with suburban worker ' trip- top fre - quency behavior. It ha been found that uburban workers, even though from geographically different Location , reveal similar commuting pattern . The estimation result were further st1p- portecl by a mult·ivariace cluster analysi through which survey respondents from each location were cla ·sified into six group f unique characteristics. Whcrea each clu, ter of survey partici- pants exhibits a imilar pattern a1· these three locations its shape varies ub tantially from the other five clu tcrs. This confirm that in contending with suburban congestion different trat eg ies . hould be developed to target different group f suburban residents. In the past several decades, concern over the growing severi.ty of urban traffic congestion has led to migration of both pop- ulation and business to suburbs. The nature and direction of ·uburban travel demand have changed significantly since the migration i often accompanied by major traffic generators such as hopping malls, office complexe , and recreation cen- ter . In fact because of a rapid increa e in suburban popu- l ation the once dominant suburb-to-city-center commute has now been super edcd by suburb-to-suburb travel. The chang in population and commuting patterns ha taken place ince the 1960s. Whereas center city and rural popu- lations have remajned relatively stable since then, mo t of the population increase has been in suburbs, wh ere che national share of population grew from 23 percent in the 1950 · to 40 percent in 19 6. The rapid growth has inevitably turned once li ghtly traveled rural roads to h avy-t-raffic highways that re- quire considerable inve tmeut for upgrading. However, such a need wa not recognized in time to develop suburban- riented traffic management trategies from either the demand or the supp ly side. A failure to understand the changing role of uburbs, compounded by meager levels of trnnsit ervice and University of Maryland, College Park, Md. 20742 . a substantial curtailment in new road construction, has com- pelled uburban commuters to become more dependent on automobiles for accessing workplaces and has resulted in un- precedented levels of suburban congestion. Mobility improve- ment in suburbs has thus become one of the most pressing issues in transportation. In response to increasing public concerns on this issue, reports, articles, and media accounts have been produced to exp! re various short- and long-term strategies. Most studies were conducted along the following two directions: (a) ex- ploring the interrelations between land use development pat- terns and suburban traffic conge tion (1-10) and (b) diag- nosing suburban congestion problems and developing public policy options (9,11-14). Whereas these two dimension are undoubtedly necessary in understanding tbe evol.ution f sub- urban land use patterns and travel demand. the development of effective strategies for traffic congestion requires better knowledge of suburban trip-making behavior. This vital as- pect, however, has not received adequate attention in the transportation literature (15). One area where there has been very little research and where a considerable knowledge gap remains is in the differences between suburb-to-city-center and suburb-to-suburb trip-making behavior. That, in turn, precludes an effective use of valuable experiences obtained in contending with urban congestion (16-18) in improving suburban mobility. In response to this research need, this paper focuses on the following two aspects: (a) understanding of suburban com- muting behavior with an emphasis on the interrelations be- tween commuting trip stop frequency and some background factors, and ( b) classification of suburban commuters into sev- eral distim:l groups with unique characteristics allowing for a better design of various demand management strategies. SURVEY DESCRIPTION The survey result presented in this paper were collected a · part of CHRP Project 3-3 (2) "Travel haracteri tic at Large-Scale Subu.rban Activity Center ·." The primary pur- pose of this project was to develop a comprehensive data base on travel characteristic for variou types of large-scale mul- tiu e suburban activity centers throughout the United States. Travel characteristic data were oollected at six representative large- cale uburban activity centers through person and ve- hicl e count workplace urveys inte.rcept surveys at hotel and retail sites and daily trip diaries completed by residents of hou ing complexes withfo the activity centers. A detailed 
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40 TRANSPORTATION RESEARCH RECORD 1357
 Comparison of Suburban Commuting Characteristics
 GANG-LEN CHANG AND TONG-ANN LIN
 Rapid growth in ~uburban population over the pa t two decades ha inevitably turned once lightly traveled rural roads into hcavytraffic highways that require considerable investment for upgrading. However, uch a need was not recognized in time to dev lop subUl'ban-oriented traffic management . traregie , and unprecedented level of uburban congestion resulted . M bility improvement in suburb ha thus become one of the most pressing trnnsportntion is ues. In response to increasing public concern reports and articles have been produced to explore various hortand long-term strategies. However, one vital aspect a fundamental understanding of suburban commuting behavior, ha not been adequately addressed in the transportation literature. An explonitory analysi is pe.rformed to characterize subu.rban commuting behavior on the ba i of llrvey conducted at three suburban activity centers. A compari. on of the 14 travel and ocioeconomic variables was perfom1cd first followed by a discrete e. timation of their relations with suburban worker ' trip- top frequency behavior. It ha been found that uburban workers , even though from geographically different Location , reveal similar commuting pattern . The estimation result were further st1pportecl by a mult·ivariace cluster analysi through which survey respondents from each location were cla ·sified into six group f unique characteristics. Whcrea each clu, ter of survey participants exhibits a imilar pattern a1· these three locations its shape varies ub tantially from the other five clu tcrs. This confirm that in contending with suburban congestion different trategies . hould be developed to target different group f suburban residents.
 In the past several decades, concern over the growing severi.ty of urban traffic congestion has led to migration of both population and business to suburbs. The nature and direction of ·uburban travel demand have changed significantly since the migration i often accompanied by major traffic generators such as hopping malls , office complexe , and recreation center . In fact because of a rapid increa e in suburban population the once dominant suburb-to-city-center commute has now been super edcd by suburb-to-suburb travel.
 The chang in population and commuting patterns ha taken place ince the 1960s. Whereas center city and rural populations have remajned relatively stable since then, mo t of the population increase has been in suburbs, where che national share of population grew from 23 percent in the 1950 · to 40 percent in 19 6. The rapid growth has inevitably turned once lightly traveled rural roads to h avy-t-raffic highways that require considerable inve tmeut for upgrading. However, such a need wa not recognized in time to develop suburban- riented traffic management trategies from either the demand or the supply side. A failure to understand the changing role of uburbs, compounded by meager levels of trnnsit ervice and
 University of Maryland, College Park, Md. 20742 .
 a substantial curtailment in new road construction, has compelled uburban commuters to become more dependent on automobiles for accessing workplaces and has resulted in unprecedented levels of suburban congestion. Mobility improvement in suburbs has thus become one of the most pressing issues in transportation.
 In response to increasing public concerns on this issue, reports, articles, and media accounts have been produced to exp! re various short- and long-term strategies. Most studies were conducted along the following two directions: (a) exploring the interrelations between land use development patterns and suburban traffic conge tion (1-10) and (b) diagnosing suburban congestion problems and developing public policy options (9,11-14). Whereas these two dimension are undoubtedly necessary in understanding tbe evol.ution f suburban land use patterns and travel demand. the development of effective strategies for traffic congestion requires better knowledge of suburban trip-making behavior. This vital aspect, however, has not received adequate attention in the transportation literature (15). One area where there has been very little research and where a considerable knowledge gap remains is in the differences between suburb-to-city-center and suburb-to-suburb trip-making behavior. That, in turn, precludes an effective use of valuable experiences obtained in contending with urban congestion (16-18) in improving suburban mobility.
 In response to this research need, this paper focuses on the following two aspects: (a) understanding of suburban commuting behavior with an emphasis on the interrelations between commuting trip stop frequency and some background factors, and ( b) classification of suburban commuters into several distim:l groups with unique characteristics allowing for a better design of various demand management strategies.
 SURVEY DESCRIPTION
 The survey result presented in this paper were collected a · part of CHRP Project 3-3 (2) "Travel haracteri tic at Large-Scale Subu.rban Activity Center ·." The primary purpose of this project was to develop a comprehensive data base on travel characteristic for variou types of large-scale multiu e suburban activity centers throughout the United States. Travel characteristic data were oollected at six representative large- cale uburban activity centers through person and vehicle count workplace urveys inte.rcept surveys at hotel and retail sites and daily trip diaries completed by residents of hou ing complexes withfo the activity centers. A detailed

Page 2
                        

Chang and Lin
 description of the sampling design and survey results can be found in NCH RP Report 323 (19).
 The urvey results ana lyzed in thi paper were taken from three workplace survey completed at the Parkway Center approximately 10 mi north of the Dallas central busines district ( CBD) in Texas; Tysons Corner, 12 mi west of downtown Washington D.C. , in Fairfax county, Virginia; and the Southdale Mall , located roughly 10 mi south of the Minneapoli CBD within the cities of Bloomington and Edina.
 The Parkway Center consists of approximately 17 million ft2 of office space , 7 million ft2 of retail space (including three regional malls), 8 hotel with a total of more than 3 100 rooms, and 12,000 dwelling unit.. Workplace survey were distributed to employer in 12 multilenant office buildings at the Parkway Center, containing approximately 4.3 million ft2 and 6,900 employees. Employer · were re pon. iblc for distributing the surveys to their employees and encouraging their return . Of the 6,580 surveys di tributed in these buildings, l ,781 were returned (27 percent), and 1,005 were completed and u ed in the analysis .
 The Tysons Corner activity center has more than 13 million ft2 of office space a regional ' hoppi.ng mall several hotels and high-rise residential buildings, and numerous hopping plazas. The workplace surveys were conducted in eight office buildings in which 8,522 survey forms were distributed. Of these urvey , 3,164 were returned (37.l percent) , and 2,194 were completed and u ed in the preliminary study. The outhdale activity center encompasses an area of rough ly 4 million ft2 of office space everal shopping plazas , numerou lowri e apartments and condominium complexes. The workplace urvey were conducted in 21 office buildings and distributed
 to 13,231 employees. Whereas 3,951 people responded to the survey, only 3,313 answered all questions included in the survey form.
 Workplace surveys consi ted of rbree categories of questions: commutin~ characteri tics trip-making characteristics, and respondent background information. Question pertaining to commuting characteristic. are work location commuting di. tance, travel times on morning and evening commutes, work starting time, and the cornmlltiag mode. The frequency of stops in work-to-home and home-to-work trips and .the number of trips made per day con titute the category of tripmaking characteristics. Al o included are the purpose of each stop and the means of tTavel. The category of respondent background information compri. es questions on age, sex. hou ehold ize , occupation , and automobile ownership. Unfortunately , information on a critical variabl , income level was not a ked for in the survey.
 A i well recognized in travel behavior re earch, an individual's income level is a critical explanatory variable and its omission may result in some difficultie in trip characleristics classification. It i a lso recognized that the relatively low response rate in all three suburban activity center (SAC) survey may result in igniftcant nonresponse bia · . However, ince the data et as well a the urvey design are made available to the re.search community after the preliminary result have been p'Ublished, the use of any ophisticated statistical methods for estimating the potential nonrespon e bia, i not feasible. Besides the survey provides only a " snap bot ' rather than a representative day of commuters travel behavior, since que tions on commute and trip-making characteristics were
 41
 posed only for the current day. Nevertheless, the results of the survey contain useful information and provide a basis for understanding the complex suburban trip-stop frequency behavior.
 PRELIMINARY ANALYSIS AND COMPARISON
 The prelirui1rnry analysis taJts wilh a comparison of key rrnvel and background variables associated with survey respondents in the SA · . Table l present the mean and standard deviation of 14 variables available Crom the three AC urvey . The variable provide the profile of survey participants' backgTound and their trip- top frequency behavior. Since the three SA Cs were located in different states, a sequence of statistical tests, as shown in Figure 1, was performed to identify their key characteristic differences. For in tan e, Leven 's te t for variance homogeneity was conducted first for each variable. It was then followed by a simultaneou examination of ample means from the three SACs. A pairwise compari on with the least significance difference (LSD) method was further performed if the null hypothesis of equal means was rejected. The tee t results are ummarized in Table 2 and their implications are briefly described a follows .
 De pite the distinct geographical differences, the participants in the three AC surveys reveal the following common characteristics: an average of 0.48 stops from work to home an average automobile occupancy of 1.1 persons, and an average hou ehold size of 2.76 persons. These results seem consistent with the perception that suburban workers mostly have re.latively small families , use the drive-alone mode on commute , and often make some tops during l'hei.r work-to-home trips. The apparently low automobile ccupancy certainly contributes to the increasing submban congestion and uggests the need to better understand suburban commuting behavior and to design effective demand management programs. We now di ·cus me variables that vary ignificantly across these th1·ee ACs.
 •Average travel time to work and home: The statistical results in Table 2 indicate that suburban workers at Tysons Corner experienced the longe t commuting time even with the ame average travel distance as tho e working in the Parkway Center. Their average travel ·peed i ab ul 26 mph compared with 31 mph in Parkway and 33.8 mph in Southdale. Thi · i mainly due to more evere lraffic cong tion in Northern Virginia than at the other two location . Suburban workers in Southdale on average have the shortest travel time and commuting di ·ranee. Travel time reported by survey participant. is actually the door-to-door time including both the trip time and stop times for performing activities. The failure to separate these two components of travel time makes the analysis more difficult and is one of the major deficiencies of the survey design.
 •Average stops from home to work: Suburban workers at the Parkway Center appear to make significantly more stops in their home-to-work trips than those at the other SACs. A further analysis of those trip purpo e · " veal that this is mostly due to the relatively high fraction (30 percent) f workers at Parkway Center who need to complete work a well as childcare-related activites on their morning commutes.
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 TABLE 1 Mean of Key Commuting Characteristics Obtained from Three SACs
 Suburban Location v . bl ana es p k ar way T ysons OU a e s t hd 1
 I. Average stops from home to work 0.27 0.22 0.21 (0.60) (0 . 56) (0.54)
 2. Average mid-day trips 0.64 0.84 0.62 ( 1.07) ( 1.16) (l.07) .
 3. Average stops from work to home 0.46 0.49 0.48 (0.77) (0.81) (0.82)
 4. Travel time to work (minutes) 28.50 43.28 22.62 (14.73) (18.95) (12 .39)
 5. Travel time to home 31.50 37.03 25.66 (16 .40) (19.54) (14.37)
 6. Commuting distance 14.91 14.89 12.72 (12.04) (10. 79) (10.03)
 . 7. Total number of trips made per day 2.45 2. 58 2.43 (0 . 57) (0 .60) (0.58)
 8. Auto occupancy 1.12 1.10 1.10 10.51) (0.47) (0.47)
 9. Average length of employment (years) I. 72 4. 18 3.57 ( 1.43) (4.43) (4.11)
 10. Household size 2.57 2.81 2.76 ( 1.21) (1.261 ( 1.24)
 11. Average number of vehicles 1.97 2.21 2.12 (0.87) (l.01) (0.99)
 12. Average number of ch i ldren 0.55 0.49 0.54 (0.88) (0.85) (0.92)
 13. Average number of full-time workers 1.34 1. 51 1.49 (0.85) (l.01) (0.91)
 14. Average number of part-time workers 0.15 0.25 0.33 (0.44) (0.58) (0.66)
 ~umber of samples 1005 2194 3313
 •Standard deviation for each cell is shown in the parentheses
 •Average midday and total number of trips per day: The frequency of midday trip is defined a tbe number of trip · made during the working hours on the day of urvey. Orne trips that take place in the same building , uch as for meals in the mall, are not included in thi category. The total number of trips refers to tho ·e made during b th working and nonworking period . As expected uburban workers in Tysons Corner, a very la:rge shopping area , made a significantly higher number of both midday trips and total trips per day than tho e in the other SAC . Mo t of those trips (more than 50 percent) were mainly for hoppLng rather than work-related activili . In contrast, the difference in these two ariables between Parkway and Soutbdal worker are not tatistically sign ificant.
 •Average number of avai lable vehicle. : The result. of pairwi e compari n indicate that there i no significant difference in the average number of vehicles per household between Tyson. Corner and outhdale. Tho e in Parkway Center eem to own a relatively low number of vehicles , probably because of their relatively small family ·ize and low number of fulltime workers (see Table 1) . Another rea on may be their significantly horter length of employment (1.72 years). Most respondents in Parkway are relatively young workers .
 •Average length of employment: This varies particularly significantly among the three SACs. Wherea survey respondents at Ty sons Corner indicate the longest employment ( 4.18 year ) , thos~ from Parkway Center in Texas have a relatively hort working experience (1.72 yea rs). Thi is con i tent with
 other observed characteristics that suburban workers at Parkway Center, compared with those from the other two SA on the average have the smallest household size and a relatively small number of ful l-time workers as well ·a vehicles available (see Table 1).
 Given this preliminary compari on we now explore the interrelations between principal survey variables. A classification of survey respondent with respect to the frequency of stop and travel time i ummarized in Tables 3 and 4. Since a ll three SAC survey reveal similar relations among key variables, only the results for Parkway Center are discu sed.
 Tables 3 and 4 classify commuting cha racteri tics by the frequency of stops and travel time in work-to-home trips. Some variable exhibit ing no y temalic trend are not included i.11 these tables. As expected, among the elected variables for travel measures travel time t work appears to correlate posi-
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 START
 FIGURE 1 Procedures for comparing the survey results obtained from different activity centers.
 lively with the frequency of stops both to home and to work, except in the last category (i.e ., three or more stops) , whic.h contains only limited observations (14 in Table 1 and 20 in Table 2). This is consistent with the fact that given the same travel distance, a trip with more stops is expected to take a longer time. In contrast , the midday trip frequency (Table 4) seems to correlate negatively with the travel time both to home and to work, implying that people Living near their workplaces tend to make more midday trips, going home either for meals or for work-related activities.
 The frequency of stops both to work and to home appears to correlate with variables such as automobile occupancies, household size, and the number of working persons and children per family. With respect to automobile occupancy a plausible explanation is that commuters having a high number of ridesharers are likely to stop more frequentJy to pick up or drop off other occupants. For similar reasons, respondents
 with large households and more children are often required to make more stops on their daily commutes.
 The relations between the frequency of stops and other variables are not so distinct and thus cannot be observed directly at the aggregate level (i.e. from the computed average values) . For instance, differences in the car ownership and in the number of working family members across all four categories do not exhibit any systematic trend with the frequency of stops. A more detailed investigation of such relations is presented in the next section.
 Table 4 summarize the commuting characteristics classified by travel time to work. Reported travel times of respondents are divided into five categories. To relate the travel time with the "average stops from home to work," it appears that respondents who experienced longer travel times (> 40 min) generally made significantly more stops, possibly to pick up or drop off other passengers or children. tn contrast, no sy -
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 TABLE 2 Equality Test for the Mean Value of Each Variable Obtained from Three SACs
 Test Homogeneity Compare Pairwise Comparison of variance all mean H0:u1 =u, u, =u1 U2=tJ3
 Variables <Ho: a,'=a,'=a32)Ho:u,=u,=u3 PW&TS PW&SD TS&SD
 1. Average stops from R R R NR NR home to work
 2. Average mid-day nips R R R NR R
 3. Average stops from R NR work to home
 4. Travel time to work R R R R R (minutes)
 5. Travel time to home R R R R R
 6. Total number of trips R R R NR R made per day
 7. Auto occupancy R NR
 8. Average length of R R R R R employment (years)
 9. Household size R R R R NR
 10. Average number R R R R R of vehicles
 11. Average number R NR of children
 12. Average number of R R R R NR full-time workers
 13. Average number of R R R R R pan-time workers
 14. Commuting distance R R NR R R
 • R: reject the null hypothesis at the 5% level of significance •• NR: fail to reject the null hypothesis at the 5% level of significance ••• PW: P:irltway center. TS: Tysons Comer. SD: Southdlllc center.
 tematic relation can be identified between the frequency of midday trips and the travel time to work. For instance, the group of respondents with very short commutes ( <15 min) generated a significantly high frequency of midday trips. A ·further analysis of their trip purposes indicates that those with a high frequency of midday trip were mo tly returning home for meals or family-related activities becau ·e of their relatively short !ravel distam:~s. Those trips constitute about 40 percent of total observed midday trips at the Parkway Center.
 Table 4 also indicates a positive correlation between automobile occupancy and travel time, implying that respondents with longer commuting distance (> 26 mi) have experienced higher automobile occupancies. This is consistent with the perception that individuals with long commutes tend to form carpools more readily than those with short commutes. However, the average automobile occupancy is low in all categories confirming that most trips were made by drivealone commuters. Such a positive interrelation can also be observed in the following two pairs of variables: household size versus travel time and the average number of vehicles versus travel time. As indicated in Table 4, it appears that respondents from large household generally experienced longer commuting times than those from mall households. This may be because individuals having fewer ch ildren are more Likely
 to find affordable houses of adequate size within a shorter commuting range. The existence of a positive correlation between the travel time to work and the number of children seems to further support such an explanation.
 Regarding the variable " average number of vehicle per household ," il appears that re pendent with longer commute. tend to wn more vehicle . This may be due partly to the large household size for variou activities and partly to poor transit services (e.g. 91 percent of trips u e the dri.vealone mode).
 CLUSTER AND DISCRIMINANT ANALYSES
 The preceding estimation provides the preliminary interrelations between suburban workers' commuting behavior and some of their background variables available from the surveys. To further understand their behavior patterns, it is natural to ask two questions: Can suburban commuters be classified into a number of distinct groups with a certain homogeneity in their behavior? Is it likely to identify each individual's travel pattern on the basis of associated factors such as socioeconomic background? Hence, in this section the method of cluster analysis is first applied to identify groups
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TABLE 3 Classification of Commuting Characteristics by the Frequency of Stops to Work
 IS:umb!:r gf ~1i;ii;i~ i;ia 1b~ Will£ IQ wQit
 Variables 0 2 ~3 Total
 1. Travel time to work(minutes) 27.53 32.84 34.37 22.50 28.50 (13.80) (17.45) (18.28) (13.28) (14.73)
 2. Average mid-day stops 0.61 0.68 0.81 1.43 0.64 (1.06) (0.96) (0.91) (2.17) (1.06)
 3. Average stops from 0.37 0.81 0.91 1.14 0.46 work to home (0.68) (0.85} ( 1.27) (1.40) (0.77)
 4. Total number of trips 2.43 2.49 2.53 2.71 2.45 made per day (0.57) (0.54) (0.50) (0.83) (0.57)
 5. Auto occupancy 1.07 1.25 1.51 1.36 1.12 (0.39) (0.69) (I.I 0) (0.93) (0.51)
 6. Household size 2.48 2.84 3.28 3.00 2.57 ( 1.17) (1.12) (1.67) ( 1.24) (l.21)
 7. Average number 1.98 1.91 2.02 2.43 1.97 of vehicles (0.87) (0.75) (0.96) (1.45) (0.87)
 8. Average number of children 0.47 0.81 1.09 0.79 0.55 (0.84) (0.88) ( 1.19) ( 1.05) (0.88)
 9. Average number of 1.32 1.43 1.60 1.21 1.34 full-time workers (0.87) (0.75) (0.88) (0.70) (0.85)
 10. Average number of 0.14 0.16 0.26 0.36 0.15 pan-time workers (0.41) (0.50) (0.66) (0.63) (0.44)
 Observations 807 141 43 14 1005
 • The standard deviation for each cell is shown in the parentheses
 TABLE 4 Classification of Commuting Characteristics by Travel Time to Work
 Irnv1:l 1im1: IQ wQrk (minm1:sl
 Variables (0-15) (16-20) (21-25) (26-40) (~41) Total
 I. Average stops from 0.27 0.20 0.19 0.27 0.41 0.27 home to work (0.69) (0.53) (0.55) (0.63) (0.67) (0.63)
 2. Average mid-day stops 0.91 0.52 0.56 0.59 0.57 0.64 (1.31) (0.99) (0.85) ( 1.07) (0.88) (l.07)
 3. Average stops from 0.48 0.45 0.37 0.41 0.60 0.46 work to home (0.74) (0.84) (0.68) (0.71) (0.90) (0.78)
 4. Total number of trips 2.58 2.34 2.43 2.41 2.42 2.45 made per day (0.61) (0.55) (0.53) (0.58) (0.53) (0.57)
 5. Auto occupancy 1.057 1.078 1.081 1.167 1.198 1.121 (0.327) (0.390) (0.522) (0.598) (0.626) (0.512)
 6. Household size 2.16 2.47 2.67 2.66 2.98 2.57 (1.07) (1.22) (l.27) (1.16) (1.22) ( 1.21)
 7. Average number 1.86 1.89 1.91 2.01 2.19 1.98 of vehicles (0.98) (0.78) (0.69) (0.83) (0.94) (0.87)
 8. Average number of children 0.30 0.51 0.60 0.59 0.81 0.55 (0.67) (0.86) ( 1.01) (0.84) (l.03) (0.88)
 9. Average number of 1.21 1.26 1.37 1.42 1.46 1.34 full-time workers (0.86) (0.84) (0.87) (0.85) (0.83) (0.85)
 10. Average number of 0.14 0.13 0.11 0.12 0.22 0.15 part-time workers (0.42) (0.43) (0.33) (0.40) (0.58) (0.44)
 Observations 227 179 123 294 182 1005
 • The standard deviation for each cell is shown in the parentheses
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 of survey respondents with similar travel characteristics, and their similarities and differences among clusters and across different locations are compared. Travel characteristics variables used for clustering observations are travel time in workto-home and home-to-work trips, total number of trips per day, frequency of stops in the work-to-home and home-towork trips, and the number of midday trips. Each cluster is then characterized by six background descriptors, including the commuting distance , household size , the number of available vehicles, the number of children, the number of parttime workers, and the average length of employment.
 As is noted in the statistical literature, a satisfactory method for determining the optimal number of clusters remains to be developed (20 ,21). Since the purpose of this study is to dissect observed travel behavior rather than to uncover "real clusters," it is generally sufficient to use R2 for each variable and for all variables together to determine the appropriate number of clusters. With this logic in mind, observations from each survey were grouped into six distinct clusters on the basis of the centroid method available in the SAS package (22) . The selection of six clusters is based on an extensive experimental analysis, which consists of three principal steps: (a) classification of survey respondents into a preselected number of clusters, ranging from two to nine; (b) development of a linear
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 discriminant function for each cluster with its background descriptors; and (c) computation of the posterior probability for each individual who is then assigned to the cluster of highest probability. The degree of success achieved in classifying survey respondents to their original clusters was then measured. An investigation has indicated that the selection of six clusters has yielded the best results, which can successfully predict the travel pattern (i.e ., the assigned cluster) of the 72 percent of survey participants on the basis of only the six background descriptors.
 Table 5 summarizes the cluster means and standard deviations of the six travel-related variables, indicating the variation of individual travel behavior in different clusters. Five of the six clusters in all three SACs exhibit two distinct patterns : the travel time to home is consistently longer than the travel time to work, and the frequency of stops in work-to-home trips is higher than that in home-to-work trips. These two systematic patterns are logically consistent, because the time for each stop constitutes a fraction of the total travel time. Thus, given the same travel distance, it is reasonable to expect a longer travel time if more activities are conducted during ' the trip. These two consistent patterns seem to represent the common features of suburban commuting behavior (except for the 38 individuals in Cluster 2). Some unique character-
 TABLE 5 Cluster Means of Travel-Related Variables
 Cluster I Location l TRW I TRH I TNP I NSW I NSH I NMT I Samole Parkway 34.20 35.27 2.53 2.47 2.86 0.73 15
 1 Ty sons 60.36 64.85 2. 73 1. 73 2.39 1. 24 33
 Southdale 60 .07 71. 73 2.60 2.40 2.58 1. 27 15
 Parkway 27.26 26.29 2.58 2.29 0.18 0.95 38
 2 Ty sons 33.78 32.24 2.53 2. 53 0.55 0.90 49
 Southdale 27.76 33.36 2.42 0.62 1.03 0.55 507
 Parkway 25.55 28 . 57 2.36 0.11 0.23 0. 40 717
 3 Ty sons 25 .19 27.46 2.48 0.10 0.23 0.57 1265
 Southdale 15.01 16.61 2.34 0.10 0 .18 0.40 1576
 Parkway 55.14 62.07 2.37 0.36 0.59 0.45 106
 4 Ty sons 57.76 61.16 2. 49 0.18 0.31 0.67 522
 Southdale 33.30 38.94 2.34 0.12 0.01 0.40 797
 Parkway 25.62 29.62 2.39 0.29 2.36 0.50 66
 5 Ty sons 32.00 36.54 2.67 0.29 2.27 0.94 198
 Southdale 19.72 25.00 2. 44 0.27 2.07 0.63 263
 Parkway 19. 71 21. 30 3. 54 0.21 0.52 3.67 63
 6 Ty sons 25.14 28.61 3.76 0.16 0.46 4.06 127
 Southdale 19.26 20.85 3.76 0.21 0.35 4 .13 155
 Parkway 0.40 0.42 0.25 0.62 0.55 0.61 Rz Ty sons 0.49 0.51 0.26 0.19 0.53 0.76
 Southdale 0.54 0.54 0.25 0.52 0.49 0.59
 TRW: Travel time to work, including both stop and commuting times (minutes). TRH: Travel time to home, including both stop and commuting times (minutes). TNP: Total number of trips made per day. NSW: Total number of stops on way to work . NSH: Total number of stops on way to home. NMT: Total number of mid-day trips.
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 istics associated with each cluster are briefly discussed in the following paragraphs.
 In all three SACs, Cluster 1 contains the smallest fraction of respondents (15 people in both the Parkway and Southdale SACs and 33 in Tysons Corner). In comparison with the other five clusters, suburban workers in this cluster have the following unique characteristics: (a) the highest frequency of stops in their work-to-home trips, (b) either the highest or the second highest number of stops on their home-to-work commutes, (c) the largest household size and the largest number of children, (d) the lowest number of vehicles per household, and (e) the longest or the second-longest commuting distance. The fact of having a large family size and a relatively Jong commuting distance, along with the lack of adequate vehicles, seems to explain their need to stop more frequently than others on daily commutes. This is consistent with the fact that 90 percent of commuters in Cluster 1 use carpools as the main commuting mode.
 Cluster 1 workers not only exist in all three SACs but also have similar travel and socioeconomic patterns. Although they may be a relatively small fraction of suburban residents, and most of them have low income and large household size, they need more help and are the potential users of effective suburban public transportation systems.
 In all three SACs, suburban workers in Cluster 2 feature a high frequency of stops in work-to-home trips. Among the six clusters, they have on the average the highest or second-
 47
 highest number of stops on the evening commute and the largest or second-largest number of children. In addition, as indicated in Table 6, they tend to have a relatively large household size and pan-time workers, and they make frequent trips in the middle of a working day.
 Both Tysons Corner and Parkway survey results indicate that Cluster 2 workers' frequency of stops on their way to work is much higher than t11at in their work-to-home trips (2.29 versus 0.18 in Parkway). This seems comrary to the assertion that commuters tend to stop Jess frequently in their trips to work than to home because of the concern of being late to work as revealed in the commuting patterns of respondents in the other five clusters . To understand the underlying reasons, the trip purpo e of home-to-work stops made by Cluster 2 respondents was further investigated. It was found that the work- and child-care-related stops constitute 55 percent of the 83 stops made by them (in Parkway) during the morning commute. The two main reasons for those intermediate stops do not exist for this cluster of people in their evening returning trips and account for less than 10 percent of the total stops incurred. A similar pattern exists for those working in Tysons Corner.
 In all three SACs, Cluster 3 consistently consists of the large t fraction of respondents (e .g., 717 out of 1,005 people in Parkway), representing the typical suburban workers. As indicated in Table 5, this cluster is distinguished from others with its (a) lowest mean frequency of stops in home-to-work
 TABLE 6 Cluster Means of Background Variables
 Cluster I Location I FR I CD I HS I NVH I Parkway 0.73 16.33 3.27 1.80
 1 Ty sons 0.73 25 .39 3.12 1. 79
 Southdale 0.80 31. 27 3.53 1. 97
 Parkway 0.66 11.18 3 .13 2.08
 2 Ty sons 0.61 12.82 3 .10 2.22
 Southdale 0.75 15.75 2.81 1.99
 Parkway 0. 57 13 .05 2. 48 1.93
 3 Ty sons 0.41 11.11 2.73 2.20
 Southdale 0.68 7.97 2.68 2.14
 Parkway 0.64 32 . 72 3. 03 2.33
 4 Ty sons 0. 51 25 .32 2.97 2.22
 Southdale 0.62 21. 14 2.93 2.21
 Parkway 0.76 12.30 2.52 1.88
 5 Ty sons 0.60 13.58 2.76 2.20
 Southdale 0.83 9.89 2. 57 1.98
 Parkway 0.48 10.70 2.40 2.00
 6 Tysons 0.39 10 . 14 2.75 2. 33
 Southdale 0.45 10.78 2.81 2.02
 FR : Female commuter s/total number of commuters CD : Commuting distance (miles) HS: Household size NVH Number of veh icles per household NCH Number of children per household NPH Number of part-time workers per household EL: Length of employment (years)
 NCH I NPW I EL
 1.13 0.33 1. 92
 1.06 0.15 3.66 .
 1.13 0.60 1. 79
 0.95 0. 21 1. 70
 0.65 0.30 3.65
 0.70 0. 27 3.31
 0.48 0 . 13 1.68
 0.41 0.26 4.44
 0.42 0.38 3.93
 0.84 0.21 1.81
 0.65 0.26 3.65
 0.66 0. 28 3.01
 0.59 0. 20 1. 96
 0.47 0.19 3.80
 0.56 0.26 3.90
 0.46 0. 14 1. 79
 0.45 0. 19 4.65
 0.59 0.36 3.20
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 trips (e.g., 0.11 stops in Parkway), far below the mean value of all respondents; and (b) the smallest or second-smallest number of children. In addition, those individuals, as indicated in Table 6, are mostly from small households and have relatively short commutes (e.g., <15 mi). This is consistent with previous findings that commuters from small households are likely to live relatively near their workplaces.
 those individuals generally have a large household size (e.g., 3.03 persons in Parkway), a large number of part-time workers, children, and available vehicles. This conforms with previous findings that respondents having a large family tend to move toward distant suburbs to own an adequately large house within an affordable price range. To accommodate the long commuting distance and multiple workers per family, those individuals often own more than one vehicle, as indicated in the survey results.
 Among the six clusters, survey respondents in Cluster 4 have the following consistent features in all SACs: the longest or second-longest mean travel time and commuting distance and the lowest or second-lowest midday trips. In addition,
 In all three SACs, Cluster 5 is set apart from the other groups because of the uniquely high ratio (about 8: 1) of work-
 Cluster 1 (15)
 Parkway
 34.20 (TIW)
 Tysons Comer
 Cluster I (33) Cluster J
 (IS)
 71.73
 Southdale
 60.07 ITTIY)
 35.27
 (TIH) 2.86
 (FSH) ITTH) ""'--~(..._....._:~ 2.07
 2.53 (TNT)
 Cluster 2 (38)
 26.29 (TTH)
 Cluster 3 (717)
 2.58 (TNT)
 2.47 (FSW)
 Clu,ter 2 (49) 33.78
 Cl1'WJ
 2.29 (FSW)
 2..il <FSW)
 Cluster3 (1265) 25.19
 27.46 0.23 CITWJ~~)
 CTTH> 0r!'SH> W>
 2.48 <Tm>
 Notation for Travel-related Variables
 TIW: travel time from home to work
 TIH: travel time from work to home TNT: total number of trips made per day
 FMT: frequency of mid-day trips
 Cluster 2 (507)
 Cluster 3 (1576)
 FSH: frequency of stops on work-to-home commute FSW: frequency of stops on home-to-work commute
 FIGURE 2 Travel-related variables for each cluster. (continued on next page)
 2.42 mm
 16.61 (TTH)
 2.34 mm
 2.40 CFSWJ
 CFS/i)
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 to-home stops ver. u ' home-to-work tops and becau e it has the largest or econd-large t proportion of fema les. A further analy ·is of trip purpose indicates that the high freql1ency of stops in returning trips are mainly due to their need for shopping and recreation-related activities , which constitute around 68 percent of the total stops. Those individuals are mostly femal.e having relatively long employment experience but a relatively low number of children and available vehicles.
 Ju ter 6 stands out from the others with it highest fraction of males and large t number of midday trips in all three SA Cs. A indicated in Table 6, most respondents in this cluster have a relatively small family and can thus afford to live in a small
 49
 house close to their workplaces. The resulting short commuting distance appears to account for their high-frequency of midday trips, mostly (about 72 percent) for coming home for meals or family-related activities. This is also consistent with the previous finding that the frequency of midday trips is correlated negatively with commuting distance or travel time.
 To further compare the overall travel pattern between clusters in different SACs, each cluster is represented with one star plot in Figure 2. In comparing the hape of star plots, it is noticeable that in all three SACs the travel pattern varies significantly among clusters, indicating the existence ofunique
 Parkway Tysons Comer Southdale
 Cluster 4 (106) 55.14
 (TTW)
 62.07 4------:~ (TTH)
 Cluster 5 (66)
 29.62 (TTH)
 2.37
 (TNT)
 25.62 (TTW)
 2.39 (TNT)
 21.30 (TIH)
 3.54 (TNT)
 FIGURE 2 (continued)
 2.36 (FSH)
 3.67 (FMT)
 Cluster 4 (522)
 61.16 (ITH)
 Clustcr5 (198)
 36.54 (ITH)
 Cluster 6 (127)
 57.76 ITTW)
 2A9 (li\T)
 3200 CTIW)
 267 mm
 0.3! (FSH)
 0.18 (FSW)
 2.IJ CFSH>
 4.06 (P.vfr)
 Cluster4 (797)
 35.30 <TIW)
 2.34 <TNT)
 Cluster 5 (263)
 25.00 ITTH)
 2.44 ITNT)
 C!uster6 055)
 3.76 <TNT)
 0.40 (FM'J)
 2.58 CFSH)
 4.13
 <FMT>
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 travel characteristics for each group of individuals. In contrast, except for a slight difference in the shape for Cluster 2, the other five clusters, after being standardized, exhibit consistent patterns across the three locations in their travelrelated measures. This seems to suggest that the possible overlap among clusters is negligible, and the application of such an approach has indeed yielded a reasonable classification of suburban commuting patterns.
 In brief, even though the three suburban surveys were conducted from different regions, survey respondents can be classified into six consistent clusters, each having a similar pattern across the three SACs. Such distinct suburban commuting patterns should encourage transportation planners to develop diversified demand management strategies to serve each target group of suburban workers .
 CONCLUSIONS
 This paper has investigated suburban travel behavior with an emphasis on the interrelations between survey respondents' ocioeconomic background and their manife ted behavior
 patterns, especially concerning their frequency of stops to work and to home. In the ab ence of individual income information it has been found that variables such as work starting time, sex, commuting automobile ccupancy, and available vehicles per family are significantly correlated with suburban workers ' choices of stop frequency on their daily commutes. Single- and multiple-stop w rkers show different levels of sensitivity to any changes in these critical factors.
 It has also been observed that suburban workers of relatively large households and Limited employment experience tend to reside in relatively di tant suburb to afford houses of adequate size. To cope with the long commuting distance and the meager level of transit service, most suburban workers, as indicated in the survey results, were compelled to choose the drive-alone mode.
 To further compare suburban commuting behavior, a multivariate cluster approach was u ed to classify survey respondents on the basis of elected travel characteristic variables. The resu.lts indicate that regardless of the geographical differences in the three SACs, suburban workers in each cluster exhibit similar travel as well as background patterns. In contrast ubstantial differences among cluster- exi t , ·uggesting tbat different strategics or plans hould be devclopt:d for different groups of uburban re idents to effectively relieve suburban congestion.
 Because of limitations of the original survey design, this research provide only preliminary understanding of complex suburban commuting behavior. To effectively contend with suburban congestion, much remains to be learned about the interrelations between suburban workers' background, behavior, and responses to different transportation management strategies. For instance, an ongoing research task is to understand the distribution of trip purposes on commutes and in the midday. The likelihood of minimizing tbose trip stops or changing their patterns can then be investigated.
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