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ABSTRACT 
 

NOACA’s development and maintenance of the regional travel demand model and its supporting 
data is an ongoing process. Staff last reported on modeling updates in March 2003 through the 
Travel Demand Model Refinements reports. Since that time, staff has made additional revisions 
to some aspects of the modeling process. In response to Census 2000 data and changes in the 
region’s population and employment distribution, staff increased the numbers of traffic analysis 
zones (TAZ), developed new base year data, and recalibrated and validated some model 
components. This technical memorandum has been written to document these latest updates for 
the Ohio Department of Transportation (ODOT) and other users of the model. 

During its preparation for releasing Census 2000 data, the Census Bureau offered NOACA an 
opportunity to redefine and/or increase the number of Traffic Analysis Zones (TAZ) included in 
the 2000 Census Transportation Planning Package (CTPP 2000). CTPP 2000 is a special 
tabulation of census data at the TAZ level for use by areas with travel demand modeling 
capabilities. Model inputs for the 2000 socio-economic data were obtained from both Census 
2000 files and CTPP 2000 data for the new TAZ structure. Adjustments in highway/transit 
networks and modeling sub-programs were made accordingly due to changes in the TAZ 
structure. 

This technical memorandum will emphasize the comparison between the 2000 NOACA model 
validation and the 1990 NOACA model validation work. Validation work has been completed on 
the 2000 model. Various figures and tables included in this memorandum present the calibration 
and validation results. 
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Changes in Model Input 

NOACA’s development and maintenance of the regional travel demand model (hereafter 

referred to as ‘the model’) and its supporting data is an ongoing process. Staff last reported on 

modeling updated in March 2003 through the Travel Demand Model Refinements reports. Since 

that time, staff has completed major revisions to model inputs. These include: changes in zonal 

structure, updates to socio-economic data based on Census 2000 data, updates to external 

stations forecasts, modification to the highway and transit networks. Furthermore, NOACA staff 

with the assistance from PB Consult consultant team completed a re-calibration of Autogen 

program. Autogen is a sub-routine program used in the model to generate numbers of auto 

vehicles per household based on household size and average household income. Additionally, the 

mode-choice parameters in the Nlogit program were modified to reflect peak hours’ split 

between auto trips and transit trips as observed in the Census for Transportation Planning 

Package (CTPP) 2000. 

In general, the revisions described above do not constitute a major modeling revision. The model 

continues to use the same four step modeling techniques and feedback loops as described in the 

1993 NOACA model’s (hereafter referred to as ‘the previous model) Users’ Guide1. The 

schematic for this modeling process is shown in Figure 1. The shaded boxes represent the 

updated inputs or programs. A full model run (including feedback loops) takes approximately 2 

hours on a current technology PC with an Intel Pentium processor with 2.66 GHz. Detailed 

information regarding the updated inputs and modeling improvements is described in the 

following pages. 

                                                 
1 NOACA Report, “Regional Travel Demand Forecasting Model, Users’ Guide,” April 2001. 
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Figure 1: Schematic of NOACA Model 

 

Traffic Analysis Zone (TAZ) Update 

During its preparation for releasing Census 2000 data, the Census Bureau offered NOACA staff 

an opportunity to change and re-allocate the Traffic Analysis Zones (TAZ) used in the model. 

The resulting 2000 TAZ structure consists of 1236 internal zones with 82 external zones 

(external stations). The zone numbering system and zone allocations in the 2000 TAZs are 

compatible with information provided in the CTPP 20002. The changes in the numbering and 

renumbering of TAZs required adjustment in both the highway and the transit networks. All 

Centroid connectors were updated and reloaded to locations on the highway network to better 

represent local access to roadways, streets and public transit. 

                                                 
2 NOACA Technical Memorandum, “Traffic Analysis Zone: NOACA 2000 Base Network,” August 2003. 
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Population and Socio-Economic Data Updates 

Population and socio-economic data plays a major role in the NOACA Travel Demand Model. 

NOACA staff undertook the effort to compile the necessary population statistics from the 2000 

Census3 to update these data inputs to the modeling stream. The population, number of 

households and average household income information were collected from the 2000 Census and 

CTPP 2000. Employment data was partially derived from CTPP 2000. Staff cross-referenced 

CTPP 2000 data to Bureau of Economic Analysis (BEA) data to ensure as accurate a portrayal of 

2000 employment as possible. Information for school enrollment was collected from school 

districts, colleges and universities. Table 1 displays a county summary of the socio-economic 

data generated by this effort. 

Table 1: Year 2000 Summary of Socio-Economic Data by County 

TAZs County TOT_POP HH # HH_POP HH_WORK EMPL SCHOOL 
1 - 758 Cuyahoga 1,393,978 571,457 1,363,800 621,908 748,933 316,049

759 - 944 Lorain 284,664 105,836 276,180 132,885 107,607 63,722
945 - 1037 Medina 151,095 54,542 149,576 76,565 55,289 30,727

1038 - 1115 Geauga 90,895 31,630 89,848 44,485 34,451 15,570
1116 - 1236 Lake 227,511 89,700 224,611 116,804 102,836 49,880

 Total 5-County 2,148,143 853,165 2,104,015 992,647 1,049,116 475,948
* Schools include K-12, college, and university enrollment 

Socio-economic variables are important inputs for trip generation. They aid in predicting zonal 

trip productions by cross classifying households by size, workers per household, household 

income and auto ownership. A more detailed explanation of trip production is found in the next 

chapter.  

The model utilizes socio-economic variables to determine area type at the TAZ level. Area types 

distinguish various groups of TAZs from each other based on similarities/differences in their 

travel patterns. As discussed in the NOACA Regional Travel Demand Forecasting 

Documentation (2001)4, area type is calculated for each TAZ based on Employment Density and 

Residential Density. Area type by TAZ is presented in Figure 2. The TAZ area type is an 
                                                 
3 NOACA Technical Memorandum, “Selected Zonal Population Statistics,” June 2003. 
4 NOACA Report, op. cit. 
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important variable in the model. It is used to calculate roadway capacity and the input speed 

table by area type and facility type (see Table 3.) 



AREA TYPE FOR YEAR 2000
CALCULATED FROM HH DENSITY
AND EMPLOYMENT DENSITY

0 5 10

Miles

Area Type Year 2000
 1  RURAL
 2  SUBURBAN
 3  URBAN
 4  HIGH COMMERCIAL
 5  CBD

Figure 2: Zonal Area Type
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External Stations Forecast Update 

The traffic counts at external stations were updated with the latest available information from 

ODOT, AMATS, and county and city engineers based on year 2000 traffic ground counts. For 

the external stations located at the border with AMATS, NOACA staff adopted the traffic counts 

used by AMATS for its modeling efforts.5 The external-to-internal and internal-to-external trips 

were estimated with a FRATAR program (run in TRANPLAN) based on results of the External 

Survey (1995-1996) conducted by ODOT. A detailed summary of the methodology for 

generating the external stations forecast is available in an FY 2004/2005 NOACA Technical 

Memorandum6. 

Highway Network Modification 

NOACA staff devoted a considerable level of effort to modifying the model’s highway network 

to represent its status in 2000. Traffic counts on the network were updated with the counts from 

the year 2000 model validation process. Almost all links of the total 22,140 link segments in the 

2000 highway network contain traffic count information. NOACA staff also defined 66 

screenline locations to simplify comparisons during the model validation process. Staff also 

added more streets to the highway network to establish linkages between new TAZs and the 

adjacent roadway system. Physical changes on the roadway system required updates to the 

highway network such as: directional change, additional number of lanes, and intersection 

turning movement prohibitions during peak hours. 

As mentioned in the socio-economic data update discussion, the area type for each highway 

network link was updated to reflect the area type of the TAZ where it is located. NOACA staff 

manually adjusted the area-type for each link based on TAZ area type. Due to the sensitivity in 

the capacity calculation, the freeway facilities were updated manually using the assumption that 

area type on freeways change gradually based on the ranking of area type as shown in Table 2. In 

particular, the area types coded on freeway facilities were not allowed to skip two ranks, for 

                                                 
5 Akron Metropolitan Area Transportation Study (AMATS) Technical Memorandum, “2030 External Station 
Forecast,” May 2, 2003. 
6 NOACA Technical Memorandum, “2000-2030 External Stations Forecast,” June 2005. 
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example: from Rural to Urban or from Suburban to High Commercial. Figure 3 shows the 2000 

NOACA Highway Network by Area Type. 

Table 2: Area Type Ranking by Urban Type 

1 Rural 

2 Suburban 

3 Urban 

4 High Commercial 

5 Central Business District (CBD) 
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The base peak and off-peak speed input assumptions on highway network links were also 

adjusted to reflect observed travel time conditions in year 2000. This update was based on recent 

studies conducted by NOACA engineering staff 7. Table 3 shows the speeds by area type and 

facility used to update link speeds on the 2000 highway network. 

Table 3: Peak and Off-Peak Speed by Area Type and by Facility Type 

  RURAL SUBURBAN URBAN HIGH COMM. CBD 

Facility Type 

Off-Peak 
Speed 

(mi./hr.) 

Peak Hr. 
Speed 

(mi./hr.) 

Off-Peak 
Speed 

(mi./hr.)

Peak Hr. 
Speed 

(mi./hr.)

Off-Peak 
Speed 

(mi./hr.)

Peak Hr. 
Speed 

(mi./hr.)

Off-Peak 
Speed 

(mi./hr.) 

Peak Hr. 
Speed 

(mi./hr.)

Off-Peak 
Speed 

(mi./hr.)

Peak Hr. 
Speed 

(mi./hr.)
Freeway 65 60 65 60 65 60 60 55 55 50 
On-Ramp Fwy. 25 25 25 25 22 22 22 22 22 22 
Off-Ramp Fwy. 25 25 25 25 22 22 22 22 22 22 
Fwy-to-Fwy 
Ramps 47 47 47 47 35 35 30 30 27 27 
Expressway 55 50 55 50 50 45 45 40 40 35 
On-Ramp Xpwy 25 25 25 25 22 22 22 22 22 22 
Off-Ramp 
Xpwy 25 25 25 25 22 22 22 22 22 22 
Major Arterial 35 30 25 25 20 20 20 20 17 17 
On-Ramp Major 
Arterial 25 25 25 25 22 22 22 22 22 22 
Off-Ramp 
Major Arterial 25 25 25 25 22 22 22 22 22 22 
Minor Arterial 30 30 25 25 20 20 20 20 17 17 
Ohio Turnpike 65 60 65 60 60 55 60 55 55 50 
On-Ramp 
Turnpike 25 25 25 25 22 22 22 22 22 22 
Off-Ramp 
Turnpike 25 25 25 25 22 22 22 22 22 22 
Turnpike Booth 34 34 25 25 22 22 20 20 17 17 
Centroid Conn. 34 34 25 25 22 22 20 20 17 17 
External 
Stations 15 15 15 15 15 15 15 15 15 15 
 

Link capacities are calculated using the same ODOT program application (CAP94G) as that used 

in the 1990 model. In the preliminary validation effort, NOACA staff tried to apply the updated 

version of ODOT’s capacity calculator (CAP2000) as suggested by ODOT. However, the current 

modeling software in this model (TRANPLAN) is not compatible with the format requirement in 

                                                 
7 NOACA Report, “Freeway Travel Time Study,” October 2000. 
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CAP 2000. For the next modeling task, NOACA will convert this model into a format (CUBE) 

that is compatible with ODOT and other Ohio MPO travel demand models. 

Transit Network Modification 

Transit networks were updated to reflect the status of transit facilities in the region in year 2000. 

The NOACA region consists of six public transit systems: The Greater Cleveland Regional 

Transit Authority (GCRTA), Geauga County Transit, Lake County Transit (LakeTran), Lorain 

County Transit (LCT), Brunswick Transit Alternative (BTA) and Medina County Transit 

(MCT). Only four of these transit operators have fixed route service. The majority of transit 

service is concentrated in Cuyahoga County. NOACA staff worked together with the transit 

operators to gather information regarding transit routes and headways. The list of transit routes 

coded in the model is listed in the NOACA 2000 Transit Network Guide. 8 The coverage of all 

transit lines in the model is shown in Figure 4. 

                                                 
8 NOACA Report, “NOACA 2000 Transit Network Guide,” July 2001. 
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Modification in Socio-Economic Sub-Models 

The trip production and trip attraction models were developed for the Cleveland metropolitan 

region using a cross-classification approach. These models were developed to predict the 

distribution of households by each socio-economic category used in the model. 

The model uses the socio-economic data inputs at the TAZ level to generate a distribution of 

household types at the TAZ level. During early model tests, modeling staff found an 

inconsistency between observed (CTPP 2000) and modeled household distributions. Coded 

assumptions within the model about household distributions based on CTPP 1990 data caused 

this inconsistency. Within the ten-year period between the two Censuses, NOACA staff observed 

regional changes in the distribution of households and household size. Census 2000 reported 

more households with fewer or no children and more single-parent households than was the case 

in 1990. This phenomenon required re-calibration of the socio-economic sub-models. 

The PB Consult consultant team assisted NOACA in recalibrating the submodels using CTPP 

2000 data at the TAZ level. A submodel is a special computer program added as a supplement to 

the travel demand model to improve its ability to forecast specific conditions in the region. The 

following submodels were updated and recalibrated to reflect CTPP 2000: 

• Household Income Submodel 

• Household Size Submodel 

• Workers per Household Submodel  

A copy of PB Consult technical memorandum to NOACA on these updates is presented in 

Appendix A.  

Household Income Submodel 

The purpose of the household income submodel is to estimate the number of households in each 

of several ranges of household income at the TAZ level. The household income submodel was 

recalibrated using CTPP 2000 at the TAZ level. The updated household income submodel 

reflects revised household income ranges that are based on year 2000 income scaled to a 1990 

buying power. There are four ranges of household income used in this model. 
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• $0 - $19,999 

• $20,000 - $39,999 

• $40,000 - $67,499 

• $67,500 + 

Household Size Submodel 

The household size submodel is a program developed to estimate the number of households by 

persons per household (1, 2, 3, 4 or more). This submodel relates the average household size of 

the TAZ to the share of households by each household size category. Before the recalibration, 

the model was over-predicting the share of total regional 3 person households and under-

predicting the share of total regional 4+ person households. After the recalibration, model 

performance improved with less than one percent difference in all size categories. 

Workers per Household Submodel 

The purpose of the workers per household submodel is to estimate the number of households by 

workers per households (0, 1, 2, 3+). The initial recalibration effort resulted in unreasonable 

regional distributions of workers in households in the 3+ categories. After recalibration, the 

model performance improved for the 3+ worker households. 
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Modification in Auto-Ownership Model 

The auto ownership submodel plays a major role in the modeling steps especially for trip 

generation, trip distribution and mode-choice. The auto ownership model is used as an approach 

to measure wealth and dependency on auto availability. The basic assumptions used in this 

model are:  

• Each individuals choice of mode is dependent on auto ownership 

• Auto ownership is highly dependent on household income 

The basic formula for auto ownership in this model is a multinomial logit function that was 

originally calibrated using data from the Home Interview Travel Survey 1994.9 The performance 

of the model before recalibration showed significant over estimation of non-auto (zero vehicle) 

households in Cuyahoga County. An over-estimation of zero-vehicle households can lead to an 

over-prediction of transit ridership. 

The auto-ownership model was recalibrated to match the observed 2000 Census distributions of 

households by auto-ownership. Results after recalibration show an improvement in model 

performance for 0-vehicle households in Cuyahoga County. 

PB Consult team incorporated all of the above-described submodel programs into the 

AUTOGEN software application. This allows the model user to automate these iterative 

procedures during a travel demand model run. AUTOGEN provides inputs to the TRANPLAN 

gravity model function. It also produces reports and summaries of computational results. Results 

from the AUTOGEN program is provided in Appendix B. 

                                                 
9 Barton-Aschman Associates, Inc., prepared for Greater Cleveland Regional Transit Authority (GCRTA), “Home 
Interview Travel Survey Final Report,” January 1995. 
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Modification in Mode-Choice Program 

The mode choice models were recalibrated for the following reasons: 

• TAZs were added to the model area and this resulted in a corresponding addition 

of network detail 

• Changes/revisions in transit accessibility and service 

• Changes in demographic and socio-economic data 

• Changes in trip distribution since the previous calibration effort 

The first step in mode choice calibration is the development of calibration target values. These 

identify expected trips by time period, type of modes, trip purpose, and market segments. Since 

the latest travel surveys were conducted in Cleveland metropolitan area over a decade ago 

(1994), NOACA and PB Consult staff needed to adjust the assumptions on public transit transfer 

rates, and distributions of trips by purpose and market segment for each mode. These 

assumptions were based on distributions from the previous calibration effort. The assumptions 

were adjusted to match observed year 2000 transit boardings by mode. PB Consult developed the 

calibration target values and NOACA staff completed the actual model calibration using 

NLOGIT software that has a built-in auto-calibrate feature. Summary of mode-choice 

recalibration results are presented in Table 4. 
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Table 4: NOACA Year 2000 Mode Choice Calibration Summary 

Observed Person Trips versus Estimated Person Trips from CTPP 2000 
PEAK OFF-PEAK TOTAL MODE CHOICE 

Observed Estimated %Diff Observed Estimated %Diff Observed Estimated %Diff
Drive-Alone 1,459,339 1,457,217 0% 2,319,807 2,316,240 0% 3,779,146 3,773,457 0% 
Shared-2 673,776 672,109 0% 1,475,899 1,474,828 0% 2,149,675 2,146,936 0% 
Shared-3+ 505,934 506,160 0% 1,105,333 1,105,220 0% 1,611,267 1,611,380 0% 
Walk 186,556 181,054 -3% 446,246 443,412 -1% 632,802 624,465 -1% 
Bike 21,116 27,242 29% 50,512 51,960 3% 71,628 79,202 11% 
          
Walk-Local 33,279 33,749 1% 54,082 54,720 1% 87,361 88,469 1% 
PNR-Local 483 488 1% 420 393 -7% 903 881 -2% 
KNR-Local 561 565 1% 426 454 7% 987 1,019 3% 
          
Walk-Express 10,809 10,983 2% 8,586 8,433 -2% 19,395 19,416 0% 
PNR-Express 1,268 1,271 0% 242 246 1% 1,510 1,516 0% 
KNR-Express 575 578 0% 199 203 2% 774 781 1% 
          
Walk-Rail 14,993 15,162 1% 6,497 6,523 0% 21,490 21,685 1% 
PNR-Rail 5,845 5,858 0% 1,172 1,188 1% 7,017 7,046 0% 
KNR-Rail 1,428 1,435 0% 407 417 3% 1,835 1,852 1% 
Total 2,915,962 2,913,868 0% 5,469,828 5,464,235 0% 8,385,790 8,378,103 0% 
          
Total Auto 2,639,049 2,635,485 0% 4,901,039 4,896,287 0% 7,540,088 7,531,772 0% 
Total Non-Motorized 207,672 208,295 0% 496,758 495,372 0% 704,430 703,667 0% 
Total Transit 69,241 70,088 1% 72,031 72,576 1% 141,272 142,663 1% 
 Local Bus 34,323 34,802 1% 54,928 55,566 1% 89,251 90,368 1% 
 Express Bus 12,652 12,831 1% 9,027 8,882 -2% 21,679 21,713 0% 
 Rail 22,266 22,455 1% 8,076 8,128 1% 30,342 30,582 1% 
 Walk 59,081 59,894 1% 69,165 69,676 1% 128,246 129,570 1% 
 PNR 7,596 7,617 0% 1,834 1,826 0% 9,430 9,443 0% 
 KNR 2,564 2,577 1% 1,032 1,074 4% 3,596 3,651 2% 

Source: NOACA 2000 Base Model Validation Run, May 2005 

The mode-choice recalibration results in Table 4 show that there is generally a small difference 

between observed (CTPP 2000 Journey-to-Work) and estimated (results from NLOGIT auto 

calibration) auto and transit trips. For the majority of trip types, the mode-choice model works 

reasonably well. The exception is bike trips. The model over estimates the number of bike trips 

during peak hours. This error was also present in the 1990 model and appears to be an anomaly 

or tabulating error. New recalibration would be necessary to correct this error when a new travel 

survey is conducted in the near future. 
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Model Validation Results 

The purpose of model validation is to analyze whether the results from a travel demand model 

assignment replicate the observed conditions within a reasonable range of differences. The 

previous model was calibrated over ten years ago with information from CTPP 1990 and 

Household Travel Survey 1994 and validated with 1993 traffic count data. This 2000 NOACA 

model is an update of the previous model using the CTPP 2000 and validated with year 2000 

traffic count data. Information from the 1994 Survey is still valid as a basis for trip distribution 

and mode choice. However with the changes in household distribution seen in CTPP 2000 data, 

NOACA will conduct another set of travel surveys in the near future (if possible after the 

completion of the Euclid Corridor Transportation Project in year 2008.) 

Vehicle Miles of Travel (VMT) Validation Summary 

NOACA staff followed FHWA standards for validation of the highway traffic assignment. Since 

the model is an updated version of its predecessor, the 1990 model, staff ran comparisons of 

model assignment results from the 1990 and 2000 models using Vehicle Miles of Travel (VMT) 

as an indicator. VMT was chosen because it is also used in association with air quality program 

(MOBILE6) outputs to determine air quality conformity in the region. Complete results of these 

VMT comparison is shown in Appendix C. 

Table 5 shows that the 2000 model slightly underestimate VMT on the freeway facility type. 

However at regional level this difference between the two models is insignificant and both 

models are within the typical urban area distribution. VMT estimation for arterial facilities is 

better in the 2000 model and also falls within the typical urban area distribution. 

The next analysis is comparison of VMT per Household and per Person as presented in Table 6. 

The VMT per Household and per Person distributions are similar between these two models. The 

average household produced 49.1 vehicle miles of travel according to CTPP 1990. This 

increased to 50.9 vehicle miles of travel according to CTPP 2000. The assignment results from 

the 1990 model show 47.4 VMT in year 1990. The 2000 model shows an increased to 49.1 in 

year 2000. A similar trend is seen for VMT per Person. 
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Table 7 presents the observed VMT (obtained from ODOT traffic counts data) and estimated 

VMT in years 1990 and 2000 from the model assignment. The increase of VMT between 

observed data and the model estimation shows a steady nine percent increase within a decade. 

Table 5: VMT Validation Summary by Facility Type  

Facility 
Type 

  

Estimated VMT 
(in 1000s) 

Observed VMT
 (in 1000s) 

Percent 
Difference

Estimated VMT
Distribution 

Observed VMT 
Distribution Typical Urban Area

Freeway and Ohio Turnpike 
1990 16,443 16,108 2.08% 42.89% 40.58% 
2000 17,910 18,752 -4.49% 42.87% 43.20% 

38% - 45% 

Major Arterials 
1990 15,749 16,622 -5.25% 41.08% 41.88% 
2000 16,653 16,975 -1.90% 39.87% 39.11% 

33% - 40% 

Minor Arterials  
1990 6,149 6,964 -11.70% 16.04% 17.54% 
2000 7,211 7,681 -6.12% 17.26% 17.69% 

18% - 22% 

Total 

1990 38,341 39,693 -3.41% 
      

2000 41,773 43,408 -3.77% 
      

 

Table 6: VMT per Household per Person 

Vehicle Miles of 
Travel (VMT) 1990 CTPP 1990 Model 2000 CTPP 2000 Model Typical Urban 

Area 
VMT per Household 49.1 47.4 50.9 49.1 40 - 60 

VMT per Person 19.2 18.6 20.6 19.9 17 - 24 
 

Table 7: Regional VMT Change from 1990 to 2000 

Change in VMT 1990 2000 DIFFERENCE % DIFF 
Observed (HPMS) 39,693 43,408 3,714 9.36% 
Estimated (Model) 38,341 41,773 3,432 8.95% 
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Screenline Validation 

Screenlines are a technique in Model Validation using summation of traffic counts crossing 

imaginary lines drawn in the region. Highway assignments of the two models were compared 

using the screenlines technique. Comparison between 1990 and 2000 screenline validation is 

presented in Figure 5 and Figure 6.  

The purpose of the color scheme in the screenlines figures is to see the overall performance of 

the model results. A red screenline indicates the traffic assignment from the model is over 10% 

higher than the observed traffic counts along that screenline. A blue screenline indicates the 

model estimation is more than 10% below the observed traffic counts included in the screenline. 

Generally the screenline target should be within approximately 10% of the traffic ground count. 

Those screenlines that are within this desired range are shown in green. Figure 5 and 6 shows 

some screenlines that were red or blue lines in year 1990 model are green in the year 2000 

model. This is especially true for screenlines located at county boundaries. This improvement 

was achieved through adjustments in the methods of calculation for external stations.10 

                                                 
10 NOACA Technical Memorandum, op. cit. 







6232t 22

Vehicle Miles of Travel and Percent Root Mean Square Errors Summary 

The next validation tests for highway assignment are presented systemwide for Vehicle Miles of 

Travel (VMT). The VMT validation is particularly important in urban areas that are designated 

in moderate or serious non-attainment for ozone (O3) by the Environmental Protection Agency 

(EPA). The VMT Validation summary shown in Table 8 is the result of a program called 

TPVALID (software application program written by PB Consult for NOACA model). The 

assignment link volumes are taken from system “Base00”, a full base year model run dated 

5/3/2005 (Table 8). 

Table 8: Summary for Year 2000 Validation Links: Estimated vs. Observed 

Regional Observed VMT: 43,408,124 

Regional Estimated VMT: 41,773,352 

VMT Percent Difference: -3.77% 

Regional Percent RMSE 54.60% 

Links with observed Volumes 17,331 

Source: NOACA 2000 Base Model Validation Run, May 2005 

Regional observed and estimated VMTs are within 4% of each other with a 54.6% Percent Route 

Mean Square Error (RMSE). The percent of RMSE is the primary statistical method used to 

measure the validity of traffic assignment by volume group. There is a wide range of %RMSE 

around this mean depending on the magnitude of aggregation; the %RMSE is larger on the small 

volume groups, and declines as the volume groups increase. Table 9 presents the estimated and 

observed volumes, as well as the %RMSE by volume group.  
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Table 9: Summary for Year 2000 Validation Links: %RMSE by Volume Group 

Volume Range Group 
  

Links 
2000 

Estimated 
2000 

Observed 
2000 

Est-Obs 
2000 

%Diff
2000 

Model 
%RMSE 

Desired 
%RMSE

1 0-499 706 363,520 163,307 200,212 122.60 371.59 200 
2 500-1,499 2,807 2,119,434 1,624,330 495,104 30.48 155.69 100 
3 1,500-2,499 2,513 2,383,928 2,210,914 173,013 7.83 80.29 62 
4 2,500-3,499 1,860 2,338,420 2,302,327 36,093 1.57 63.52 54 
5 3,500-4,499 1,592 2,359,038 2,443,579 -84,541 -3.46 56.46 48 
6 4,500-5,499 1,641 2,590,506 2,806,651 -216,145 -7.70 47.16 45 
7 5,500-6,999 1,757 3,264,546 3,448,203 -183,657 -5.33 42.50 42 
8 7,000-8,499 1,284 2,724,131 2,893,658 -169,527 -5.86 36.35 39 
9 8,500-9,999 936 2,132,566 2,263,133 -130,567 -5.77 33.93 36 

10 10,000-12,499 860 2,483,538 2,616,051 -132,513 -5.07 35.29 34 
11 12,500-14,999 386 1,916,335 1,886,580 29,755 1.58 31.72 31 
12 15,000-17,499 276 2,167,471 2,206,044 -38,573 -1.75 33.39 30 
13 17,500-19,999 104 1,376,378 1,325,258 51,120 3.86 29.39 28 
14 20,000-24,999 133 2,410,637 2,345098 65,539 2.79 29.98 26 
15 25,000-34,999 145 2,847,594 2,914,370 -66,776 -2.29 24.78 24 
16 35,000-54,999 214 4,963,679 5,689,143 -725,463 -12.75 25.96 21 
17 55,000-84,999 117 3,331,631 4,269,477 -937,846 -21.97 28.89 19 

TOTAL   17,331 41,773,352 43,408,124 -1,634,772 -3.77     
Source: NOACA 2000 Base Model Validation run, May 2005 

The %RMSE from the above volume group is also plotted against the FHWA maximum desired 

%RMSE in Figure 7. If all volume groups fall below the curve, the assignment is said to have 

passed the % RMSE test. This is the objective of the NOACA model as shown in Figure 7. In 

general, the %RMSE results in the 2000 model are more or less similar to the %RMSE results 

from the 1990 model in terms of regional fit11. 

                                                 
11 NOACA Technical Memorandum, “Travel Demand Model Refinements: Changes Made to the Model Between 
1998 to 2002,” May 2003, p. 50. 
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Figure 7: Percent RMSE by Volume Group 

% RMSE by Volume Group

0.00

50.00

100.00

150.00

200.00

250.00

300.00

350.00

400.00

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

Volume Group

%
 R

M
SE Model %RMSE

Desired %RMSE

 



6232t 25

Figure 8: Percent of Deviation for Screenlines by Volume Group 
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Transit Validation 

The variables for the transit network such as transit routes, speed, headways, fares, transfer fee, 

and ridership, were obtained from transit operators (GCRTA, LAKETRAN, LCT, BTA, MCT) 

for the year 2000. However, the mode choice program variables that determine individual 

choices between driving and taking public transit were derived from an on-board transit survey 

that was conducted by GCRTA.12 Transit ridership estimation from the model is compared to the 

2000 average weekday ridership as reported by NOACA.13 Since the survey information 

represents GCRTA transit ridership, estimation was not applicable to transit ridership that does 

not use GCRTA. The model shows over-estimation for route-by-route comparison with the 

actual transit ridership. Therefore, transit assignment results are combined by corridor as shown 

in Table 10 for validation purposes. NOACA staff does not believe the existing model should be 

used for the transit element in a “NEW START” program until another transit survey is 

conducted and mode-choice re-calibration has been performed. 

The model over assigned total GCRTA transit ridership compared to total observed GCRTA 

ridership approximately 4.6% (213,000 to 203,600.) This result is slightly better than that 

obtained during the 1990 transit model validation. In the 1990 model validation, the transit 

assignment was over assigned 8.5% of total GCRTA transit ridership (206,495 to 224,065.) 

                                                 
12 Euclid Consultants (ICF Kaiser Engineers, Inc., Barton-Aschman Associates, Inc., Parsons De Leuw, Inc., Robert 
B. Madison International, Inc.) prepared for Greater Cleveland Regional Transit Authority (GCRTA), “Final Report 
On-Board Transit Survey,” July 1994. 
13 NOACA Transit Network Guide, op. cit, July 2001. 
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Table 10: Transit Ridership by Corridor 

Transit Assignment CORRIDORS 2000 RIDERSHIP
(Avg. Weekday) Boardings Difference % Difference 

RADIAL CORRIDORS     

Lakeshore West - Radial Corridors 3,863 4,062 199 5.1% 
West - Radial Corridors 10,874 9,488 -1,386 -12.7% 
Southwest - Radial Corridors 19,180 29,083 9,903 51.6% 
Southeast - Radial Corridors 27,660 27,951 291 1.1% 
Lakeshore East - Radial Corridors 16,712 9,225 -7,487 -44.8% 
East - Radial Corridors 42,445 40,294 -2,151 -5.1% 
Total Radial Corridors 120,734 120,103 -631 -0.5% 
CROSSTOWN CORRIDORS      
West - Crosstown Corridors 11,048 14,454 3,406 30.8% 
The Heights - Crosstown Corridors 15,904 21,395 5,491 34.5% 
East - Crosstown Corridors 16,063 11,650 -4,413 -27.5% 
Total Crosstown Corridors 43,015 47,499 4,484 10.4% 
Loops Routes 7,380 13,045 5,665 76.8% 
RAIL      
Heavy Rail 18,829 22,551 3,722 19.8% 
Light Rail 13,640 9,721 -3,919 -28.7% 
Total Rail 32,469 32,272 -197 -0.6% 
TOTAL GCRTA TRIPS 203,598 212,919 9,321 4.6% 
 

Figure 9 displays information on routes with highest actual ridership in 2000 compared to the 

modeled ridership by rank of GCRTA route ridership. 
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Figure 9: Cumulative Percent of Transit Ridership 
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Next Modeling Challenge 

NOACA modeling staff has completed validation of the travel demand model with CTPP 2000 

data.  This included increasing the total number of TAZs by 235 TAZs from the previous model 

validation with CTPP 1990 data. Compared to the previous model, the 2000 model performs 

better as shown by screenline evaluation and better VMT distribution by County as discussed in 

previous sections. However, NOACA staff acknowledges that more effort is needed to improve 

the model. 

In general, the model shows under prediction on freeway segments carrying over 35,000 vehicles 

daily (oneway) especially along Interstate I-480, I-77 North of I-480, sections of I-71, and I-271 

(see Figure 10). The under-assigning of major freeway segments could be the result of an 

imperfect trip distribution method. The trip distribution submodel was developed from the Home 

Interview Survey conducted in 1994. The current distribution of population and employment 

information from CTPP 2000 may not result in the same trip distribution as suggested by the 

1994 survey. NOACA staff is currently evaluating these problems and additional improvements 

to the trip distribution method will be part of the next model development update. 

For its next model development step, NOACA is committed to converting the travel demand 

model software platform from TRANPLAN to CUBE.  CUBE is a “user-friendly” Windows 

based software platform that is suggested by ODOT staff. In an effort to fix the trip distribution 

problem, the Home-Based Work trip distribution will be recalibrated using CTPP 2000 Part 3 

data. In addition, NOACA also plans to participate in the CTPP National Personal Travel Survey 

(NPTS) in 2008 to update model information on household trip patterns. 
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APPENDIX A: Technical Memorandum by PB Consult (January 26, 2005) 

The NOACA regional travel demand models were developed and initially calibrated nearly six 

years ago. These models have been and continue to be used successfully to support regional 

planning efforts such as forecasting demand for highway and transit infrastructure. Specific 

applications include regional planning efforts such as the Long-Range Regional Transportation 

Plan, Transportation Improvement Program (TIP) and associated air quality analysis. In addition, 

the model has been successfully applied to planning studies such as the High-Occupancy Vehicle 

(HOV) Feasibility Project, Cleveland-Akron-Canton (CAC) Major Investment Study, the 

NEORAIL Study, the Euclid Corridor Transportation Study, and the Cleveland Innerbelt MIS. 

Since their development, new data related to the travel demand models’ inputs has become 

available. In 2004, NOACA obtained year 2000 Census Transportation Planning Package (CTPP 

2000) data and began to update input household estimates and socio-economic information, 

along with employment estimates, for the year 2000. In addition, additional spatial detail was 

added where it was deemed necessary. Beginning 2003, NOACA undertook a model refinement 

process to add approximately 300 Transportation Analysis Zones (TAZs) by splitting larger 

zones. 

Initial runs of these updated and expanded models have not met established validation targets. 

This may be due, in part, to an inconsistency in the capacities coded by the new capacity 

calculation program and the functional classification and number of lanes for each facility, as 

well as an inconsistency between the capacities coded by the program and those used in the 

standard BPR volume-delay functions. However, a more detailed analysis of model outputs 

yielded further insights into the validation issue related the other component models. This 

memorandum documents the recalibration effort that was performed to improve the performance 

of the household socio-economic models and the auto ownership model. 

Socio-economic Model Recalibration 

The trip production models developed for the Cleveland metropolitan region cross-classify 

households by household size, workers per household, household income, and auto ownership. A 

consequence of the category analysis or cross-classification approach to trip production 
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modeling is that submodels must be developed which estimate the households by each socio-

economic variable for every transportation analysis zone. A set of household socio-economic 

models has been developed to predict the distribution of households by each socio-economic 

category used in the model (household size, household income, number of workers per 

household). These models relate a continuous average value of zonal quantity, such as household 

size, to shares of households by discrete ranges of that quantity, such as 1, 2, 3, and 4+ persons 

per household. They take as their inputs the number of households in each TAZ, the average for 

each category for each zone (e.g. average household size, average workers per household, 

household income) and observed distributions of households for each average. The models rely 

on the stability and strength of relationships between the distribution and a corresponding mean, 

have been applied in countless locations, and have a long history dating back to the early days of 

travel demand modeling. 

After the estimation of households by each of the socio-economic submodels (Household 

Income, Household Size, and Workers per Household), it is necessary to estimate the joint 

distribution of households by all three categories. To accomplish this purpose, a three-

dimensional matrix balancing procedure is utilized. This procedure uses the results of the three 

submodels as vectors and balances a seed matrix such that the sum of the balancing coefficients 

times the seed matrix must equal each of the submodel vectors, and that the sum of the balanced 

matrix equals the total households in the zone (implied). Mathematically, the procedure can be 

represented as follows: 

ljk jkl

kjl jkl

jjklkl

jkllkjjkl

Wh

Sh

Ih

ch

=

=

=

⋅⋅⋅=

∑
∑
∑

γβα

 

where; 

lkj ,,   = Row, column, and third dimension vectors, 

γβα ,, = Row, column, and third dimension balancing coefficients, 
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jklh  = Households by each vector, 

jI  = Households by Household Income, 

kS  = Households by Household Size, and 

lW  = Households by Workers per Household. 

The vectors must meet the initial criteria that their sums be equal; 

∑∑∑ ==
l lk kj j WSI  

The solution algorithm is an iterative process whereby the balancing coefficients are estimated 

by dividing the target households for each vector by the estimated totals until the above 

constraints are met. The seed matrix for this process was obtained using the 2000 Public Use 

Microdata Sample (PUMS) for the Cleveland metropolitan area, which is a disaggregate sample 

of responses to the Census long form. The sample is weighted and can be cross-tabulated by any 

number of variables contained in the Census.  

The original NOACA household sub-models were developed using household totals, zonal 

averages, and distributions using 1990 CTPP data at the TAZ level. As described earlier, the 

model was recently updated with 2000 household totals and zonal averages from the 2000 CTPP. 

However, prior to this recalibration effort, the input observed household distributions for 

household income, household size and workers per household as well as the three-dimensional 

seed matrix were still 1990 observed data. This inconsistency resulted in observed household 

distributions for the updated 2000 model that were worse, relative to the 2000 census, than the 

“old” 2000 model. 

Household Income Submodel 

The purpose of the household income submodel is to estimate the number of households in a 

TAZ by ranges of household income. The submodel relies on the assumption that the relative 

share of households by income range or category is dependent on the mean income for that zone 

compared to the regional mean income. For example, the model specifies that for zones with a 

mean income which is between 40% and 50% of the regional mean income, the income of 
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approximately 46.6% of the households will be in income group 1, the income of approximately 

30.7% of the households will be in income group 2, etc.  

The model uses the mean (average) household income of the TAZ divided by the mean regional 

household income as the independent variable, called the Income Index. The Income Index has 

the added advantage of being independent of inflation, eliminating the need to adjust the value 

for future forecasts. 

The Household Income submodel was recalibrated using 2000 Census Transportation Planning 

Package (CTPP) data at the TAZ level. The updated model reflects revised household income 

ranges that are based on year 2000 income scaled to a 1990 buying power. This insures that a 

household in the lowest income group based on a 2000 income will have the same cost 

sensitivities as low-income households when the models were estimated. The model was 

developed by first graphing the relationship of household income ranges to the zonal Income 

Index (Figure 1). Next, a look-up table was produced showing the actual proportions of 

households within each income range for each Income Index range (Table 1). The table is 

constrained such that the household shares add up to 1 for each Income Index range. 

There are four ranges of household income ($2000) used in the model: 

• $0-$19,999 

• $20,000-$39,999 

• $40,000-$67,499 

• $67,500 + 
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Figure 1: Relationship of HH Income Ranges ($2000, 1000’s) to Zonal Income Index 
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Table 1: Proportion of HH by HH Income Range ($2000, 1000’s) and Income Index 

Index 0-20 20-40 40-67.5 67.5+ 
0.1 0.880 0.109 0.010 0.000 
0.2 0.790 0.165 0.028 0.018 
0.3 0.701 0.213 0.063 0.023 
0.4 0.572 0.267 0.115 0.046 
0.5 0.466 0.307 0.153 0.074 
0.6 0.379 0.320 0.197 0.104 
0.7 0.304 0.322 0.239 0.136 
0.8 0.225 0.305 0.286 0.184 
0.9 0.179 0.279 0.300 0.242 
1.0 0.144 0.251 0.308 0.297 
1.1 0.122 0.225 0.300 0.353 
1.2 0.107 0.198 0.291 0.404 
1.3 0.097 0.178 0.277 0.448 
1.4 0.090 0.168 0.258 0.484 
1.5 0.083 0.160 0.240 0.517 
1.6 0.076 0.155 0.228 0.541 
1.7 0.070 0.147 0.218 0.565 
1.8 0.066 0.139 0.209 0.586 
1.9 0.062 0.134 0.202 0.602 
2.0 0.058 0.125 0.192 0.625 
2.1 0.054 0.118 0.184 0.644 
2.2 0.050 0.113 0.177 0.660 
2.3 0.047 0.110 0.171 0.672 
2.4 0.044 0.107 0.165 0.684 
2.5 0.040 0.100 0.161 0.699 
2.6 0.037 0.097 0.157 0.709 
2.7 0.035 0.093 0.155 0.717 
2.8 0.032 0.088 0.155 0.725 
2.9 0.030 0.087 0.148 0.735 
3.0 0.029 0.087 0.143 0.741 
3.1 0.028 0.086 0.139 0.747 
3.2 0.027 0.086 0.135 0.752 
3.3 0.026 0.085 0.132 0.757 
3.4 0.026 0.084 0.129 0.761 
3.5 0.025 0.084 0.128 0.763 
3.6 0.025 0.083 0.127 0.765 
3.7 0.024 0.083 0.125 0.768 
3.8 0.024 0.082 0.124 0.770 
3.9 0.023 0.082 0.123 0.772 
4.0 0.023 0.082 0.121 0.774 
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Table 2 and Table 3 illustrate the difference in model performance, relative to the 2000 census, 

between the updated but not recalibrated version of the household income model and the 

recalibrated version of this model. When updated but not recalibrated the model was noticeably 

over-predicting (+7.9%) the share of total regional households in the lowest income category, 

and under-predicting the share of total regional households in the highest income category (-

11.8%). With recalibration, model performance improved dramatically, with less than one 

percent difference in all income categories at a regional level. 

Table 2: % Difference in Households by Adjusted Household Income: Old Model (updated 
but not recalibrated) Comparison to Census 2000 

County 1 (0-15) 2 (15-30) 3 (30-50) 4 (50+) Total 

Cuyahoga 5.1% -3.5% 9.9% -10.9% 0.0% 
Geauga 13.7% -3.6% 8.5% -6.7% 0.0% 
Lake 26.8% -0.7% 3.9% -15.7% 0.0% 
Lorain 9.4% 1.3% 5.1% -12.6% 0.0% 
Medina 25.0% 6.2% 5.4% -15.0% 0.0% 
Total 7.9% -2.1% 8.2% -11.8% 0.0% 
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Table 3: % Difference in Households by Adjusted Household Income: Recalibrated Model 
Comparison to Census 2000 

County 1 (0-20) 2 (20-40) 3 (40-67.5) 4 (67.5+) TOTAL 

Cuyahoga -3.2% -0.8% 2.1% 1.9% 0.0% 
Geauga 10.2% -2.3% -2.5% 0.1% 0.0% 
Lake 16.0% -0.9% -4.5% -2.4% 0.0% 
Lorain 0.8% 2.3% -3.5% 0.8% 0.0% 
Medina 15.8% 7.2% -5.3% -4.4% 0.0% 
TOTAL -0.6% -0.1% -0.2% 0.6% 0.0% 

 

Household Size Submodel 

The purpose of the household size submodel is to estimate the number of households by persons 

per household (1, 2, 3, 4+). This submodel relates the average household size of the TAZ to the 

share of households by each household size category. The model was recalibrated using 2000 

CTPP data at the TAZ level. The model was developed by first graphing the relationship of 

household size shares to the average household size (Figure 2). Next, a look-up table was 

produced showing the actual proportions of households within each category for each average 

household size range (Table 4). This lookup table was then modified to meet the following 

additional constraints: 

• The proportion of households by household size must sum 1.0, 

• The proportion of households by household size must result in the correct average 

household size of the category.  
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Figure 2: Relationship of Households by Household Size to Average Household Size 
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Table 4: Proportion of Households by Household Size and Average Household Size 

Avg. HH Size 1 2 3 4+ 

1.0 0.978 0.022 0.000 0.000 
1.1 0.894 0.106 0.000 0.000 
1.2 0.831 0.145 0.024 0.000 
1.3 0.771 0.184 0.031 0.014 
1.4 0.715 0.219 0.044 0.022 
1.5 0.658 0.254 0.057 0.032 
1.6 0.610 0.268 0.071 0.051 
1.7 0.569 0.282 0.084 0.066 
1.8 0.520 0.296 0.104 0.080 
1.9 0.485 0.308 0.103 0.103 
2.0 0.448 0.313 0.114 0.125 
2.1 0.403 0.320 0.131 0.146 
2.2 0.371 0.325 0.140 0.164 
2.3 0.337 0.328 0.149 0.187 
2.4 0.308 0.330 0.160 0.201 
2.5 0.267 0.337 0.171 0.226 
2.6 0.235 0.336 0.175 0.254 
2.7 0.209 0.335 0.180 0.276 
2.8 0.190 0.325 0.185 0.300 
2.9 0.172 0.314 0.191 0.323 
3.0 0.142 0.310 0.192 0.357 
3.1 0.120 0.297 0.193 0.390 
3.2 0.100 0.280 0.195 0.425 
3.3 0.090 0.266 0.191 0.452 
3.4 0.080 0.240 0.180 0.500 
3.5 0.070 0.225 0.164 0.541 
3.6 0.060 0.210 0.150 0.580 
3.7 0.055 0.190 0.135 0.620 
3.8 0.050 0.170 0.130 0.650 
3.9 0.040 0.155 0.110 0.695 
4.0 0.035 0.120 0.095 0.750 
4.1 0.015 0.115 0.090 0.780 
4.2 0.010 0.090 0.075 0.825 
4.3 0.000 0.080 0.070 0.850 

 

Table 5 and Table 6 illustrate the difference in model performance, relative to the 2000 census, 

between the updated but not recalibrated version of the household size model and the 

recalibrated version of this model. When updated but not recalibrated the model was over-

predicting (+6.9%) the share of total regional 3-person households, and underpredicting (-4.8%) 
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the share of total regional households in 4+ person households. As observed in the household 

income model, recalibration markedly improved model performance, with less than one percent 

difference in all size categories at a regional level. 

Table 5: % Differences in HH Size: Old Model (updated but not recalibrated) Comparison 
to Census 2000 

County 1 2 3 4+ Total 

Cuyahoga -4.1% 4.4% 6.0% -4.4% 0.0% 
Geauga 9.9% -9.7% 15.9% -3.6% 0.0% 
Lake 7.1% -5.4% 7.0% -4.8% 0.0% 
Lorain 3.3% -2.1% 6.3% -4.8% 0.0% 
Medina 10.4% -3.7% 10.8% -9.0% 0.0% 
TOTAL -1.5% 1.3% 6.9% -4.8% 0.0% 

 

Table 6: Differences in HH Size: Recalibrated Model Comparison to Census 2000 

County 1 2 3 4+ TOTAL 

Cuyahoga -2.8% 3.7% 0.6% -1.5% 0.0% 
Geauga 9.4% -11.4% 2.7% 6.1% 0.0% 
Lake 8.5% -5.6% 0.1% -1.2% 0.0% 
Lorain 3.6% -1.8% -2.2% 0.3% -0.1% 
Medina 11.0% -4.3% -0.7% -1.7% 0.0% 
TOTAL -0.3% 0.8% 0.2% -0.9% 0.0% 

Workers per Household Submodel 

The number of workers per household model is similar to the household size model. The purpose 

of the workers per household submodel is to estimate the number of households by workers per 

household (0, 1, 2, 3+). This submodel relates the average number of workers per household of 

the TAZ to the share of households by each worker per household category. The model was 

estimated using 2000 CTPP data at the TAZ level. As with the household income and household 

size models, the model was developed by first graphing the relationship of workers per 

household shares to the average workers per household (Figure 3). Next, a look-up table was 

produced showing the actual proportions of households within each category for each average 
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household size range (Table 7). Similar to the household size model, this lookup table was then 

modified to meet the following additional constraints: 

• The proportion of households by workers per household must sum 1.0, 

• The proportion of households by workers per household must result in the correct 

average of workers per household of the category.  

Figure 3: Relationship of HH by Workers per HH to Average Workers per HH 
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Table 7: Proportion of HH by Workers per HH and Average Workers per HH 

Workers / 
Household 0 1 2 3+ 

0.0 0.980 0.020 0.000 0.000 
0.1 0.858 0.137 0.005 0.000 
0.2 0.740 0.240 0.020 0.000 
0.3 0.677 0.270 0.044 0.010 
0.4 0.611 0.315 0.068 0.006 
0.5 0.560 0.341 0.086 0.013 
0.6 0.516 0.349 0.115 0.020 
0.7 0.447 0.384 0.141 0.028 
0.8 0.380 0.410 0.177 0.034 
0.9 0.339 0.405 0.213 0.043 
1.0 0.285 0.406 0.259 0.051 
1.1 0.252 0.379 0.307 0.062 
1.2 0.214 0.371 0.340 0.074 
1.3 0.178 0.348 0.383 0.092 
1.4 0.151 0.345 0.403 0.101 
1.5 0.124 0.301 0.446 0.129 
1.6 0.100 0.302 0.455 0.144 
1.7 0.087 0.275 0.486 0.153 
1.8 0.070 0.229 0.513 0.188 
1.9 0.060 0.184 0.526 0.231 
2.0 0.050 0.150 0.530 0.270 
2.1 0.040 0.118 0.521 0.321 
2.2 0.030 0.079 0.520 0.371 
2.3 0.020 0.044 0.515 0.421 
2.4 0.020 0.020 0.510 0.450 

 

Recalibration of the workers per household model was more involved than the other socio-

economic models, due to a number of factors. The initial recalibration effort indicated 

unreasonable regional distributions. This in part due to the assumption about the average number 

of workers in households in the 3+ worker category. The Census Transportation Planning 

Package (CTPP) data indicated an average of 3.5 workers per household in the 3+ worker 

category, while the Census Public Use Microsample (PUMS) data indicated a significantly lower 

average of 3.3 workers per household. Use of this lower threshold improved, but did not 

satisfactorily resolve, the model recalibration. 

Subsequent investigation of the census data and the travel demand forecast system model socio-

economic input file showed additional discrepancies in the distribution of the average number of 
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workers per household, with the socio-economic input file showing lower average numbers of 

workers per household. In order to address this fundamental discrepancy, it was necessary to 

further modify the lookup table to match the observed distributions. 

Table 8 and Table 9 illustrate the difference in model performance, relative to the 2000 census, 

between the updated but not recalibrated version of the workers per household model and the 

recalibrated version of this model. When updated but not recalibrated the model was 

significantly over-predicting (+18.3%) the share of total regional 3+ worker households, but 

performing reasonably well for the other worker per household categories. Recalibration vastly 

improved model performance for the 3+ worker households, but did not significantly improve 

the acceptable performance for the other worker categories. 

Table 8: % Difference in HH by Workers Per HH: Old Model (updated but not 
recalibrated) Comparison to Census 2000 

County 0 1 2 3+ Total 

Cuyahoga -0.9% -2.8% 0.6% 21.5% 0.0% 
Geauga -5.7% 1.4% -3.2% 18.6% 0.0% 
Lake -9.1% 5.3% -2.5% 12.6% 0.0% 
Lorain -8.3% 7.1% -3.5% 9.2% 0.0% 
Medina -5.9% 3.7% -5.7% 21.9% 0.0% 
TOTAL -2.8% -0.3% -1.0% 18.3% 0.0% 

Table 9: % Difference in HH by Workers Per HH: Recalibrated Model Comparison to 
Census 2000 

County 0 1 2 3+ Total 

Cuyahoga 3.7% -1.3% -2.1% -1.1% 0.0% 
Geauga 1.6% -0.6% 0.1% -1.4% 0.0% 
Lake -3.0% 4.3% -0.7% -6.4% 0.1% 
Lorain -4.6% 6.7% -1.5% -9.0% 0.0% 
Medina 0.1% 1.7% -1.8% 1.0% 0.0% 
Total 2.0% 0.4% -1.7% -2.9% 0.0% 
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Auto Ownership Model 

The Auto Ownership model plays a central role in supporting subsequent modeling steps 

including trip generation for all trip purposes, and is used for trip distribution market 

segmentation for work trip purposes explicitly, along with household income. Auto ownership is 

also used as the primary measure of wealth (i.e. market segmentation) instead of the traditional 

use of income in the mode choice models. The basic assumption underlying this stratification is 

that the choice of mode is highly dependent on auto availability and the auto ownership level is 

in turn highly dependent on household income.  

Cleveland Auto Ownership Model Formulation 

The Cleveland auto ownership model is in multinomial logit form and was originally calibrated 

using individual (disaggregate) household data (1994 Household Survey). However, the model is 

applied at an aggregate (i.e., zonal) level with market segmentation obtained by the three 

dimensional matrix balancing procedure described earlier in this memo. For each socio-

economic stratification with its particular zonal accessibility index, the model estimates the 

probability distribution of selecting each of the following options:  

0 autos 

1 auto 

2 autos 

3+ autos 

The general form of the model follows the standard logit formulation: 

∑
=

m

U

U

n m

n

e
eP  
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 n    = The number of autos owned (0, 1, 2, or 3+) 

 iSE   = Socio-economic household characteristics 

 iAcc   = Accessibility measures 

 iin cba ,,   = Model coefficients 

Table 10 provides a comparison of estimated households by auto ownership from the updated but 

not recalibrated model to the 2000 Census. The table shows that the un-calibrated model a 

produced a very significant over-estimation of zero auto households, particularly in Cuyahoga 

and Lake counties, and an under-estimation of zero auto households in Geauga county (although 

there are only 2,000 observed zero auto households in Geauga County). The implications of such 

dramatic differences between estimated and observed data of auto ownership are significant. For 

example, the over-estimate of zero auto households in Cuyahoga County would likely result in 

an over-estimate of transit ridership.  

Table 10: Households by Auto Ownership - Model Comparison to Census 2000 

County 0 1 2 3+ Total 

Cuyahoga County 45.8% -7.6% -14.1% 14.4% 0.0% 
Geauga County -58.5% 24.7% 5.4% -13.4% 0.0% 
Lake County 22.2% 7.1% -5.1% -5.5% 0.0% 
Lorain County -2.7% 7.8% -0.1% -10.8% 0.0% 
Medina County 0.8% 21.8% -2.4% -15.4% 0.0% 
Total 37.6% -2.7% -9.3% 2.3% 0.0% 

 

In order to address these discrepancies, the auto ownership model was re-calibrated to match 

observed 2000 Census distributions of households by auto ownership, incorporating the revised 

results from the other household socio-economic models described above. Auto ownership 

recalibration is an iterative procedure that can be automated using the AUTOGEN software. 

However, even upon completion of this recalibration process, the model failed to perform 

satisfactorily. 

As a result, the auto ownership model was re-estimated using 2000 census PUMS data. This re-

estimation dramatically improved model performance, but some sub-regional discrepancies 
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persisted. While all the estimated auto ownership market segments were within one percent of 

observed at a regional level, the 0-vehicle segment showed significant differences at a county 

level. Specifically, 0-vehicle households were noticeably over-predicted in Cuyahoga County, 

and under-predicted the four other counties in the region. 

In order to address this discrepancy, adjustments to a number of model parameter values were 

tested. Ultimately, the accessibility measure of “total employment within 40 minutes by transit” 

was reduced by half. Table 10 and Table 11 illustrate the difference in model performance, 

relative to the 2000 census, between the updated but not recalibrated version of the workers per 

household model and the recalibrated version of this model. When updated but not recalibrated 

the model was significantly over-predicting (+45.8%) the share of o-vehicle households in 

Cuyahoga County. Recalibration vastly improved model performance for the 0-vehicle 

households in Cuyahoga County, though 0-vehicle households continued to be under-predicted 

in other counties 

Table 11: % Difference in Households by Autos per Household: Recalibrated Model 
Comparison to Census 2000 

County 0 1 2 3+ TOTAL 

Cuyahoga 4.7% -3.3% -2.9% 14.4% 0.0% 
Geauga -66.1% 19.1% 11.4% -16.9% 0.0% 
Lake -7.2% 4.9% 0.8% -7.7% 0.0% 
Lorain -25.9% 5.5% 5.9% -12.0% 0.0% 
Medina -18.6% 18.2% 2.7% -18.0% 0.1% 
Total -0.4% -0.2% -0.2% 1.3% 0.0% 
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APPENDIX B: AUTOGEN Results 

************************ AUTOGEN ************************  
 
 v1.0   r8/97 
 
 Cleveland Auto Ownership and Trip Generation Program  
 
 Scenario: 2000 BASE NETWORK 
 
 PBQ&D 
 
 Date: Tue May 03 16:55:35 2005 
 
**********************************************************  
 
Number of user-specified zones = 1236 
Total number of zones read = 1236 
  
User-specified Total Households = 0 
Total Number of Households Read = 853165 
  
User-specified Average Regional Income = 0.00 
Calculated Average Regional Income = 56147.86 
 
*************************************************** 
 
Household Income Submodel 
 
Households by Household Income: 
 
INCOME GROUP 1 HOUSEHOLDS: 183406 
INCOME GROUP 2 HOUSEHOLDS: 214575 
INCOME GROUP 3 HOUSEHOLDS: 216496 
INCOME GROUP 4 HOUSEHOLDS: 238773 
 
 
Households by Household Income County Summary: 
 
1 20064 26781 28668 30334
2 137604 147414 139462 147043
3 14900 22255 25244 27306
4 3608 6105 7929 13988
5 7229 12021 15192 20103
 
***************************** 
Household Size Submodel 
 
Households by Household Size: 
 
1 PERSON HOUSEHOLDS: 250199 
2 PERSON HOUSEHOLDS: 274488 
3 PERSON HOUSEHOLDS: 135611 
4 PERSON HOUSEHOLDS: 192992 
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Households by Household Size County Summary: 
 
1 25829 34596 18213 27215 
2 181966 183263 87348 118970 
3 24885 29268 14714 20841 
4 6109 9819 5557 10149
5 11411 17541 9779 15818 
 
***************************** 
 
Household Workers Submodel 
 
Households by Workers per Household: 
 
0 WORKER HOUSEHOLDS: 237948 
1 WORKER HOUSEHOLDS: 318795 
2 WORKER HOUSEHOLDS: 242736 
3 WORKER HOUSEHOLDS: 53874 
 
 
Households by Workers per Household County Summary: 
 
1 25411 39166 33594 7685 
2 177053 216762 146621 31151 
3 19611 32770 30309 7023 
4 5820 11005 11854 2957 
5 10054 19093 20357 5058 
 
***************************** 
 
Three-dimensional Matrix Balancing (Income, Persons, Workers) 
 
 
Total Zones Balanced: 1168 
Average iterations required: 26.00 
 
********************* 
 
Auto Ownership Submodel 
 
 
Regional Households by Auto Ownership: 
 
AUTO 0: 90605 
AUTO 1: 309199 
AUTO 2: 320939 
AUTO 3: 132609 
Households by Autos per Household County Summary: 
 
1 5214 34862 46597 19182 
2 78987 221417 193246 77935 
3 3935 29902 39295 16581 
4 731 7905 15778 7223 
5 1738 15113 26022 11689 
 
************************************************ 
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Truck Trip Totals (Non-normalized) 
 
Trip Type  2-Axle 3-Axle 4+ Axle 
---------  ------- ------ ------- 
Linked Prods: 55024 6623 12397  
Linked Attrs: 55024 6623 12397  
Garage Prods: 43760 3478 5624  
Garage Attrs: 39739 3199 9457  
In-Ext Prods: 10072 2344 27474  
 
********************************************* 
 
Total Productions and Attractions by Trip Purpose (non-normalized) 
 
Purpose   Productions  Attractions % Diff. 
HBW Direct 982124 891557 -9.22
HBW Strategic   64452 95286 +47.84
HBW Complex  295834 363007 +22.71
HB School  983536 1053240 +7.09
HB University   76444 78067 +2.12
HB Shop   902341 789712 12.48
HB Soc/Rec   1018871 628240 38.34
HB Other   1744783 1377984 21.02
NHB Work   771348 1081770 +40.24
NHB Other   1923364 2206509 +14.72
 
********************************************* 
 
Total Internal Work Productions and Non-Normalized Attractions  
by Auto Ownership and Household Income 
 
AUTOS 0 INCOME 1 25887 19142
AUTOS 0 INCOME 2 26289 28270
AUTOS 0 INCOME 3 7314 17109
AUTOS 0 INCOME 4 1994 18140
AUTOS 1 INCOME 1 34907 26849
AUTOS 1 INCOME 2 108731 102939
AUTOS 1 INCOME 3 93428 90861
AUTOS 1 INCOME 4 55863 68411
AUTOS 2 INCOME 1 3439 19704
AUTOS 2 INCOME 2 110972 84783
AUTOS 2  INCOME 3 259223 264124
AUTOS 2  INCOME 4 614364 609519
********************************************* 
 
Total Productions and Attractions by Trip Purpose (normalized, includes 
externals) 
 
Purpose   Productions  Attractions % Diff. 
HBW Direct 982124 982124 +0.00
HBW Strategic 64452 64452 +0.00
HBW Complex 295834 295834 +0.00
HB School  1053240 1053240 +0.00
HB University  78067 78067 +0.00
HB Shop   902341 902341 +0.00
HB Soc/Rec   1018871 1018871 +0.00
HB Other   1744783 1744783 +0.00
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NHB Work   771348 771348 +0.00
NHB Other   1923364 1923364 +0.00
 
Total External Districts = 3 
 
External District 1 
 
Total Work Trips =  1819566
Total Work Attrs = 961551
Total Work Prods = 858016
Total Non-Work Trips = 10356099
Total Non-Work Attr = 5200017
Total Non-Work Prod = 5156082
External Work Prods = 21670
External Work Attrs = 51294
External Nwrk Prods =  42978
External Nwrk Attrs =  42978
 
External District 2 
 
Total Work Trips =  510964
Total Work Attrs = 214748
Total Work Prods = 296216
Total Non-Work Trips = 736858
Total Non-Work Attr = 346144
Total Non-Work Prod = 17041
External Work Prods = 41720
External Work Attrs = 51294
External Nwrk Prods =  9248
External Nwrk Attrs =  9248
  
External District 3 
 
Total Work Trips =  354290
Total Work Attrs = 166112
Total Work Prods = 188179
Total Non-Work Trips = 1628458
Total Non-Work Attr = 814546
Total Non-Work Prod = 813912
External Work Prods = 41557
External Work Attrs = 88716
External Nwrk Prods =  53739
 
EXTERNAL TRIPS (COMPUTED USING PERCENTAGES READ FROM EXTERNAL FILE) 
 
Purpose Productions Attractions 
-------- ----------- ------------- 
Work-Dir 58573 133053
Work-Str 3947 8690
Work-Com 17748 39987
Shop    14215 15890
Soc-Rec 16377 14681
Other 28040 28490
School 0 0
University 0 0
NHB-Work 14011 13834
NHB-Other 33323 33069



6232t 52

 
********************************************* 
 
Total Productions and Attractions by Trip Purpose (non-normalized, excludes 
externals) 
 
Purpose   Productions  Attractions % Diff. 
 
HBW Direct 923551 849070 8.06
HBW Strategic 60505 55763 7.84
HBW Complex 278086 255848 8.00
HB School 1053240 1053240 0.00
HB University 78067 78067 +0.00
HB Shop  888126 886451 0.19
HB Soc/Rec 1002495 1004190 +0.17
HB Other 1716743 1716293 0.03
NHB Work 757338 757514 +0.02
NHB Other 1890041 1890294 +0.01
 
********************************************* 
 
Total Productions and Attractions by Trip Purpose (normalized, excludes 
externals) 
 
Purpose   Productions  Attractions % Diff. 
 
HBW Direct 923551 923551 +0.00
HBW Strategic 60505 60505 +0.00
HBW Complex 278086 278086 +0.00
HB School 1053240 1053240 +0.00
HB University 78067 78067 +0.00
HB Shop  888126 888126 +0.00
HB Soc/Rec 1002495 1002495 +0.00
HB Other 1716743 1716743 +0.00
NHB Work 757338 757338 +0.00
NHB Other 1890041 1890041 +0.00
TRUCKS 126906 126906 +0.00
 
*************************************** 
 
Trips printed to TranPlan input files 
 
Direct Work Trips by Autos and Income 
 
Stratification  Peak_Prod Peak_Attr OffP_Prod OffP_Attr 
AUT 0 INC 0 13710 13710 8403 8403 
AUT 0 INC 1 14264 14264 8743 8743 
AUT 0 INC 2 4028 4028 2469 2469 
AUT 0 INC 3 1072 1072 657 657 
AUT 1 INC 0 13329 13329 8169 8169 
AUT 1 INC 1 43469 43469 26642 26642 
AUT 1 INC 2 39492 39492 24204 24204 
AUT 1 INC 3 22350 22350 13698 13698 
AUT 2 INC 0 1411 1411 865 865 
AUT 2 INC 1 46810 46810 28690 28690 
AUT 2 INC 2 114181 114181 69982 69982 
AUT 2 INC 3 258486 258486 158427 158427 
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Strategic Work Trips by Autos and Income 
 
Stratification  Peak_Prod Peak_Attr OffP_Prod OffP_Attr 
AUT 0 INC 0 0 0 0 0 
AUT 0 INC 1 0 0 0 0 
AUT 0 INC 2 0 0 0 0 
AUT 0 INC 3 0 0 0 0 
AUT 1 INC 0 2372 2372 669 669 
AUT 1 INC 1 6000 6000 1692 1692 
AUT 1 INC 2 3379 3379 953 953 
AUT 1 INC 3 2309 2309 651 651 
AUT 2 INC 0 166 166 47 47 
AUT 2 INC 1 4724 4724 1332 1332 
AUT 2 INC 2 7473 7473 2108 2108 
AUT 2 INC 3 20770 20770 5858 5858 
 
Complex Work Trips by Autos and Income 
 
Stratification  Peak_Prod Peak_Attr OffP_Prod OffP_Attr 
AUT 0 INC 0 2064 2064 725 725 
AUT 0 INC 1 1705 1705 599 599 
AUT 0 INC 2 394 394 139 139 
AUT 0 INC 3 120 120 42 42 
AUT 1 INC 0 6360 6360 2235 2235 
AUT 1 INC 1 18805 18805 6607 6607 
AUT 1 INC 2 15224 15224 5349 5349 
AUT 1 INC 3 10154 10154 3567 3567 
AUT 2 INC 0 553 553 194 194 
AUT 2 INC 1 16885 16885 5933 5933 
AUT 2 INC 2 36821 36821 12937 12937 
AUT 2 INC 3 96698 96698 33975 33975 
 
 
Non-Work Trips 
 
Trip Purpose Peak_Prod Peak_Attr OffP_Prod OffP_Attr 
School 568749 568749 484490 484490 
University 37472 37472 40595 40595 
Shop 204269 204269 683857 683857 
Social/Rec 250624 250624 751871 751871 
Other 549358 549358 1167385 1167385 
NHB-Work 196908 196908 560430 560430 
NHB-Other 415809 415809 1474232 1474232 
 
 
********************* 
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TRIPS BY COUNTY 
 
COUNTY 1 (LORAIN COUNTY) 
 
Purpose  Productions Attractions 
HB Direct 125850 100743
HB Strategic 8657 6524
HB Complex 38274 30162
HB School 142895 143268
HB University 10692 9613
HB Shop 115400 101690
HB Soc/Rec 134424 106587
HB Other 230663 176235
NHB-Work 80269 80269
NHB-Other 216959 216959
 
COUNTY 2 (CUYAHOGA COUNTY) 
 
Purpose  Productions Attractions 
HB Direct 581274 655144
HB Strategic 37195 43237
HB Complex 173806 197968
HB School 675472 678638
HB University 49277 59553
HB Shop 581792 582234
HB Soc/Rec 642499 751032
HB Other 1099458 1228956
NHB-Work 533629 533629
NHB-Other 1274564 1274564
 
COUNTY 3 (LAKE COUNTY) 
 
Purpose  Productions Attractions 
HB Direct 111460 98035
HB Strategic 7237 6279
HB Complex 34279 29188
HB School 107214 108447
HB University 8418 8900
HB Shop 95136 111519
HB Soc/Rec 109738 80049
HB Other 190065 180963
NHB-Work 77271 77271
NHB-Other 211971 211971
 
COUNTY 4 (GEAUGA COUNTY) 
 
Purpose  Productions Attractions 
HB Direct 38853 26695
HB Strategic 2769 1724
HB Complex 11722 7983
HB School 49406 41327
HB University 3685 0
HB Shop 35655 29973
HB Soc/Rec 43779 24239
HB Other 73754 45967
NHB-Work 25574 25574
NHB-Other 63047 63047
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COUNTY 5 (MEDINA COUNTY) 
 
Purpose  Productions Attractions 
HB Direct 66115 42877
HB Strategic 4646 2754
HB Complex 20006 12783
HB School 78252 81559
HB University 5995 0
HB Shop 60144 62710
HB Soc/Rec 72054 40587
HB Other 122803 84622
NHB-Work 40594 40594
NHB-Other 123500 123500
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APPENDIX C: VMT Results Summary (TPVALID) 

Five County Base Year Daily VMT by Speed Range and Functional Class 
 

Speed FREEWAY MAJOR TOLL MINOR LOAD INTRA TOTAL

0 – 5 30305 2152 0 5103 0 0 37559
5 – 10 3332 34023 1452 21998 0 0 60804
10 – 15 5432 87112 408 78482 3752204 0 3923636
15 – 20 55046 150463 1049 177440 0 12302 396297
20 – 25 66006 316571 786 805386 0 64905 1253652
25 – 30 192176 2788253 1650 469851 0 17160 3469088
30 – 35 593120 3473597 1434 4938178 0 0 9006327
35 – 40 703671 7808591 6033 1327242 0 0 9845537
40 – 45 927387 1101668 0 0 0 0 2029054
45 – 50 1592781 0 0 0 0 0 1592781
50 – 55 3141173 0 0 0 0 0 3141173
55 - 60 11861820 0 0 0 0 0 11861820

TOTAL 19172240 15762424 12810 7823676 3752204 94366 46617708

 
 
FREEWAY = 00, 03, 10, 80 
MAJOR ARTERIALS = 20 
SPECIAL = 90 
TOLL = 85 
MINOR ARTERIALS = 01, 02, 11, 12, 21, 22, 30, 81, 82 
LOCAL LINK = 99 
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VMT for LORAIN County 

Speed FREEWAY MAJOR TOLL MINOR LOAD INTRA TOTAL 

0 – 5 0 0 0 0 0 0 0 
5 – 10 1697 0 1452 2809 0 0 5956 
10 – 15 1833 943 408 4482 489133 0 496798 
15 – 20 1245 2431 916 23849 0 2225 30664 
20 – 25 3118 8461 786 110725 0 17215 140303 
25 – 30 6886 68797 954 71330 0 4805 152771 
30 – 35 25703 132082 559 1121951 0 0 1280292 
35 – 40 7672 941272 4212 368315 0 0 1321468 
40 – 45 36156 333280 0 0 0 0 369435 
45 – 50 146004 0 0 0 0 0 146004 
50 – 55 240759 0 0 0 0 0 240759 
55 - 60 1988445 0 0 0 0 0 1988445 

TOTAL 2459512 1487262 9284 1703457 489133 24244 6172890 

 
VMT for CUYAHOGA County 

Speed FREEWAY MAJOR TOLL MINOR LOAD INTRA TOTAL

0 – 5 30305 1432 0 5024 0 0 36760
5 – 10 1636 22047 0 13176 0 0 36857
10 – 15 3516 64382 0 64391 2119116 0 2251403
15 – 20 53801 115867 134 130777 0 7871 308448
20 – 25 62786 246438 0 576842 0 37897 923961
25 – 30 146711 2380714 697 283572 0 7253 2818944
30 – 35 530112 3004567 875 2066841 0 0 5602394
35 – 40 562596 4865159 1822 395143 0 0 5824719
40 – 45 759552 0 0 0 0 0 759552
45 – 50 1139072 0 0 0 0 0 1139072
50 – 55 2403235 0 0 0 0 0 2403235
55 - 60 6291352 0 0 0 0 0 6291352

TOTAL 11984669 10700600 3527 3535763 2119116 53020 28396692

 
VMT for LAKE County 

Speed FREEWAY MAJOR TOLL MINOR LOAD INTRA TOTAL 

0 – 5 0 65 0 79 0 0 144 
5 – 10 0 4298 0 3476 0 0 7773 
10 – 15 84 8139 0 4980 499352 0 512553 
15 – 20 0 17664 0 19693 0 0 37356 
20 – 25 104 23298 0 82454 0 0 105854 
25 – 30 24626 195602 0 62248 0 0 282475 
30 – 35 9269 109621 0 654086 0 0 772975 
35 – 40 122481 763018 0 205757 0 0 1091255 
40 – 45 57768 40956 0 0 0 0 98723 
45 – 50 204881 0 0 0 0 0 204881 
50 – 55 255617 0 0 0 0 0 255617 
55 - 60 1773904 0 0 0 0 0 1773904 

TOTAL 2448730 1162656 0 1032769 499352 0 5143505 
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VMT for GEAUGA County 

Speed FREEWAY MAJOR TOLL MINOR LOAD INTRA TOTAL 

0 – 5 0 0 0 0 0 0 0 
5 – 10 0 6672 0 220 0 0 6892 
10 – 15 0 10606 0 284 236565 0 247454 
15 – 20 0 5560 0 951 0 0 6510 
20 – 25 0 10694 0 6595 0 0 17289 
25 – 30 0 60376 0 8749 0 0 69124 
30 – 35 0 73455 0 456499 0 0 529954 
35 – 40 0 518257 0 162688 0 0 680945 
40 – 45 0 343941 0 0 0 0 343941 
45 – 50 6925 0 0 0 0 0 6925 
50 – 55 20734 0 0 0 0 0 20734 
55 - 60 259701 0 0 0 0 0 259701 

TOTAL 287360 1029559 0 635983 236565 0 2189465 

 
 
VMT for MEDINA County 

Speed FREEWAY MAJOR TOLL MINOR LOAD INTRA TOTAL 

0 – 5 0 656 0 0 0 0 656 
5 – 10 0 1007 0 2320 0 0 3326 
10 – 15 0 3045 0 4348 408040 0 415431 
15 – 20 0 8942 0 2173 0 2207 13320 
20 – 25 0 27682 0 28772 0 9794 66248 
25 – 30 13955 82766 0 43954 0 5102 145776 
30 – 35 28037 153874 0 638803 0 0 820713 
35 – 40 10924 720887 0 195340 0 0 927151 
40 – 45 73912 383493 0 0 0 0 457405 
45 – 50 95902 0 0 0 0 0 95902 
50 – 55 220829 0 0 0 0 0 220829 
55 - 60 1548418 0 0 0 0 0 1548418 

TOTAL 1991974 1382350 0 915706 408040 17103 4715170 

 
 
Input Echo 
---------- 
AM File amLod.asc 
PM File pmLod.asc 
MidDay File mdLod.asc 
AM Trips File amAll.od2 
Mid Day Trips File mdAll.od2 
PM Trips File pmAll.od2 
PK Time Skim File pkTime.skm 
OFF PK Time Skim File offTime.skm 
Distance Skim File dist.skm 
AM Factor 3.30 
PM Factor 2.90 
MidDay Factor 8.30 
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