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North I-25 EIS
Combined Travel Model 
Trip Table Legend
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sdeRoadsideAutoTrip

ExtAutoID

1998 DRCOG Roadside Survey

Spatia
l Join

ExternalAutos

ExtAutoID

PlacesExternal

ExtPlaceID

Coverage:
frplaces

ID

Coverage:
autotrip

ID

sdeRoadsideTripEnd

ExtPlaceID

ExtTripID

Spatia
l Join

Update Roadside Trip TAZ & RSA 
from Geocoded Trip End.sql

O_NI25_RSA
D_NI25_RSA
O_NI25_TAZ
D_NI25_TAZ

sdeNI25Mod
el2000_RSA

sdeNI25Mod
el2000_TAZ

NI25_RSA
NI25_TAZ

Spatia
l Join

HBPurpose

NI25_Occupancy

RoadsideSurveyRevise
Purpose.xls

Update HBPurpose.sql

Average Occupancy by Site.sql

Replace 
AutoOccupancy =  99

Roadside Survey

sdeRoadsideTruckTrip

ExtTruckID

Spatia
l Join

ExternalTrucks

ExtTruckID

Coverage:
trktrips

ID

O_NI25_RSA
D_NI25_RSA
O_NI25_TAZ
D_NI25_TAZ
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Create Bi-Regional 
IE EE Trips.sql

tblNI25_IE_EE

Origin

Destination

Trips

DRCOG_IE

Origin

Destination

Trips

DRCOG_EE

Origin

Destination

Trips

NFR_IE

Origin

Destination

Trips

NFR_EE

Origin

Destination

Trips

Export Matrix to Table

pmaktblNI25ModelTripsTAZtoTAZ
VB.NET NI25ModelLocal

tblNI25ModelTripsTAZtoTAZ

O_NI25TAZ

D_NI25TAZ

IE_EE

Is 
endpoint at

US 287, I-25, US 85
(NFR = 3472, 3470, 3467)

(DRCOG = 2653, 
2652, 
2651)

Distribute trip to each TAZ and 
external station based on 

other MPO’s I-E and E-E trips 
to same common endpoint

Yes

No

Remove bi-
regional trips

DRCOG
IE Trips

DRCOG: 1-2664
BR: 1-2664

DRCOG
EE Trips

DRCOG: 2629-2664
BR: 2629-2664

NFR
EE Trips

NFR: 798-815
BR: 3462-3479

NFR
IE Trips

NFR: 1-815
BR: 2665-3479

Combine IE & EE 
Trip Tables
(Trip Table Process.doc)
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tblNI25ModelTripsRSAtoRSA

O_NI25RSA

D_NI25RSA

pmaktblNI25ModelTripsRSAtoRSA

C_HBW

R_HBW

R_HBO

R_NHB

C_JTW

Create Bi-Regional 
Trips by Purpose
(Trip Table Process.doc)

pmaktblNI25ModelTripsTAZtoTAZ

C_JTW * 1.35

tblNI25ModelTripsTAZtoTAZ

O_NI25TAZ

D_NI25TAZ

C_HBW

Distribute 
RSA trips 

to TAZ trips

R_HBO

Model HBO P
Model HBO A

R_NHB

Model NHB P
(for P & A)

sdeRoadsideAutoTrip

ExtAutoID

R_COM

Hourly1WayFactor
*Daily1WayFactor
*NI25_Occupancy 

sdeRoadsideTruckTrip

ExtTruckID

R_COM

HH * 1 
+ Emp * 14
(for P & A)

tblCTPPCensusTract

State

County

Tract

QPOWST

QPOWCO

QPOWTract

NFR RSA: 1 - 14
DRCOG RSA: 101 - 803

sdeNI25Model2000_Tract

STFID

STFID = 

State + 

County 

+ Tract

sdeNI25Model2000_TAZ

NI25_TAZ_ID

NI25_pctLow_HH

NI25_pctMed_HH

NI25_pctHigh_HH

NI25_HBO_P

NI25_HBO_A

NI25_NHB_P

Update PA & SocioEconomic Data 
in sdeNI25Model2000_TAZ.sql

R_HBW

HH P
Emp A

DRCOG_PA_2001
NFR_PA_2000

DRCOG_II
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tblNI25ModelTripsTAZtoTAZ

O_NI25TAZ

D_NI25TAZ

C_HBW

HBW

R_HBO

R_NHB

R_COM

HBW - low 

income

HBW - medium 

income

HBW - high 

income

R_HBW

NHB

HNW

COM

pmaktblNI25ModelTripsTAZtoTAZ

2001 BR Trip factors.xls
Factors for HBO, NHB, 
COM to include BR 
county roads and factor 
up 1998 roadside survey 
values to 2001 
(aag=2.5%)
Factors to to match 
HBW roadside survey BR 
HBW total.

pmaktblNI25ModelTripsTAZtoTA
Z

Factor Bi-Regional 
Trips by Purpose
(Trip Table Process.doc)

Balance

Balance
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NFR as Origin (Oi)

DRCOG as Destination (Dj)

Trip
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j

O1

Dj
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C1 C2 C3
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External 
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ip
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Future
I-I Trip
Array

[1P] Calculate % TAZ 

productions for each i with 

respect to total productions 

within i's RSA

Future
Dist.

Array

Growth Rate for 

BR Total

# Years to 

apply growth 

rate

Future

TAZ I-I File

:\NI25MatrixOperations\Matrix_Outputs

:\NI25MatrixOperations\BiRegional_Inputs

Base Year

TAZ BR File

Future

TAZ Distance 

File

RSA TAZ 

relationship

Export 

TransCAD 

mtx to bin

for each trip 

purpose 

one record for  

each row Form

Read binRead bin Read bin

TAZ = RSA

Read MS Access

2030 Bi-Regional 

Matrix Development

[1A] Calculate % TAZ 

attractions for each j with 

respect to total attractions 

within j’s RSA

[2P] Calculate % of 

RSA productions for 

each RSA with respect 

to total BR trips

[2A] Calculate % of 

RSA attractions for 

each RSA with respect 

to total BR trips

[3] Calculate 

Future BR 

Total

Base 

Year

BR

Total

Base
BR Trip

Array

i

j

[4P] Calculate new  

production goal for 

each i

[1P]x[2P]x[3]

[4A] Calculate new  

attraction goal for 

each j

[1A]x[2A]x[3]

Identify i where 

sum(p) = 0

Identify n closest i 

where sum(p) > 0

Sum(trips to each j) x 0.01 

from n closest i into ij

Next i

Identify j where 

sum(a) = 0

Identify n closest j 

where sum(a) > 0

Sum(trips from each i) x 0.01 

from n closest j into ij

Next j

Seed

Goal

Output File

Fratar

Seeded
BR Trip
Array

Calc Pi

Balance Rows

( )iGoal

i

ij

ij PP
P

T
T −×

>
=

)0(

( )
jGoal

j

ij

ij AA
A

T
T −×

>
=

)0(

Calc Aj

Balance Columns

Check Iterations & Convergence

Max 

Iterations
Convergence
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North I-25
External Station Comparison at Common Boundary

NFR Model

I-25 US-287 US-85 Hwy Total W CR13 W CR 19 B CR 23

2000 56,100 14,100 15,400 85,600 2,287 1,456 NA

2030 105,000 36,000 27,800 168,800 4,030 2,565 NA

Absolute Growth 48,900 21,900 12,400 83,200 1,743 1,109

Percentage Growth 87% 155% 81% 97% 76% 76%

Avg Ann. Growth 2.11% 3.17% 1.99% 2.29% 1.91% 1.91%

DRCOG Model

I-25 US-287 US-85 Total W CR13 W CR 19 B CR 23

2001 54,600 16,200 17,200 88,000 NA NA 6,600

2030 128,700 40,400 30,500 199,600 NA NA 9,600

Absolute Growth 74,100 24,200 13,300 111,600 NA NA 3,000

Percentage Growth 136% 149% 77% 127% 45%

Avg Ann. Growth 3.00% 3.20% 1.99% 2.86% 1.30%

2000 NFR compared to 2001 DRCOG (DRCOG - NFR)

I-25 US-287 US-85 Total W CR13 W CR 19 B CR 23

Absolute Difference -1,500 2,100 1,800 2,400

Percent Difference -2.7% 14.9% 11.7% 2.8%

2030 NFR compared to 2030 DRCOG (DRCOG - NFR)

I-25 US-287 US-85 Total W CR13 W CR 19 B CR 23

Absolute Difference 23,700 4,400 2,700 30,800

Percent Difference 22.6% 12.2% 9.7% 18.2%

j:\trpt\071609\model\ExtStationVol 9/11/2007
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DEVELOPMENT OF BI-REGIONAL TRIP TABLE 
 
Trip Terminology 

Internal-Internal (I-I): I-I trips from either the NFR or DRCOG models. 

Internal-External (I-E): I-E trips from either the NFR or DRCOG models. 

External-External (E-E): E-E trips from either the NFR or DRCOG models. 

Bi-Regional (B-R): Trips that have one endpoint in the NFR model area, 
and one endpoint in the COG model area. 

Regional-External (R-E): Trips that have one endpoint in either the NFR or COG 
model areas, and the other endpoint external to the 
both NFR and COG model areas. 

Super-External (S-E): Trips that have neither endpoint in either the NFR or 
COG model areas. 

Trip-Half: The portion of an I-E trip within the MPO model area 
 
 
The following will be applied for each highway (I-25, US-287, US-85): 
 
Equalize external station traffic volume and  

1) Compare external station vehicle volumes of both MPO models. 
 Determine the midpoint vehicle volume. 

 
I-E and E-E Trips from MPO Models 

  I-25 US-287 US-85 
I-E Vehicle 
Trips 32,052 10,094 10,436 

E-E Vehicle 
Trips 24,000 3,998 4,998 NFRMPO* 

Total 56,052 14,092 15,434 
I-E Vehicle 
Trips 46,628 16,070 15,514 

E-E Vehicle 
Trips 7,792 130 1,686 DRCOG** 

Total 54,600 16,200 17,200 
* 2000 Model 
** 2001 Model 

 
2) Factor vehicle trips to person trips. 

Federal Highway Administration  Federal Transit Administration  Colorado Department of Transportation 
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DEVELOPMENT OF BI-REGIONAL TRIP TABLE 8/29/2007 
 
 

Page 2 of 4 

Auto Occupancy Factors 
 I-25 US-287 US-85 
Auto Occupancy 1.42 1.35 1.40 

 Source: DRCOG Roadside Survey, 1998 
 
Build bi-regional trip table 

3) Distribute trips: 
 For each NFR IE zone, distribute its trips (‘from’ and ‘to’ combined) to the 

DRCOG IE & EE zones using the DRCOG’s distribution among IE & EE 
zones. 

 For each DRCOG IE zone, distribute its trips (‘from’ and ‘to’ combined) 
to the NFR IE & EE zones using the NFR’s distribution among IE & EE zones. 

 Sum the two resulting matrices and halve. 
 
Split into trip tables by trip purpose  

4) Apportion the bi-regional trip table into trip purposes. 
 Use HBW, HBO, and NHB purposes. 
 Reference the roadside survey to determine the percentage of each 

purpose. 
 Note the I-E trips include large truck trips.  Therefore, the HBW, HBO, and 

HNW percentages will sum to less than 100%. 
 
Adjust for trip length 

5) Check the trip tables for trip length. 
 Use peak distance skims to compute the trip length frequency 

distribution. 
 For each defined distance interval (bin), factor the number of trips to 

better match the observed trip length distribution by purpose from the 
roadside survey. 

 Balance each trip table. 
 
Assign directionality 

6) Assign directionality to the trips between Zone K and Zone L using the 
following assumptions: 

 
a. For each Zone K and Zone L, use the ratio of total households to total 

employment to identify the predominant land use characteristics. 
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Ratio of Total Households to 
Total Employment Predominant Land Use 

>3 Residential 

1/3 to 3 Mix 

<1/3 Work 
Note: These ratios correspond to breakpoints of 25% and 75%.  Zones with zero 
households and/or employment are handled separately. 

 
b. Assign directional split for trips between Zone K and Zone L: 

 
Percent of Trips 

Zone K Zone L 
Zone K to Zone L Zone L to Zone K 

Residential Work 85% 15% 
Residential Residential 50% 50% 

Residential Mix 60% 40% 

Work Work 50% 50% 
Work Residential 15% 85% 

Work Mix 40% 60% 

Mix Work 60% 40% 

Mix Residential 40% 60% 
Mix Mix 50% 50% 

 
 
Check results 

7) Perform reasonableness checks: 
 Compare to original I-E trip tables by subtracting row sum totals to find 

large discrepancies. 
 Check geographic distribution at the RSA level by comparing to 

roadside survey. 
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Page 4 of 4 

 Check geographic distribution at the RSA level by comparing to Census 
Journey-to-work census tract data. 

 
 
 
 
J:\_Transportation\071609.400\model\IE Processing.doc 
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Estimating the HBW Trip Tables by Income for NFR  
 

1) Estimate the percentage of households in each income strata, for each NFR 
zone.  For simplification, we are assuming the following: 
 
• NFR’s $0-20K stratum is equal to DRCOG’s low income 
• NFR’s $20-40K, $40-60K, and $60-80K strata (need to be summed) are 

equal to DRCOG’s middle income  
• NFR’s $80K stratum is equal to DRCOG’s high income 

 
2) Once the percentage of households in each income stratum is determined for 

each zone from above, apply the percentage to the zone’s row in the NFR 
HBW trip table (file name:  dst_personpa.mtx; table is named HBW) to get 
estimated tables of HBW low income, HBW middle income, and HBW high 
income trip tables.   

 
3) For the current year, you will find the estimates of households by income 

level in the NFR input file named “2a_SocioData.xls.”  Look in the Current 
Socioec tab.  The appropriate columns are as follows: 

 
• H_20K (= to DRCOG’s low income) 
• HH_20K40K (= to DRCOG’s middle income) 
• HH_40K60K (= to DRCOG’s middle income) 
• HH_60K75K (= to DRCOG’s middle income) 
• HH_75K (= to DRCOG’s high income) 
 
NOTE:  NFR probably screwed up the last 2 field names, since they don’t 
match the strata as described above.  Don’t worry about them.   

 
4) For the future year (2030), you will find the estimates of households by 

income level in the NFR file named “Sociodata 2030.dbf.”  The appropriate 
fields are as follows: 

 
• INC1_HH (= to DRCOG’s low income) 
• INC2_HH (= to DRCOG’s middle income) 
• INC3_HH (= to DRCOG’s middle income) 
• INC4_HH (= to DRCOG’s middle income) 
• INC5_HH (= to DRCOG’s high income) 
 

5) Check that the sum of the three resulting trip tables (HBW Low, HBW Med, 
HBW High) match the total of the original NFR HBW table. 
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N. I-25 EIS

DRCOG 2001 and NFRMPO 2000 Model IE and EE Sums for I-25, US-287, and US-85

DRCOG 2001 Model IE DRCOG 2001 Model EE
Ext. Node ID HWY IE From IE To IE Sum Ext. Node ID HWY EE From EE To EE Sum

2651 US-85 7757 7757 15514 2651 US-85 843 843 1686
2652 I-25 23314 23314 46628 2652 I-25 3986 3986 7972
2653 287 8035 8035 16070 2653 287 65 65 130

NFRMPO 2000 Model IE NFRMPO 2000 Model EE
Ext. Node ID HWY IE From IE To IE Sum Ext. Node ID HWY EE From EE To EE Sum

803 US-85 5222 5214 10436 803 US-85 2499 2499 4998
806 I-25 16036 16016 32052 806 I-25 12000 12000 24000
808 287 5048 5046 10094 808 287 1999 1999 3998

Sources: Drcog 2001 TransCAD model (Feb 2004) -- h_ie_od.mtx & h_ee_od.mtx
NFR 2000 TransCAD model (Fall 2003) -- asn_od.mtx

J:\_Transportation\071609.400\working\Kurt\NFRMPO\Sum_IE_EE  03/09/2004
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DRCOG 2001 and NFR 2000 IE EE Trips

DRCOG 2001 Model IE DRCOG 2001 Model EE
Ext. Node ID HWY IE From IE To IE Sum Ext. Node ID HWY EE From EE To EE Sum

2651 US-85 7757 7757 15514 2651 US-85 843 843 1686
2652 I-25 23314 23314 46628 2652 I-25 3986 3986 7972
2653 287 8035 8035 16070 2653 287 65 65 130
2654 CR-23 (83rd St.) 3300 3300 6600 2654 CR-23 (83rd St.) 0 0 0
2655 US-36 2793 2793 5586 2655 US-36 57 57 114

NFRMPO 2000 Model IE NFRMPO 2000 Model EE
Ext. Node ID HWY IE From IE To IE Sum Ext. Node ID HWY EE From EE To EE Sum

803 US-85 5222 5214 10436 803 US-85 2499 2499 4998
804 CR-19 728 727 1455 804 CR-19 0 0 0
805 CR-13 1144 1142 2286 805 CR-13 0 0 0
806 I-25 16036 16016 32052 806 I-25 12000 12000 24000
807 SH-66 2212 2209 4421 807 SH-66 1799 1799 3598
808 287 5048 5046 10094 808 287 1999 1999 3998

Sources: Drcog 2001 TransCAD model (Feb 2004) -- h_ie_od.mtx & h_ee_od.mtx
NFR 2000 TransCAD model (Fall 2003) -- asn_od.mtx & eetrips.dbf

j:\_transportation\071609.400\working\Kurt\NFRMPO\Sum_IE_IE\sum_ie_ie.xls 9/11/2007   8:52 AM
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Quick Summary: 
Development of Bi-Regional Trips 

 
A trip nomenclature became necessary to distinguish between the various trip types in the 
EIS combined model, as described in Table 3 below. 
 

Table 3 
Trip Nomenclature 

Trip Type Trip Definition 
Bi-Regional Trips that have one endpoint in the NFR 

model area and one endpoint in the 
DRCOG model area. 

Border trips Trips that cross the common border 
(approximately SH-66) between the two 
MPO models. 

Internal-Internal (I-I) I-I trips from either the NFR or DRCOG 
MPO models 

Internal-External (I-E) I-E trips from either the NFR or DRCOG 
MPO models 

External-External (E-E) E-E trips from either the NFR or DRCOG 
MPO models 

Regional-External Trips that have one endpoint in either the 
NFR or DRCOG model areas, and the 
other endpoint external to the both NFR 
and DRCOG model areas 

Super-External Trips that have neither endpoint in either 
the NFR or DRCOG model areas 

 
 
The border trips, represented as internal-external and external-external trips of the 
original MPO models, map to different trip types in the combined model structure 
(Table 4). 
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Table 4 

Border Trip Mapping 
Trip Type in Original MPO 

Model 
Trip Types in Combined Model 

Internal-External Trip  Bi-regional residential trips 
o HBW 
o HBO 
o NHB 

 Bi-regional truck trips 
 Regional-External trips 

External-External Trip  Regional-External trips 
 Super-External trips 

 
The quantity of border person trips is controlled by the number of vehicle trips from the 
roadside survey data, by trip purpose.  Figure 3 displays the number of trips of each type, 
and shows as a reference the original MPO model internal-external and external-external 
vehicle trips. 
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Figure 3 
Combined Travel Model 

Summary of Border Trips 
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Figure 4 

Bi-Regional HBW Trip Distribution 
 

Overall, the distribution processing of 
border trips was a major challenge.  The 
processing of trips utilized the 2000 
CTPP, the 1998 DRCOG roadside 
automobile and truck surveys, and the 
MPO models’ external station 
submodels.  This was accomplished 
using a combination of GIS, SQL Server, 
TransCAD, and C# programming.  The 
data sources mentioned above were first 
aggregated to districts, termed Regional 
Statistical Area (RSA).  A RSA 
production-attraction matrix by purpose 
was then developed.  Subsequently, a 
TAZ production-attraction matrix was 
generated by distributing RSA trips to 
the TAZ level by using zonal production 
and attraction values.  The process is 
described in more detail below. 

Bi-Regional Trip Distribution 
As an example, the processing for bi-
regional HBW trips is as follows.  The 
CTPP and roadside survey data was 
processed to the district level of RSAs.  
The CTPP data provided the geographic 
distribution of bi-regional trips between 
RSAs, and the roadside survey provided 
the control total of HBW trips between 
RSAs.  In this way, a HBW RSA to RSA 
production-attraction trip matrix was 
generated.   
 
The next step involved allocating the 
trips to zones.  Figure 4 illustrates the 
process.  The trips Tij from RSA Ri to 
RSA Rj are distributed first for the 
production end among the n zones of Ri 
based on the internal-internal distribution 
of HBW productions P1 …Pn.  Then, for 
the trips from each zone k of RSA Ri, the 
attraction end is allocated to the m zones 
of RSA Rj based on the internal-to-
internal distribution of HBW attractions 
A1…Am.   
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The same process was used for HBO, NHB, and 
truck bi-regional trips, but the roadside survey 
provided both the geographic distribution and 
quantity of trips between RSAs. 

Regional-External and Super-External Trips 
Regional-External and Super-External trips were 
developed from the external station elements of 
the MPO models: the internal-external and 
external-external trip models.  
Figure 5 illustrates the steps used to calculate the 
regional-external and super-external trips, for 
NFRMPO as origin and DRCOG as destination. 
 
TripsOiCk are the number of internal or external 
trips originating in one NFR zone or external 
station (Oi) to a common external station (Ck).  

The PercentCkDj are the number of trips from a 
DRCOG common external station (C) to one 
DRCOG internal zone or external station (Di) 
divided by the sum of trips from that common 
station to all internal zones and external stations.  
Then, Tripsij are the number of trips from the 
origin (Oi) to the common external station 
multiplied by the percent of trips from the 
common station to the destination (Dj).  Trips 
were calculated through each common external 
station and then summed. 

 

∑ ×=
1

k
jkkiij DPercentCCTripsOTrips  

Any resulting bi-regional trips (NFR internal to 
DRCOG internal in this example) are removed 
since these trips are handled separately by 
purpose. 

The process was repeated for the other MPO 
model as origin model; the origin and destination 
MPOs were reversed to calculate the trips from 

DRCOG to NFR. 

Figure 5 
Regional-External and Super-

External Trip Distribution 
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TripsO
i C

k

Oi

Pe
rc

en
tC

kD
j

O1

Dj

D1

D2

D3

O2

O3

C1 C2 C3

Common
External

Stations (Ck)

Tr
ip

s ij

Using this labeling, Regional-External Trips are TripsOiDi with origin as internal 
zone of origin MPO and destination as external station of destination MPO.  
Similarly, TripsOiDi with origin as external station of origin MPO and destination as 
internal zone destination MPO are Regional-External trips. 
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Super-External trips are TripsOiDi with the origin as an external station of the origin 
MPO and the destination as an external station of the destination MPO.  

Internal-Internal Trips  
The internal-internal trips of each respective model are unaffected, except for the overlap 
zones.  There are ten NFR zones that overlap with two DRCOG zones.  The NFR zones 
remain as internal zones to the NFR model area.  The DRCOG zones are factored down 
(the socioeconomic data) to reflect the portion of each that is not covered by the 
overlapping NFRMPO zone(s): 

 Zone 2576:  Zero out population, households, and employment (Zone 2576 is 
entirely covered by the overlapping NFRMPO zones). 

 Zone 2577: Factor population, households, and employment by 51 percent. 
 
Internal-External and External-External Trips  
The internal-external and external-external trips of each respective MPO model are 
unaffected, except for external stations in the border area.  Internal-external trips at these 
border locations are zeroed out from the internal-external trip tables of the MPO models: 
 
Future Year Bi-Regional Trip Tables 
Development of the future year bi-regional trip table was another challenge.  For future 
forecasts, the bi-regional trip tables are factored up from the base year to the year 2030 
using a fratar process. The fratar process is an iterative row and column factoring process 
that increases matrix cell values to match row and column marginals.   
 
The sum of the future year row (column) marginal total is defined to be the bi-regional 
trip base year total increased by an average growth of 2.5 percent per year.  The 2.5 
percent is the average of the external station annual increases for the three major 
highways of both the NFRMPO and DRCOG models.  In general, the MPO future 
forecasts for these common external stations matched very well.   
 
The distribution of the marginal total to the rows and columns was defined to be the 
average of the bi-regional marginal distribution and the marginal distribution of the 2030 
internal-internal trips.  The bi-regional marginal distribution reflects the propensity of 
near-border zones in the bi-regional trips, and the internal-internal distribution reflects the 
future activity of zones that may not exhibit activity in the base year.  
 
 
 
R:\_transportation\071609\DEIS\documentation\combined model\trip development quick summary.doc 
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Trip Table Processing 
 

TRIP TERMINOLOGY 
Bi-Regional: Trips that have one endpoint in the NFR model area, 

and one endpoint in the DRCOG model area. 

Border trips: Trips that cross the common border (approximately SH-
66) between the two MPO models. 

Internal-Internal (I-I): I-I trips from either the NFR or DRCOG MPO models. 

Internal-External (I-E): I-E trips from either the NFR or DRCOG MPO models. 

External-External (E-E): E-E trips from either the NFR or DRCOG MPO models. 

Regional-External: Trips that have one endpoint in either the NFR or 
DRCOG model areas, and the other endpoint external 
to the both NFR and DRCOG model areas. 

Super-External: Trips that have neither endpoint in either the NFR or 
DRCOG model areas. 

 

RESTRUCTURING OF BORDER TRIPS 
The border trips, represented as internal-external and external-external trips of 
the original MPO models, become different trip types in the combined model 
structure: 
 

Restructure of Border Trips 

Trip Type in Original MPO Model Trip Types in Combined Model 
Internal-External Trip  Bi-regional residential trips 

o HBW 
o HBO 
o NHB 

 Bi-regional truck trips 
 Regional-External trips 

External-External Trip  Regional-External trips 
 Super-External trips 
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The processing of trips utilized the 2000 Census Transportation Planning Package 
(CTPP), the 1998 DRCOG roadside survey, and the MPO models external station 
models.  The attached table quantifies the number of trips of each type. 
 

DATA PROCESSING FOR EACH TRIP TYPE 

Bi-Regional 

HBW Trips 

Data Sources:  

1. The 2000 Census Transportation Planning Package (CTPP) provided the 
geographic distribution of work trips.   

2. The DRCOG roadside survey provided the total number of HBW trips. 

Data processing:   

1. Journey-to-work CTPP worker flow data1 at the census tract level was 
aggregated to Regional Statistical Area (RSA) districts.  The attached figure 
displays the RSA districts.  

2. HBW trips between RSAs were allocated to TAZs by: 

i. The number of households by TAZ within the RSA, for the production 
(residential) end of the trip. 

ii. The number of employees by TAZ within the RSA, for the attraction (work) 
end of the trip. 

3. The total number of HBW trips was based on the 1998 roadside survey.  This 
total was increased for two reasons: 

i. Traffic on county roads was not included in the roadside survey of the 
three major highways.  The year 2000/2001 traffic on Weld CR 13, Weld 
CR 9, and Boulder CR 23 totaled 10,400 vehicles per day.  Using the 
distribution of trip purposes from the roadside survey, it was determined 
3,700 HBW trips should be added to account for county road traffic. 

                                             
1 Census Transportation Planning Package 2000 (Part 3) Table 301 Total Worker Flow 
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ii. Growth to the year 2001.  The 2030 MPO models were examined for the 
growth in external station traffic.  An average of the two models’ annual 
average growth rate was 2.5%.  This was applied for 3 years to increase 
the total HBW trips. 

4. The JTW trips were factored by approximately 0.74 to match the total number 
of HBW roadside survey trips.  Another technical memorandum (draft in 
progress as of this date) documents the need to factor the JTW trips.   

5. Divide HBW trips into low, medium, and high income level HBW trips 

i. Use DROCG TAZ socioeconomic data (households by the same three 
income levels) for the origin TAZ to proportion HBW trips into low, medium, 
and high income trips 

ii. Use NFR TAZ socioeconomic data (households by five income levels) for 
the origin TAZ to proportion HBW trips into low income (using NFR HH_20K), 
medium income (using the sum of NFR HH_20K40K, HH_40K60K, 
HH_60K75K), and high income (using NFR HH_75K) 

HBO Trips 

Data Source:  

1. The DRCOG roadside survey provided the geographic distribution and the 
total number of HBO trips. 

Data processing:   

1. Geocoded HBO trip data from the roadside survey was aggregated to RSA 
districts, because the geocoded survey data did not have the precision 
needed for processing at the TAZ level.   

2. HBO trips between RSAs were allocated to TAZs by: 

i. The number of HBO productions (from each respective model’s trip 
generation) by TAZ within the RSA, for the production (residential) end of 
the trip. 

ii. The number of HBO attractions (from each respective model’s trip 
generation) by TAZ within the RSA, for the attraction end of the trip. 

Federal Highway Administration  Federal Transit Administration  Colorado Department of Transportation 
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3. The total number of HBO trips was based on the 1998 roadside survey.  This 
total was increased for two reasons: 

i. Traffic on county roads was not included in the roadside survey of the 
three major highways.  The year 2000/2001 traffic on Weld CR 13, Weld 
CR 9, and Boulder CR 23 totaled 10,400 vehicles per day.  Using the 
distribution of trip purposes from the roadside survey, it was determined 
4,200 HBO trips should be added to account for county road traffic. 

ii. Growth to the year 2001.  The 2030 MPO models were examined for the 
growth in external station traffic.  An average of the two models annual 
average growth rate was 2.5%.  This was applied for 3 years to increase 
the total HBO trips. 

NHB Trips 

Data Source:  

1. The DRCOG roadside survey provided the geographic distribution and the 
total number of NHB trips. 

Data processing:   

1. Geocoded trip data from the roadside survey was aggregated to RSA 
districts, because the geocoded survey data did not have the precision 
needed for processing at the TAZ level.   

2. NHB trips between RSAs were allocated to TAZs by: 

i. The number of NHB productions (from each respective model’s trip 
generation) by TAZ within the RSA, for each end of the trip. 

3. The total number of NHB trips was based on the 1998 roadside survey.  This 
total was increased to account for two reasons: 

i. Traffic on county roads was not included in the roadside survey of the 
three major highways.  The year 2000/2001 traffic on Weld CR 13, Weld 
CR 9, and Boulder CR 23 totaled 10,400 vehicles per day.  Using the 
distribution of trip purposes from the roadside survey, it was determined 
2,500 NHB trips should be added to account for county road traffic. 
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ii. Growth to the year 2001.  The 2030 MPO models were examined for the 
growth in external station traffic.  An average of the two models annual 
average growth rate was 2.5%.  This was applied for 3 years to increase 
the total NHB trips. 

Truck Trips 

Data Source:  

1. The 1998 DRCOG truck roadside survey was used to obtain the total number 
and distribution of truck trips. 

Data processing: 

1. Geocoded truck trip data from the truck roadside survey was aggregated to 
RSA districts, because the geocoded survey data did not have the precision 
needed for processing at the TAZ level.   

2. The total number and geographic distribution was based on the RSA-to-RSA 
truck trip totals.  Truck trips were allocated to TAZs using: 

 The total number of households plus employment in the TAZ, with 
households and employment weighted by the DRCOG truck production 
rates for each respectively.  Specifically, the ratio of DRCOG household 
truck rates to employment truck rates is 1:14.  Therefore total employment 
is weighted 14 times the total number of households. 

3. Regional-external and super-external truck trips were not directly modeled, 
but are included within the general regional-external and super-external trips 
of the combined model. 

4. The total number of COM trips was based on the 1998 roadside survey.  This 
total was increased to account for growth: 

i. Growth to the year 2001.  The 2030 MPO models were examined for the 
growth in external station traffic.  An average of the two models annual 
average growth rate was 2.5%.  This was applied for 3 years to increase 
the total COM trips. 

Note, the internal truck (COM) trips within the DRCOG model are not affected, 
i.e., remain active in the DRCOG portion of the model. 
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Regional-External and Super-External Trips 
Data Source:  

Regional-External trips were developed from the external station elements of the 
MPO models: the internal-external and external-external trip models.  

Data processing: 

1. The following graphic illustrates the steps used to calculate the regional-
external and super-external 
trips. NFR as Origin (Oi)

T
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DRCOG as Destination (Dj)
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 Origin (O):  TAZs and external 
stations in NFR MPO 

 Destination (D):  TAZs and 
external stations in DRCOG 

 TripsOiCk:  The number of 
internal or external trips 
originating in one NFR zone or 
external station (Oi) to a 
common external station (Ck). 
Data Source: I-E and E-E tables.  

 PercentCkDj:  The number of 
trips from a DRCOG common 
external station (C) to one 
DRCOG internal zone or 
external station (Di) divided by 
the sum of trips from that 
common station to all internal 
zones and external stations.  
Data Source: I-E and E-E tables. 

 Tripsij:  The number of trips from 
the origin (Oi)to the common 
external station multiplied by 
the percent of trips from the 
common station to the 
destination (Dj).  Trips were 
calculated through each 
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common external station and then summed. 

 

∑ ×=
1

k
jkkiij DPercentCCTripsOTrips  

 
 

2. The process was repeated for the other MPO model as origin model; the 
origin and destination MPOs were reversed to calculate the trips from 
DRCOG to NFR. 

 Regional-External Trips:  TripsOiDi with origin as internal zone of origin MPO 
and destination as external station of destination MPO.  Also TripsOiDi with 
origin as external station of origin MPO and destination as internal zone 
destination MPO. 

 Super-External Trips:  TripsOiDi with the origin as an external station of the 
origin MPO and the destination as an external station of the destination 
MPO.  

Internal-Internal Trips  
The internal-internal trips of each respective model are unaffected, except for 
the overlap zones.  (See Merging Zones and Networks_update.doc).  There are 
ten NFR zones that overlap with two DRCOG zones.  The NFR zones remain as 
internal zones to the NFR model area.  The DRCOG zones are factored down 
(the socioeconomic data in zonexxx.bin;  specifically the attributes HH POP, 
LOW INC HH, MED INC HH, HIGH INC HH, P/D EMP, RETAIL EMP, SERVICE EMP) to 
reflect the portion of each that is not covered by the overlapping NFRMPO 
zone(s): 

 Zone 2576:  Zero out population, households, and employment (Zone 2576 
is entirely covered by the overlapping NFRMPO zones). 

 Zone 2577: Factor population, households, and employment by 51%.  For 
example, the combined model HH POP = 0.51*(original HH POP). 

Internal-External and External-External Trips  
The internal-external and external-external trips of each respective MPO model 
are unaffected, except for external stations in the border area.  Internal-external 
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trips at these border locations are zeroed out from the internal-external trip 
tables of the MPO models: 
 

 NFRMPO Model 

o I-25 External Station 806 (3470 combined) 

o US-287 External Station 808 (3472 combined) 

o US-85 External Station 803 (3467 combined) 

o Weld CR-19 External Station 804 (3468 combined) 

o Weld CR-13 External Station 805 (3469 combined) 

o SH-66 External Station 807 (3471 combined) 

 DRCOG Model 

o I-25 External Station 2652  

o US-287 External Station 2653  

o US-85 External Station 2651  

o Boulder CR-23 External Station 2654  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
J:\_Transportation\071609.400\model\model development\Trip Table Process.doc 
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tblNI25ModelTripsRSAtoRSA

O_NI25RSA
D_NI25RSA

pmaktblNI25ModelTripsRSAtoRSA

C_HBW

R_HBW

R_HBO

R_NHB

C_JTW

Bi-Regional Trip
Table Processing
(Trip Table Process.doc)

pmaktblNI25ModelTripsTAZtoTAZ

C_JTW * 1.35

tblNI25ModelTripsTAZtoTAZ

O_NI25TAZ
D_NI25TAZ

C_HBW

Distribute
RSA trips

to TAZ trips

HH P
Emp A

HBW

Factor to match
R_HBW totals

Is this step
one factor
for all OD

pairs?

R_HBO

Model HBO P
Model HBO A

R_NHB

Model NHB P
(for P & A)

sdeRoadsideAutoTrip

ExtAutoID

R_COM

Hourly1WayFactor
*Daily1WayFactor
*NI25_Occupancy

The total number of
households plus employment
in the TAZ, with households
and employment weighted
by the DRCOG production
rates for each respectively.

sdeRoadsideTruckTrip

ExtTruckID

R_COM

HH & Emp
DRCOG

zonexxx.bin

HH & Emp
NFR

socio_data.bin

P & A
DRCOG

pa_balan.bin

P & A
NFR

zone_pabalan.bin

Factor?

tblCTPPCensusTract

State
County
Tract
QPOWST
QPOWCO
QPOWTract

HBW - low
income

HBW - medium
income

HBW - high
income

Factors for
bi-regional

trips?

Need these
tables in
SQL (text

or dbf)
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Create Bi-Regional
IE EE Trips.sql

tblNI25_IE_EE

Origin
Destination
Trips

DRCOG_IE

Origin
Destination
Trips

DRCOG_EE

Origin
Destination
Trips

NFR_IE

Origin
Destination
Trips

NFR_EE

Origin
Destination
Trips

DRCOG1

O
rig

in

IE Trips

2628

26
28

1

Destination

DRCOG

26
29

O
rig

in

EE Trips

2664

26
64

2629

Destination

NFR1

O
rig

in

IE Trips

797

79
7

1

Destination

NFR79
8

O
rig

in
EE Trips

815

81
5

798

Destination

Export Matrix to Table

Combine IE & EE Trip Tables

pmaktblNI25ModelTripsTAZtoTAZ

tblNI25ModelTripsTAZtoTAZ

O_NI25TAZ
D_NI25TAZ

IE_EE

Is
endpoint at

US 287, I-25, US 85
(NFR = 3472, 3470, 3467)

(DRCOG = 2653,
2652,

2651)?

Distribute trip to each TAZ and
external station based on other

MPO’s I-E and E-E trips to same
common endpoint

Yes
No

Remove bi-
regional trips
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North I-25 EIS

Bi-Regional Trip Table 

2001 2030 annual rate
HBW L 3,916         8,382         2.66%
HBW M 15,774       34,583       2.74%
HBW H 6,916         15,049       2.72%
HBW TOTAL 28,607       60,044       2.59%

HNW 35,985       80,355       2.81%

NHB 21,826       48,081       2.76%

9/11/2007
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2030 Bi-Regional Trip Table Development Process  
 
 
1. Use a fratar process to grow the bi-regional trip table from 2001 to 2030. 
 
2. The fratar process requires: 
 1) A base year trip table 
 2) Future year row and column marginal totals 
 
3. Base Year table: 

o The 2001 bi-regional trip table, by purpose.  This table is exclusively 
composed of bi-regional trips. 

 
4. Future year row and column marginals: 

o The sum of the row (column) marginal total is defined to be the 
base year total increased by an average growth rate of 2.5% per 
year. 

 The 2.5% is the average of the external station average 
annual increases of the US-287, I-25, and US-85 external 
stations, of both the NFRMPO and DRCOG 2030 models. 

 
o The distribution of the marginal total is defined to be the average of 

the bi-regional marginal distribution and the marginal distribution of 
the 2030 internal-internal trips. 

 The bi-regional trip distribution reflects the propensity of near-
border zones in the bi-regional trips 

 The internal-internal distribution reflects the future activity of 
zones that may not exhibit activity in the base year. 

 
5. Fratar 
 
6. Review 
 
7. Combine the 2030 bi-regional trip table with the original 2030 trip tables for 
internal-internal trip purposes, as part of the standard combined model process. 
 
J:\_Transportation\071609.400\model\model development\2030 Trip Table Process.doc August 29, 2007 
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North I-25
External Station Comparison at Common Boundary

NFR Model

I-25 US-287 US-85 Hwy Total W CR13 W CR 19 B CR 23

2000 56,100 14,100 15,400 85,600 2,287 1,456 NA

2030 105,000 36,000 27,800 168,800 4,030 2,565 NA

Absolute Growth 48,900 21,900 12,400 83,200 1,743 1,109

Percentage Growth 87% 155% 81% 97% 76% 76%

Avg Ann. Growth 2.11% 3.17% 1.99% 2.29% 1.91% 1.91%

DRCOG Model

I-25 US-287 US-85 Total W CR13 W CR 19 B CR 23

2001 54,600 16,200 17,200 88,000 NA NA 6,600

2030 128,700 40,400 30,500 199,600 NA NA 9,600

Absolute Growth 74,100 24,200 13,300 111,600 NA NA 3,000

Percentage Growth 136% 149% 77% 127% 45%

Avg Ann. Growth 3.00% 3.20% 1.99% 2.86% 1.30%

2000 NFR compared to 2001 DRCOG (DRCOG - NFR)

I-25 US-287 US-85 Total W CR13 W CR 19 B CR 23

Absolute Difference -1,500 2,100 1,800 2,400

Percent Difference -2.7% 14.9% 11.7% 2.8%

2030 NFR compared to 2030 DRCOG (DRCOG - NFR)

I-25 US-287 US-85 Total W CR13 W CR 19 B CR 23

Absolute Difference 23,700 4,400 2,700 30,800

Percent Difference 22.6% 12.2% 9.7% 18.2%

j:\trpt\071609\model\ExtStationVol 9/11/2007
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Method for Developing the Future Trip Table 
 
 

 Use a fratar process to “grow” the base year (2000/2001) combined trip 
table to the year 2030. 

 The row and column marginals are the sum of the: 
o 2030 unbalanced Productions (rows) & Attractions (columns) trip 

totals from each respective model (These production and attraction 
estimates are internal estimates only). 

o The average external growth rates of the two models at the three 
common external stations (I-25, US-287, and US-85) applied to the 
bi-regional trips (those trips that cross between the two MPO areas) 
by zone (These growth rates would be used to increase the un-
normalized productions and attractions to represent total values – 
internal and external). 

 As an example of what I recall we discussed:  Zone A has 
internal 100 productions and has 10 internal/external 
productions in 2000/2001.  In 2030, the number of internal 
productions increase to 150. Based upon the projected 
growth in the nearest external station (say 30%), then the 
number of internal/external productions would increase to 
13. Therefore the total number of productions for the 2030 
matrix balancing would be 163.  

 Apply the fratar process (for each individual purpose).   
 Replace the internal MPO portions of the balanced, combined trip table 

with the originals from the two models. (Important to compare the fratar 
output internal distribution with the internal distributions before 
replacement. This may lead to a revision/adjustment to the procedure). 

 Check the resulting future bi-regional trip total to make sure that a growth 
rate is produced that is close (and probably slightly higher) than the MPO 
external station growth rates. 

 
 
 
 
 
 
 
J:\_Transportation\071609.400\model\Future Trip Table Method.doc 
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North I-25 EIS
Model Developemnt

Comparison of MPO Trip Growth Rates

DRCOG 2001 2030 Growth
Annual 
Growth

HBW 1,904,516       3,168,430       66.4% 1.77%

HBO 4,592,737       6,580,595       43.3% 1.25%

NHB 3,010,018       5,024,281       66.9% 1.78%

COM 1,135,739       1,649,683       45.3% 1.30%

NFRMPO 2000 2030 Growth
Annual 
Growth

HBW 305,526          578,956          89.5% 2.23%

HBO 965,725          1,707,638       76.8% 1.98%

NHB 512,935          962,792          87.7% 2.20%

9/11/2007
J:\_Transportation\071609.400\manage\report\Chris Primus Notebook\Notebook 3\5-2030 Trip Table\[T
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Scenario Total I25Multi US287NBMulti US85NBMulti I25Single US287Single US85Single
Truck Trips through three stations 8362 6086 91 470 1184 205 325
Truck Trips with destination in DRCOG 1830 1698 6 28 68 12 19
Truck Trips with destination in NFR 2551 1257 45 235 700 121 192
Truck Trips with origin and destination outside DRCOG and NFR 1426 1370 3 14 27 5 7
Truck Trips with origin in DRCOG 3616 1615 72 371 1076 186 296
Truck Trips with origin in DRCOG and destination in DRCOG 132 0 6 28 68 12 19
Truck Trips with origin in DRCOG and destination in NFR 1594 457 36 185 633 109 174
Truck Trips with origin in NFR 1468 1313 12 64 54 9 15
Truck Trips with origin in NFR and destination in DRCOG 329 329 0 0 0 0 0
Truck Trips with origin in NFR and destination in NFR 474 381 6 28 40 7 11

1426 17% O&D Elsewhere
3616 43% DRCOG Origin
1468 18% NFR Origin Origins
1853 22% Origin Elsewhere, MPO Destination
8362 100% TOTAL

1426 17% O&D Elsewhere
1830 22% DRCOG Destination
2551 31% NFR Destination Destinations
2555 31% Destination Elsewhere, MPO Origin
8362 100% TOTAL

1426 O&D Elsewhere
1923 O&D in either MPOs 

605 O&D in same MPO
4408 O or D in MPOs
8362 Sum

1426 17% O&D Elsewhere
2528 30% O&D in MPOs 
4408 53% O or D in MPOs
8362 100% Sum

RoadsideSurvey Bi-regional Truck Summary_Working 9/11/2007
Travel Demand Model Development and Validation Section 14 - Page 65



Travel Demand Model Development and Validation Section 14 - Page 66



Travel Demand Model Development and Validation Section 14 - Page 67



Travel Demand Model Development and Validation Section 14 - Page 68



Travel Demand Model Development and Validation Section 14 - Page 69



Travel Demand Model Development and Validation Section 14 - Page 70


	12 Trip Table Development_All
	Bi-Regional Attraction
	Bi-Regional Matrix Legend
	BR Trip Table Process - Flowchart
	County Road Stations notes
	Daily Volumes at MPO Border with notes
	ExtStationVol
	IE Model Trip Table
	IE Processing
	NFR HBW 3 income
	Overlap Zones
	SUM_IE_EE 1
	MainRdOnly

	SUM_IE_EE 2

	Binder20
	trip data reconciliation
	trip development quick summary
	Trip Length Spreadsheet
	Trip Table Process
	Visio Bi-Regional SQL table
	Visio Combine IE EE




