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MnDOT Method for Calculating Measures of Effectiveness (MOE) 
From CORSIM Model Output 

 
1.0 Overview 
 
The purpose of this document is to clarify the methodology to calculate MOEs for any CORSIM 
operational analysis project submitted to Mn/DOT. The MOEs generated by the CORSIM 
model are cumulative by time periods. In other words, the MOEs for time period 9 are 
determined using all of the data collected from the beginning of time period 1 to the end of time 
period 9. Unfortunately this has a smoothing effect that hides the true time period MOE values. 
Therefore, in order to obtain a true picture of the modeled system, calculations are required to 
produce the MOEs by time periods. 
 
An increasing number of government agencies and consulting firms are utilizing the Advanced 
CORSIM Manual for developing CORSIM modeling projects. Therefore, a common 
methodology for calculating MOEs needs to be established to ensure that each agency is 
calculating these MOEs in a similar fashion. Otherwise, as there are a number of different ways 
the MOEs can be calculated from the CORSIM output information, each agency would develop 
their own processes. This could result in potential delays during the review process if the 
reviewing agency is using a different methodology. Also, distinct differences between results 
could occur between different methodologies. 
 
The following MOE methodology is what MnDOT will require for all CORSIM simulation 
studies. This method is the most accurate representation of output and will ensure consistency 
between projects. 
 
2.0 Freeway MOE Calculation Method 
 
2.1 The Freeway CORSIM Data Set 
 
When calculating the MOEs for modeling projects, the cumulative FRESIM statistic data set 
labeled link statistics is the preferred data set. Although the values are cumulative, this data set 
can be manipulated to remove the cumulative effects. Using this data also removes the issues 
associated with the number of lanes and the effects that acceleration lanes, deceleration lanes, 
add lanes, and drop lanes have on the link calculations. Appendix A is a sample data set of the 
link statistics data set that should be used in calculating the MOEs for modeling. This sample 
data set will be used in examples throughout this paper. 
 
The Highway Capacity Manual 2000 states that the two lanes next to a merge or diverge area 
are the critical lanes in determining the influence a merge or diverge area has on the freeway 
operations. The CORSIM model does include statistics for individual lanes in the output file 
under the link statistics by lane data set. But, this data set is not an acceptable data set to use in 
determining MOEs. Unlike the link statistics data set, the link statistics by lane data set does not 
include the total number of vehicles exiting a link, the total number of vehicle minutes to cross 
the link, or the total number of vehicle miles traveled across the link. Without this data, the 
individual time period MOEs cannot be determined. Also, all of the values reported in the link 
statistics by lane data set are rates determined over the entire simulation and not for the specific 
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time period. Therefore, outside of the first time period, these values are unreliable. The 
CORSIM model does not currently have a system in-place that would allow the user to specify 
the lane usage within the model. 
 
2.2 Volumes 
 
A side note about the variables in the equations for sections 2.2 to 2.5. In these equations, the 
upper-case variables signify the cumulative statistics as found in the CORSIM output and the 
lower-case variables signify the statistics for an individual time period. Also, the “i” in the 
subscripts refers to the time period and the “n” refers to a specific link. Appendix B shows the 
relationships between sections 2.1 to 2.6 in a sample freeway MOE table. 
 
The simplest MOE to calculate from the CORSIM output data is volume. The formula to 
calculate volume for a specific time period is: 
 
EQUATION 2.2:  vi = Vi – Vi-1  for i > 1 
 
where:  
vi  = the number of vehicles passing a point during time period i. 
Vi  = the number of vehicles passing a point from the beginning of the simulation to the end  

of time period i. 
Vi-1  = the number of vehicles passing a point from the beginning of the simulation to the end  

of time period i-1. 
 
For calculating volumes, use the vehicles out column of the cumulative output. For the first time 
period only, the values are the same as in the CORSIM output data. Also, this volume is the 
number of vehicles that passed that point and not an hourly flow rate. For time steps other than 1 
hour, some factor is needed to convert this value to an hourly flow rate.  
 
EXAMPLE: 
 
Using CORSIM output data in Appendix A, calculate the volume for link (110, 111) between 
7:30 and 7:45. From the output data set we find that: 
 
Vi  = 2667 vehicles at 7:45. 
Vi-1  = 2220 vehicles at 7:30. 
 
From equation 2.2: 
 
vi = 2667 – 2220 = 447 vehicles. 
 
There are 447 vehicles that exit this link during the 15 minute time period. Multiplying vi (447) 
by 4 will convert this to a hourly flow rate of 1788 vph. 
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2.3 Speeds 
 
The speed shown in the CORSIM cumulative statistics is not an acceptable speed to report as 
the link speed for a specific time period. As with the other statistics within the CORSIM output, 
this MOE is determined from cumulative data and is thus a value for the entire simulation up to 
the end of time period t. Unlike the volume MOEs which are quantities, the speed MOE is a 
rate. Thus simply subtracting the previous time period from the time period in question will not 
work. Therefore, this value needs to be calculated using some different information. 
Fortunately, the total vehicle miles traveled and vehicle minutes expended along a link are 
quantitative measures that the CORSIM model reports in the output file. Using these two 
measures, the formula to calculate speed for a specific time period is: 
 
EQUATION 2.3:   si =    60 * (Mi – Mi-1)   for i > 1 

  (Ti – Ti-1) 
 
where: 
si  = the speed in time period t. 
Mi  = the cumulative vehicle miles from the output at the end of time period i. 
Mi-1  = the cumulative vehicle miles from the output at the end of time period i-1. 
Ti  = the cumulative vehicle minutes from the output at the end of time period i. 
Ti-1  = the cumulative vehicle minutes from the output at the end of time period i-1. 
 
For the first time period, the values for Mi-1 and Ti-1 are set to zero in equation 2.3.  
 
EXAMPLE: 
 
Using CORSIM output data in Appendix A, calculate the speed for link (110, 111) between 7:30 
and 7:45. From the data set we find that: 
 
Mi  = 706.2 vehicle miles at 7:45. 
Mi-1  = 587.7 vehicle miles at 7:30. 
Ti  = 662.0 vehicle minutes at 7:45. 
Ti-1  = 518.2 vehicle minutes at 7:30. 
 
From equation 2.3: 
 
si =    60 * (706.2 – 587.7)  = 68.5 mph. 

  (662.0 – 518.2) 
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2.4 Densities 
 
As with speed, the density listed in the CORSIM cumulative statistics is not an acceptable 
density to report. But, this value can be used with the volume statistics to calculate an 
acceptable density. The formula to calculate density is: 
 
EQUATION 2.4:    di  =   (Di * Vi) – (Di-1 * Vi-1)   for i > 1 

  vi 
 
where: 
di  = the density in time period t. 
vi  = the volume in time period t. 
Di  = the cumulative density from the output at the end of time period i. 
Di-1  = the cumulative density from the output at the end of time period i-1. 
Vi  = the cumulative volume from the output at the end of time period i. 
Vi-1  = the cumulative volume from the output at the end of time period i-1. 
 
The main reason for using this equation in order to calculate the link density is that there is no 
longer a need to enter the number of lanes associated with that link as this is already 
incorporated into the CORSIM output data for density. Plus the effects of acceleration lanes, 
deceleration lanes, add lanes, or drop lanes are also been included in the CORSIM output data 
for density. Other methods of calculating density have shown a tendency to underestimate or 
overestimate the density value when these lanes exist on a link. 
 
EXAMPLE 
 
From the attached output data in Appendix A, we would like to calculate the density for link 
(110, 111) between 7:30 and 7:45. From the data set we find that: 
 
Di  = 11.3 veh/ln-mile. 
Di-1  = 11.0 veh/ln-mile. 
Vi  = 2667 vehicles. 
Vi-1  = 2220 vehicles. 
 
From our volume calculations, we find that: 
 
vi  = 447 vehicles. 
 
From equation 2.4: 

D = [(11.3 * 2667) – (11.0 * 2220)]/447 = 12.8 veh/ln-mile. 
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2.5 Aggregate Statistics 
 
Many times there is a need or want to combine links to get an aggregate statistic for a stretch of 
freeway. In these cases, it is preferred to use a weighted average that utilizes the individual link 
lengths. The formula for calculating the aggregate statistics is: 
 
EQUATION 2.5:     Xavg = ∑(Ln * Xn) ÷ ∑ Ln 
 
where:  
Xavg  = weighted average value over all specified links. 
Ln  = length of link n. 
Xn  = volume, speed, or density value for link n. 
 
EXAMPLE 
 
Links (110,111) and (111,112) are the freeway links between an exit ramp and an entrance 
ramp. For our report, we want to use a single density to represent this section of freeway. From 
our previous calculations: 
 
X(110,111)  = 12.8 veh/ln-mile. 
X(111,112)  = 12.6 veh/ln-mile. 
 
From the lane schematic we find that: 
 
L(110,111)  = 1378 feet. 
L(111,112)  = 510 feet. 
 
From equation 2.5: 
 
Xavg = ((12.8 * 1378) + (12.6 * 510)) = 12.7 veh/ln-mile. 

  (1378 + 510) 
 

2.6 Level of Service (LOS) Table 
 
The Highway Capacity Manual has several LOS tables to choose from based on the 
characteristics of the freeway section in question. In order to simplify the modeling process, it 
has been decided to adopt the freeway weaving segment LOS criteria of exhibit 24-2 of the 
Highway Capacity Manual 2000 for all freeway sections. This table is as follows: 
 

LOS Density (pc/mi/ln)
A ≤ 10.0 
B > 10.0 – 20.0 
C > 20.0 – 28.0 
D > 28.0 – 35.0 
E > 35.0 – 43.0 
F > 43.0 
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When developing new roadway designs, the goal is to have the system operate at a LOS of D or 
better. Also, the weave zone operations are of much more interest than the operations of pipeline 
freeway sections. Each of the LOS tables considered has the split between LOS D/E set at 35 
pc/mi/ln. But, exhibit 24-2 also takes into consideration that weaving sections have lower 
breakdown densities than pipeline sections. This is represented by the LOS E/F boundary being 
43 pc/mi/ln rather than 45 pc/mi/ln for basic freeway segments.  
 
3.0 Arterial MOE Calculation Method 
 
3.1 The Arterial CORSIM Data Set 
 
Unlike the FRESIM statistic data, the NETSIM statistic data is scattered in several locations. 
Also, the volume and delay time data is not presented in a user friendly way unless the 
CORSIM model is told to include these tables in the output file. 
 
The maximum queue lengths can be determined from the cumulative NETSIM statistics data that 
is automatically produced by the CORSIM model. Within this data is the maximum queue by 
lane information. But, you will need to know how CORSIM is numbering the lanes in order to 
get the correct information for each turning movement. Also, this is the only data set that does 
not suffer from the cumulative effects of the CORSIM model. 
 
There are 4 tables that the CORSIM model can add to the output file that simplify the MOE 
calculations for volume and delay time. But, as stated before, CORSIM needs to be told to 
include these tables in the output file. To have CORSIM include these tables, the RT 5 card 
needs to be modified. For a 15 minute time slice, the RT 5 is modified as: 
 
   0       0   0   0   0   0   0   0   0   0   1                               5 
 
For a 60 minute time slice, the RT 5 is modified as: 
 
   0       0   0   0   0   0   0   0   0   0   1                               5 
 
The “1” located in column 48 (circled) is what tells CORSIM to add the 4 tables to the output 
file. These tables are located prior to the Cumulative FRESIM Statistics freeway data under the 
common heading of NETSIM Movement Specific Statistics. Of these 4 tables, the first 2 are of 
interest. 
 
Table I houses the volume data under the heading of vehicle-trips. This value is the number of 
vehicles that have exited the link by either a left turn, right turn, or thru movement since the 
beginning of the simulation.  
 
Table II holds the delay time data under the heading of delay time. This value is the delay time 
in vehicle-minutes accumulated by left turn, right turn, or thru vehicles since the beginning of 
the simulation.  
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3.2 Volumes 
 
A side note about the variables in the equations for sections 3.2 through 3.7. In these equations, 
the upper-case variables signify the cumulative statistics as found in the CORSIM output and 
the lower-case variables signify the statistics for an individual time period. Also, the “i” in the 
subscripts refers to the time period, the “j” to the turning movements (left, right, thru), and the 
“k” to the direction of traffic (NB, SB, EB, WB). Appendix D shows the relationship between 
sections 3.2 through 3.6 in a sample arterial MOE table. 
 
The formula to calculate volume for a specific time period is: 
 
EQUATION 3.2:  vijk = Vijk – V(i-1)jk  for i > 1 
 
where:  
vijk   = the number of vehicles exiting a link in direction k and making movement j during 

time period i. 
Vijk     = the number of vehicles exiting a link in direction k and making movement j from the 

beginning of the simulation to the end of time period i. 
V(i-1)jk  = the number of vehicles exiting a link in direction k and making movement j from the 

beginning of the simulation to the end of time period i-1. 
 
For calculating volumes, use the vehicle-trips columns of Table I of the NETSIM movement 
specific statistics output. Make sure these calculations are performed for left turns, thru 
movements, and right turns for each link. For the first time period only, the MOE values are the 
same as the CORSIM output data. Also, this volume is the number of vehicles that passed that 
point and not an hourly flow rate. For time steps other than 1 hour, some factor is needed to 
convert this value to an hourly flow rate.  
 
EXAMPLE: 
 
Using CORSIM output data in Appendix C, calculate the northbound thru movement volume 
for link (911, 910) between 7:30 and 7:45. From the sample data: 
 
Vijk     =  787 vehicles as northbound thru movements at 7:45. 
V(i-1)jk   =  601 vehicles as northbound thru movements at 7:30. 
 
From equation 3.2: 
 
vijk = 787 – 601 = 186 vehicles. 
 
There are 186 northbound vehicles that exit this link by way of a thru movement during the 15 
minute time period between 7:30 and 7:45. Multiplying vijk (186) by 4 will convert this to an 
hourly flow rate of 744 vph as thru movements in the northbound direction. 
 
 
 
 
 



 10

 
3.3 Movement Delay Times 
 
The movement delay time is the delay experienced by vehicles heading in one direction that turn 
either left, right, or make a thru movement. The formula to calculate the movement delay time 
for a specific time period is: 
 
EQUATION 3.3:   tijk =    60 * (Tijk – T(i-1)jk)   for i > 1 

         vijk 
 
where: 
tijk  = the delay time for vehicles heading in direction k and making movement j for time 

period i in seconds per vehicle. 
Tijk  = the cumulative vehicle minutes from the output for vehicles heading in direction k and 

making movement j at the end of time period i. 
T(i-1)jk  = the cumulative vehicle minutes from the output for vehicles heading in direction k and 

making movement j at the end of time period i-1. 
vijk  = the number of vehicles heading in direction k that exit the link by way of movement j 

as calculated for time period i. 
 
For calculating movement delay times, use the delay time columns of Table II of the NETSIM 
movement specific statistics output. Make sure these calculations are performed for left turns, 
thru movements, and right turns for each link. For the first time period only, the MOE values are 
the same as the CORSIM output data. 
 
EXAMPLE: 
 
Using CORSIM output data in Appendix C, calculate the movement delay time for the thru 
movement of link (911, 910) between 7:30 and 7:45. From the sample data: 
 
Tijk      = 261.18 vehicle-minutes at 7:45 for northbound thru movements. 
T(i-1)jk   = 185.67 vehicle-minutes at 7:30 for northbound thru movements. 
vijk          = 186 vehicles exiting the link as a northbound thru movement between 7:30 and 7:45. 
 
From equation 3.3: 
 
tijk =   60 * (261.18 – 185.67)   =  24.36 sec/veh . 

              186 
 
The movement delay time for the northbound thru movements between 7:30 and 7:45 is 24.4 
seconds per vehicle. 
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3.4 Directional Delay Times 
 
Many times there is a need or want to combine movements to get an aggregate statistic for a 
single direction of arterial roadway. In these cases, it is preferred to use a weighted average 
based on the number of vehicles turning left, right, or going thru. The formula for calculating 
the aggregate statistics is: 
 
EQUATION 3.4:     tik = ∑(vijk * tijk) ÷ ∑ vijk 
 
where:  
tik   = delay time for vehicles heading in direction k during time period i in seconds per  

vehicle. 
vijk     = number of vehicles heading in direction k and making movement j during time    

period i. 
tijk     = movement delay time for vehicles heading in direction k and making movement j 

during time period i. 
 
EXAMPLE 
 
Link (911, 910) is a northbound arterial link with a left turn movement and a thru movement. 
Determine the delay per vehicle in the northbound direction between 7:30 and 7:45. From 
previous calculations in Appendix E: 
 
vNBleft  = 35 vehicles. 
vNBthru  = 186 vehicles. 
tNBleft  = 47.71 sec/veh. 
tNBthru  = 24.36 sec/veh. 
 
From equation 3.4: 
 
tik =  ((35 * 47.71) + (186 * 24.36))   =  28.06 sec/veh. 

  (35 + 186) 
 
The directional delay in the northbound direction between 7:30 and 7:45 is 28.1 second per 
vehicle. 
 
3.5 Intersection Delay Times  
 
Many times there is a need or want to combine movements to get an aggregate statistic for an 
entire arterial intersection. Again, it is preferred to use a weighted average based on the number 
of vehicles turning left, right, or going thru. The formula for calculating the aggregate statistics 
is: 
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EQUATION 3.5:     ti = ∑(vik * tik) ÷ ∑ vik 
 
where:  
ti = delay time for an arterial intersection during time period i. 
vik  = number of vehicles heading in direction k during time period i. 
tik  = directional delay time for vehicles heading in direction k during time period i. 
 
EXAMPLE 
 
Node 910 is the intersection of northbound link (911, 910), southbound link (98, 910), and 
westbound link (99, 910). Determine the delay per vehicle for the intersection between 7:30 and 
7:45. From previous calculations in Appendix E: 
 
vNB  = 35 + 186 = 221 vehicles.  tNB  = 28.06 sec/veh. 
vSB   = 280 + 98 = 378 vehicles.  tSB  = 24.75 sec/veh. 
vWB   = 56 + 94   = 150 vehicles.  tWB   = 19.28 sec/veh. 
 
From equation 3.5: 
 
ti =  ((221 * 28.06) + (378 * 24.75) + (150 * 19.28)  =  24.63 sec/veh. 

  (221 + 378 + 150) 
 
3.6 Maximum Queues 
 
As stated before, this is the only MOE that does not suffer from the cumulative effect of the 
CORSIM model. But, it is also the only MOE for which the user needs to know how CORSIM 
is assigning lanes. CORSIM begins the thru movements at lane 1 in the output and adds lanes as 
needed to match the number of thru lanes of the link. Thus, a link with 3 thru movements would 
have values in lanes 1, 2, and 3 of the output. Turn bays start at lane 7 and this value is reduced 
by 1 for each lane of the turn bays. Also, CORSIM begins with the left turn movements. Thus, if 
a link had 1 left turn bay and 1 right turn bay, the left turn value would be under lane 7 while the 
right turn value would be under lane 6. For this MOE, the lane with the highest value is the 
correct value to use.  
 
The formula to calculate the maximum queue length is: 
 
EQUATION 3.6:    Qjk = h * Njk 
 
where: 
Qjk  = the length of the maximum queue for direction k and making movement j in feet. 
h  = the average front bumper to front bumper headway between vehicles. 
Njk  = the maximum number of stopped vehicles in one lane at any one time for direction k 

and making movement j. 
 
The maximum queue data is found in the cumulative NETSIM statistics under the queue length 
heading. As this is a maximum value for the entire simulation run, the values of the last time 
step should be used in the calculations. If unknown, the average headway distance (h) can be 
taken as 20 feet. Make sure these calculations are performed for left turns, thru movements, and 
right turns for each link. 
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EXAMPLE 
 
From the attached output data in Appendix C, we would like to calculate the maximum queue 
length for the northbound thru movements of link (911, 910) from the beginning of the 
simulation, 6:00, to 7:45. From the sample data: 
 
NNBthru  = 11 vehicles. 
 
From equation 3.6 with the headway set to 20 feet: 
 
QNBthru  = 20 * 11 = 220 feet. 
 
The maximum queue simulated in the northbound direction for the thru movement is 220 feet.  
 
3.7 Level of Service (LOS) Table 
 
The Highway Capacity Manual has several LOS tables to choose from based on the 
characteristics of the arterial roadway in question. Exhibit 16-2, LOS criteria for Signalized 
Intersections, of the Highway Capacity Manual 2000 has been adopted for signalized 
intersections. This table is as follows: 
 

LOS Delay (sec/veh)
A ≤ 10.0 
B > 10.0 – 20.0 
C > 20.0 – 35.0 
D > 35.0 – 55.0 
E > 55.0 – 80.0 
F > 80.0 

 
For un-signalized intersections, Exhibit 17-22, LOS Criteria for AWSC Intersections, of the 
Highway Capacity Manual 2000 has been adopted. This table is as follows: 
 

LOS Delay (sec/veh)
A ≤ 10.0 
B > 10.0 – 15.0 
C > 15.0 – 25.0 
D > 25.0 – 35.0 
E > 35.0 – 50.0 
F > 50.0 
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APPENDIX A 
 

SAMPLE CORSIM FREEWAY OUTPUT DATA 
 
.                                           CUMULATIVE FRESIM STATISTICS AT TIME  7 30  0 
                                       ----------------------------------------------------- 
 
                                                        LINK STATISTICS 
 
 
                                                                                    VEH-MIN/ 
                                                          SECONDS/VEHICLE           VEH-MILE 
                                                         ------------------       ----------- 
              VEHICLES  LANE  CURR  AVG    VEH-    VEH-   TOTAL  MOVE DELAY                    VOLUME     DENSITY      SPEED   LINK 
   LINK       IN   OUT  CHNG  CONT  CONT  MILES    MIN    TIME   TIME  TIME  M/T  TOTAL DELAY VEH/LN/HR VEH/LN-MILE   MILE/HR  TYPE 
----------- ----- ----- ---- ----- ----- ------- ------- ------ ----- ----- ----- ----- -----  -------   ---------  ---------- ---- 
 
( 110, 111)  2221  2220  124     5   5.8  587.7   518.2    13.8  13.4   0.4  0.97  0.88  0.02    750.6     11.0        68.04   FRWY 
 
( 111, 112)  2220  2220   24     1   2.1  214.4   187.8     5.1   5.0   0.1  0.98  0.88  0.02    739.9     10.8        68.51   FRWY 
 
( 112, 113)  2658  2649  898    14   7.6  750.6   686.5    15.5  14.6   0.9  0.94  0.91  0.05    696.9     10.6        65.60   FRWY 
 
( 113, 114)  2649  2646   93     5   4.0  400.5   356.4     8.1   7.8   0.3  0.97  0.89  0.03    883.3     13.1        67.42   FRWY 
 
( 114, 115)  2646  2640  146     8   5.4  550.8   489.4    11.1  10.8   0.4  0.97  0.89  0.03    880.5     13.0        67.52   FRWY 
 
( 115, 116)  2640  2636  147     6   5.0  502.0   448.0    10.2   9.8   0.4  0.96  0.89  0.03    879.1     13.1        67.23   FRWY 
 
( 116, 117)  2636  2632  554    10   7.8  783.5   703.2    16.0  15.4   0.6  0.96  0.90  0.03    786.2     11.8        66.85   FRWY 
 
( 117, 118)  2300  2300  152     4   4.9  499.5   443.7    11.6  11.2   0.4  0.97  0.89  0.03    766.5     11.3        67.55   FRWY 
 
( 118, 119)  2300  2292  146    10   4.3  429.3   383.2    10.0   9.6   0.4  0.96  0.89  0.03    765.6     11.4        67.22   FRWY 
 
( 119, 120)  3070  3066 1326     8   9.6  874.4   867.3    17.0  14.7   2.3  0.87  0.99  0.13    921.5     15.2        60.50   FRWY 
 
 
 
 

The numbers highlighted in red with the white lettering are the values used in the sample 
calculations for volume and density. 
 
The numbers highlighted in blue with the black lettering are the values used in the 
sample calculations for speed. 
 

The time of the link statistics is highlighted in green. 
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APPENDIX A 
 

SAMPLE CORSIM FREEWAY OUTPUT DATA 
 

                                           CUMULATIVE FRESIM STATISTICS AT TIME  7 45  0 
                                       ----------------------------------------------------- 
 
                                                        LINK STATISTICS 
 
 
                                                                                    VEH-MIN/ 
                                                          SECONDS/VEHICLE           VEH-MILE 
                                                         ------------------       ----------- 
              VEHICLES  LANE  CURR  AVG    VEH-    VEH-   TOTAL  MOVE DELAY                    VOLUME     DENSITY      SPEED   LINK 
   LINK       IN   OUT  CHNG  CONT  CONT  MILES    MIN    TIME   TIME  TIME  M/T  TOTAL DELAY VEH/LN/HR VEH/LN-MILE   MILE/HR  TYPE 
----------- ----- ----- ---- ----- ----- ------- ------- ------ ----- ----- ----- ----- -----  -------   ---------  ---------- ---- 
 
( 110, 111)  2669  2667  150     6   5.9  706.2   622.0    13.8  13.4   0.4  0.97  0.88  0.02    773.1     11.3        68.11   FRWY 
 
( 111, 112)  2667  2667   30     1   2.1  257.6   225.6     5.1   5.0   0.1  0.98  0.88  0.02    762.1     11.1        68.53   FRWY 
 
( 112, 113)  3274  3264 1210    15   8.1  923.8   850.4    15.6  14.6   1.0  0.93  0.92  0.06    735.3     11.3        65.18   FRWY 
 
( 113, 114)  3264  3263  123     3   4.2  493.4   440.0     8.1   7.8   0.3  0.96  0.89  0.03    932.7     13.9        67.28   FRWY 
 
( 114, 115)  3263  3259  182     6   5.8  680.1   605.0    11.1  10.7   0.4  0.97  0.89  0.03    931.9     13.8        67.45   FRWY 
 
( 115, 116)  3259  3255  169     6   5.3  620.1   554.0    10.2   9.8   0.4  0.96  0.89  0.03    930.7     13.9        67.15   FRWY 
 
( 116, 117)  3255  3246  695    15   8.3  966.2   869.3    16.1  15.4   0.6  0.96  0.90  0.04    831.0     12.5        66.69   FRWY 
 
( 117, 118)  2821  2816  185     9   5.2  612.3   544.3    11.6  11.2   0.4  0.97  0.89  0.03    805.3     11.9        67.50   FRWY 
 
( 118, 119)  2816  2813  169     5   4.5  526.3   470.3    10.0   9.6   0.4  0.96  0.89  0.03    804.4     12.0        67.14   FRWY 
 
( 119, 120)  3803  3802 1689     5  10.4 1084.3  1091.6    17.2  14.7   2.5  0.85  1.01  0.15    979.5     16.4        59.60   FRWY 
 

 
The numbers highlighted in red with the white lettering are the values used in the sample 
calculations for volume and density. 
 
The numbers highlighted in blue with the black lettering are the values used in the 
sample calculations for speed. 
 
The time of the link statistics is highlighted in green. 



2.2 2.3 2.4 2.6 2.6

Total Thruput

From To From To Actual Simu-
lated

Differ-
ence

Speed
(mph)

Density
(vplpm) LOS Speed

(mph)
Density
(vplpm) LOS Actual Simu-

lated
Differ-
ence % Vol diff Peak % 

Vol diff
NB I-35W 202 203 782 2,181 2,180 -1 54 13 B 5,801 5,797 -4 -0.08 -0.06

EB TH 36/Cleveland Entrance Ramp 203 103 782 2,181 2,181 0 54 13 B 54 13 B 5,801 5,794 -7 -0.11 -0.01
EB TH 36/Cleveland Entrance Ramp 103 104 954 3,014 3,010 -4 60 12 B 8,025 8,008 -17 -0.21 -0.14

County Road C Exit Ramp 104 105 1,500 3,014 3,006 -8 66 11 B 64 11 B 8,025 8,003 -22 -0.27 -0.27
County Road C Exit Ramp County Road C Entrance Ramp 105 108 1,099 2,433 2,437 4 67 11 B 6,339 6,311 -28 -0.44 0.16
County Road C Entrance Ramp 108 109 1,357 2,651 2,651 0 65 11 B 6,888 6,856 -32 -0.47 -0.02

109 111 991 2,651 2,651 0 67 12 B 66 12 B 6,888 6,855 -33 -0.48 -0.01
County Road D Exit Ramp 111 113 1,087 2,651 2,648 -3 67 12 B 6,888 6,850 -38 -0.55 -0.11

County Road D Exit Ramp County Road D Entrance Ramp 113 115 1,765 2,258 2,252 -6 68 10 B 5,846 5,790 -56 -0.96 -0.28
County Road D Entrance Ramp TH 88 Entrance Ramp 115 119 1,942 2,416 2,404 -12 67 10 B 6,272 6,209 -63 -1.01 -0.51
TH 88 Entrance Ramp 119 121 1,500 2,781 2,765 -16 65 11 B 7,271 7,197 -74 -1.01 -0.56

121 125 1,156 2,781 2,763 -18 67 13 B 66 12 B 7,271 7,195 -76 -1.04 -0.65
County Road E2 Exit Ramp 125 127 1,500 2,781 2,763 -18 67 12 B 7,271 7,191 -80 -1.10 -0.65

The numbers above the darker columns refer to the section of the paper that relates to the
calculation of that particular MOE.

APPENDIX B

PAPER SECTION REFERENCE TO FREEWAY SAMPLE MOE TABLE

Link Statistics Aggregate Statistics

2.5

Location Node Length
(ft)

Hourly Volumes
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APPENDIX C 
 

SAMPLE CORSIM ARTERIAL OUTPUT DATA 
 
 
1                                           CUMULATIVE NETSIM STATISTICS AT TIME  7:30: 0 
 
                       ELAPSED TIME IS  1:30: 0 ( 5400 SECONDS),    TIME PERIOD  6 ELAPSED TIME IS  900 SECONDS 
 
 
                 VEH-MINS *    AVERAGE   -- CONGESTION --    ------------     Q U E U E    L E N G T H  (VEHICLE)     ------------    NUMBER 
               QUEUE    STOP  OCCUPANCY   STORAGE   PHASE            AVERAGE QUEUE BY LANE **              MAXIMUM QUEUE BY LANE     OF LANE 
    LINK        TIME    TIME  (VEHICLE)    (%)    FAILURE     1     2     3     4     5     6     7      1   2   3   4   5   6   7   CHANGES 
    ----       -------------  ---------  ----------------     -     -     -     -     -     -     -      -   -   -   -   -   -   - 
 
 (  98, 910)   459.2   438.6     12.9     13.7        0       3     3     0     0     0     0     0     14  15   0   0   0   0   4     462 
 (  99, 910)   146.3   138.9      4.3      8.2        0       0     0     0     0     0     0     1      5   0   0   0   0   0   9       0 
 ( 911, 910)   244.8   235.4      5.8      8.6        1       1     1     0     0     0     0     2      8   7   0   0   0   0  11     309 
 
 
1                                             NETSIM MOVEMENT SPECIFIC STATISTICS - TABLE I 
 
 
 
0       LINK              VEHICLE-MILE                VEHICLE-TRIPS               SPEED (MPH )                 STOPS (PCT) 
                      LEFT    THRU    RIGHT       LEFT    THRU    RIGHT       LEFT    THRU    RIGHT       LEFT    THRU    RIGHT 
 
     (  98, 910)      0.00  233.10    91.01          0    1232      481        0.0    16.1     21.0        0.0    61.9     66.5 
     (  99, 910)     37.68    0.00    55.13        285       0      417       11.5     0.0     22.9       68.8     0.0     69.1 
     ( 911, 910)     23.52   68.30     0.00        207     601        0        7.3    14.3      0.0       95.2    60.2      0.0 
 
 
1                                             NETSIM MOVEMENT SPECIFIC STATISTICS - TABLE II 
 
 
        LINK               MOVING TIME                 DELAY TIME                  TOTAL TIME               RATIO MOVE/TOTAL 
                           (VEH-MINS)                  (VEH-MINS)                  (VEH-MINS)                  (VEH-MINS) 
                      LEFT    THRU    RIGHT       LEFT    THRU    RIGHT       LEFT    THRU    RIGHT       LEFT    THRU    RIGHT 
 
     (  98, 910)      0.00  347.67   135.74       0.00  522.91   124.36       0.00  870.58   260.10       0.00    0.40     0.52  
     (  99, 910)     56.19    0.00    82.22     139.74    0.00    61.94     195.93    0.00   144.17       0.29    0.00     0.57  
     ( 911, 910)     35.08  101.86     0.00     158.62  185.67     0.00     193.70  287.53     0.00       0.18    0.35     0.00  
 
 

The numbers highlighted in red with the white lettering is the value used in the sample 
calculations for volume. 
 
The numbers highlighted in blue with the black lettering is the value used in the sample 
calculations for delay time. 
 

The time of the link statistics is highlighted in green. 
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APPENDIX C 
 

SAMPLE CORSIM ARTERIAL OUTPUT DATA 
 
1                                           CUMULATIVE NETSIM STATISTICS AT TIME  7:45: 0 
 
                       ELAPSED TIME IS  1:45: 0 ( 6300 SECONDS),    TIME PERIOD  7 ELAPSED TIME IS  900 SECONDS 
 
 
                 VEH-MINS *    AVERAGE   -- CONGESTION --    ------------     Q U E U E    L E N G T H  (VEHICLE)     ------------    NUMBER 
               QUEUE    STOP  OCCUPANCY   STORAGE   PHASE            AVERAGE QUEUE BY LANE **              MAXIMUM QUEUE BY LANE     OF LANE 
    LINK        TIME    TIME  (VEHICLE)    (%)    FAILURE     1     2     3     4     5     6     7      1   2   3   4   5   6   7   CHANGES 
    ----       -------------  ---------  ----------------     -     -     -     -     -     -     -      -   -   -   -   -   -   - 
 
 
 (  98, 910)   571.0   545.7     13.7     14.5        0       3     3     0     0     0     0     0     15  15   0   0   0   0   4     558 
 (  99, 910)   179.3   170.0      4.4      8.5        0       0     0     0     0     0     0     1      5   0   0   0   0   0   9       0 
 ( 911, 910)   319.6   306.7      6.4      9.6        1       1     1     0     0     0     0     2      9  11   0   0   0   0  11     400 
 
 
1                                             NETSIM MOVEMENT SPECIFIC STATISTICS - TABLE I 
 
 
 
0       LINK              VEHICLE-MILE                VEHICLE-TRIPS               SPEED (MPH )                 STOPS (PCT) 
                      LEFT    THRU    RIGHT       LEFT    THRU    RIGHT       LEFT    THRU    RIGHT       LEFT    THRU    RIGHT 
 
     (  98, 910)      0.00  286.08   109.55          0    1512      579        0.0    15.9     20.9        0.0    62.6     67.5 
     (  99, 910)     45.08    0.00    67.55        341       0      511       11.4     0.0     22.5       68.6     0.0     68.1 
     ( 911, 910)     27.50   89.43     0.00        242     787        0        7.3    13.6      0.0       95.9    61.6      0.0 
 
1                                             NETSIM MOVEMENT SPECIFIC STATISTICS - TABLE II 
 
 
        LINK               MOVING TIME                 DELAY TIME                  TOTAL TIME               RATIO MOVE/TOTAL 
                           (VEH-MINS)                  (VEH-MINS)                  (VEH-MINS)                  (VEH-MINS) 
                      LEFT    THRU    RIGHT       LEFT    THRU    RIGHT       LEFT    THRU    RIGHT       LEFT    THRU    RIGHT 
 
     (  98, 910)      0.00  426.69   163.40       0.00  652.74   150.45       0.00 1079.43   313.85       0.00    0.40     0.52  
     (  99, 910)     67.24    0.00   100.76     170.41    0.00    79.48     237.65    0.00   180.23       0.28    0.00     0.56  
     ( 911, 910)     41.02  133.39     0.00     186.45  261.18     0.00     227.47  394.57     0.00       0.18    0.34     0.00  
 

The numbers highlighted in red with the white lettering is the value used in the sample 
calculations for volume. 
 
The number highlighted in blue with the black lettering is the value used in the sample 
calculations for delay time. 
 
The number highlighted in the violet with the white lettering is the value used in the 
sample calculations for maximum queue length. 
 

The time of the link statistics is highlighted in green. 
 



3.2 3.3 3.7 3.4 3.7 3.5 3.7 3.6

Lt Th Rt total L T R total L T R Total % L T R L T R Delay LOS Delay LOS Link 
Length Queue Storage Queue Storage Queue

Siliver Lake Road @ I-694 North Ramp NB 907-906 200 236 0 436 192 245 0 437 -8 9 0 1 0% 6 3 - A A - 4 A 455 60
WB 981-906 97 0 188 285 79 0 160 239 -18 0 -28 -46 -16% 22 - 5 C - A 11 B 11 B 474 60 365 60 445 80
SB 982-906 0 528 207 735 0 503 227 730 0 -25 20 -5 -1% - 23 7 - B A 16 B 995 140 285 60

Siliver Lake Road @ I-694 South Ram SB 906-907 238 387 0 625 229 346 0 575 -9 -41 0 -50 -8% 6 3 - A A - 4 A 455 60
EB 977-907 68 0 220 288 67 0 229 296 -1 0 9 8 3% 19 - 8 B - A 7 A 11 B 438 40 425 40 425 100
NB 978-907 0 368 138 506 0 370 127 497 0 2 -11 -9 -2% - 25 6 - C A 21 C 999 140 255 60

Long Lake Road @ I-694 North Ramp NB 909-908 221 109 0 330 230 111 0 341 9 2 0 11 3% 13 1 - A A - 6 A 463 120
SB 975-908 0 394 109 503 0 382 116 498 0 -12 7 -5 -1% - 2 4 - A A 2 A 5 A 1008 0 125 0
WB 976-908 89 0 46 135 74 0 47 121 -15 0 1 -14 -10% 34 - 6 B - A 14 B 663 60 525 100

Long Lake Road @ I-694 South Ramp SB 908-909 214 269 0 483 207 246 0 453 -7 -23 0 -30 -6% 6 2 - A A - 3 A 463 80
EB 971-909 23 0 247 270 27 0 244 271 4 0 -3 1 0% 13 - 8 B - A 6 A 3 A 581 60 365 60
NB 972-909 0 307 72 379 0 314 64 378 0 7 -8 -1 0% - 1 4 - A A 1 A 1000 0

Lexington Ave @ I-694 North Ramp SB 98-910 0 875 331 1206 0 853 342 1195 0 -22 11 -11 -1% - 29 20 - C B 23 C 999 300 75 60
WB 99-910 193 0 327 520 188 0 303 491 -5 0 -24 -29 -6% 34 - 12 C - A 17 B 23 C 698 100 450 160
NB 911-910 152 420 0 572 146 398 0 544 -6 -22 0 -28 -5% 46 23 - D B - 26 C 600 140 270 220

Lexington Ave @ I-694 South Ramp EB 94-911 306 0 214 520 292 0 187 479 -14 0 -27 -41 -8% 27 - 16 C - A 19 B 626 300 575 100
NB 95-911 0 266 72 338 0 249 81 330 0 -17 9 -8 -2% - 37 13 - C A 26 C 19 B 998 140 75 40
SB 910-911 304 764 0 1068 295 737 0 1032 -9 -27 0 -36 -3% 27 13 - B B - 16 B 600 140 270 160

Victoria ST @ I-694 North Ramp NB 913-912 0 137 114 251 0 140 128 268 0 3 14 17 7% - 41 13 - C B 22 C 720 100 270 80
SB 940-912 243 490 0 733 226 493 0 719 -17 3 0 -14 -2% 13 8 - B A - 8 A 14 B 1003 100 345 100
WB 948-912 132 0 78 210 147 0 75 222 15 0 -3 12 6% 28 - 7 C - A 21 C 398 200 375 40

Victoria ST @ I-694 South Ramp SB 912-913 110 512 0 622 120 514 0 634 10 2 0 12 2% 10 10 - A B - 12 B 720 140 270 60
NB 944-913 0 165 89 254 0 172 79 251 0 7 -10 -3 -1% - 25 7 - C A 19 B 13 B 1000 60 430 40
EB 945-913 86 0 177 263 98 0 169 267 12 0 -8 4 2% 20 - 9 B - A 11 B 292 140 255 80

The numbers above the darker columns refer to the section of the paper that relates to the
calculation of that particular MOE.

Modeled Volumes Demand Volumes Model - Demand
by ApproachIntersection Appr Link

Demand volumes Left Turn Right Turn

APPENDIX D

PAPER SECTION REFERENCE TO ARTERIAL SAMPLE MOE TABLE

Total Delay by Movement 
(sec/veh)

Level of Service by 
Movement

LOS by 
Approach

LOS by 
Intersection Through

Modeled Storage & Maximum Traffic Queueing 

 20



Link Direction Left Thru Right Left Thru Right
(  98, 910) SB 0 1232 481 0.00 522.91 124.36
(  99, 910) WB 285 0 417 139.74 0.00 61.94
( 911, 910) NB 207 601 0 158.62 185.67 0.00

Link Direction Left Thru Right Left Thru Right Left Thru Right
(  98, 910) SB 0 1512 579 0.00 652.74 150.45 0 15 4
(  99, 910) WB 341 0 511 170.41 0.00 79.48 9 0 5
( 911, 910) NB 242 787 0 186.45 261.18 0.00 11 11 0

Link Direction Left Thru Right Left Thru Right
(  98, 910) SB 0 280 98 0 1120 392
(  99, 910) WB 56 0 94 224 0 376
( 911, 910) NB 35 186 0 140 744 0

Directional Delay Time (sec/veh)
Link Direction Left Thru Right

(  98, 910) SB 0.00 27.82 15.97 24.75
(  99, 910) WB 32.86 0.00 11.20 19.28 24.63
( 911, 910) NB 47.71 24.36 0.00 28.06

Link Direction Left Thru Right
(  98, 910) SB 0 300 80
(  99, 910) WB 180 0 100
( 911, 910) NB 220 220 0

Delay Time (veh-mins)

Intersection Delay Time (sec/veh)

Sample Calculations

Volume (vph)Volume (vehicles)

Movement Delay Time (sec/veh)

APPENDIX E

Max Queue Length (ft)

REFERENCE FOR ARTERIAL SAMPLE CALCULATIONS

Time = 7:30
Volume (vehicles) Delay Time (veh-mins)

Max Queue (vehicles)
Time = 7:45

From Appendix C : Sample CORSIM Arterial Output Data

Volume (vehicles)
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