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Van Aerde Model 
DRAFT -- 15 Feb 96 
 
 
The main advantages to a single-regime model are that boundaries between regimes 
do not have to be defined; and curves from adjacent regimes do not have to be 
spliced at the boundaries.  A single-regime model allows for a more subjective and 
repeatable calibration process.  This will be is especially true if more data from the 
high-speed end of the curve is ever incorporated into this process. 
 
The disadvantages to this particular model are that it expresses this project's 
independent variable as a function of the dependent variable; and that it is a non-
linear function.  These disadvantages make performing the initial calibration more 
difficult.  However, once SAS programs for the task are written, they can be used 
again usually with a minimum of effort. 
 
The procedure for calibration was as follows: 1) The model's equation was coded into 
a spreadsheet so that the shape could be defined by recognizable parameters:  two 
points that the curve passes through, the free-flow speed, and the speed at capacity.  
By overlaying this curve with the scatter plot of the observations, initial estimates 
of the parameters were made.  2) The initial parameter estimates, the equation, and 
the observations were used in a SAS PROC NLIN job to machine-calibrate the 
parameter estimates.  3) A second SAS program translated the calibrated equation 
into a look-up table that expresses speed as a function of density.  4) The results of 
the SAS work were imported into a spreadsheet for plotting and for calculation of 
prediction intervals. 
 
Two outstanding technical issues related to this procedure are determination of the 
free-flow speed, and calculation of prediction intervals. 
 
The free-flow speed for best fit can be determined by the PROC NLIN program, as 
are all other parameters.  Due to the lack of data at the low-density region of the 
model, PROC NLIN returns a very high free-flow speed.  Additional data from MD 
SHA was used to calculate a free-flow speed for general application on the Beltway.  
The calibration of the model presented here resulted from forcing the free-flow 
speed to match the SHA data analysis. 
 
The prediction intervals shown in the current plot were calculated after the model 
was translated.  This may have not been appropriate.  PROC NLIN calculates 
prediction intervals directly as it calibrates the model.  Those prediction intervals 
express density as a function of speed, however.  Work is in progress to translate 
them, and to otherwise arrive at the most appropriate method of determining 
prediction intervals.  
Since a single-regime model is more suitable in a computerized process, and for lack 
of significant difference in performance, the Van Aerde model is preferred over 
earlier approaches examined by MWCOG staff and presented before subcommittees. 
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Van Aerde Single Regime Model 

   DRAFT--2 May 1996 
 

This model was developed by Michael Van Aerde and described in TRB Paper No. 
950802.  It differs from the models already presented in two significant respects:  1) 
The Van Aerde model expresses headway or density as a function of speed instead of 
speed as a function of density; 2) The Van Aerde model's single regime is continuous 
for the entire speed range from jam to free-flow. 
 
The model is: 
 
      D    =    1  /  (  c1  +  c2 / ( Sf - S )  +  c3 * S ) 
 
where: 
 
      D         =    Density  (vehicles/lane/mi) 
 
      Sf        =    Free-flow speed (mph) 
 
      c1, c2, c3     =    coefficients 
 
      S         =    Speed (mph) -- INDEPENDENT VARIABLE 
 
 
 
The model was calibrated for local use by MWCOG staff.  Maryland SHA ATR data 
from stations on the Capital Beltway was used to determine the free-flow speed.  
Skycomp aerial speed/density observations were used to calibrate the coefficients. 
 
The calibration resulted in the curves shown in the attached graphics:  Speed vs. 
Density;  Flow Rate vs. Density;  Speed vs. Flow Rate; and Speed Residuals vs. 
Density.   
 
The coefficients required to plot the Density vs. Speed curve are 0.00512, 0.0144, 
and 0.000342, respectively.  The free-flow speed is 67 mph.  All trucks were 
weighted as 2.5 cars.  The upper and lower bounds shown on this plot are 95% 
prediction intervals. 
 



DENSITY SPEED VOLUME DENSITY SPEED VOLUME
(veh/ln/mi) (mph) (veh/ln/hr) (veh/ln/mi) (mph) (veh/ln/hr)

free-flow 0 67.0 0

20 66.4 1,328 80 20.7 1,655

25 65.8 1,661 85 18.6 1,580

30 64.6 1,946 90 16.7 1,503

35 61.3 2,144 95 15.0 1,425

capacity 39 55.8 2,190 100 13.5 1,350

40 54.7 2,189 105 12.1 1,271

45 47.8 2,153 110 10.9 1,197

50 41.9 2,094 115 9.7 1,117

55 36.8 2,025 120 8.7 1,043

60 32.6 1,954 125 7.7 963

65 28.9 1,880 130 6.8 885

70 25.8 1,806 135 6.0 810

75 23.1 1,731 140 5.2 729

187 0 0 jam

Speed - Density Calibration
Van Aerde Single Regime 

free-flow spd = 67 mph / c1 = 0.00512 / c2 = 0.0114 / c3 = 
0.000342
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   APPENDIX C 
 

 
        FLIGHT DIRECTORY 

 
    

FLIGHT NO.  DATE   Day of Week    
 
         1   April 3  Tuesday    
           2   April 4  Wednesday    
           3   April 5  Thursday    
            4   April 17 Tuesday    
           5   April 18 Wednesday 
    6   April 19 Thursday 
    7   April 22 Sunday 
    8   April 25 Wednesday 
    9   April 26 Thursday 
   10   April 28 Saturday 
   11   April 29 Sunday 
   12   May 5  Saturday 
   13   May 6  Sunday 
   14   May 13 Sunday 
   15   June 9  Saturday      


