
AM 205 Group Activity Assignment

AM 205: Essentially Non-Oscillatory (ENO) methods for
simulating traffic and reference map advection

Please submit a write-up of the following exercises by Monday, Nov. 1 at 5pm ET. Please follow
the same submission guidelines as for the homework - a separate PDF with your written results,
and a zip file containing any code (or a jupyter notebook if you prefer).

Exercise 1: Red light, green light

In this problem, we will consider the behavior of traffic on a stretch of road x ∈ [−1, 1] due to a
traffic light at x = 1.

a) Consider the 1D LWR traffic model with car density u ∈ [0, 1], traffic flow velocity v = 1− u ∈
[0, 1], and the flux f = vu. What is the analytic expression for the characteristic velocity c(u)
for this model? For what values of u is the characteristic velocity negative?

b) Consider the discretization
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where the discrete characteristic velocity
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c) Implement the WENO scheme discussed in class to solve for the density in time using the
discretization in Equation 2. (You can use the notebook on implementing ENO from class as
a starting point.) Discretize the domain x ∈ [−1, 1] by m = 201 evenly-spaced points with
spacing ∆x = 2/(m− 1). Use a timestep of ∆t = 0.001 and integrate to a final time T = 1.5,
outputting 150 snapshots after the initial state (151 outputs total). As initial conditions, use the
step function
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for fixed values ul and ur. When the interpolant for Un
j+1/2 or Un

j−1/2 relies on points outside
the domain, use the ghost node approach and treat the density on these nodes as fixed at ul on
the left and ur on the right, respectively.

At each grid cell, the sign of the characteristic velocity Cn
j must be determined to select the

appropriate upwind condition. At the start of the step, compute the intermediate value
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from known values Un
j+1 and Uj−1, and use its sign to select the proper set of upwind inter-

polants and compute Un
j+1/2 and Un

j−1/2. Then compute the final characteristic velocity Cn
j

from Equation 3 and use it in the update rule given by Equation 2.

Run your program for the following two cases:

i) Red light: ul = 0.4, ur = 1.0. Physically, we imagine that the traffic light at x = 1 is
red, and the traffic is initially backed up and standing still from [0, 1] while more vehicles
approach from the left.

ii) Green light: ul = 1.0, ur = 0.4. Now, the light at x = 1 is green, and traffic on [0, 1] has
reduced, while cars on [−1, 0] are initially still at rest.

For each case, plot snapshots of the density at the four times t = 0, 0.5, 1, 1.5.

Exercise 2: Reference map advection
Extend your code from Exercise 1 to simultaneously solve for the reference map, X(x, t), in the
same way as the density u(x, t), using the discretization:
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with the characteristic velocity Cn
j given by Equation 3. Use the initial condition

X0
j = xj = −1 + j∆x (7)

and repeat the integration of the red and green light conditions from Exercise 1. As discussed
in class, we can visualize the characteristics of the traffic flow model as constant contours of the
reference map. Plot lines of constant X over time with t as the y−axis and x as the x−axis1. Check
your plots with the plots of characteristics presented in the class.

1One way to achieve this is by using a contour plot function such as matplotlib.pyplot.contour.
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