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Content

• Stochastic Approximations for the Network MFD

– MFD mostly depends on 2 parameters

• mean segment length to mean green ratio

• mean red to mean green ratio

• Symmetry in traffic flow 

– parameter-free representation of LWR model

– capacity and delay are invariant: choose fundamental 
diagram that simplifies the problem the most

• Realistic oscillations in car-following models 

– random error in drivers free-flow accelerations explains 
formation and propagation of oscillations
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• Insensitive to O-D demands and route choice

• Tool for macroscopic feedback monitoring and control 

C. F. Daganzo, “Urban gridlock: Macroscopic modeling and mitigation approaches,” Transp. Res. Part B Methodol., vol. 41, no. 1, pp. 49–62, Jan. 2007.

N. Geroliminis, C. F. Daganzo, “Existence of urban-scale macroscopic fundamental diagrams: some experimental findings,” Transp. Res. Part B

The Yokohama  MFD



5

• φ = maximum 
passing rate

• v = average 
observer speed

Method 
of Cuts

• analytical for homogeneous* corridors
• intractable for heterogeneous corridors ⇒ numerical 

methods (Leclercq and Geroliminis, 2013)

*homogeneous = same segment length and signal timing
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• stochastic method of cuts
• “stochastic corridor” MFD mostly depends on 2 parameters

λ = mean dimensionless segment length
ρ = mean red to green ratio

• matches well simulation of a corridor
• matches well Yokohama MFD using average λ and ρ

Findings
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homogeneous corridor heterogeneous corridor

Minimum paths

B

-

B Y

Y=inter-arrival time of a renewal process
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Isosceles transformation

GREENSHIELD IS BACK !!
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Yokohama MFD: symmetry

Empirical data from Yokohama city center (Geroliminis and 
Daganzo, 2008)
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conjecture: the distribution of network MFD is symmetric
⇒ The congested branch is a reflection of the free-flow branch 
with respect to L
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Table 1 in (Geroliminis and Daganzo, 2008) was used to derive avg λ=0.8 and avg ρ=1.65. 
We use δ=0.2.

conjecture network MFD ≈ stoch. corridor MFD with avg λ and ρ

Yokohama MFD: fit
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Recap
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The MFD of urban networks :
• mostly depends on 2 parameters

1/λ = density of traffic lights
ρ = mean red to green ratio

• is symmetric and delay is invariant 
• parabolic MFD should be good approx. and no need to go back 

to original cordinates!
• reduce cycle time on short blocks
• signal coordination might be overrated for some networks
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Extensions and outlook
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• Impacts of buses 
• Validation with more data: MFD Dataquest
• Macroscopic DTA for control
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Macroscopic DTA

• Greenshield approx anables analytical solutions for MFD 
densities under important family of demand curves, in 
the case of:

– single MFD, parallel MFDs, freeway vs MFD
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MFD Dataquest
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Sendai, Japan
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Example: An incident bottleneck
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Triangular FD

0 1

1

density

fl
o

w

-1/(1-)1/





20

Parameter-free representation of traffic flow 
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Example: An incident bottleneck

Same queue length and areas!
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An incident bottleneck
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An incident
bottleneck
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More Bns
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Main ideas

• Symmetry: An object is symmetrical if one can subject it 
to a certain operation and it appears exactly the same 
after the operation. The object is then said to be 
invariant with respect to the given operation. (Weyls)

• Conservation laws are invariant w.r.t. linear 
transformations of time and space

• TTT, TTD and delay can be invariant

– one may choose the FD that simplifies the problem the 
most

– does not require knowing the actual FD
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Transformations for Triangular FD
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Triangular transformations
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Triangular transformations

• Newell's (1993) transformation :  = 0 

– infinite free-flow speed

– standard method for calculating delays

• Mirror image of Newell's :  = 1 

– in congestion, waves travel infinitely fast 
upstream

– congested departure curves can be 
shifted vertically upwards by the jam 
accumulation between the two locations
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Triangular transformations

• Motion of “holes” : ‘= 1- 

– Newell (1993): inhomogeneous 
freeway solution

– Daganzo and Geroliminis (2008): 
MFD cuts in congestion

• Isosceles transformations :  = 1/2 

– fast numerical solution

– CTM becomes exact 

– No memory
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Introduction: NGSIM US-101
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Introduction: China CF experiment
• Tian et al, Trans. Res. B (2015)

• Jian et al, PloS one (2014)
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Introduction: China CF experiment
• Tian et al, Trans. Res. B (2015)

• Jian et al, PloS one (2014)
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Stochastic desired accelerations

a(v) = -0.0615 v + 1.042

R² = 0.6627
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• desired acceleration  vehicle downstream does not 
constrain the motion
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The SODE
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Plugin to Newell’s car-following model
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Model captures oscillation growth
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Model captures hysteresis
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Trajectory Explorer (trafficlab.ce.gatech.edu)
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Oscillations period and amplitude
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Car-following experiment #1
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Model captures “concavity”

• Tian et al, Trans. Res. B (2015)

• Jian et al, PloS one (2014)
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Does not capture capacity-BN speed relation
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Brownian motion formulation

a(v) = -0.0615 v + 1.042

R² = 0.6627
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• desired acceleration  vehicle downstream does not 
constrain the motion
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Geometric Brownian motion formulation

a(v) = -0.0615 v + 1.042

R² = 0.6627
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Q & A
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THANK YOU !


