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Large-scale dynamic urban simulation
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MFD definition

Flow / Travel Production

Density

FD (local level)

Signals

MFD (network level)

Density or accumulation

FD + Network structure (topology / signal timings) + Route choices = MFD



Estimating the NMFD for a given area



Travel production and accumulation
Travel Production P

Accumulation N

P = DTT
Δt

= 1
Δt

di
i=1

n

∑

N = TTT
Δt

= 1
Δt

ti
i=1

n

∑

Aggregation over:

• Links
• Routes
• Probes…

Only these two variables are additive and are then scalable



Mean flow vs. outflow
Mean flow Q

Outflow Qout

Q = P
Ltot

Qout =
P
Ltrip

Similar in a link

But not in a network

Little’s formula
(requires steady-state)



Estimation from loop detectors

For the equipped network:

Scaling factor for the full network ?

P = qili    ;  ∑ N = kili   ∑

Ltot , full
Ltot ,equiped

?



Estimation from Probe vehicles

Veh k
∑

∑τ
= ∈

∈

V
d "

"
k

k K

k
k K

Probe vehicles provide a direct estimate 
for the mean network speed V:

Distance traveled

Travel time related to the Δt period 

P=V*N

A direct estimation of P and N from probe data require to estimate the scaling factor 
(penetration rate)
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The existing formulations
for NMFD models



The accumulation-based (bathtub) model

qin(t)

= −
dn t
dt

q t q t( ) ( ) ( )in out

qout(t)

The outflow-MFD is hard to calibrate in practice 
this is why the steady-state approximation is used

𝑞"#$ 𝑡 = 𝐺 𝑛 𝑡 =
𝑃(𝑛 𝑡 )

𝐿

Average trip length

Production-MFD

Outflow-MFD



Multi-reservoir systems

Network partition Flow exchanges DTA network
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Calibration of multi-reservoir systems

- MFD

- Trip lengths

- Path flow distributions
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D
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ControlApplication to the Lyon Metropolis



The Lyon network (1)

2.2. Simulation of traffic states for the Lyon metropolitan area (France)

corresponds to the urban area inside the first ring road of Lyon. This network comprises
27,000 links, with an area of 170 km2 and where around 1 million trips are recorded each day.
The network configuration with its environment is given in Figure 2.5. This area exchanges
traffic with its surroundings via mainly 4 freeways related to 4 origin/destination cities as
presented in Figure 2.5: freeway A6 from/to Paris, freeway A42 from/to Geneva, freeway
A43 from/to Grenoble and freeway A7 from/to Marseille.

Paris Geneva

Grenoble

Marseille

N

2 km

FIG. 2.5 – The network of Lyon-Villeurbanne with its urban environment (background map credits: c⃝ Open-
StreetMap)

The available network data includes the number of lanes and the signal settings at each
node with traffic lights. As mentioned in section ..., this can help to determine some charac-
teristic values for the MFD estimation.

Demand data
The demand was estimated for a typical weekday in a preliminary study from J. Krug and A.
Burianne, engineers members of the MAGnUM project. Their study uses a four-step model
based on household trip surveys and socio-demographic data to improve the localization of
trip origins and destinations. The estimated OD matrix is defined for each hour of the day
at the level of IRIS urban areas, the French partitioning system for demographical data. The
spatial extension of an IRIS area may thus vary as its definition is based on a fixed range
of inhabitants, workers, etc. In the network studied, each IRIS area comprises around 2000
inhabitants and may extend from 0.5 to 2 km2. The OD matrix also includes the demand for
trips from and to outside the perimeter of interest.

For this first application example, the network will be clustered into reservoirs by ag-
gregating several neighboring IRIS areas together (demand-oriented clustering). The total

p. 47 / 73



The Lyon network (2)
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3 clustering case studies:

1-reservoir, whole city 5-reservoir 10-reservoir



midday
period

0:00 4:00 8:00 12:00 16:00 20:00 24:00
time of the day

0

5

10

15

20

25

30

de
m

an
d 

(t)
 [v

eh
/s

]

total
ext. to ext.
int. to int.
ext. to int.
int. to ext.

Demand estimation

The OD matrix at the level of IRIS zones comes from Lyon authorities
(Household survey 2015)

Demographical partitioning of Lyon (IRIS zones)

Smooth demand evolution for the whole city



Trip lengths estimation (1)

(Batista et al., 2018)

4 methods based on a 
single local od trip 

sampling (10000) and 
then aggregation

Current reservoir (M1) Current and next reservoirs (M2)

Current, previous and next reservoirs (M3) Macro-routes (M4)
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Trip lengths estimation (2)
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Trip lengths estimation (3)
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Demand

Time-evolution of the accumulation
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MFD estimation

𝑉.$/ =
𝑇𝑇𝐷$234/

𝑇𝑇𝑇$234/

𝑃.$/ =
𝐿$"$/

𝐿56#47/ 8
56#47
94:; 4

𝑙4. 𝑞4,9""7,.$

𝑛.$/ =
𝑃.$/

𝑉.$/

Loop detectors (Feb 2011)
> Production in reservoir r

Taxi GPS trips (Feb 2011)
> Mean speed in reservoir r

> Accumulation in reservoir r



MFD estimation

𝑉.$/ =
𝑇𝑇𝐷$234/

𝑇𝑇𝑇$234/

𝑃.$/ =
𝐿$"$/

𝐿56#47/ 8
56#47
94:; 4

𝑙4. 𝑞4,9""7,.$

𝑛.$/ =
𝑃.$/

𝑉.$/

Loop detectors (Feb 2011)
> Production in reservoir r

Taxi GPS trips (Feb 2011)
> Mean speed in reservoir r

> Accumulation in reservoir r

Calibrating the scaling factor function 
is trickier than expected!

𝑃.$/ =
1
Γ/
. 8

56#47
94:; 4

𝑙4. 𝑞4,9""7,.$ =
1
Γ/
. 𝑃.$,56#47/



The 1-reservoir case – Scaling factor
Hypothesis:
In free-flow and steady state conditions, the total inflow
equals the total demand λ, thus the total production P can
be estimated with the mean trip length (L = 4300 m):

Γ =
𝑃56#47
A4BB2C

𝐿. 𝜆A4BB2C
= 0.065

𝑃A4BB2C = 𝐿. 𝜆A4BB2C =
1
Γ
. 𝑃56#47

A4BB2C

Hence, the scaling factor is estimated one for all at noon
as:



The 1-reservoir case – MFD
MFD fit with data from Feb, 1 to Feb, 4, 2011
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The 1-reservoir case – Simulation
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The 5-reservoir case – Scaling factor

Scaling factor? adjusted with the penetration rate of loop
detectors for each reservoir
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The 5-reservoir case – Path flows (1)
Path flow distribution?

R1R2
R3

R4
R5

𝐺𝑎𝑝 =8
"B

𝐺𝑎𝑝"B = 8
"B

8
7∈"B

𝛼7.
𝑇𝑇7 − min

7P∈"B
𝑇𝑇7P

min
7P∈"B

𝑇𝑇7P

𝛼7 =
𝜆7"B

𝜆"B
=?

measures how far users are 
complying with Wardrop’s
principle (Sbayti et al., 2007)

o

d

path p



The 5-reservoir case – Path flows (2)
Two ways to estimate the path flow distribution:
- Relying on a well-known network equilibrium principle (UE)
- Optimizing the flow distribution to match the data

Optimization method:
To avoid running the whole simulation and save
computational time, the total production is compared to 
data only at noon in assuming steady state conditions:

min8
/

𝑃56#47
/ − 𝑃R4A

/ S
where: 𝑃R4A

/ = Γ/8
7∈/

𝐿7/ . 𝛼7 . 𝜆"B (in steady state)

s.t. ∀𝑝, 0 ≤ 𝛼7 ≤ 1

∀𝑜𝑑, 8
7∈"B

𝛼7 = 1 Γ − 𝜖 ≤
∑/ 𝑃R4A/

∑/ Γ/. 𝑃R4A/
≤ Γ + 𝜖, Γ = 0.065
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 < 0.001 veh/s

 > 0.91 veh/s

 < 0.001 veh/s

  > 2.9 veh/s

R1
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R3

R4
R5

 < 0.001 veh/s

 > 0.91 veh/s

 < 0.001 veh/s

  > 2.9 veh/s

The 5-reservoir case – Simulations
Two simulations with different path flow calculations:

Wadrop flow assignment Flow optimization method

Gap = 5
3 % of OD with a Gapod > 0.2

Gap = 11
19 % of OD with a Gapod > 0.2

Γ/ = 0.7, 1, 0.8, 0.7, 1.3
𝐿$"$/

𝐿56#47/Γ/ = 0.8 0.8 0.8, 0.8, 2
𝐿$"$/

𝐿56#47/



The 5-reservoir case – Wardrop
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The 5-reservoir case – Flow optimization
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The 10-reservoir case – Scaling factor

Scaling factor adjusted with the 
penetration rate of loop
detectors for each reservoir:

Γ/ = 0.064, 0.055, 0.052, 0.087,0.003,0.025,0.063,0.026,0.11,0.072
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R10

 < 0.001 veh/s

 > 0.67 veh/s

 < 0.001 veh/s

  > 3.1 veh/s

The 10-reservoir case – Simulation
Only one simulation using the flow optimization method, 
as the global equilibrium hardly complies with Wardrop’s
principle

Gap = 61
31 % of OD with a Gapod > 0.2

Flow optimization method



The 10-reservoir case – Flow optimization

4:00 12:00 20:00
0

1000

2000

3000

ac
cu

m
ul

at
io

n 
nr  [v

eh
] (a) - R1

07-Feb-2011
08-Feb-2011
09-Feb-2011
10-Feb-2011
11-Feb-2011
14-Feb-2011
15-Feb-2011
16-Feb-2011
17-Feb-2011
18-Feb-2011
MFD sim

4:00 12:00 20:00
0

2000

4000
(b) - R2

4:00 12:00 20:00
0

2000

4000

6000
(c) - R3

4:00 12:00 20:00
0

2000

4000

6000

ac
cu

m
ul

at
io

n 
nr  [v

eh
] (d) - R4

4:00 12:00 20:00
0

5000

10000
(e) - R5

4:00 12:00 20:00
0

2000

4000
(f) - R6

4:00 12:00 20:00
0

2000

4000

6000

ac
cu

m
ul

at
io

n 
nr  [v

eh
] (g) - R7

4:00 12:00 20:00
time of the day

0

1000

2000

3000
(h) - R8

4:00 12:00 20:00
time of the day

0

2000

4000

6000
(i) - R9

4:00 12:00 20:00
time of the day

0

2000

4000

6000

ac
cu

m
ul

at
io

n 
nr  [v

eh
] (j) - R10



Conclusion



Conclusion

• Good match between MFD simulation and data thanks 
to the estimation of scaling factors that accounts for 
missing Eulerian observations (links with no loop 
detector)

• Reliable network equilibrium can be achieved using 
Wardrop’s principle to assign OD flows to regional paths 
when the number of reservoir is low (5-reservoir case)

• Path flow distribution estimation is critical with a higher 
number of reservoirs (10-reservoir case), no clear 
equilibrium principle



Thank you for your attention
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