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Background: Dynamax

Dutch Directorate-General for Public Works and Water Management  
(Rijkswaterstaat): project “Dynamical Speed Limits” (Dynamax).

2009: testing of adaptation of speed limits on motor ways to 

current conditions, in order to improve:

1. traffic flow: lower speed limit for better traffic
flow during rush-hours. A12 Gouda-Woerden

2. travel time: increase of speed limit from 100 to 120 km/h to 
reduce travel time during calm traffic. A1 Bussum-Muiderberg

3. safety: lower speed limit for increased safety during special 
weather conditions. A12 Gouda-Woerden � KNMI: rain radar

4. air quality: lower speed limit for reduction of traffic emmissions
during conditions of poor air quality. Reason: comply with daily
boundary value PM10. A58 bij Tilburg
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• EU-directive: concentration of fine dust (PM10) may 
exceed the boundary value (50 mg/m3) on no more 
than 35 days per year

• question: can the number of exceedances be 
decreased by preventive reduction of the speed limit?

• KNMI supplies operational forecast of the 
background concentration of PM10 (since febr. 2009)

• when an exceedance is forecast, one day in advance 
the speed limit is reduced to 80 km/h. Threshold:  40 
mg/m3 (boundary value – max. road contribution = 50 -
10)

• PM10 measured by TNO, NOx measured by M+P 
Raadgevende Ingenieurs

3.5 km

Tilburg

Dynamax air quality test
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• LOTOS-EUROS version 1.3 (early 2009), 

developed by TNO, RIVM and BPL

• NL-domain (± 15 km resolution)

• bias-correction for PM10

• 1 run per day (06:30 UTC)

• meteorology: ECMWF, analysis preceding day + 6-day forecast

• 7-day series of daily-average PM10 concentrations for grid box that contains 
test location

Model
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Forecast for day 2 is used.

Why 6-day forecast?

• Initially,  the idea was to use longer forecast, in order to facilitate planning by

traffic  police (speed limit enforcement)!

=> use of day 3 abandoned because of lower acceptance by drivers

• Meteorological 6-day forecast is available, so why not?

=> Existing forecasts of air quality: 2-3 days, to our knowledge only one 5-day

forecast (U.S.A., Baron Advanced Meteorological Services, MM5 +

CMAQ/MAQSIP-RT).

Model forecast range
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• regional LML-stations

• January – December 2009

Validation

0.74936.7-1.412.30.20.5355896
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Boylan & Russel, Atm. Env. 2006: PM-model is acceptable when Mean Fractional Bias �
±60% and Mean Fractional Error � 75%; PM-model is as good as possible when Mean 
Fractional Bias � ±30% and Mean Fractional Error � 50%.

Ct: anomaly-correlation, correlation between anomaly analysis-climatology and anomaly 
forecast-climatology. Forecast is usefull when Ct>0.6.
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Validation – exceedance statistics

Quantitative comparison of model values with observations of a binary 
quantity: 4 categories possible.

hit (H)false alarm (F)modelled event

miss (M)correct 
negative (C)

modelled non-
event

observed 
event

observed non-
event

Used metrics:
• False Alarm Ratio, FAR=FA/(H+FA): not observed fraction of modeled 
exceedances
• Probability of Detection (hit rate), POD=H/(H+M): fraction of observed events 
that was correctly modeled? 
• Critical Success Index (also called threat score), CSI=H/(H+M+FA): what 
fraction of the events, either modeled or observed, was correctly modeled?
• Weighted Success Index, WSI=(H+near-hits)/(H+M+FA)
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400.280.150.260.7414.314.6328.86
480.350.210.330.6412.814.2333.15
560.430.250.380.5812.914.2334.44
810.490.280.410.5412.513.9335.53
810.480.320.500.5314.814.1338.72
920.460.310.460.5214.214.9341.71

0.470.310.460.5214.415.1348.80
threshold = 50 mg/m 3

590.390.270.500.6341.930.8328.86
600.430.290.500.6037.930.5333.15
650.460.310.540.5839.930.8334.44
800.570.380.620.5038.430.8335.53
840.520.350.560.5235.930.9338.72
970.540.380.570.4734.631.9341.71

0.520.360.550.4834.432.6348.80
threshold = 40 mg/m 3
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success
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critical 
success
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(CSI)
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of detection
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false
alarm
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# modelled
exceedances
(avg./station)

# observed
exceedances
(avg./station)

# data pairs
(avg./station)

lead 
time

Validation – exceedance statistics
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Time series 2009, avg. over all regional stations
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Exceedances statistics as a function of wind direction and forecast period. Wind  directions are 
taken from the used meteorological analysis (day 0 of each forecast).

Example of influence meteorology upon forecast
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Results TNO:

With regard to PM10, the effects of 
dynamical speed limit reduction are 

poor:

• The effect on road contribution is 
undetermined, because measurement 
uncertainty was too large in view of small 
road contribution (and decreases therein 
due to speed limit reduction).

• The effect on the number of exceedance 
days for PM10: very moderate (9 � 8). On 
exceedance days near the motor way, the 
regional background concentration also 
exceeded the limit value in 66% of the 
cases.

A58
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Photo: M+P Raadgevende Ingenieurs

Results M+P:

Speed limit reduction has a significant effect 
on Nox emissions. The road contribution is 
reduced with 20 (± 11) %.
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Forecast:

• quality PM10 forecast is initially stable, decreases only from a lead time > 4 days
� use 3-day forecast, neglect later 1-day and 2-day forecasts
� usefull for implementation of measures for emission reduction, planning of

outdoor activities

• this is the case under different meteorological conditions

• until the end of the forecasting range, the forecast complies with general 
performance metrics and still has skill

• the forecast remains reasonably stable until a lead time of 4 days

Final report for Dynamax (in Dutch): 
www.knmi.nl/bibliotheek/knmipubTR/TR312.pdf

Air quality:

• road contribution PM10 small and NOx large, compared with background

• reduction in road contribution for NOx significant, not for  PM10

Conclusions


