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• Why?

The department is aiming to achieve 
the goal of <1% annual congestion 
growth over the next 10 years.  

• What?

Provide an approximate congestion 
growth rate based on the projection 
and trend of past congestion data.

• How?

Collect and analyze delay data 
reported by loop detectors 
throughout the state over the past 
10 years to estimate congestion 
growth rate for the next 10 years.

Problem Statement
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• Estimate congestion over the entire network. 

• Only considering the bottleneck sections 
may lead to an overestimation of 
congestion.

• The growth rate reflected is not necessarily 
an organic occurrence: It might be 
affected by the increased number of 
detectors. 

Concerns and Challenges
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Possible solution:

• Randomly select a small set of detectors 
and track their delay data over the years.

Concerns and Challenges

Problem:

• Underlying distribution of loop detectors may 
not be the same as underlying distribution of 
congestion.
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Simple random sampling
(20% sampling ratio)4 Detectors 8 Detectors



Stratified random sampling
(20% sampling ratio)

Higher population/VMT
Higher sampling ratio (67%)

8 Detectors

Higher population/VMT
Higher sampling ratio (33%)

4 Detectors
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solution:

• The entire state is stratified into different 
strata/districts and a random sample of 
detectors is selected within each district 
based on its relative weight.

• Weight the districts according to their total 
population or Vehicle Miles Traveled (VMT).

Concerns and Challenges
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• Congestion growth rate is defined as the year-over-year percentage increase 
in VHD on the California state highway system reported by the PeMS.

 

• VHD is the additional time that vehicles spend on a road segment due to 
congestion. It is defined as:

Vehicle Hours of Delay (VHD)

where

q = flow rate (veh/h)

T = observation interval (h)

t  = time (h)

d = total distance traveled by all the vehicles (miles)

L = length of segment (miles)

Vt= threshold speed (35 miles/h)

Vehicle Hours of Delay VHD  = q × T ×
L

ൗd
t

−
L

Vt
(1)
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Vehicle Miles Traveled (VMT)

• Vehicle Miles Traveled (VMT) is the total distance traveled by all vehicles 
passing through a specific freeway segment during a given time period, 
that is:

Vehicle Miles Traveled VMT  = q × L (2)

where

q = flow rate (veh/h)

L = length of segment (miles)
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• A total sample of n detectors can be chosen from the entire pool of 
available loop detectors (N), and each district’s sample size is then  
determined based on relative weight of each detector. 

Sampling Detectors

Total Sample Size (n) = Total Number of Detectors (N) × Sampling Ratio (%) (1)

District Weight =
District Population

California Population
 or 

Total District VMT 
Total California VMT

(2)

District Sample Size = Total Sample Size × District Weight (3)
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• District 3 Example:

Sampling Detectors

Total Sample Size (n) = Total Number of Detectors (N) × Sampling Ratio (%) = 7,137× 5% = 356

District 3 Weight =
District Population

California Population
 = 

2,946,455
39,538,223

 = 7.5%

District 3 Sample Size = 356 × 7.5% = 27 detectors
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Sampling Detectors

District Population Population weight Total VMT VMT weight
Number of 

detectors

Detectors 

proportion

D3 2,946,455 0.08 88,209,211,091 0.07 401 0.06

D4 7,765,640 0.20 289,704,250,657 0.22 1,957 0.27

D5 1,504,758 0.04 20,306,432,118 0.02 0 0.00

D6 2,699,747 0.07 46,161,465,681 0.03 82 0.01

D7 10,857,852 0.28 363,543,772,303 0.27 2,336 0.33

D8 4,599,839 0.12 220,231,098,536 0.16 490 0.07

D10 1,773,034 0.05 53,922,550,569 0.04 149 0.02

D11 3,478,336 0.09 133,276,115,892 0.10 447 0.06

D12 3,186,989 0.08 126,987,573,980 0.09 1,275 0.18

Table 1. Total VMT, population, and number of detectors of districts along with their corresponding weights.
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Sampling Detectors

District Sampled Detectors

D3 27

D4 71

D5 14

D6 25

D7 99

D8 42

D10 17

D11 32

D12 29

Table 2. Sample of detectors selected from each districts.
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Empirical Results

Figure 1. Monthly VMT data from different districts 

based on their selected sample of detectors.
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Empirical Results

Figure 3. Monthly VHD data from different districts 

based on their selected sample of detectors.
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Empirical Results

Figure 4. Total monthly VHD data for the state of California 

based on the selected sample of detectors.
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Empirical Results

Figure 5. The regression model applied to the natural logarithm of the VHD for all the detectors (left) 

and the sampled detectors (right).

(exp (0.008) - 1) × 100 = 0.85 (exp (0.007) - 1) × 100 = 0.71
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Forecasting Future
Regularized Polynomial Regression

{'polynomial_trans__degree’: 5, 'ridge__alpha’: 2} 

Figure 6. The regularized polynomial regression model applied for VHD prediction.
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Forecasting Future
Long Short-Term Memory (LSTM) Neural Network 

Figure 7. The LSTM model applied for short-term VHD prediction.
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Empirical Results

Figure 6. Delay per vehicle mile traveled.
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• This study employed a stratified 
random sampling methodology to 
estimate the congestion growth 
rate for the state of California.

• The results indicated that 
congestion is growing at a rate of 
8.5 percent per year, while the 
average vehicle miles traveled 
has remained relatively constant.

• In continuation of this research, 
the aim will be to predict 
congestion growth in California 
using a combination of statistical 
tools and machine learning 
techniques.

Conclusion
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