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Figure 1 Schematic diagram of constructing dual

topology network for urban road network
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Figure 2 Node state transition process in the SIR model
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Figure 3 Area current status and road network structure

illustration of Qinhuai District, Nanjing
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Figure 4 Dual topology network structure diagram of

urban road network
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Table 1 Node attributes, propagation rates and recovery rates

F5 0N K A m F5 N K A m F5 N K A m

1 3 0.36 0.380 0.612 24 4 0. 69 0.675  0.360 47 6 0. 65 0.672 0.424

2 4 0. 65 0.642  0.393 25 3 0.83 0.769  0.223 48 5 0.62 0.634 0.435

3 4 0. 82 0.782  0.253 26 4 0.52 0.534  0.501 49 5 0.71 0.708 0.361

4 4 0.56 0.567  0.468 27 5 0.74 0.733  0.336 50 4 0.53 0.542 0.493

5 4 0. 64 0.633  0.402 28 6 0. 47 0.523  0.573 51 5 0.55 0.576  0.493

6 3 0.32 0.347  0.645 29 6 0.62 0.647  0.449 52 6 0.37 0.441 0.656

7 3 0.62 0.595  0.397 30 5 0.63 0.642  0.427 53 5 0.54 0.568 0.501

8 4 0.43 0.460  0.576 31 5 0. 46 0.501  0.567 54 6 0. 46 0.515 0.581

9 4 0.31 0. 361 0. 675 32 5 0.37 0.427  0.642 55 6 0.51 0.556  0.540
10 5 0.27 0.344  0.725 33 6 0.43 0.490  0.606 56 3 0.63 0.604 0.388
11 4 0.35 0.394  0.642 34 6 0.42 0.482 0.614 57 4 0.45 0.476  0.559
12 4 0.41 0.443  0.592 35 6 0. 46 0.515 0.581 58 4 0.51 0.526 0.509
13 5 0.51 0.543  0.526 36 5 0.63 0.642  0.427 59 4 0.55 0.559 0.476
14 5 0.71 0.708  0.361 37 6 0.38 0.449  0.647 60 3 0. 64 0.612 0.380
15 5 0.42 0.468  0.601 38 6 0.78 0.780  0.316 61 3 0. 86 0.794 0.198
16 5 0.37 0.427  0.642 39 6 0. 67 0.689  0.407 62 3 0. 86 0.794 0.198
17 6 0. 44 0.499  0.598 40 6 0.7 0.714  0.382 63 5 0. 84 0.816 0.253
18 6 0. 38 0.449  0.647 41 5 0. 39 0.444  0.625 64 5 0.55 0.576  0.493
19 6 0.78 0.780  0.316 42 5 0. 40 0.452  0.617 65 5 0.63 0.642 0.427
20 5 0. 67 0.675  0.394 43 4 0.77 0.741  0.294 66 3 0.74 0.694 0.297
21 6 0.73 0.738  0.358 44 5 0.45 0.493  0.576 67 4 0.75 0.724 0.311
22 5 0.45 0.493  0.576 45 5 0.52 0.551 0.518 68 4 0.83 0.791 0.244
23 5 0.52 0. 551 0.518 46 6 0.55 0.590  0.507 69 3 0.70 0.661 0.331
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Figure 5 Network node state diagram
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Figure 6 SIR model congestion and recovery curves
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Analysis of Congestion Propagation in Urban Road Networks Based on the SIR Model

ZHENG Changjiang', ZHOU Sida', ZHENG Shukang®, MA Genghua’, ZHANG Bo', DAI Jinwen'

(1. College of Civil and Transportation Engineering, Hohai University, Nanjing 210098, China; 2. College of Environment, Hohai
University, Nanjing 210098, China; 3. College of Harbour, Coastal and Offshore Engineering, Hohai University, Nanjing 210098,
China)

Abstract; It is crucial to studying the propagation patterns of urban traffic congestion in alleviating traffic
problems. A propagation model of urban traffic congestion based on the SIR to analyze the propagation process of
urban traffic congestion was established. Firstly, the road dual topology network was constructed according to the
actual urban road network. The traffic congestion propagation model was developed based on the SIR. Considering
the complex network characteristics of road networks and the relevant attributes of roads themselves, the random
forest algorithm was introduced to compute the corresponding weights, determining key parameters such as the
propagation rate in the congestion model. Subsequently, using a specific area road network in Qinhuai District,
Nanjing City as an example, a city road dual topology network with 69 nodes and 163 links was constructed for sim-
ulation experiments. The results indicated that road node degree and road saturation were key factors influencing the
spread of road congestion. The impact of road node degree was relatively small, with the propagation range
increasing by within 5% and the recovery time being affected by around 10%. In contrast, the impact of road satu-
ration was relatively large. As saturation increased, the propagation range could grow by up to 40%, and the recov-
ery time could be affected by around 20%.

Keywords: SIR model; urban traffic; congestion propagation; road node degree; road saturation





