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Abstract

:

Based on the road surface (bridge deck) temperature, relative humidity, air temperature, wind speed and precipitation observed at two road surface meteorological stations and two bridge deck meteorological stations, as well as subsurface temperature at different depths observed at Hefei meteorological station, the independent variables are selected to establish the relationship between these factors and road surface temperature, using random forest and stepwise regression. The performance of these two methods was compared, and the importance of each factor was analyzed. Results show that the road surface (bridge deck) temperature linearly correlates with air temperature. In the case of low air temperature conditions (air temperature ≤ 8 °C), the road surface temperature is mainly higher than air temperature observed at the same station, and the bridge deck temperature is mainly lower than air temperature. In the retrieving of road surface temperature and bridge deck temperature, the random forest algorithm has lower mean absolute error (MAE) and root mean square error (RMSE) than the stepwise regression algorithm, especially in the retrieving of road surface temperature. MAE of road surface temperature retrieved by random forest on two bridge deck stations is reduced by 0.19 °C and 0.26 °C compared with the stepwise regression, and RMSE is reduced by 0.33 °C and 0.49 °C, respectively. The bias in the retrievals can be originated from the model itself and the error in the observations. Among the factors in the random forest model, air temperature is the most important. Meanwhile, there are differences in the importance of each factor in the retrieval of road surface temperature and bridge deck temperature. The subsurface temperature is more important in retrieving road surface temperature, while humidity and wind speed are generally more important to bridge deck temperature. It should be noted that due to the limitation of the observations, this study did not consider the net radiative flux, and the influence of net radiative flux on bridge deck and road surface temperature may be different.
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1. Introduction


In recent years, road conditions have been greatly improved, and the mileage of expressways has increased by year with the rapid development of the economy in China. By the end of 2021, the mileage of expressways in China reached 169,100 km. Precipitation in the condition of low air temperature, ice fog and freezing fog could result in road icing [1]. Due to the high speed on the expressway, vehicles are more sensitive to high-impact weather conditions such as road icing [2]. The mechanisms of road icing mainly include hoar frost, freezing fog and frozen precipitation [3], which is mainly influenced by air temperature, cloud fraction and radiation [4,5]. The above-mentioned meteorological factors directly influence road surface temperature [6].



There are many factors that affect the road surface temperature, and it is difficult to achieve a universal retrieving method that is adaptive to road surface temperature in any scenario [7,8,9,10]. Recently, many studies focused on establishing the relationship between air temperature and road surface temperature. However, the existing observations reveal a complex relationship between air temperature and road surface temperature [8,10], and this relationship is influenced by the current and the previous weather conditions, surface conditions, atmospheric radiation, wind speed and direction, etc. [11]. The road surface is directly in contact with the ground. Since the ground temperature has a certain “memory effect”, the road surface temperature is not only closely related to the current weather, but also affected by the previous weather. For example, during the passage of a front, weather preceding the front, temperature difference when the front arrives, arrival time of the front, wind speed and the occurrence of precipitation influence the road surface temperature and air temperature to different degrees. This different impact complicates the relationship between road temperature and air temperature [8]. Moreover, the changing climate will lead to a more complicated change of air temperature in the future [12,13,14], making it more difficult to predict road surface temperature from air temperature. Previous studies have modeled road surface temperature from the perspective of geographical parameters. Results show that the model has the ability to explain up to 72% of the variation in road surface temperature purely by thermally projecting surface temperature using geographical variables [15]. Among all the factors that influence the road surface temperature, radiation is quite important since it complicates the near-surface profile of temperature and humidity [11]. To analyze the influence of radiation on road surface temperature, previous studies have tried different solutions such as numerical simulation [16], establishment of energy balance model [7], classification of cloud coverage [10], etc. However, the current numerical models are not ideal for predicting cloud coverage and aerosol conditions [17]. In recent years, thermal mapping has been widely used in the analysis of road surface temperature [18,19]. Marchetti et al. combined principal components analysis with thermal mapping. Principal components analysis is used to interpolate between individual thermal mapping surveys to build a thermal map, for a wider range of climatic conditions than that permitted by traditional surveys [19]. However, thermal mapping is quite complicated and the thermal mapping features of different road surfaces are different. In addition, the process of heat exchange between the surface and near-surface atmosphere is too complex to be accurately expressed by simple formulas, which also leads to a large difference between the retrieved road surface temperature and the observations. In addition to air temperature, wind speed, humidity and surface temperature should not be neglected [11,20,21]. At present, most studies use statistical methods to retrieve road surface temperature, for example, by establishing regression equations [20,21]. The random forest algorithm developed in recent years not only has advantages in classification, but also in regression problems [22]. At present, the random forest algorithm has been applied to retrieving meteorological factors and has achieved good results [23].



In this study, the ground surface is classified into road surface and bridge deck surface. The relationship between road surface temperature (bridge deck temperature) with air temperature, wind speed, relative humidity, precipitation and subsurface temperature at different depths are established using the random forest algorithm. The importance of each factor and the key meteorological factors affecting the road surface and bridge deck temperature are also analyzed.




2. Data and Methods


Data used in this study mainly include the subsurface temperature at different depths (including 5 cm, 10 cm, 15 cm, 20 cm, 40 cm, 80 cm, 160 cm and 320 cm) at a meteorological observation station located in Hefei City, Anhui Province, China. Other meteorological factors include surface temperature, air temperature, wind speed, relative humidity and precipitation at two road surface stations (referred to as road surface 1 and road surface 2) and two bridge deck stations (referred to as bridge deck 1 and bridge deck 2). Note that surface is used as a general term for road surface and bridge deck surface in this study. The surface temperature is detected by the infrared sensor, which is more reliable than that detected by the traditional surface mounted sensor [24]. All the above-mentioned stations (Figure 1) are located in Hefei, with relatively flat terrain. The temporal coverage of the observations is from 12 November 2021 to 30 March 2022, and the temporal resolution is one hour. According to the time of sunrise and sunset during the winter half year of Hefei, 08:00–17:00 (UTC + 8) is defined as daytime and the other time period of a day is defined as nighttime. To compare the model results, the independent sample test is used to evaluate the model performance. To be specific, 70% of the randomly selected samples are used as the training set and 30% of the samples are used as the test set. The main methods used in this paper include least square method, Pearson correlation, stepwise regression, random forest [25], etc. Mean absolute error (MAE) and root mean square error (RMSE) are introduced to evaluate the error, and t test is used in the correlation significance test. The equations for RMSE and MAE are as follows.


  MAE =  1 n    ∑   i = 1  n     O i  −  P i     










  RMSE =    1 n    ∑   i = 1  n       O i  −  P i     2     








where Oi is the observed surface temperature; Pi is the predicted surface temperature, and n represents the number of samples.




3. Relations between Surface Temperature and Meteorological Factors


3.1. Relations between Surface Temperature and Air Temperature


Air temperature is one of the most important factors affecting ground temperature [24]. Figure 2a,b indicates that surface temperature is significantly correlated with air temperature. The judgment coefficient R2 between road surface temperature and air temperature at the two road surface stations during the daytime is about 0.9, close to that during the nighttime. The linear equation indicates that when the air temperature changes by 1 °C, the change of road surface temperature is about 1.10 °C during the daytime and is about 0.83 °C during the nighttime. Additionally, under the same air temperature, the road surface temperature in the daytime is generally higher than that during the night, which is mainly because the road surface temperature during the daytime is also affected by solar radiation [21]. Figure 2c,d illustrates the linear relationship between the bridge deck temperature and air temperature. Under the same air temperature, the bridge deck temperature is also higher in the daytime than that in the nighttime. The higher surface temperature than air temperature during the daytime is more obvious over the bridge deck than that over the road surface. R2 of bridge deck 1 and 2 are also close in the daytime, which are 0.89 and 0.88, respectively. The bridge deck temperature shows a good agreement with air temperature with R2 being 0.98 and 0.99 at the two stations during the nighttime. Meanwhile, when the air temperature changes by 1 °C, the change of bridge deck temperature at two bridge deck stations reach 1.33 °C and 1.41 °C, respectively.



When air temperature is higher than 8 °C, the surface temperature is above 0 °C for both road surface and bridge deck (Figure 2). When air temperature is lower than or equal to 8 °C, the distribution of road surface temperature and bridge deck temperature against air temperature is shown in Figure 3. The abscissa value in the figure represents the range of ±0.5 °C. For example, 2 °C in the abscissa represents 1.5–2.5 °C. It can be seen under the same air temperature, the surface temperature is higher during the day than at night, which is consistent with the conclusion made from Figure 2. At road surface station 1 (Figure 3a), the road surface temperature is basically above 0 °C. At road surface station 2 (Figure 3b), when the daytime air temperature is around −4 °C or the nighttime air temperature is around −2 °C, the median of the corresponding road surface temperature drops below 0 °C. The change of bridge deck temperature is obviously different (Figure 3c,d). When the daytime temperature of the two bridge deck stations is about 3 °C, the median temperature of the bridge deck is below 0 °C, and when the nighttime air temperature is about 5 °C, the median temperature of the bridge deck is below 0 °C.




3.2. Relationship of Surface Temperature with Other Meteorological Factors


The biggest structural difference between bridge deck and road surface lies in that the road surface is directly in contact with the soil and is obviously affected by subsurface temperature, which has a “memory effect” [20]. Hefei Station is the nearest meteorological station with subsurface temperature observations to the four road observation stations. Figure 4 shows the hourly variations of air temperature and subsurface temperature at different depths at Hefei station. The variation of air temperature is the most obvious during the study period, and the variation cycle of subsurface temperature changes with depth. When the depth is less than 20 cm, there is a certain degree of diurnal variation of subsurface temperature. When the depth reaches 40 cm, the subsurface temperature mainly reflects the cycle of weather process, and when the depth reaches 80 cm or more, the variations of subsurface temperature mainly represent the seasonal variation.



To quantify the relationship between surface temperature and other meteorological factors, air temperature, relative humidity, wind speed, precipitation and subsurface temperature at various depths of Hefei station were selected. A series of time coefficient was added to distinguish the daytime and the nighttime. Between 8 am–17 pm (UTC + 8) was defined as daytime and was set to be 1, while the remaining period was taken as nighttime and was set to be 0. The descriptions of the variables are shown in Table 1.



From the correlation coefficients between surface temperature and meteorological factors shown in Figure 5, surface temperature has the highest correlation with air temperature, and is closely related to mean air temperature, maximum and minimum air temperature in the past 6 h, and minimum temperature in the past 24 h. In addition, the correlation between surface temperature and subsurface temperature decreases with depth, and the highest correlation coefficient is with subsurface temperature at 5 cm depth. The correlation coefficient between surface temperature and the time coefficient also passed the significance level of 0.05, indicating that time factor also has a significant impact on surface temperature. In addition, surface temperature highly correlates with relative humidity, however, correlations between surface temperature and all kinds of precipitation factors are weak.





4. Surface Temperature Retrieving Model


Taking each factor in Table 1 as the independent variable, the random forest algorithm was used to establish the retrieving model of surface temperature, and the stepwise regression method was used as a comparison. In the stepwise regression, the number of equations passed the significance test is 21, 17, 16 and 9 at road surface station 1, road surface station 2, bridge deck station 1 and bridge deck station 2, respectively. Figure 6 shows the ME and RMSE of the top 15 models with the minimum RMSE (9 for bridge deck 2). On the whole, the fitting error of the equation decreases with the increase in the number of factors. In the fitting of road surface temperature, the errors in the first six equations decrease obviously with the increase in the number of factors, and then slowly decrease. Different from the bridge deck temperature, in the first three equations for bridge deck temperature, the error decreases rapidly with the increase in the number of factors, and then the error shows little decrease with the increase in factors. The error of bridge deck temperature is less than that of road surface temperature when the number of factor is 2 or more. The regression equations of each station were established by combining MSE, RMSE and the complexity of the equation (Table 2).



The regression coefficients in the stepwise regression equation established in Table 2 are unstandardized regression coefficients, which are the original regression coefficients corresponding to different independent variables in the equation. Unstandardized regression coefficients reflect the effect of each unit change of the independent variable on the dependent variable when other factors remain unchanged. The dependent variable can be predicted by equations constructed with unstandardized regression coefficients and constant terms. However, the unstandardized regression coefficients of different variables were not comparable, so the standardized regression coefficients of each variable were calculated (Table 3). The factors related to air temperature and shallow subsurface temperature have greater effects on the surface temperature, while the factors related to precipitation have a smaller effect. Meanwhile, air temperature is more important in retrieving bridge deck temperature than that of road surface temperature.



In the random forest algorithm, the maximum depth and the number of trees are adjusted. Various combinations of the maximum depth from 2 to 50 and the number of trees from 1 to 200 are traversed. MAE and RMSE of each combination are compared, and the number of trees is set to be 100 and the maximum depth ranges from 10 to 15 (Table 4). The other parameters of the random forest method in Scikit-learn are default.



The random forest algorithm calculates the importance of each factor in reducing RMSE (Figure 7). Air temperature is the most important in all models, and surface temperature is generally more important in road surface temperature models. Relative humidity and wind speed are more important in bridge deck temperature models. The importance of all precipitation factors ranked the last, so precipitation has relatively little influence on surface temperature. It should be noted that precipitation here simply refers to the amount of precipitation. Studies have shown that the phase of precipitation has great influence on road surface temperature [26,27]. The influence of precipitation phase changes is not considered here due to the lack of observations. Meanwhile, the probability of the occurrence of each factor in the stepwise regression equation is calculated and the factors with higher importance in the random forest model have higher probability of occurrence in the stepwise regression. However, there are exceptions for some factors. The subsurface temperature at 10 cm depth is relatively less important in random forest models, but has a high probability of occurrence in stepwise regression algorithms.



Based on the stepwise regression equation in Table 3 and the random forest model shown in Table 4, the training set was used to establish the model and the test set was used for the test. Figure 8 and Figure 9 show the scatter distribution of observations and retrievals of road surface (bridge deck) temperature using the stepwise regression model and random forest model, respectively. The road surface temperature retrieved by stepwise regression is consistent with the observations (Figure 8). The retrievals of temperature over bridge deck are better than those over road surface, especially near 0 °C. Therefore, the model can accurately retrieve the bridge deck temperature.



Compared with the stepwise regression model, the consistency between the observed and retrieved surface temperature using the random forest model is improved to a certain extent (Figure 9), especially in the retrieving of road temperature. In the retrieval of bridge deck temperature, the two models exhibit similar retrieving ability.



The training set was used to establish the model, and the test set was used to calculate MAE and RMSE (Figure 10). MAE of the two road surface stations retrieved by the random forest model are 0.57 °C and 0.53 °C, and RMSE are 0.57 °C and 0.63 °C, respectively. MAE of the two bridge deck stations are 0.59 °C and 0.56 °C, and RMSE are 0.89 °C and 0.87 °C, respectively. The random forest algorithm is superior to the stepwise regression algorithm in both road surface and bridge deck temperature retrieving. Especially in the retrieving of road surface temperature, MAE decreases by 0.19 °C and 0.26 °C, and RMSE decreases by 0.33 °C and 0.49 °C using the random forest model. The bias in the retrievals can be originated from the model itself as well as the error in the observations [28,29]. Meanwhile, the ability of the random forest method in retrieving bridge deck temperature is better than that of road surface, however, the ability of stepwise regression in retrieving road surface temperature is better than that of bridge deck.




5. Conclusions and Discussion


In this study, we analyze the relationship between surface temperature and air temperature, and establish the models between various meteorological factors and surface temperature using the random forest and stepwise regression method. The performance of the two methods is compared, and the relative importance of each factor in the inversion process is analyzed. Results are as follows:




	(1)

	
The road surface (bridge deck) temperature linearly correlates with air temperature. The correlation coefficient at night is higher than that during the day, and is higher at the road surface. Under low temperature conditions (air temperature ≤ 8 °C), the road surface temperature is higher than air temperature, and the bridge deck temperature is lower than the air temperature. When the air temperature is between −4 °C and −2 °C, the median value of road surface temperature falls below 0 °C; when the air temperature is between 3 °C and 5 °C, the median value of bridge deck temperature falls below 0 °C.




	(2)

	
The retrieving errors of the random forest model are smaller than those of stepwise regression for both road surface and bridge deck, and the improvement on road surface is more obvious using the random forest model. Compared with stepwise regression, MAE of road surface temperature based on the random forest model are reduced by 0.19 °C and 0.26 °C, respectively, and RMSE are reduced by 0.33 °C and 0.49 °C, respectively. The bias in the retrievals can be originated from the model itself as well as the error in the observations.




	(3)

	
Among the factors selected by the random forest model, temperature is the most important. Meanwhile, the importance of each factor is different in the retrieval of road surface and bridge deck temperature. Ground temperature is more important in road surface temperature retrieval, while humidity and wind speed are generally more important in bridge deck temperature retrieval. The precipitation factors are least important in both models.









The correlation between daytime air temperature and road surface temperature (bridge deck surface temperature) is significantly lower than that at night, mainly due to the influence of radiation during the daytime [9,30]. Especially in the precipitation process, the composition of clouds is complex, cloud amount, cloud composition and the time of the occurrence of cloud and precipitation will affect the radiation received by the road surface (bridge deck) [31]. The large variations in radiation lead to a lower correlation during the daytime than the nighttime [9]. There are no radiation observations in the study area, and there are few radiation observation stations in China. The retrieving accuracy of road surface (bridge deck) temperature will be greatly improved if radiation observations can be introduced. Radiation is related not only to road surface temperature but also the formation of fog, which plays an important role in road icing [32].
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Figure 1. The spatial distribution of meteorological stations and the surrounding topography. (■: subsurface temperature observational site; ●: road surface station; ○: bridge deck station; shaded area indicates topography, unit: m). 
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Figure 2. Distribution of road surface (bridge deck) temperature against air temperature at road surface station 1 (a), road surface station 2 (b), bridge deck station 1 (c) and bridge deck station 2 (d) (● represents daytime; ● represents nighttime; unit: °C). 
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Figure 3. Box diagram of air temperature against surface temperature at road surface station 1 (a), road surface station 2 (b), bridge deck station 1 (c), bridge deck station 2 (d). (White box is for daytime; gray box is for nighttime. The abscissa value represents a range of ±0.5 °C.) 
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Figure 4. Variations of hourly air temperature and subsurface temperature at Hefei station from 11 December 2021 to 30 March 2022 (Ta_2m represents air temperature at 2 m; SBT_10 cm, SBT_20 cm, SBT_40 cm, SBT_80 cm, SBT_160 cm, SBT_320 cm represent subsurface temperature at 10 cm, 20 cm, 40 cm, 80 cm, 160 cm and 320 cm). 
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Figure 5. Correlation coefficient between surface temperature and other meteorological factors at (a) road surface station 1, (b) road surface station 2, (c) bridge deck station 1, (d) bridge deck station 2 (dashed line represent the significant level of 0.05). 
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Figure 6. MAE (a) and RMSE (b) for the stepwise regression models sorted by RMSE in reverse order (line: MAE and RMSE for each model; bar: number of factors in each model; ● selected models). 
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Figure 7. The importance of each factor in the random forest model (white bar) and the possibility of the occurrence of each factor in step wise regression model (gray bar) at (a) road surface station 1, (b) road surface station 2, (c) bridge deck station 1, (d) bridge deck station 2. 
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Figure 8. Scatter plot for observations and retrievals of road surface (bridge deck) temperature using stepwise regression model at road surface station 1 (a), road surface station 2 (b), bridge deck station 1 (c), and bridge deck station 2 (d). 
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Figure 9. Scatter plot for observations and retrievals of road surface (bridge deck) temperature using the random forest model at road surface station 1 (a), road surface station 2 (b), bridge deck station 1 (c), and bridge deck station 2 (d). 
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[image: Atmosphere 13 01491 g009a][image: Atmosphere 13 01491 g009b]







[image: Atmosphere 13 01491 g010 550] 





Figure 10. MAE (a) and RMSE (b) for the stepwise regression and random forest model (gray bar: stepwise regression, black bar: random forest model). 
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Table 1. Descriptions of meteorological factors.






Table 1. Descriptions of meteorological factors.





	Order Number
	Variable
	Unit
	Abbreviation





	1
	air temperature
	°C
	Ta



	2
	relative humidity
	%
	RH



	3
	wind speed at 10 m
	m⋅s−1
	WS



	4
	mean air temperature during the past 6 h
	°C
	Taave_6 h



	5
	maximum temperature during the past 6 h
	°C
	Tamax_6 h



	6
	minimum temperature during the past 6 h
	°C
	Tamin_6 h



	7
	mean air temperature during the past 24 h
	°C
	Taave_24 h



	8
	maximum temperature during the past 24 h
	°C
	Tamax_24 h



	9
	minimum temperature during the past 24 h
	°C
	Tamin_24 h



	10
	mean air temperature during the past 240 h
	°C
	Taave_240 h



	11
	1 h accumulated precipitation
	mm
	PRE_1 h



	12
	6 h accumulated precipitation
	mm
	PRE_6 h



	13
	24 h accumulated precipitation
	mm
	PRE_24 h



	14
	subsurface temperature at 5 cm
	°C
	SBT_5 cm



	15
	subsurface temperature at 10 cm
	°C
	SBT_10 cm



	16
	subsurface temperature at 15 cm
	°C
	SBT_15 cm



	17
	subsurface temperature at 20 m
	°C
	SBT_20 cm



	18
	subsurface temperature at 40 cm
	°C
	SBT_40 Cm



	19
	subsurface temperature at 80 cm
	°C
	SBT_80 cm



	20
	subsurface temperature at 160 cm
	°C
	SBT_160 cm



	21
	subsurface temperature at 320 cm
	°C
	SBT_320 cm



	22
	time coefficient
	--
	Tinfo (1 and 0 represent day and night)
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Table 2. Stepwise regression models for each station.






Table 2. Stepwise regression models for each station.





	Station
	Regression





	road station 1
	−5.788 + 0.537 × Ta + 0.664 × SBT_320 cm − 0.128 × Tamin_6 h + 2.114 × SBT_5 cm − 3.129 × SBT_10 cm + 0.108 × Tamin_24 h − 0.342 × WS + 1.486 × SBT_15 cm − 0.107 × Taave_240 h



	road station 2
	−10.548 + 0.620 × Ta − 0.192 × Tamin_6 h + 2.221 × SBT_5 cm − 2.515 × SBT_10 cm − 1.652 × SBT_160 cm − 0.571 × Taave_240 h + 0.870 × SBT_40 cm + 0.124 × Tamax_6 h+ 0.994 × SBT_320 cm + 0.147×Tamin_24 h + 1.708 × SBT_80 cm − 0.021 × PRE_24 h



	bridge station 1
	−5.292 + 1.411 × Ta − 0.788 × Tamin_6 h + 1.531 × SBT_5 cm + 0.332 × Tinfo + 0.106 × Taave_24 h − 2.656 × SBT_10 cm + 1.582 × SBT_15 cm − 0.014 × RH



	bridge station 2
	−4.493 + 1.090 × Ta − 0.626 × Tamin_6 h + 2.04 × SBT_5 cm − 2.737 × SBT_10 cm + 1.274 × SBT_20 cm − 0.016 × RH + 0.165 × Tamax_6 h
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Table 3. The standardized regression coefficients of each factor in the stepwise regression for each site.






Table 3. The standardized regression coefficients of each factor in the stepwise regression for each site.





	Station
	Road Station 1
	Road Station 2
	Bridge Station 1
	Bridge Station 2





	Ta
	0.511
	0.496
	1.013
	0.761



	RH
	/
	/
	−0.081
	−0.076



	WS
	0.079
	/
	/
	/



	Taave_6 h
	/
	/
	/
	/



	Tamax_6 h
	/
	0.125
	/
	0.139



	Tamin_6 h
	−0.128
	0.163
	−0.588
	−0.465



	Taave_24 h
	/
	/
	/
	/



	Tamax_24 h
	/
	/
	/
	/



	Tamin_24 h
	0.109
	0.123
	0.092
	/



	Taave_240 h
	−0.126
	−0.551
	0.080
	/



	PRE_1 h
	/
	/
	/
	/



	PRE_6 h
	/
	/
	/
	/



	PRE_24 h
	/
	−0.046
	/
	/



	SBT_5 cm
	1.666
	1.480
	1.043
	1.243



	SBT_10 cm
	−2.394
	−1.549
	−1.569
	−1.424



	SBT_15 cm
	1.161
	/
	0.944
	/



	SBT_20 cm
	/
	/
	/
	0.660



	SBT_40 cm
	/
	0.558
	/
	/



	SBT_80 cm
	/
	1.117
	/
	/



	SBT_160 cm
	/
	−1.032
	/
	/



	SBT_320 cm
	0.309
	0.409
	/
	/



	Tinfo (1 and 0 represent

day and night)
	/
	/
	0.048
	/
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Table 4. The parameters in the random forest model at each station.






Table 4. The parameters in the random forest model at each station.





	Station
	Parameters





	road station 1
	n_estimators = 100, max_depth = 13



	road station 2
	n_estimators = 100, max_depth = 15



	bridge station 1
	n_estimators = 100, max_depth = 10



	bridge station 2
	n_estimators = 100, max_depth = 13
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