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Abstract 
One of the methods that have been used in order to mitigate the air pollution problem is 
the IM program in order to identify the high polluting vehicle and make them to adjust 
their engine in accordance to the emission standards. In Iran due to the air pollution 
problems the government operates a rudimentary IM program based on the idle engine 
test utilizing an exhaust gas analyzer which should be done annually. The test results 
which contains the vehicle characteristics such as weight, model year and vehicle type 
are gathered on the test center. While IM programs usually regarded as a useful tool for 
soothing the air pollution, one of the criticisms about the program is that it is required 
for the entire fleet and it reduces the cost effectiveness of the program. This paper seeks 
for a basis for selective sampling that is more likely to fail the emission test. 
This research studies the relationship between the vehicular characteristics and 
emission. Nearly 49000 data gathered from the IM center in Mashhad. Each data set 
contains information about the CO and HC emission and vehicle age, weight, type and 
ownership. This data used in order to estimate Logit models of test failures and 
regression models of emissions. 
The results indicates that vehicle age, type and ownership play a significant role both in 
probability of   emission test failure and amount of predicted vehicular emission. 
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1- Introduction 

Air pollution problem has become a major problem in Iran urban areas like 
Tehran and some other cities. Due this fact there has been a 60% increase in 
reciprocal diseases in Tehran and the 5 year reduction in average life time in 
this city. [1] 
Due to the “Clean air Act in Tehran” in 2000, One the major tools that has 
been used to improve the urban air pollution is the I/M programs that has been 
done annually to check the emission from the vehicle in order to match with 
the pollution standards. The high polluting vehicles have to undergo the 
necessary repairs. In this research the I/M data from the Mashhad database 
with 49000 recorded vehicles data has been used. This data set includes the 
information about the vehicle such as usage, type, age and weight and the 
recorded CO and HC emissions. The objective of this research is to make a 
model for the CO and HC emissions and a logit model for the probability of 
emission test failure with the vehicle characteristics.  
 
2- Literature review  

Pendian et al in 2001 with use of the Seattle database have showed that the 
vehicle type, age and number of cylinders have effect on the vehicle produced 
emissions. Okmyung also, in 2003 with the Portland database has built a Logit 
model for the probability of HC and CO test failure and showed that vehicle 
age, Engine volume and the mileage has a direct effect on this probability.  
Fiez et al in Nepal have used the recorded data in the I/M centers in this 
country in 2006 to investigate the effect of age, mileage and usage on emitted 
pollutant. They also analyzed the efficiency of this test in relation to the 
percentage of accepted vehicles and the real driving cycle emissions on the 
road. Beydun et al in 2004 with gathering the database of 3 I/M center in US 
built regression model for the CO and HC emissions and a logit model for the 
probability of emission test failure  and showed the considerable effect of 
vehicle manufacturer, age and fuel efficiency on emissions and test failure 
probability. In Iran in 1994 Moazami collected the I/M data from Tehran and 
built a regression models for CO, HC and CO2 emissions and cleared the 
effect of age, battery voltage, number of cylinders and the environment 
temperature of the test day on the emissions and Vaziri uses this data for 
Neural network models of emission and obtained models with lower RSME. 
 
 



 

 

3- Data source 

The I/M testing records in Mashhad from August 2010 to October 2011 are 
used in this research. The I/M program in Iran requires the entire four wheeled 
gasoline vehicle to participate once a year and measures CO, HC, CO2 and O2 
apart from the safety related subjects such as the side slip. HC is measured in 
PPM while CO, CO2 and O2 are measured in volume percentage. 
If a vehicle fails a test it should be repaired and then tested again in order to 
meet the related criteria. In this research the CO and HC pollutant are 
considered as the measure for a vehicle in order to pass or fail the emission 
test because the emitted O2 is used to see if there is a leakage in the exhaust 
system. The standards for HC and CO are shown in table 1. 

 

Table1- the emission standards 
emission standards 
HC below 400 PPM 
CO Below 4% 
 

More than 49000 data were collected from the I/M center. This data set includes 
information about the emitted pollutant, and vehicle characteristic such as vehicle 
model year, usage, mark and total weight. Table 2 shows the distribution of the 
emission reading of the HC and CO pollutant, the related standards and the mean 
for the entire fleet. The combination of the fleet due to the database includes 
49807 recorded data about the first time tested vehicles. Among these vehicles 
4.2% are taxis. 90% of the fleet is combined of vehicle marks named Pride, 
Peugeot, Peykan ,Peykan Vanet and Samand, Renault, Sepand, Mazda Vanet and 
Nissan vanet and due to this fact a binary variable for each vehicle mark is used 
for modeling. The fleet mean of vehicle age is 8 years old and the mean of 
vehicle weight is 1165.26. 9.9% of the vehicles failed the emission test for the 
first time. 10.7% did not meet the HC and 9.6% did not meet the CO standards. 

 

Table 2- the distribution of the emissions 
HC CO percentile 
9000 13.57 100 
1597 10.74 99 
741 7.6 95 
452 3.93 90 
307 1.89 75 
209 0.67 50 
149 0.43 25 
107 0.18 10 
84 0.09 5 
47 0.01 1 
243.21 1.32 Mean 

<٤٠٠  <٤  Standard 



 

 

As indicated table 2, the distribution shows a great skewness. For example   
the dirties 5% of the vehicles produce at least 7.61% CO pollutant considering 
that this number is 0.67 for 50% of the fleet. 90% of the fleet has CO and 75% 
of the fleet has HC standards in reference to table 2. Table 3 is the name and 
definition of the used variable in the models.  

 

Table 3- Variables in the models 
number name unit symbol 
1 usage 1 of taxi otherwise 0 NMPTY 
2 vehicle mark 1 for Pride otherwise 

0 
NMVPR 

3 1 for Peykan 
otherwise 0 

NMVPY 

4 1 for Vanet Peykan 
otherwise 0 

NMVPV 

5 1 for Peugeot 
otherwise 0 

NMVPG 

6 1 for Samand 
otherwise 0 

NMVSM 

7 1 for Mazda Vanet 
otherwise 0 

NMVMZ 

8 1 for Sepand 
otherwise 0 

NMVSP 

9 1 for Nissan Vanet 
otherwise 0 

NMVNS 

10 1 for Renault 
otherwise 0 

NMVRN 

11 vehicle model year Model year NMYEA 
12 Vehicle weight KG NMWTO 
13 CO emission % PMCOV 
14 HC emission PPM PMHCP 

 
Table 4 and 5 shows the CO and HC mean and emission test failure for 
different age groups and different vehicle marks. As indicated in table 4 
emission test failure percent and the mean of CO and HC are increased with 
the increase of vehicle age. Among different marks of vehicles Renault and 
Peykan has greatest number of vehicle emission test failure and CO And HC 
mean and Samand And Peugeot has the smallest numbers.  
  



 

 

Table 4- the emission variables in age categories 
Emission 
test 
failure 
percent 

Mean HC Mean CO Number of 
observation 

vehicle 
age 

2.3 210.95 0.99 ١٥٢٥٨ Less than 
4 

7.3 263.38 1.48 20738 4 to 8 
21.1 370.13 2.57 7111 8 to 12 
21.9 392.45 2.62 2534 12 to 16 
22.8 364.74 2.29 1117 16 to 20 
25.9 446.58 2.90 3145 more 

than 20 
9.9 243.21 1.32 ٤٩٨٠٧ Total 

 
Table 5- the emission variables in vehicle mark categories 

emission 
test 
failure 
percent 

Mean 
HC 

Mean 
CO 

Vehicle 
Mean 
age 

Number of 
observations 

Vehicle 
Mark 

8.3 266.89 1.40 5.83 ١٧٥٨٤ Pride 
4.1 225.57 1.28 5.6 11423 Peugeot 
20.9 376.5 2.61 13.74 7857 Peykan 
13.7 335.35 2.01 8.66 1864 Peykan 

Vanet 
1 195.55 1.02 5.28 2055 Samand 
11.5 295.45 1.83 11.93 776 Mazda 

Vanet 
7.9 276.35 1.4 5.45 1662 Sepand 
20.6 436.61 2.48 14.53 1122 Renault 

12.9 302.54 1.96 10.37 1576 Nissan 
Vanet 

9.9 243.21 1.32 8 49807 Total 

 
4-Logit Model 

In order to analyze the effect of the vehicle characteristics on probability of 
emission test failure a Logit model has been used. Logit model has a general 
form as follows 
    (  = 1) =     (  )     (  )                                       (1) 
When p (f=1) is the probability of vehicle emission test failure and BX in 
vehicle characteristics vector. For each observation the measured dependant 
variable is f=1 if the vehicle fails the test and f=0 if the vehicle pass the test. 
Maximum likelihood estimation procedure select values for parameters that 



 

 

make the observed pattern of test result would occur. Table 6 is the 
importance and effect of each variable on emission test failure probability. 

 
Table 6 – the effect of each variable on emission test failure 

Probability of 
HC test failure 

probability of 
CO test failure 

probability of 
emission test 
failure 

variable 

- - - NMYEA 
- - - NMPTY 
not significant not significant not significant NMVPR 
- - - NMVPG 
+ + + NMVPY 
+ + + NMVPV 
- - - NMVSM 
not significant not significant + NMVMZ 
+ + + NMVRN 
not significant not significant not significant NMVSP 
+ + + NMVNS 
not significant not significant not significant NMWTO 

 
As it can be inferred from the table, in accordance to expectations the effect of 
vehicle age on emission tests failure in negative. It means that newer vehicles 
have less probability of emission test failure. Peykan, peykan vanet, Renault 
and Nissan vanet increase the probability of test failure while Samand and 
Peugeot decrease this probability. Mazda vanet increase the overall emission 
test failure but it does not have effect on each emission test failure. Pride and 
vehicle weight`s effect is not considerable. The effect of vehicle usage on the 
probability is negative is because of the more restricted I/M program 
procedure that has been conducted on this type of vehicles. The public 
transportation fleet has to undergo an I/M program with 3 month validity 
which means that these types of vehicles has smaller probability of emission 
test failure. Table 7 is the model estimated coefficients for the Probability of 
test failure Logit model with the maximum likelihood procedure. The Wald 
index has the interpretation like t index in regression model and the higher 
values indicates the more significance of the calculated coefficient. Due to this 
criterion all the estimated coefficients are acceptable and their significance is 
verified with 0.05 criterion. One of the used methods in order to evaluate the 
Logit models is the percentage of correctly anticipated results and due to this 
criterion the presented Logit model anticipate 90.2% CO test results, 89.7% 
HC test results and 72.5% overall emission test results correctly. For instance 
probability of emission test failure for a Peugeot which is used as a taxi with is 



 

 

produced in 2005 is 0.2% for CO test, almost 0 for HC test and 0.1% for 
overall emission test.  

 
Table 8- the estimated coefficients for emission test failure Logit models 

HC emission test  CO emission test  Overall emission test    
Wald  B  Wald  B  Wald  B variable  

792.49 80.03 852.51 81.55 408.04 47.46 Constant  
1081.59  0.62 -  982.21 0.06 - 507.75  0.03 -  NMYEA  

76.50  -3.11 60.22  -3.85 21.28  2.9 - NMPTY  
293.63  -0.89 179.50  0.70 -  189.53  0.38 -  NMVPG  

95.15  0.37 323.64  0.68 146.11  0.36 NMVPY  
8.29  0.20 25.29  0.36 29.89  0.28 NMVPV  

97.31  -2.23 80.98  -2.20 81.35  0.54 - NMVSM  
- - - - 9.51 0.24 NMVMZ 

15.12 0.52 67.19 0.61 31.71 0.36 NMVRN 
15.12 0.37 6.46 0.24 19.94 0.30 NMVNS 

 
5-reggresion model 

In order to predict the amount of emission from vehicles a regression model is 
made. The SPSS Stepwise method is used. The F index is the criterion in this 
method in order to add to remove a variable from the model in each step. 
Default values of F for adding and removing a variable is considered 0.05 and 
0.01.  Table 9 is the result of this method in order to make models to predict 
the amount of emission. 

 
Table 9- Regression models for predicting emitted emissions 

F R2 t b Independent 
variable 

Dependant variable Model 
number 

 
 
 
 
11.315 
 
 

 
 
 
 
0.076 

41.490 96.981 Constant  
 
 
 
PMVCO 
 

 
 
 
 
1 
 

-40.481 -0.69 NMYEA 
23.861 0.748 NMVPY 
-15.194 -1.024 NMPTY 
7.439 0.396 NMVPV 
-5.119 -0.266 NMVSM 
-4.541 -0.116 NMVPG 

 
 
 
 
 
427.549 
 
 

 
 
 
 
 
0.057 
 
 

38.059 12280.616 Constant  
 
 
 
PMHCP 

 
 
 
 
 
2 

-37.126 -8.650 NMYEA 
-10.809 -37.458 NMVPG 
-7.411 -52.595 NMVSM 
-11.594 -107.558 NMPTY 
12.468 53.818 NMVPY 
-7.124 -0.42 NMWTO 
6.617 48.649 NMVPV 

 



 

 

The small R2 of the models is a big problem and indicates the small power of 
predicting of the proposed models. But apart from this problem large number 
of F and t indexes implies the importance of the variables. It can be interpreted 
that although the prediction power of this models are small due to the lack of 
independent variables, the importance of the available variables in predicting 
of the emissions is significant. The effect of vehicle age on amount of both 
emissions is negative as expected. Peugeot and Samand effect on both 
Pollutants is negative too. This is in accordance with the results from the Logit 
models. The effect of vehicle usage is negative too due to the more restricted 
I/M program for taxis. Peykan and Peykan vanet increase the emitted pollutant 
due to the old engine design and older vehicle fleet. Vehicle weight decreases 
the amount of HC but does not have an effect on CO emission. 
 
6- Conclusion 

Logit model for likelihood of emission test failure has been made with data 
from the Mashhad I/M center. Older vehicles are more likely to fail their 
emission test. Vehicle mark is a strong determinant of this probability too and 
the Peugeot and Samand are less likely to fail their test while Renault, Peykan, 
Peykan Vanet, Nissan Vanet and Mazda are increase the probability of 
emission test failure. Taxis have smaller probability of test failure. Vehicle 
weight does not have a significant effect on emission test failure probability. 
Regression model for predicting the amount of emitted pollutant has been 
carried out with use of SPSS Stepwise method and the results are in 
accordance with the Logit models. Vehicle model year, marks like Peugeot 
and Samand and vehicle usage decrease amount of emitted pollutant while 
Peykan and Peykan Vanet increase these numbers. 
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