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Abstract: 
Air dispersion models have been used to predict livestock odours downwind of livestock operations in 

the last several years. It is important that these models be properly evaluated before their predictions can 
be used with confidence. The model evaluation involves comparison of the model’s predictions with 
measured field data, which very limited work has been done. In this study, four air dispersion models, 
ISCST3, AUSPLUME, CALPUFF, and INPUFF2, were evaluated using odour plume measurement data 
downwind of two swine operations. The model predicted odour intensities were compared with the 
measured odour intensities. Considering all the measurements, four models’ agreement results using the 
conversion equation from University of Alberta achieved 56% to 62% for all distances and 67 to 76% for 
distance of 500 to 100m which were better than the obtained using the University of Manitoba conversion 
equations. However, if the measurements with intensity zero (no odour) were excluded, the agreements 
for these models with the conversion equation from University of Manitoba were higher than the results 
with University of Alberta conversion equations. Agreements reached 29 to 35% for all distances and 36 to 
48% for distance of 500 to 1000 m. Furthermore, the agreements between the model predictions and 
measured values could not be improved considerably by using scaling factors. The odour intensity and 
concentration conversion equation was the main cause of this low improvement. Using ASTM standard 
guide for air dispersion model evaluation is a try in this study. The selected four models’ fractional biases 
were all in the acceptable range from -0.67 to 0.67. ISCST3 performs the best with the lowest bias in 
matching field measured odour intensity followed by AUSPLUME. CALPUFF and INPUFF2 also 
performed well within FB value lower than 0.67. However, CALPUFF over-predicted by bias of average 
intensity while INPUFF2 under predicted by a value of -0.66 of the bias of average. 
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INTRODUCTION 

Odour is one of the major environmental nuisances caused by intensive livestock production 
operations. Using setback distance between the odour source and residential areas is the common 
regulatory practice to reduce odour impact in the neighbouring areas. Air dispersion models are very 
useful tools for predicting the odour concentration from the livestock facilities in order to determine 
appropriate setback distances.   

Most widely used commercial air dispersion models are initially designed to predict the concentration 
of pollutants downwind from industrial sources but they have been applied to agricultural sources to 
predict downwind odour concentration (Keddie, 1980; Smith, 1995; Zhu et al., 2000; Guo et al., 2001; 
Schauberger et al., 2002; Koppol et al., 2002; Sheridan et al., 2004; Jacques Whitford Environment Ltd., 
2003; Bjerg et al., 2004; Zhou et al., 2005).  

Gaussian plume models are the most common air pollution models including US EPA (1995) 
regulatory models ISCST3 and Australian widely used model AUSPLUME (EPA, 2000). Another type of 
model, puff model, is also used for agricultural odour dispersion simulations, e.g. CALPUFF and 
INPUFF2. A considerable amount of studies have been done to adapt these models in the livestock odour 
dispersion in the last several years. ISCST3 was used with three meteorological stations’ data to predict 
the odour concentration near the emission sources (Sheridan, et al., 2004). Based on the results, a new 
odour annoyance criterion was developed and the setback distances could achieve a maximum of 1000m 
with this new criterion. Smith (1995) evaluated the usefulness of AUSPLUME for odour dispersion from 
agricultural sources and concluded that AUSPLUME would likely overestimate downwind concentrations. 
Jacques Whitford Environment Ltd. (2003) used CALPUFF to conduct sensitivity analyses to develop 
odour dispersion factors including topography, screening (windbreak or shelterbelt), and micro-climate 
factors to be used in the formulae for minimum separation distance calculation for Alberta, Canada.  
INPUFF2 has been evaluated by Zhu et al. (2000) and Guo et al. (2001) for predicting livestock odour 
dispersion and was proved to be suitable in agricultural odour dispersion with appropriate scaling factors 
used to adjust the modeled results into the same numerical range of the field odour plume measurement 
data.  

It is important that these models be properly evaluated before their predictions can be used with 
confidence. The model evaluation involves comparison of the model’s predictions with measured field 
data, which very limited work has been done.   

Zhou et al. (2005) calibrated four air dispersion models, ISCST3, AUSPLUME, INPUFF2, and 
WindTrax using odour plume measurement data 100 to 1000 m from two swine farms. They concluded 
that these four models performed similarly and predicted downwind odour concentrations with good 
agreement with field measured results. Considering that 58.3% the measured odour concentrations were 
zero, this conclusion may need further examination. 

This study was intended to evaluate performances of four commonly used air dispersion models, i.e. 
ISCST3, AUSPLUME, CALPUFF, and INPUFF2, by comparing their predictions with odour plume 
measurement data which was the same as Zhou et al. (2005) and to provide recommendations regarding 
model selection and method for adapting the models in livestock odour dispersion predictions.  

MATERIALS AND METHODS 

ODOUR PLUME MEASUREMENT DATA 

Site Description and Odour Emission Rates 

Two swine farms were selected for odour plume measurement using trained odour sniffers. The two 
farms (A and B) were 3000-sow farrowing operations, located in southern Manitoba. The barns on the two 
farms were identical and were all mechanically ventilated by wall mounted fans. The major difference 
between the two farms was that Farm A had a two-cell earthen manure storage (EMS) with negative 
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pressure synthetic covers (NPSC) whereas Farm B had an open single cell EMS. Detailed descriptions of 
the two farms are presented in Zhang et al. (2005). The surroundings of the two farms were similar - 
mostly flat cropland. Odour emission rate was measured during the period of each odour plume 
measurement (Zhang et al., 2005). The summary of average odour concentrations and emission rates 
from the measurements conducted during the odour plume measurement periods are given in Table 1.      

Table 1. Odour concentrations and emission rates from barns and manure storages (Zhang et al., 2005) 

Odour concentration 
 (OU/m3) 

Odour emission 
(OU/s-m2) Odour source 

Geometric 
mean 

Standard 
deviation 

Geometric 
mean 

Standard 
deviation 

Farm A 1026 487 22.7 15.2 
Farrowing 

Farm B 899 505 23.0 14.4 
Farm A 927 314 11.6 6.0 

Gestation 
Farm B 799 396 7.6 3.4 

Primary cell 4646 3646 0.7 0.6 
NPSC EMS on Farm A 

Secondary cell 1991 1568 0.2 0.1 
Open EMS on Farm B 769 356 22.4 25.1 

 
Downwind Odour Plume Measurement  

Fifteen human odour sniffers were selected and trained for conducting field odour measurements 
(Zhou et al. 2005). The selected sniffers went through a series of six training sessions to use an 8-point 
ASTM Odour Intensity Reference Scale to quantify the field odour intensity (Table 2) (ASTM 1999). For 
each session before leaving for the field, standard reference n-butanol amples were used to calibrate the 
sniffers’s noses.  A base point was selected at the edge of the farm and its position was determined by 
longitude and latitude readings from a GPS positioning system. Based on the measured wind direction, 15 
sniffers were placed in a three-row grid 100, 500, and 1000 m downwind from the base point with the 
assistance of GPS units (GPS 45, Garmin International, Lenexa, Kansas). At the predetermined grid point, 
sniffers recorded their exact positions based on the longitude and latitude readings from the GPS units. 

Every sniffer followed a central coordinator’s instructions to sniff. During each 10 min measurement 
session, the sniffers put on a carbon filtered air mask to clear his/her nose and sniffed the odour for 10 
seconds, and then recorded the odour intensity and odour description. At the end of each session, 60 
observations had been recorded by each sniffer. Three measurement sessions were carried out within 
one hour, with a 10-minute break between sessions. Fifty-one field sessions was conducted around the 
two farms.    

Weather data including solar radiation, temperature, relative humidity, and wind speed and direction 
were taken every minute during the plume measurement period by the on-site weather station (WatchDog 
Model 550, Spectrum Technologies Inc., Plainfield, IL).  The weather station was placed 2 m above the 
ground to collect weather information during the session. Atmospheric stability of each minute was 
classified using the Solar Radiation Delta-T (SRDT) Method for Estimating Pasquill-Gifford (P-G) Stability 
Categories (US EPA, 2000) based on one-minute average solar radiation and wind speed values.   

MODEL CONFIGURATION 

ISCST3 is the existing regulatory Gaussian plume model and is designed to support the Environment 
Protection Agency of the United States (US EPA)'s regulatory modeling programs and is widely used in 
North America. AUSPLUME is developed by Australian Environmental Protection Authority and it is an 
extension of the US EPA’s ISCST3 model. INPUFF2, a Gaussian puff model, was developed by the US 
EPA and marketed by Bee-Line software Company (Asheville, N.C.). Another puff model CALPUFF was 
developed by Sigma Research Corporation (now part of Earth Tech, Inc., Long Beach, CA, USA). It was 
programmed to simulate continuous puffs of pollutants being emitted from a source into the ambient wind 
flow (US EPA, 1998). CALPUFF was recently elevated to USEPA preferred model status. It has the 
strengths on contemplating appropriate source types and averaging periods and handling building 
downwash and complex terrain.  
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ISCST V3, AUSPLUME V5.4, CALPUFF V5.0, INPUFF V2.3 were used in this study.  AUSPLUME, 
CALPUFF, and INPUFF2 were all configured with ISCST3’s setup options as much as possible, e.g. final 
plume rise, stack-tip downwash, buoyancy-induced dispersion, usage of calms processing routine, not use 
missing data processing routine, default wind profile exponents, default vertical potential temperature 
gradient, “upper bound” values for super squat buildings, no exponential decay for rural mode, and no 
dry/wet depletions. The barn and the manure were all considered as area sources for ISCST3, 
AUSPLUME, and CALPUFF, except for INPUFF2 with point sources. ISCST3, AUSPLUME, and 
CALPUFF used one hour met data taking the average of the minute readings within three sessions in one 
hour and conducted one hour’ simulation time. INPUFF2 used one minute meteorological data directly and 
simulated 10 minuses at each run which was corresponding to each session’s duration time. 

Odour emission rates were measured from the barns and manure storages when odour plume 
measurements were taken place. Air dispersion models require emission rate input with a unit of 
mass/time (e.g., g/s).  However, when dealing with agricultural odours, odour concentration has a unit of 
OU/m3. A common practice by odour researchers was used that considering 1 OU is equivalent to 1 g of 
mass (Williams, 1985; Carney and Dodd, 1989; Pain et al., 1991; Mahin, 1997; Zhu et al. 1998; Guo et al. 
2001), therefore, the odour emission rate had a unit of OU/m2/s and the total emission from a source had 
a unit of OU/s. The output concentration of the model will also take the unit of OU/m3 which is 
corresponded to the mass concentration unit of g/m3.   
 

RELATIONSHIP BETWEEN ODOUR CONCENTRATION AND INTENSITY  

Air dispersion models predict odour in concentration while odour intensity is measured in the odour 
plume measurement (Li, et al., 1994; Hartung and Jungbluth, 1997; Zhu et al., 2000; Guo et al., 2001; 
Zhang et al., 2003). In this field measurement, 0-8 scale odour intensities were used in the field by the 
human sniffers. This difference between these two sets of data was needed to be solved in order to 
validate odour dispersion models, i.e., it is necessary to convert the predicted odour concentration into 
measured odour intensity levels. To establish this relationship, odour samples collected in Tedlar bags 
were measured in the Olfactometry lab for both odour intensity and concentration. Zhang et al. (2005) 
from the University of Manitoba and University of Alberta obtained different relationships (Table 2). The 
conversion equation from University of Manitoba takes the form of   
                                                                                        1) 78.0)ln(43.1 += CI

while the University of Alberta got the equation as 
                                                                                   2) 046.0)ln(245.1 −= CI

Where: I = odour intensity 
C = concentration of stimulus (OU/m3) 

Table 2. Odour intensity referencing scale and relationship between odour intensity and odour concentration 

8 point scale 5 point scale by Guo et al (2001) 

Intensity 
level Annoyance 

n-
butanol 

in 
water 
(ppm) 

Odour 
concentration 
（OU/m3） 
by Zhang et 
al. (2005) 

Odour 
concentration 
（OU/m3） 

by Feddes et 
al. (2005) 

 
Intensity level 

n-
butanol 

in  
water 
(ppm) 

Odour 
concentration 
（OU/m3） 

 

0 no odour 0 0 1 0 0  
1 not annoying 120 0 2    
2 a little annoying 240 0.2 5 1  (very faint dour) 250 25 
3 a little annoying 480 3 12    
4 annoying 960 24 26 2  (faint odour) 750 72 
5 annoying 1940 116 58 3  (moderate odour) 2250 212 
6 very annoying 3880 412 128    
7 very annoying 7750 1204 287 4  (strong odour) 6750 624 
8 extremely annoying 15500 3051 640 5  (very strong odour) 20250 1834 
When generating the equation 1) by the University of Manitoba, only 20 odour samples were collected 

in Tedlar bags from the farms and presented to trained human panel for odour intensity and odour 
concentration measurement in the olfactometory lab. However, there were over 100 odour samples used 
to generate the equation 2) by the University of Alberta. From this point of view, equation 2) is more 
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reliable than equation 1). Furthermore, the equation 1) is not reasonable because intensities 1 to 3 have 
virtually the same odour concentrations. There are also two problems with the equation 2): a) odour 
concentrations for high intensities levels seem too low, b) low intensity levels have too low odour 
concentrations. For example, odour concentration of 640 OU/m3 is at the moderate or low end of odour 
concentrations measured in swine barns and manure storages in warm seasons, and may not be 
considered strong comparing with odour measured in the manure storage or from the barns in winter.  For 
comparison purpose, Table 2 also gives the odour concentrations of a 5 point n-butanol scale obtained by 
Guo et al. (2001) at the University of Minnesota. This conversion relationship is very different from the 
equations 1) and 2).  For example, intensity 1 on this scale is perceived as very faint odour and it is 
equivalent to intensity 2 for n-butanol concentration-in-water on the 8-point scale, but its swine odour 
concentration 25 OU/m3 is equivalent to intensity 4 on the 8-point scale represented by equations 1) and 
2). Regarding swine odour concentration, intensity 2 on the 5-point scale is between intensities 5 and 6 in 
equation 2); intensity 3 is between intensities 6 and 7 in equation 2), and intensity 4 is equivalent to 
intensity 8 in equation 2).  In this study both equations 1) and 2) will be used to convert the modeled odour 
concentration to odour intensity.   

COMPARISONS BETWEEN MODEL PREDICTIONS AND FIELD MEASUREMENTS 

Because field odour intensity was measured in unit of three ten-minute sessions, the measured odour 
intensity within one hour was averaged as the one-hour average for comparison with ISCST3, 
AUSPLUME, and CALPUFF models. A total of 817 pairs of data points were compared between the 
model predictions and field measurements for these three models. Because INPUFF2 could predict one-
minute concentration, one minute meteorological data were used in INPUFF2 directly and the predicted 
values (after converted from concentration to intensity) were compared with the one-minute odour 
intensity values measured in the field. There were 17640 paired data points obtained.   

As the odour intensity measurement uses a categorical scale, one intensity level covers ±0.5 of this 
level. Hence, if the predicted odour intensity is within ±0.5 of the measured intensity, the predicted value is 
considered in agreement with the measured value. For example, if the predicted intensity is 1.4 and 
measured intensity falls into the range between 1.4-0.5 and 1.4+0.5, we consider the predicted value and 
measured value are in agreement. 

USING ASTM-STANDARD GUIDE FOR STATISTICAL EVALUATION OF ATMOSPHERIC DISPERSION MODEL 

PERFORMANCE  

The ‘Standard Guide for Statistical Evaluation of Atmospheric Dispersion Model performance,’ 
published by the American Society fro Testing and Materials, provides a framework for developing 
techniques that are useful for comparison of modeled and observed concentration (ASTM 2000). 
Research work has been done to the development the performance measures to evaluate the air quality 
models (Fox 1981, Kumar et al., 1993, and Patel and Kumar 1998). Seven statistical parameters, Bias, 
the normalized mean square error (NMSE), the coefficient of correlation(γ ), the fraction of predictions 
with a factor of two of observations(FAC2), the absolute fractional bias(FB), the geometric mean variance 
(VG), and the Geometric mean bias(MG) have been determined for evaluation model performance (Abdul- 
Wahab, 2003). In this study, we used the FB as an overall measure. The general expression for the 
fractional bias (FB) is given by: 

( )
( )OBPR

OBPRFB
+
−

= 2
         3) 

Where OB and PR refer to the averages of the observed (OB) and predicted (PR) values. The same 
expression is used to calculate the FB of the standard deviation where OB refers to the standard deviation 
of the observed values and PR refers to the standard deviation of the predicted values. 

The FB was selected as measure of performance in this evaluation because it has two desirable 
features. First, the fractional bias is symmetrical and bounded, which varies between -2.0 (extreme 
underprediction) to +2.0 (extreme overprediction) and has an ideal value of 0 for an ideal model. Second, 
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the fractional bias is a dimensionless number, which is convenient for comparing the results from studies 
involving different concentration levels, or even different chemical parameters. A Value of -0.67 is 
equivalent to model underprediction by a factor of two, while v +0.67 is equivalent to overprediction by a 
factor of two.  Model predictions with a fractional bias of 0 (zero) are relatively free from bias. A low 
variance in GB can be taken as indicating confidence in the model prediction (McHugh et al., 1999). The 
FB between predicted intensity and measured intensity was calculated to evaluate the models’ 
performance. 

RESULTS AND DISCUSSIONS 

USING CONVERSION EQUATION FROM UNIVERSITY OF MANITOBA 

For equation 1), the intensities 1, 2, and 3 had almost the same odour concentrations between 0 and 
3 OU/m3 (Table 2), so they were considered as the same intensity level (intensity 1-3) because it is 
difficult for human noses to distinguish the odour intensities with odour concentrations of 12 OU/m3 or 
less. Table 3 summarizes the overall agreements after the predicted odour concentrations were converted 
into intensity by using the equation 1) for all models. For all four models, the percentages of agreements 
were low at 100 m distance but much higher for 500 and 1000 m (Table 3).  Because the property line of 
swine farms are usually beyond 100 m, the downwind distances of 500 and 1000 m are of the most 
interest. Furthermore, the air dispersion models are not designed to predict downwind concentrations at 
such a short distance. If all measurements were considered, the three models, ISCST3, CALPUFF, and 
INPUFF performed similarly with agreement between 57% (INPUFF2) and 60% (CALPUFF) for 500 to 
1000 m, and overall agreement of 48% (INPUFF2) to 50% (ISCST3 and CALPUFF).  AUSPLUME had 
lower agreement of 43% for 500 to 1000 m and 37% for all the measurements. 

However, if we only consider the measurements with odours detected, i.e. excluding all the 
measurements with zero intensity, then the agreements of the modeled and measured values reduced as 
given in Table 4. The AUSPLUME model performed the best with 48% agreement and CALPUFF has the 
following better agreement with 43% for distance 500 to 1000 m while they have the same overall 
agreement (35%).  The other two models had agreements between 36% to 43% for 500 to 1000 m, and 
28% to 35% overall agreement. Considering the uncertainties in field odour plume measurement and the 
odour dispersion modeling, including a) the high uncertainty in odour intensity measurements by human 
sniffers, b) the uncertainty of using the average of the three 10-min session odour plume measurement in 
one hour, c) the odour emission measurements, d) the uncertainty in odour concentration and intensity 
conversion equation 1), etc., the obtained agreements are satisfactory.        
Table 3. Percentage of agreement between model predictions and field measurements for all field measurements including 

intensity level 0  

Agreement (%) Downwind distance 
ISCST3 AUSPLUME CALPUFF INPUFF2 

100 m 29 23 29 29 
500 m 54 45 53 52 

1000 m 63 40 66 61 
500 to 1000 m 59 43 60 57 

Overall 50 37 50 48 

Table 4. Percentage of agreement between model predictions and field measurements for all field measured odours (not 

including intensity level 0 odour measurements) 

Agreement (%) Downwind distance 
ISCST3 AUSPLUME CALPUFF INPUFF2 

100 m 22 21 27 21 
500 m 42 57 47 40 

1000 m 30 39 39 33 
500 to 1000 m 36 48 43 37 

Overall 29 35 35 28 
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USING THE CONVERSION EQUATION FROM UNIVERSITY OF ALBERTA 

As stated previously, the equation 2) could be more reliable than the equation 1), therefore, we also 
used the conversion equation 2) to analysis this set of data. The odour intensity levels 1 to 3 were still 
considered as the same level intensity.  

Table 5 summarizes the overall agreements for all odour measurements including zero intensity. All 
models performed similarly and the agreement ranged from 67% (AUSPLUME) to 76% (INPUFF2) for 500 
to 1000 m, and 56% (CALPUFF) to 62% (INPUFF2) for all distances. The agreements are much higher 
than the agreement using University of Manitoba equation 1). This indicates that the equation 2) may be 
more appropriate to be used to convert odour concentration to intensity.  

If measurements with zero odour intensity were excluded, as given in Table 6, however, the 
agreements were much lower. For 500 to 1000 m, the agreement ranged between 9% (ISCST3) and 18% 
(CALPUFF) while the agreement for all measurements ranged between 13% (INPUFF2) and 23% 
(AUSPLUME). CALPUFF and AUSPLUME performed better than ISCST3 and INPUFF2.  Comparing with 
the agreements (excluding 0 intensity) obtained by using the equation 1), the agreements are lower, which 
indicates that the equation 2) is not as appropriate as the equation 1) for odour concentration and intensity 
conversion for measured odours that were not zero intensity.  This is opposite of the results for all 
measurements including zero odour intensity. The reason is the difference between the equations 1) and 
2) in the low intensity levels 0 to 2.  By using the equation 2), the odour concentration for intensities 1 and 
2 are higher than that by the equation 1), therefore, the agreement for measured intensity zero increased 
using equation 2), which in turn decreased the agreement of higher intensities.  

Table 5. Percentage of agreement between model predictions and field measurements for all measurements including 

intensity level 0   

Agreement (%) Downwind distance 
ISCST3 AUSPLUME CALPUFF INPUFF2 

100 m 26 36 28 28 
500 m 52 52 55 63 

1000 m 88 82 86 89 
500 to 1000 m 69 67 68 76 

Overall 57 57 56 62 

Table 6. Percentage of agreement between model predictions and field measurements for measured odours excluding 

intensity level 0   

Agreement (%) 
Downwind distance 

ISCST3 AUSPLUME CALPUFF INPUFF2 
100 m 18 31 22 12 
500 m 11 13 19 15 

1000 m 0 13 13 3 
500 to 1000 m 9 13 18 13 

Overall 14 23 20 13 

ADJUSTING THE MODELED RESULTS USING SCALING FACTORS  

Due to the inherent differences in livestock odour and industrial gases and the different measurement 
methods for odour and gases, the modeled results obtained by the air dispersion models for odour 
dispersion should be adjusted to improve the agreements of modeled and measured odour intensities. It is 
a common practice for odour research to use scaling factors on the modeled odour concentration at the 
receptors’ locations to minimize the error between the modeled values and the odour measurement 
values. Barns and manure storages may have different scaling factors as suggested by Zhu et al. (2000). 
The adjusted odour concentration by an air dispersion model is obtained by: 

C = a × (modeled odour concentration from building source) + b × (modeled odour concentration from 
manure storage source)                                                      4) 

where: C = adjusted odour concentration, OU/m3, and 
a, b = constants, i.e. scaling factors for barn and manure storage, respectively. 
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This analysis was only conducted for paired the data obtained by the equation 2) from University of 
Alberta. During this adjustment, we excluded the pairs of data points with measured intensity “0”, i.e. only 
considered the data when the odour sniffers smelled swine odours in the field.  Therefore, the agreements 
obtained are for measured odour intensities 1 to 8.  Furthermore, intensities 1 to 3 were considered as 
one intensity level (intensity 1-3) because of the small difference of these intensities regarding odour 
concentration.   

Table 7.  Scale factors for all four models 

Scale Factor Model 
Barn Manure storage 

ISCST3 1.5 2.2 
AUSPLUME 1.2 1.4 
CALPUFF 1.6 1.8 
INPUFF2 2.3 7.9 

Table 8.  Agreements of the original results (unadjusted) and after using scale factor 

Agreement (%) 
ISCST3 AUSPLUME CALPUFF INPUFF2 Downwind distance 

Original Modified Original Modified Original Modified Original Modified 
100 m 18 23 31 30 22 25 12 13 
500 m 11 16 13 28 19 23 15 17 

1000 m 0 0 13 9 4 4 3 10 
500 to 1000 m 9 14 13 25 18 20 13 16 

Overall 14 19 23 28 20 23 13 15 

Table 9. Comparison of measured and AUSPLUME predicted odour intensities using Equation 2) 

Model predicted odour intensity 
Distance Measured odour 

intensity 0 1 - 3 4 5 6 7 8 
No. of 

measurements 
Total 
No.  

agreed 

Percentage of 
agreement 

(%) 
0 25 9 7 1 0   42 25 60 

1 – 3 39 60 10 3 0   112 60 54 
4 11 29 1 0 0   41 1 2 
5 13 14 0 0 0   27 0 0 
6 5 8 1 0 0   14 0 0 
7 2 3 0 0 0   5 0 0 
8 1 0 0 0 0   1 0 0 

1-8        200 61 31 

100 m 

0-8              242 86 36 
0 135 32 3 3 0   173 135 78 

1 – 3 98 15 2 2 0   117 15 13 
4 0 0 0 0 0   0 0 0 
5 1 0 0 0 0   1 0 0 
6 0 0 0 0 0   0 0 0 
7            
8           

1-8        118 15 13 

500 m 

0-8              291 150 52 
0 230 22 5 4 0   261 230 88 

1 – 3 20 3 0 0 0   23 3 13 
4 0 0 0 0 0   0 0 0 
5 0 0 0 0 0   0 0 0 
6 0 0 0 0 0   0 0 0 
7            
8           

1-8        23 3 13 

1000 m 

0-8              284 233 82 
Total 1-8        341 79 23 
Total 0-8        817 469 57 

A small Fortran Loop was used to calculate the best scaling factor so as to achieve the maximum 
agreement. The scaling factors are listed in the Table 7.  Table 8 gives the original agreements and the 
adjusted agreements using scaling factors for all four models. After adjustment, the agreements were only 
increased by 2 to 5% for all measurements and 2 to 12% for measurement from 500 to 1000 m. 
AUSPLUME improved the most. This indicated that using scaling factors is not very effective for model 
performance improvement. The modeled odour concentrations by Zhu et al. (2000) and Guo et al. (2001) 
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were consistently lower than the measured values, which made it possible for using scaling factors ( a=35 
for building sources and b=10 for manure storage sources) to improve the model performance. However, 
this did not occur in this study. As indicated in Table 9 that gives the agreement of measured and 
AUSPLUME predicted odour intensities for all measurements, the model predicted values were 
sometimes lower than the measured values and sometimes higher. This occurred to all the models. 
Hence, the agreements between the model predictions and measured values could not be improved 
considerably by using scaling factors.  The main reason is that the odour intensity and concentration 
conversion equations 1 and 2) are much different than what used by Zhu et al. (2000) and Guo et al. 
(2001).  

USING ASTM-STANDARD GUIDE FOR STATISTICAL EVALUATION OF ATMOSPHERIC DISPERSION MODEL 

PERFORMANCE  

This analysis was conducted from 817pairs of intensity data for ISCST3, AUSPLUME, and CALPUFF, 
and 17640 pairs of INPUFF2 intensity data obtained by the equation 1) from University of Manitoba. The 
bias analysis results for the four models are presented in Fig. 1.  In general, ISCST3 performs the best 
with the lowest bias in matching field measured odour intensity followed by AUSPLUME. CALPUFF and 
INPUFF2 also performed well within FB value lower than 0.67. However, CALPUFF over predicted by bias 
of average intensity while INPUFF2 under predicted by a value of -0.66 of the bias of average. 
 

 
Figure 1. Bias Analysis results for the models  

 

CONCLUSIONS 

1. Considering all the measurements taken and using the odour intensity and concentration 
conversion equation generated by University of Manitoba, the predictions of the four models, i.e., 
ISCST3, AUSPLUME, CALPUFF, and INPUFF2, achieved 37% to 50% of agreement with the 
measured odour intensities for distances of 100 to 1000 m, and 43% to 60% for distance of 500 to 
1000 m. CALPUFF performed the best while AUSPLUME performed worst. However, if the 
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measurements with intensity zero (no odour) were excluded, the agreement reduced to 29 to 35% 
for all distances and 36 to 48% for distance of 500 to 1000 m.   

2. Considering all the measurements taken and using the odour intensity and concentration 
conversion equation generated by University of Alberta, the predictions of all models were similar 
with 56 to 62% of agreement with the measured odour intensities for all distances, and 67 to 76% 
for distance of 500 to 1000 m, which are higher than that obtained using the University of 
Manitoba conversion equation. INPUFF2 performed the best. However, if the measurements with 
intensity zero (no odour) were excluded, the agreement reduced to 13 to 23% for all distances 
and 9 to 18% for distance of 500 to 1000 m, which are lower than that obtained using the 
University of Manitoba conversion equation.   

3. Due to the inherent differences in livestock odour and industrial gases and the different 
measurement methods for odour and gas, scaling factors were generated to adjust the modeled 
results to improve the agreements of modeled and measured odour intensities. The scaling factor 
ranged from 1.2 to 7.9. The agreement was improved only by 2 to 12%.  The odour intensity and 
concentration conversion equation was the main cause of this low improvement.  

4. Using ASTM Standard Guide for air dispersion model evaluation, ISCST3 performs the best with 
the lowest bias in matching field measured odour intensity followed by AUSPLUME. CALPUFF 
and INPUFF2 also performed well within FB value lower than 0.67. However, CALPUFF over-
predicted by bias of average intensity while INPUFF2 under predicted by a value of -0.66 of the 
bias of average. 

5. Considering the overall performance of the four models, no model showed obvious better 
performance than the others. INPUFF2 could be used for simulation of odours with short 
measurement time intervals (<1 hr), however, the simulation time interval should be chosen as 
one measurement session, e.g. 10 min, instead of 1 min.    

6. The odour intensity and concentration conversion equation is very important to ensure the 
accuracy of the comparison of the modeled and measured odour intensities as well as the 
effectiveness of improving model performance using scaling factors.  
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