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Abstract:  This National Pork Board project resulted in an odor footprint tool (OFT) that is 
adaptable to regional weather conditions and multiple pork facility layouts. The OFT provides a 
visual representation of the frequency, direction and extent of odor dispersion from a facility. It 
also produces a graphic representation of desired separation distances in four directions for 
various magnitudes of odor production. The tool was validated by comparing measured odor 
intensities from several swine facilities to odor levels predicted by the OFT. When a 99% odor 
annoyance-free frequency was used for a worst-case situation in Minnesota, the results from 
OFT compared favorably with those from the Minnesota OFFSET tool. OFT produced a 
maximum setback distance of 2.1 miles compared to 1.8 miles derived from OFFSET for the 
same conditions. 
 

This project also developed new odor, hydrogen sulfide and ammonia emissions data 
for anaerobic swine lagoons. These data indicated that phototrophic (purple) lagoons had odor 
emission rates that were about half those of non-purple lagoons when compared in late spring.  
H2S emission rates were greater in late spring for both types of lagoons, however purple 
lagoons had significantly reduced emission rates in both seasons.  In addition, data reported 
by many studies around the world on odor and hydrogen sulfide emissions from swine facilities 
were compiled and placed on an electronic database (available on the University of Nebraska 
website http://manure.unl.edu/oft.html). 
 
 
 
 
 
 
 

 

http://manure.unl.edu/oft.html
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Introduction:  Planning tools are needed that provide scientifically-based ways of evaluating, 
in advance, the effectiveness of odor control alternatives on dispersion of gaseous emissions 
in a neighborhood.  Pork producers and community leaders can benefit by knowing the 
expected frequency, direction and extent of odor movement from a facility. The first such tool, 
OFFSET (Odors From Feedlots - Setback Estimation Tool) was introduced several years ago 
in the State of Minnesota. This project builds on the MN experience by adding important new 
emissions data for swine lagoons, while expanding the concept to a broader region and 
introducing greater flexibility and visualization of the frequency, direction and extent of odor 
dispersion from swine facilities. 
 
Objectives of Research Project:  The primary objective of this project was to develop 
regional and site-specific tools for anticipating air quality risks surrounding pork facilities based 
on the components of the facility, local weather conditions, and topography.  This project 
enabled a Nebraska (NE) and Minnesota (MN) team to: (i) collect, organize and make 
available via the Internet, data from sources around the world for emissions and dispersion of 
odor and hydrogen sulfide (H2S) from pork facilities; (ii) utilize regional weather data and 
current air dispersion tools to develop a producer-friendly tool that describes the odor footprint 
of a facility; (iii) calibrate and test this tool against data from previous and ongoing field studies; 
(iv) share these tools for stakeholder decision-making processes within a three-state area (IA, 
MN, NE). 
 
Research Approach and Methods:  This project involved the assembly and use of existing 
emissions data from buildings and manure storage units, collection of appropriate 
meteorological data, acquisition of new emissions data from purple and non-purple anaerobic 
lagoons, and use of an air pollution model for estimating odor dispersion from pork facilities. 
Procedures were developed to streamline the use of these data in the recently released EPA 
dispersion model called AERMOD (American Meteorological Society – EPA Regulatory 
MODel). The results of this effort are two new odor management decision support items, one 
called the “odor rose” and the other called the “odor footprint.” They were developed for uses 
ranging from the very general, which could be applied on a regional basis, to a site-specific 
tool that could accept input from an individual swine production unit. Collectively, the odor rose 
and the odor footprint, in combination with resulting separation distances and an AERMOD 
interface to guide the calculations, are called the “odor footprint tool” (OFT). With the OFT it is 
possible to predict the frequency, direction and extent of odor dispersion for various regions 
within a state. Validation of the OFT was completed for several locations in MN and NE, and a 
one location in IA.  
 
Results by Objectives:  
Objective 1. Collect, organize and make available via the Internet, database information 
critical to the application of air quality models for setback estimation.   

 
Data on existing emission factors from pork facilities were assembled and summarized for odor 
and H2S emissions from barns, lagoons and manure storage structures.  Data from the US, 
Europe, Australia and other countries were included in this summary.  The data was checked 
for quality and consistency and was supplemented with additional information such as what 
instruments (i.e. wind tunnel, flux chamber, wet chemistry, etc.) were used, meteorological 
conditions under which the data was collected, standards used in odor measurement, facility 
description, and related factors. 

 
Included in this database is a summary of existing data on downwind odor and H2S 
concentrations from swine facilities.  This data provides a useful source of information for 
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further development of setback estimation decision support tools.  It will streamline the 
opportunity for others to validate models with receptor datasets for their specific model 
development efforts.  The emissions and receptor databases, are currently maintained in .pdf 
format on the University of Nebraska manure matter website (http://manure.unl.edu/). It could, 
if desired, be linked to other web sites such as the NPB odor control site: 
(http://www.porkboard.org/environment/Information/odorControl.asp). 
 
Objective 2. Introduce a next-generation series of footprint tools for assisting producers 
and planners in critical decisions relative to location of pork facilities and timing of odor 
producing events.   
 
Odor Roses: The first task of this objective was to develop a new concept called an odor rose, 
patterned after what are known as wind roses, commonly used to illustrate the expected 
frequency of wind speed and direction at airports around the country. However, wind roses do 
not account for inversion conditions (surface air temperatures cooler than upper air 
temperatures) that substantially restrict odor dispersion. An odor rose accounts for 
atmospheric conditions that lead to odor complaints. It is a diagram that describes the 
expected percentage of time that an odor, strong enough to be considered annoying by normal 
people, will be detected in various directions from a source at different times of the day. The 
odor rose is based on 16 directions and two blocks of time (8 AM to 6 PM and 6 PM to 8 AM). 
The sum of the percentages for the 32 combinations (16 directions and two time blocks) of 
direction and time is 100 percent for each odor rose. Unlike the odor footprint (described 
subsequently), which includes both distance and direction with odor annoyance frequencies, 
the odor rose only indicates the direction and time that odors could be considered annoying. 
   
The odor rose is based on several key assumptions.  These assumptions are similar to those 
used by the MN OFFSET Tool and by the Odor Footprint Tool (the OFT is described in another 
section of this report).  Two of these assumptions are that: (i) an odor is “annoying” when its 
intensity is 2 or greater on a scale of 0 to 5; and (ii) that normal people can detect an odor at 
that intensity level. The third assumption is that odor dispersion can be accurately modeled by 
using AERMOD while correcting for the atmospheric conditions mentioned above. Flat terrain 
and no obstructions are other assumptions made in producing odor roses as well as in 
OFFSET and OFT.   
 
To develop this new concept, odor roses were generated for the central region in IA, 
southwestern region in MN and northeastern region in NE. Ten-years (1981-1990) of hourly 
weather records from Des Moines, IA (for central IA), Sioux Falls, SD (for southwest MN) and 
Norfolk, NE (for northeast NE) were used to produce odor roses for each location. The odor 
rose illustrated in Figure 1 indicates that the distribution of an annoying level of odor from a 
facility in Northeast NE is greatest in the northwesterly direction and is least likely in the 
southwesterly direction.  Note again that an odor rose does not indicate how far the odor will 
travel. The lightly shaded portions of the “spokes” in Figure 1 indicate that annoying odors, 
regardless of direction, occur by far most often from early evening (6 PM) to mid-morning 
(8AM). 
 
The directional distribution of annoying odor levels is also dependent on where within a state 
or region a facility is located. This is evident by comparing the odor rose in Northeast NE to 
that for Southeast NE (Figure 1). Southeast, NE has a greater frequency of wind from directly 
north (winter) and south (summer).  Thus, for example, the likelihood of an annoying level of 
odors directly south of a facility near Lincoln NE in a 24-hour period is about 13 percent (Figure 
1).  However, in the Norfolk, NE area, this frequency is four-times less (3 percent). But, the 

http://manure.unl.edu/
http://www.porkboard.org/environment/Information/odorControl.asp
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dominance of the evening and early morning hours (6 PM to 8 AM) in producing conditions 
conducive to odor complaints is about the same in both Northeast and Southeast NE. When all 
directions are included, the risk of an annoying level of odors between 6 pm and 8 am is about 
86.2%, but between 8 am and 6 pm it is only 13.8%. For southeastern NE these risks are 
87.5% and 12.5%, respectively. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.  Odor roses for Norfolk, NE (left) and Lincoln, NE (right).  The extent of the radial 
bars represents the proportion of annoying odors expected in that direction. The lightly 
shaded areas represent the 6 PM to 8 AM time interval. 

 
Odor Footprints:  The second task of Objective 2 was to develop the concept of an odor 
footprint, a map-like representation of the frequency that an odor, strong enough to be 
considered annoying, will be detected in various directions and distances from a source. The 
odor footprint is based on the same assumptions listed previously for the odor rose. Unlike the 
odor rose, however, the odor footprint reflects facility size and the strength of an odor source. 
The odor footprint also indicates the distance and direction that an odor is expected to travel at 
a given frequency. Thus the odor footprint contains much more information than an odor rose. 
The odor footprint is based on the frequency of meteorological conditions such as wind speed, 
wind direction, air temperature, atmospheric mixing and other key odor dispersion parameters.  
Because these conditions vary greatly throughout the day and seasons, the odor footprint is 
generated for long periods of time, generally using hourly data over a ten-year period.  The 
odor footprints (and odor roses) for this project were produced for the time of year when odor 
complaints are most common, i.e. late spring, summer, and early fall. Late fall through early 
spring conditions were not included in the footprints because people are not outdoors nearly as 
much during this time. Including those conditions (e.g. northerly winds and cold temperatures) 
would bias realistic interpretation of the footprint. 
 
The process of developing odor roses and odor footprints for use in the swine industry is made 
difficult by the variety and nuances of formats used by various state and federal agencies to 
collect and report meteorological data.  This project overcame that difficulty by developing a 
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computerized odor footprint interface that accepts various types of weather data files and 
“preprocesses” them for use in developing the odor rose and odor footprints. This interface 
was developed and used on meteorological data from ten-year hourly National Weather 
Service locations at several sites in NE and used successfully on IA and MN weather data for 
Story and Nicollet Counties, respectively, to further test the concept.   
 
The OFT also includes a process for converting the footprint to directional setbacks similar to, 
but more detailed than, that of OFFSET. It produces risk-based setback distances in four 
directions (N, E, S and W; or NE, SE, SW and NW) instead of one setback for all directions 
(the basis of OFFSET).  Risk is based upon odor annoyance-free conditions ranging from 90 to 
99% frequency. 

 
Figure 2 shows odor footprints northeast and southeast NE. They were developed using hourly 
meteorological data for 1981-1990 and 1984-1992, respectively, at an odor emission rate 
(OER) of 500 x 104 OU/s. An immediate observation that can be made is that the shapes of 
the isopleths differ for the two regions, with each corresponding to the basic shape of the odor 
rose for that region.  A primary axis for the frequency contours (isopleths) can usually be 
identified with odor footprints.  In this case, the primary axis runs diagonally from the northwest 
toward the southeast for the Norfolk footprint and north - south for Lincoln.  The frequency 
curves shown in Figure 2 represent the distance (miles) and directions from a facility, which is 
emitting odors at the given OER, that a “normal” person may report odor annoyance-free 
conditions. Since late spring through early fall corresponds to the worst time of the year for 
odors from livestock facilities, the odor footprints were developed for the April 15-October 14 
time frame. Hence, a normal person located on the 98% isopleth would be expected to report 
odor annoyance-free conditions 98% of the time during this period. An odor dilution-to-
threshold value of 75 (based on triangular-forced-choice olfactometry) was equated to an odor 
intensity of 2 (based on trained panelists and a 0 to 5 n-butanol scale) to define what was 
meant by an annoying level of odor for a normal person. 
 
Separation Distances:  In Figure 2, each footprint has five isopleths (similar to contour lines 
on a topographic map) plotted to represent locations having odor annoyance-free frequencies 
of 90 to 99%.  As the distance from the source increases, less odor annoyance should occur 
as indicated by greater odor annoyance-free frequencies.  The separation distance required to 
reach a greater odor annoyance-free percentage increases significantly with each isopleth.  
For example, the distance between the 98% and 99% odor annoyance-free isopleths is at least 
twice that needed to move from 90% to 94%.  Therefore, lower tolerance for risk of exposure 
to annoying odors is directly reflected by noticeably larger required separation between the 
source and receptor.  Note that it is not possible to plot an isopleth for 100% odor annoyance-
free conditions. 
 
Both the extent of projected odor impact and the directions of those impacts differ noticeably 
for the two regions (Figure 2 and Table 1).  These differences, along with the fact that neither 
footprint shows a circular odor pattern about the source, highlight the limitations of employing a 
constant setback scheme or bulls-eye approach to account for odors in a community. 
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Figure 2.  Regional odor footprints for Northeast, NE (Norfolk - left) and Southeast, NE (Lincoln 
- right) at total odor emission rates of 500 x 104 OU/s. 

 

Table 1.  Example separation distances for northeast and southeast NE on regional odor 
footprints at total source emission rates of 500 x 104 OU/s. 

 Northeast NE (Norfolk) Southeast NE (Lincoln) 

Odor 

annoyance-

free 

Frequency 

Minimum 

Separation Distance  

S-W 

feet 

Maximum 

Separation Distance  

N-W
* 

feet 

Minimum 

Separation Distance  

NE-SE 

feet 

Maximum 

Separation Distance  

NW-NE 

feet 

90% 300 1,200 300 1,200 

98% 1,600 3,400 1,200 4,700 

99% 2,200 7,100 2,200 8,700 

* For 90%, the maximum separation distance is to the north and for 99% it is northwest of 
the source. 

 
The next task within Objective 2 was to develop directional setback distance curves patterned 
after  those presented in OFFSET, the groundbreaking setback-estimation tool developed at 
the University of Minnesota (see Figure 3 and the explanation that follows). 
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Figure 3. Directional setback curves for Southeast (Lincoln) and Northeast (Norfolk), NE. W-N and NW-

NE quadrants were chosen to indicate maximum setback based on footprints in that quadrant.  
Figure 3 was developed using a spreadsheet to plot the distances shown on the footprints in Figure 2. 
Thus different sets of setback curves were obtained for southeast and northeast NE. Four sets of 
directional setback distance curves can be determined for a specified odor annoyance-free frequency.  
Each set represents the minimum setback desired for a corresponding 90-degree sector extending 
either north, south, east or west of the site; or (alternatively) to the northeast, southeast, southwest or 

northwest.  In Figure 3, the choice of the alignment of the directions for a given region was made 
to match the zone of maximum expected odor impact within one of the 90-degree sectors.  For 
example, a review of the odor roses (Figure 1) or odor footprints (Figure 2 and Table 1) shows 
that the maximum zone of impact for an odor source in northeast NE is likely to be to the 
northwest. But, for southeast NE, the maximum projected impact zone is more likely due north 
of the facility.  Thus, while Figure 3 shows directional setback curves for each region, the 
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curves are based on different axes so as to reflect the differences in regional meteorological 
conditions that drive odor dispersion. 
 
Objective 3. Calibrate and validate the air quality footprint tools with data from previous 
and ongoing pork-related air quality research. 
 
Calibration and Validation:  The odor footprint tool (OFT) was checked using data from swine 
facilities in MN, augmented with new emissions data from phototrophic and non-phototrophic 
anaerobic swine lagoons in eastern NE, and with data from a four-barn, pit-storage, swine 
finishing facility in north-central IA. The data from the three state region were successfully used 
to establish calibration and validation factors (i.e. “scaling factors”) for the OFT.  To augment 
this procedure, H2S data from the research site in IA, where continuous emissions, 
meteorological, downwind concentration and facilities data were being measured 
simultaneously, were also used. 
 
Results of this task are reported in Table 2. The scaling factors in Table 2 were obtained by 
first converting the odor intensities reported by „field sniffers‟ to olfactometry-based “odor 
dilutions-to-threshold” (OUs) using the Weber-Fechner Law.  The resultant measured odor 
levels were labeled as Cpeak and were divided by predicted odor concentrations (Cmean) from 
AERMOD and INPUFF-2 to obtain a set of scaling factors.  Odor intensity readings in these 
experiments were assumed to have been obtained by each sniffer over a one second time 
interval.  Though sniffing was repeated by each panelist every ten to 15 seconds over a 15 
minute period, the one-second averaging time was used in the analysis. Thus, a large dataset 
of scaling factors were assembled for each of the 16 experiments conducted in MN, NE and 
IA.  Average scaling factors were then calculated for each experiment and listed in Table 2.  
Averaging times of 1-hr (tmean) and 1-sec (tpeak) were then used to calculate the exponent „n‟ 
given the scaling factors (Cpeak/Cmean) in Table 2.   Instances where Cmean, was zero or less 
than 1% of the highest observed concentration, were disregarded for the validation procedure 
in these experimental datasets.  
 
The odor sources for the MN experiments were earthen basins with emission rates that ranged 
from 6.5 to 41 OU/(m2·s) and swine buildings having an average emission rate of 1.7 
OU/(m2·sec). Because these facilities were treated as point sources in the INPUFF-2 
validation, they were also assumed to be point sources in AERMOD for comparative purposes. 
The average scaling factor of 15 from AERMOD for earthen basins compares well with the 
scaling factor of 10 determined using INPUFF-2. But, substantially greater scaling factors 
(average of 170) for animal buildings were obtained using AERMOD than those from INPUFF-
2 (average of 35).  It is not clear if the differences in scaling factors for Experiments 1-6 reflect 
fundamental differences in the models or inherent differences in averaging times used to 
develop the factors. 
 

Further validation of AERMOD was done using seven (Experiments 7-13, Table 2) datasets 
from mechanically ventilated barns located near Story City, IA. The emission rate varied 
between 0.34 and 2.4 OU/(m2·s) for these barns. In this case the barns were modeled as 
volume sources by AERMOD to obtain the scaling factors. Further validation is needed on 
these data to ascertain the effect of the point source assumption needed for INPUFF-2 and 
that of averaging time on the magnitude of the scaling factors. 
 
Table 2. Scaling Factors and Exponent ‘n’ for Equation 1.  Averaging times of 1 second and 1 

hour were used to determine ‘n’. 
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Source (area, m
2
) 

Time 

of 

Day 

Source Type
†
 

(Database) 

AERMOD INPUFF-2 

Exponent 

‘n’ 

peak

m ean

C

C
 

peak

m ean

C

C
 

Earthen Basin Exp. 1 (4251) AM Point (MN) 0.35 17.6 

10
†† 

Earthen Basin Exp. 2 (7752) AM Point (MN) 0.35 17.6 

Earthen Basin Exp. 3 (7752) PM Point (MN) 0.28 9.9 

Nursery Barn Exp. 4 (580) AM Point (MN) 0.61 148 

35
†† 

Nursery Barn Exp. 5 (580) PM Point (MN) 0.62 160 

Finishing Barn Exp. 6 (446) AM Point (MN) 0.65 205 

Finishing Barn Exp. 7 (3047) PM Volume (IA) 1.00 3600 * 

Finishing Barn Exp. 8 (3047) PM Volume (IA) 1.01 3910 * 

Finishing Barn Exp. 9 (3047) PM Volume (IA) 0.86 1145 * 

Finishing Barn Exp. 10 (3047) PM Volume (IA) 0.86 1145 * 

Finishing Barn Exp. 11 (3047) AM Volume (IA) 0.87 1240 * 

Finishing Barn Exp. 12 (3047) AM Volume (IA) 0.84 970 * 

Finishing Barn Exp. 13 (3047) AM Volume (IA) 0.51 65 * 

Anaerobic Lagoon Exp. 14 (12022) PM Area (NE) -0.20 0.2 

None          Anaerobic Lagoon Exp. 15 (12022) PM Area (NE) 0.24 7.0 

Anaerobic Lagoon Exp. 16 (12022) PM Area (NE) -0.20 0.2 
    

†  as defined in AERMOD 
††  based on a total of 28 datasets 
*
  under development for point source configuration 

 
Odor emission rates, “field sniffer” odor intensity recordings, and on-site meteorological data 
collected for assessing the dispersion of odors were also collected from anaerobic lagoons in 
NE.  These data were used to develop additional scaling factors for AERMOD (Experiments 
14-16, Table 2). The emission rate from the lagoons ranged between 60 and 100 OU/(m2·s) 
(average of 70 OU/(m2·s). Rolling 1-hour average meteorological data were used as input to 
AERMOD for these experiments. With an average scaling factor of 2.5 for anaerobic lagoons, 
AERMOD produced good agreement between the predicted and measured ambient odor 
intensities. This resulted when the lagoons were modeled as area sources. The contrast 
between scaling factors obtained for point, area and volume source configurations is of interest 
and of need for further evaluation 
 
Values of „n‟ shown in Table 2 range from a -0.2 to a +1.0, considerably greater than the range 
reported in the literature (0.2 for a point source plume and 0.35 for a line source plume and 0.2 
to 0.34 for area source such as wastewater treatment plants). There are few, if any, exponent 
values reported for area or volume swine facilities in the literature. Scaling factors and 
exponents for AERMOD in Table 2 may change when the full dataset, odor intensity and D/T 
relationships, and factors such as averaging time are scrutinized more closely. 
 
The data summarized in Table 2 were used to compare the results of OFFSET and OFT by 
applying them to MN weather conditions and a large swine facility. The results compared 
favorably. For example, when a 99% odor annoyance-free frequency was used to estimate a 
worst-case situation, OFT indicated a maximum setback distance of 2.1 miles, compared to 
1.8 miles derived from the MN OFFSET tool. Greater detail on the modeling tasks that were a 
part of Objective 3 of this project can be found in a paper by Koppolu, et al., (2004). 
 
In the final task of this objective, meteorological conditions, H2S emissions, and downwind H2S 
concentrations at a 4000-head, four-barn, swine finishing facility in northeast IA were 
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measured for a three-week period in October of 2003. Meteorological conditions and H2S 
emissions from the barns were then used as inputs into the dispersion models INPUFF-2 
(OFFSET) and AERMOD (OFT). Model predictions were compared to measured results at 
eighteen receptor locations. Results indicated the models did not predict spatial and temporal 
ambient concentrations to the extent desired. However, a rank order comparison of data (not 
matched in space and time) showed the models may be useful in accurately predicting 
maximum concentrations over a period of time. Results of the H2S modeling effort, using data 
from the Story City site, are summarized in a paper by Schmidt, et al., (2004). 
 
Odor, H2S, Ammonia Emissions:  In addition to development of new odor modeling 
techniques, this project also produced new odor, H2S and ammonia (NH3) emission data for 
anaerobic swine lagoons.  Non-phototrophic (non-purple) lagoons produced emission rates of 
24.5 OU m-2 s-1, 3.2 g-H2S m-2 s-1, 34.9 kg NH3-N ha-1 d-1 during late spring.  Non-
phototrophic lagoon odor, NH3 and H2S emission rates were much higher in late spring than 
summer (24.5 vs. 4.8 OU m-2 s-1, 34.9 vs. 18.0 kg NH3-N ha-1 d-1, 3.2 vs. 0.3 g-H2S m-2 s-1, 
respectively).  Odor and NH3 emission rates from phototrophic (purple) lagoons were relatively 
constant from late spring to summer (9.4 vs. 4.0 OU m-2 s-1 and 23.0 vs. 16.5 kg NH3-N ha-1 d-

1, respectively), but H2S emissions were higher in late spring than summer (1.9 vs. 0.1 g-H2S 
m-2 s-1).  These data represent the first of its kind for purple lagoons, except for some data from 
Australia. The results of the lagoon portion of this project were summarized in a paper by 
Byler, et al., (2004). 
 
Objective 4. With the assistance of appropriate stakeholder groups, demonstrate and evaluate 
advanced planning tools for identifying the odor and H2S footprint for individual pork production 
facilities at three locations within the region. 
 
This project was shared with representatives of pork producers, county planning, state agency, 
cooperative extension, and research groups on several occasions in NE and MN.  The first NE 
stakeholder meeting occurred in Columbus on December 19, 2003. It was followed by a 
telephone conference call meeting with the same group on March 25, 2004. Questions 
regarding the nature and extent of the footprint tools were posed to the groups. Feedback 
indicated that every effort should be made to make the tools as locally relevant as possible 
(weather conditions and topography in particular). It was indicated that, if possible, the 
footprints themselves (Figure 2) should be provided to the producers as well as the directional 
setback results. A meeting with a similar MN-based group occurred on January 20th, 2004 in 
St. Paul, MN.  There it was indicated that modeling will be used for regulation of air quality 
standards such as H2S, and that a screening tool such as being developed in this project 
would be of great use. Feedback from the stakeholders at each meeting proved to be very 
beneficial to the project leaders. As a result, several key features were changed in the odor 
footprint tool to make it more useful to pork producers. The odor rose and odor footprint tools 
were first presented to a public meeting of pork producers occurred at Odor Management 
Workshops held in Norfolk and Beatrice, NE on November 11 and 12, 2004, respectively. 
Response was again very positive. 
 
Discussion:  This project produced several useful items for improving the ability of pork 
producers to plan new and improved facilities in the context of knowing what the frequency and 
direction of odors might be from their facility.  The first item produced by this project is a 
database that provides a convenient source of information for learning about odor and 
hydrogen sulfide emission rates from various types of pork facilities.  The databases are 
currently maintained in .pdf format on the University of Nebraska manure matter website 
(http://manure.unl.edu/oft.html). 

http://manure.unl.edu/oft.html
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The next product of this project is a modified version of a “wind rose” called an “odor rose.” 
Wind roses, commonly used at airports around the country, summarize the expected 
frequency of various levels of wind speed in the N-E-S-W directions.  However, wind roses do 
not adequately reflect the worst times for odors because they do not account for inversion 
conditions (surface air temperatures cooler than upper air temperatures) that substantially 
restrict odor dispersion. The odor rose accounts for conditions conducive to odor complaints. It 
is a very simple and useful tool for assessing the frequency and times at which odors will travel 
in specific direction. However, the odor rose does not provide sufficient information with which 
to determine the frequency and distance at which odor complaints might be registered, nor 
does it provide insight as to the impact that the size of the facility may have on the odor path. 
  
The odor footprint tool (OFT) was developed to provide additional information that could not be 
included in an odor rose.  It is a map-like representation of the frequency that an odor, strong 
enough to be considered annoying by normal people, will be detected in various directions and 
distances from a source. Regional odor footprints can be utilized to formulate an approximation 
of the impact of various magnitudes of odor sources within a particular region of a state.  
Regional odor footprints can serve as excellent educational devices and can be very helpful in 
the early planning stages for siting a proposed new livestock facility. The use of regional odor 
footprints should be restricted to illustrative purposes, however, since the regional footprints do 
not consider the effects of local terrain, nor are these footprints necessarily based upon 
surface climatic data that is applicable for all locations within a given region.  Current and 
future enhancements to the OFT will facilitate the development of site-specific odor footprints 
that can be used by individual producers (or their consultants and technical service providers) 
for in-depth planning purposes. 
 
Another useful application of the OFT is estimating setback distances desired for various 
directions downwind from an existing or proposed livestock facility.  This represents a 
significant improvement over one-dimensional setback estimates where the predominant wind 
direction is used to establish a single setback distance in all directions. Two pieces of 
information about the facilities on a site are required to estimate directional setback distances: 
the types of facilities on the site and each facility‟s floor or surface area.  Most facilities will 
have an odor emission number associated with them.  The odor emission number represents 
the relative amount of odor one could expect to be released by the facility into the surrounding 
air per unit of floor or surface area.  These values are based upon currently available 
emissions data and are scaled for use with the OFT.  As more data becomes available, these 
values will be updated.   
 
Lay Interpetation:  This National Pork Board project resulted in new odor planning tools called 
“odor roses” and “odor footprints” that provide visual representation of the frequency, direction 
and extent of odor dispersion from a swine facility. The tools can be used to determine “risk-
based” setback distances in any of four directions from a pork facility. Collectively these tools 
have been given the name the “odor footprint tool” or simply the “OFT”.  The project also 
developed new odor, hydrogen sulfide and ammonia emissions data for anaerobic swine 
lagoons. These data indicated that purple lagoons have odor emission rates that are about half 
those of non-purple lagoons when compared in late spring.  Purple lagoons also had 
significantly reduced hydrogen sulfide emissions.  In addition, the project collected and 
compiled odor and hydrogen sulfide emission rates that have been reported for swine facilities 
by research studies around the world.  That database is available on the University of 
Nebraska website http://manure.unl.edu/oft.html. 
 

http://manure.unl.edu/oft.html
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