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Types of Models 

What is used at MPCA 

Near-field 

Far-field 

*Preferred: EPA AERMOD model  

CALPUFF 

50km 

50km 100+km 

CLASS II; Increment 

CLASS I; Chemical 
Transformation 



History of Modeling 

Point Source Modeling 
• Gaussian Plume Model (1930’s)  
• Maximum ground-level 

impacts/distance 
• Still in use! (AERMOD) 
 

Urban/Large Scale 

Photochemical 

• Urban/Large Scale problems (1970’s) 
• Lagrangian Modeling – “Puff” (Sulfur) 

• CALPUFF 
• Eulerian Modeling – V/H grid cells 

(Ozone) 

• Large-scale air quality models 
• Long-range transport 
• Chemical and physical properties 
• Local, regional, national & global 

scale (CMAQ, CAMX, UAM) 
• >1980 
 



Air Dispersion Models Exist to … 
Move pollution from a modeled source to a modeled world 

Images courtesy Lakes Environmental  

Presenter
Presentation Notes
So why model? In theory, models are the best way to determine future impacts from current projects. We determine those impacts by moving modeled pollution from a modeled source to a modeled world. I emphasize modeled because it’s not reality. It’s an imperfect representation of reality



Source Types 

Presenter
Presentation Notes
While we’re focusing mainly on point sources today, there are other more complex source types that can be modeled….examples: Slag dumps, road dust, open pit mining, loader drop points, wastewater treatment ponds are just a few examples of modeled sources.



Point Source Characteristics 
 

 
 
 
 

 
 

 
 
 

Grams/Second Emission Rate 

Stack Height 

Stack Diameter 

Exit Temperature 

Exit Velocity 

Presenter
Presentation Notes
Today we’ll mostly be addressing point sources, think of the smoke stacks you see all over St. Paul. The point of release has specific characteristics that begin determining how pollutants will behave when they exit the source. 



Model World Characteristics  

NO + O3 => NO2 + O2 

Wind blows 

Terrain Interacts 

Sun creates thermals 

Building creates eddies 

Pollutants transform 

Nearby sources 

Background 

Image courtesy Lakes Environmental 

Image courtesy Lakes Environmental  

Presenter
Presentation Notes
Once the source’s pollutants exit the source, they begin to interact with the outside world. In the “outside world” of the model the pollutants are blown by the wind, carried aloft with thermals from the sun, interact with terrain, flow around buildings, and react with other particles. The “outside world” of the model also adds in pollutants from large nearby sources as well as other smaller sources ie background.  



Grams/Second 

NO + O3 => NO2 + O2 

Air Quality Model 

Presenter
Presentation Notes
Once we feel we have the best representation of the source itself and the outside world, all of the pieces are input into the Model (AERMOD in this case), and then the model begins crunching the numbers.



Receptors 
Definition: the locations where impacts are predicted. 

uniform, polar grid 

uniform, Cartesian grid 

discrete, Cartesian grid 

Presenter
Presentation Notes
But where does the model crunch the numbers? If the model calculated pollutant concentration at every point in space, it would run for years and we’d never be able to provide any guidance. In order to reduce model processing time, grids of receptors are set up to tell the model where to make its calculations. We have polar grids, cartesian grids and discrete cartesian receptors. Since we’re not calculating at every point in space there is the potential for maxima to be missed. However if there’s a hotspot that could use finer resolution, discrete receptors can be added to find the max concentration in the domain.



Final Results 

Presenter
Presentation Notes
Once all the calculations are made for every day for every hour, normally encompassing 5 years of data, the results are displayed on the receptor grid. The max concentration is listed in the bottom right. In this case we’re looking at NO2 concentrations in micrograms per meter cubed. The maximum very close to the source is 22.17 micrograms per meter cubed.



Modeled Source – Emission Rate 

Concentration is proportional to Emission Rate 

How much “stuff” is being 
emitted each second 

Image courtesy Lakes Environmental 

Presenter
Presentation Notes
Now we can take a more detailed look at the pieces that go into the model. Given a fixed scenario (i.e., same weather, same buildings, same terrain, same stack parameters), concentration is approximately equal to emission rate. That’s one reason the emissions data we get from permitting is so important. 



Modeled Source – Stack Height 

Partially determines how much pollution can reach the ground 
 
General rule: as stack height increases (), concentration decreases (¯) 

How high the release point 
is above ground level 

Presenter
Presentation Notes
Stack height controls at what height the pollution enters the environment. Given the right conditions, if your stack is high enough, all the pollution can be dispersed aloft in the atmosphere and impacts to the surface are minimal. On the flip side, if your stack is short and conditions are such that pollutants get trapped near the ground, impacts at the surface can be high.



Modeled Source – Stack Diameter 

Partially determines exit velocity 
 
General rule: as diameter increases (), concentration increases () 

How wide the vent is at the 
release point 

Presenter
Presentation Notes
Stack diameter partially determines the velocity of the gas as it leaves the source. Just  as taller stacks are better, higher velocities are also better. Due to mass conservation, given a certain volume, the smaller the opening the higher the exit velocity. 



Modeled Source – Exit Velocity 

Partially determines plume rise. 
 
General rule: as exit velocity increases (), concentration decreases (¯) 

How fast the material exits the stack 

Presenter
Presentation Notes
The more velocity a gas has, the further it gets pushed away from the surface.



Modeled Source – Exit Temperature 

Partially determines plume rise 
 
General rule: as exit temperature increases (), concentration decreases (¯) 

How hot the material is as it 
exits the stack 

Presenter
Presentation Notes
Just like higher stacks and faster velocities are helpful in reducing pollution at the surface, the hotter the exit temperature the better. Hot air rises because it is less dense than cold air (buoyancy). Think of hot air balloons.  So the hotter the exit temperature, the more likely the pollution is carried aloft. As we’ve discussed the exit velocity and exit temperature both push pollutants higher into the atmosphere…this is defined as plume rise.



Plume Rise 

Partially determines how much pollution reaches the ground 

Plume Rise 

Warm plume rises until it’s temperature is the 
same or cooler than the air above it 

Presenter
Presentation Notes
The pollutants exit with a certain velocity and buoyancy that makes the effective stack height taller than the physical stack…and as we discussed earlier…the higher the better.



Model World – Wind 

Image courtesy Lakes Environmental 

Presenter
Presentation Notes
Once we’ve determined the characteristics of the source, we need to determine the characteristics of the outside modeled world.  One outside influence is wind. Wind acts to carry a pollutant from a source to the surrounding environment.  The limitation with AERMOD is that the wind information from a single observation point is applied uniformly across the entire modeled domain.



Model World – Stability 

Warm 

Cool 

Unstable 

Unstable 

Stable 

Stable 

Warm 

Cool 

Image courtesy Lakes Environmental Image courtesy Lakes Environmental 

Presenter
Presentation Notes
Another outside influence is the stability of the atmosphere. Say we have a warm bubble of air near the ground and cool air above. The sun heats the bubble next to the ground through conduction so that it’s warmer than the air above it. If it’s warmer it’s less dense than the surrounding air and it begins to rise. If the air above continues getting cooler, the bubble continues accelerating away from the ground. That is an unstable atmosphere. But say we take the same warm bubble and put an even warmer layer above it. It still rises away from the ground but since it’s cooler and more dense than the air above, it reaches a certain point and gets trapped. That’s a stable atmosphere. Stable is generally worse as you can see from the photos above. Pollution gets trapped near the surface creating high concentrations of pollution. When our AQI goes up whether in summer or winter, we’re generally under stable conditions.



Model World – Stability 

The sun and cloud layers drive how these patterns set up. 
The model ingests these data from weather balloons.  

Sunny Afternoon Cloudy Anytime 

Foggy Morning Clear Morning 

Partly Cloudy Aftn. 

Partly Cloudy Mrng. 

Images courtesy Lakes Environmental 

Presenter
Presentation Notes
The variation of air temperature above the ground can set up in many different ways. The color bars represent different layers of temperature as you move up in the atmosphere just like the previous slide. Here are a few of the patterns and the associated dispersion with each temperature pattern. Models take that temperature stratification into account when they’re crunching the numbers. This is one of the reasons we run 5 years of meteorological data for each model run. All of these different scenarios will be tested for their affect on concentration.



Model World – Terrain 
Stable Atmosphere 

Air can go over or around depending on how fast the air is moving 

Presenter
Presentation Notes
In a stable atmosphere simple physics suggests that if a bubble of air has enough kinetic energy, the bubble can travel over the top of any hill. If the bubble isn’t moving fast enough it will have to go around.



Model World – Terrain 
Unstable Atmosphere 

All air moves over the hill 

Presenter
Presentation Notes
However in an unstable atmosphere, the tendency is for all the air to rise so all the bubbles move over the hill regardless of their speed.



Model World – Terrain 

Presenter
Presentation Notes
Here’s a screenshot from Google Earth showing how this happens in a model. The shaded greens and oranges represent modeled concentrations. It looks like our pollutant was moving fast enough to climb over the smaller mountain, but when it hits the taller mountain to the right it has to go around.



Model World – Buildings 

Image courtesy Lakes Environmental  

Presenter
Presentation Notes
Just as our pollutants interact with terrain, they also interact with buildings. This is a simple diagram showing air flowing left to right over the building in red. Since the wind is blocked near the ground on the leeward side of the building, you get a rotating vortex that sets up downwind. The top of that vortex acts to bring a plume that is otherwise high off the ground, down to the surface. If you’ve ever been walking into the wind as you approach a building you’ve probably felt how the wind switches around and comes from behind you, this is why.



Model World – Buildings 

Image courtesy Lakes Environmental  

Image courtesy Lakes Environmental  

Presenter
Presentation Notes
Here are a couple pictures showing how that looks in the real world.



Model World – Buildings 

If stack is at least 2.5 times building height, downwash will not  
come into play.  

Image courtesy Lakes Environmental  

Presenter
Presentation Notes
You can imagine in the previous pictures if the building was much smaller, the smoke plume probably wouldn’t be affected by flow around the building.  But how small would the building have to be to become a non-issue. The practice used in modeling is that if a stack height is at least 2.5 times the height of a building, the building will have no influence.



Model World – Buildings 

If building is 5L away from stack then downwash also not in play.  

L = Lesser of the BH or PBW 
BH = Building Height 
PBW = Projected Building Width 

Image courtesy Lakes Environmental  

Presenter
Presentation Notes
You can also imagine if the building were far enough away from the stack, it probably wouldn’t affect the plume. How far is far enough? The practice here says that if the building is at least 5L away from the stack, the building won’t come into play. L is the lesser of building height and projected building width. This is one reason why location information is so crucial for modeling.



Model World – Chemical Transformation 

Ozone Limiting Method (OLM) 
Plume Volume Molar Ratio Method 
(PVMRM) 

Same Chemistry for both Methods: NO + O3 => NO2 + O2 

Single Stacks Multiple Stacks 

2D - Ambient ozone applied at each 
receptor 

3D - Ozone mixed across volume of 
the plume. 

Presenter
Presentation Notes
In a perfect world or maybe a not so perfect world, whatever is emitted from a stack would stay in that same form. Pollutants would be much easier to predict if that were the case. But as you know that’s not how the real world works. Stuff transforms into other stuff. AERMOD is limited in its ability to perform chemical transformations, but it does have a couple methods for converting NO to NO2 by assumed reactions with ozone. There are two methods that work off the same chemistry, the ozone limiting method or OLM and the plume volume molar ratio method or PVMRM. These methods basically look at the ratio of NO to ozone and come up with a scaling factor that can limit NO2 production. If there’s more ozone than NO all NO is converted to NO2. If there’s more NO than ozone, NO2 production is limited. All the things discussed so far are done for our most basic modeling demonstrations. After basic modeling, if it’s determined a certain facility has the potential to produce a significant impact on the environment, a full modeling demonstration must be completed. Daniel will discuss the two additional components that come into play in a full demonstration.



Model World – Nearby Sources 



Nearby Source Tool 

Presenter
Presentation Notes
The nearby source tool was designed to assist in the selection of nearby sources, however professional judgment must be used when determining the final list for each source. First the tool selects all sources within a 50 km radius (this radius is suggested by EPA for identifying potential nearby sources). Then the tool removes all the sources that produce actual emissions less than 1 ton per year. The tool then calculates the distances between the source under review and the remaining nearby sources and takes the square root of the mean of those distances. Finally for each nearby source it takes the ratio of the actual emissions over the distance to the facility of interest. If that ratio is greater than the square root of the mean distance, that nearby source should be explicitly modeled.In practice in GIS you simply select the tool, type in the facility of interest, type in the pollutant and the rest is done automatically for you. This tool is available in house and online.



Background 
“Background air quality includes pollutant concentrations due to: (1) Natural sources; 
(2) nearby sources other than the one(s) currently under consideration; and  
(3) unidentified sources.” – 40 CFR Part 51, Appendix W to Part 51 – Guideline on Air 
Quality Models 

Presenter
Presentation Notes
The final piece for a full modeling demonstration is background. Background accounts for the smaller sources that were removed in the nearby source tool…it’s everything that’s not explicitly modeled. Examples include the small businesses on the left, the cars on 35-W, the bus crossing the bridge, regional pollutants from other states etc. Background is determined by monitored values.



Background 

 Ozone (O3) 
 Fine Particles (PM2.5)  
 Carbon Monoxide (CO) 
 Sulfur Dioxide (SO2) 

Criteria Pollutant Monitors 

(Courtesy: G Pratt, MPCA) 



Facility + Nearby Sources + Background 

Presenter
Presentation Notes
Again, once all the pieces are entered for the full demonstration, the model calculates concentration at each receptor and produces a display like the one shown above. The modeled concentrations are then compared to air quality standards to see if a facility will be in compliance.



How we use Air Dispersion  
Modeling Today 

MPCA/Regulatory Uses: 

Evaluate compliance with NAAQS and 
regulatory requirements 

Determine extent of emission reductions 
required 

Evaluate sources in permit applications 

Risk assessment 

Industry/Other 
Uses: 

Assist in design of effective control 
strategies 

Emergency planning by public 
safety responders/emergency 

management  



How we use Air Dispersion  
Modeling Today 

NAAQS 
PSD 
SIL 

Levels of Modeling:  

Screening 

Refined 

Analysis of these 
Critical Values 



Prevention of Significant Deterioration 
(PSD) Air Quality Permits 

MPCA/Regulatory Uses 
- Programs Supported 

Environmental Review (EAW & EIS) 

Non-PSD: Federal Part 70 and Title V and 
State Only-Permits 

State Implementation Plan (SIP) 

How we use Air Dispersion  
Modeling Today 



How we use Air Dispersion  
Modeling Today 



Questions Models Try to Answer 

• Will a new source degrade air quality? 
 

• Will Minnesota stay in attainment of air 
quality standards? 
 

• Will human health be protected from 
hazardous pollutants? 



AERMOD Can’t Tell Us 

• Exact location of an exceedance 
 
• Exact time of an exceedance 

 
• Exact concentration of an exceedance 

Presenter
Presentation Notes
Models have shown skill at finding highest concentrations occurring sometime, somewhere within an area. (+ or – 10% to 40%). Models limited by inherent uncertainty of unknown atmospheric flow and turbulence as well as reducible uncertainty associated with imperfect measurements and model physics.



Key Issues & Challenges 

• New short-term NAAQS 
• Background concentrations 
• Emission inventories 

• Model limitations 
• Timeliness of EPA 



Key Issues – Current Actions 

• EPA Guidance is scheduled to change 
• Modification of model 
• Clarify definitions 

• MPCA Workgroup 
• Modification of MPCA Modeling 

Guidance 



Future Directions 
§Modeled Background using MnRisks 
§Modeling more involved and 

complicated 
§ Attainment issues 
§ Gridded met/terrain data 

§ Regional & photochemical modeling 
will be more common 
§ SIP components 

§ Environmental Justice and Air 
Quality (City of Minneapolis) 

 



Disclaimer:  Some images used throughout the 
presentation are courtesy of Lakes 
Environmental.  Use of these images is not an 
endorsement for the use of Lakes 
Environmental’s products. 
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