Using Smoke Modeling Tools for Prescribed Fire Planning and Implementation
A Quick Set of Instructions
(Revised December 2011)

Fire Management Officers (FMOs) in Region 8 are increasing their use of smoke modeling in both the
prescribed fire planning process as well as in the implementation of those plans. The Air Resources Team is
available to provide training to FMOs on smoke modeling tools, including the Fire Emissions Production
Simulator (FEPS), VSMOKE and VSMOKE-GIS, and HYSPLIT.

e FEPS is used to estimate emission and heat release rates from the prescribed fire event. FEPS results are
used as inputs to both the VSMOKE and the HYSPLIT models.

e VSMOKE is a simple screening model that is used during the prescribed fire planning process. The
FMO enters various meteorological conditions into VSMOKE to simulate certain scenarios and assess
the worst-case downwind concentration from the proposed burn.

e HYSPLIT

o The Ready version of HYSPLIT is a web-based model that uses forecast met data to estimate
predicted downwind pollution concentrations. Because HYSPLIT uses forecast met data, it can
be used by FMOs to make Go/No Go decisions the day before or the day of the proposed
prescribed burn.

o The PC version of HYSPLIT provides a more refined prediction of downwind concentrations.
The Air Resources Team can conduct this modeling for field personnel.

This document will outline the steps necessary to run FEPS, VSMOKE and HYSPLIT. Since both VSMOKE
and HYSPLIT use emission and heat release rates from FEPS, instructions for running that program will be
presented first. Then, instructions for running VSMOKE for planning purposes will be given starting on page 4.
Finally, beginning on page 12, the instructions for running HYSPLIT (both the Ready and the PC versions) will
be given.

If anyone trying to use these instructions needs assistance, members of the R8 Air Resource Team are available
to provide training and/or assist with a particular problem. Contact information is:

e Bill Jackson (828-257-4815): North Carolina, Cherokee, Francis Marion - Sumter, Savannah River, and
Chattahoochee-Oconee, George Washington-Jefferson, Daniel Boone, and Land Between the Lakes
Judy Logan (501-321-5341) : Ouachita, Ozark-St. Francis, Kisatchie, Texas

Anthony Matthews (850-523-8520): Florida, Alabama, and Mississippi

Melanie Pitrolo (828-257-4213): Any Forest

Daniel Stratton (850-523-8566): Any Forest

Using FEPS to Create Your Emissions and Heat Input Files to be Used in VSMOKE and HYSPLIT

To estimate downwind concentrations resulting from your prescribed fire event, you must first calculate your
hourly emission rates and heat release rates from your fire. You do this using the Fire Emissions Production
Simulator (FEPS). The paper, “Using FEPS Results as Inputs to Smoke Dispersion Models: Identifying the
Relative Importance of Parameters within the Tool”, gives detailed information about how to run FEPS. As a
refresher, listed below are the basic steps used to obtain the emissions, heat release, and plume profile for your
burn event from FEPS.

1. Open FEPS, either from the VSMOKE form or from your Windows start menu, and create or load a
prescribed burn event. Once an event is created/loaded, the main FEPS screen with its five user input



tabs will appear. Enter your event information (start and end date) in the left side of the form, then click

Save.
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2. To obtain consumption information, there are three options. You can have FEPS calculate your
consumption, you can import consumption information from the CONSUME software program, or you
can directly enter in your consumption based on your best professional judgment.

a. If you are using FEPS to calculate your consumption, go to the Fuel Loading tab and enter in
your fuel profile name and select your fuel bed type. Then, in the Fuel Moisture tab, pick your
fuel moisture. In the Consumption tab, select “calculate and save”.

b. If you are not using FEPS to calculate your consumption, go to the Fuel Loading tab, clear out
the fuel bed information, and then name your fuel profile. Next, go to the Fuel Moisture tab and
set your fuel moisture at “Very Dry”. Then go to the Consumption tab to either import or type in

your consumption.

i. To import a CONSUME file, click on Actions—Import Consumption—Import from
Consume 3.0. Use the drop down menu, as shown below, to select and import your
CONSUME project. Note that the Unit and Fuelbed may be selected as well.
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If you know what your consumption will be, either from field measurements or by your

best professional judgment, you can manually enter that information into FEPS as shown

below.

#.FEPS - Broadcast Forest 1

File Actions Help
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Event Information

I
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Fuel Loading Fuel Moisture T Consumption T Hourly Input Data

Fuel Consumption (tons per acre) Total Cons. (T/A) En‘ter' ng YOU r Own
Fuel Profile  Can Shrub Grass Wdy Litter Bdcst Pile AJG  Duff Total .
ot ‘ : soowe  Consumption Data
Enusezl gg Eg gg gg Eg gg gg 00f 00 EE To reset a red cell to the value calculated by
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Unused 0| 00| 00000} 000 0| 00! 00/000] 0.00 83| 0001566] 094
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Hover over the column headings for

an explanation of abbreviations. m —

Broadcast Forest 1 User Event Broadcast Natural Fuel \Dec 182008 | Event: Valid

Tah: Valid

3. After entering your consumption information for your prescribed fire event, go to the Hourly Input Data
tab. You will need to enter the hourly meteorology data, along with the fire spread information, for each
hour of the active burn phase. There are two views within this tab, the “Hourly Data” and the “Daily

Temperature and Humidity Extremes”.
a. Below is the “Hourly Data” view.
phase, including the rate of spread

You must enter in the hourly information for the active burn
of the fire, the transport and mid-flame (not surface) wind

speeds, and the stability class. Note that in the absence of site-specific met data, mid-flame wind



speeds are assumed to be 40% of the surface wind speed values (e.g, a surface wind speed of 5
miles per hour is assumed to have a mid-flame wind speed of 2 miles per hour).

SRR IR Hourly Data Inputs for Active
File Actions Help Burn Phase

| | B =

Event Information T Fuel Loading T Fuel Moisture T Consumption T Hourly Input Data
Date and Time % of area burning for each fuel profile Meteorolo
Date Time@hﬂed Forest Unused Unused Unused Unused .m
(acres ¢/ \ Flame abilit
3122004 o0 0 100 0 0 0 0 15 a E -
312/200¢ 01 0 100 1} 0 0 1} 15 0 F j
3122004 02 0 100 0 0 0 0 15 0 F
31212004 03 1] 100 0 1] 0 0 15 1] F
3/12/72004 04 0 100 0 0 0 0 15 0 F
312/2004 a5 1] 100 0 1] [u] 0 15 1] E
312/200¢ 06 0 100 0 0 0 0 15 0 E
3122004 a7 1] 100 u] 1] o u] 15 0 E
312/2004 08 1] 100 0 1] 0 0 15 1] D _v_l
User-specified burn areas are displayed in red. To delete a user-specified burn area and Hover over or click on
have the area for that time-step to be interpolated by FEPS, select the cell and press F5. column headings for an
Press F6 to copy % area or met. info from the selected cell to the bottom of the column. explanation of
Press F7 to copy all % area or met. info from the selected day to all following days. abbrevigtions and usage.
» e |
Broadcast Forest 1 User Event Wildland Fire - Severe \Nov 212008 | Event: Valid Tab: Valid

b. On the next page is the “Daily Temperature and Humidity Extremes” view. You must enter in
the humidity information (daily minimum/maximum and the hours that they occur).

| # FEPS - Broadcast Forest 1
File Actions Help
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 — | —

Broadcast Forest 1 User Event Wildland Fire - Severe Nov 21 2008 |Event: Valid Tah: Valid

4. Run FEPS by clicking on the button below and to the right of the Help menu. After clicking on this
button, you can exit the program. Your results are ready to be used in either VSMOKE or HYSPLIT.
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Running VSMOKE or VSMOKE-GIS

There are two ways to run the VSMOKE model. You can either use the Arc GIS interface, or simply use the
VSMOKE form. If you are planning to use ArcMap to display the VSMOKE results graphically, follow all of
the instructions below. Otherwise, you may skip down to 2.

1. Navigate to the c:\vsmkgs folder. Click on the c:\vsmkgs\vsmoke.mxd file. This opens the ArcMap
project. (It is possible you have an icon on your desktop named vsmoke.mxd. If so, simply double
click on it to open the ArcMap project.) Once the ArcMap project is open, you can add any layers that
you may want in the VSMOKE project, i.e. forest boundary, burn units, etc. At that point, you can click
on the match button TEg] as shown on the screen capture on below, and then click on the location on
the map where your burn will take place.
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2. After either clicking on the map, or opening VSMOKE from the Windows Start Menu, the VSMOKE

dialogue box will open. You will see the screen that is shown below. Click on “VSMOKE and
VSMOKE-GIS”.

YSMOKE, VSMOKE-GIS, and HYSPLIT User Interface

User Interface for VSMOKE-GIS
and VSMOKE, and Produce
Emissions Input Files for HYSPLIT
Yersion 2.4.8

WSMOKE and YSMOKE-GIS are simple smoke dispersion model
for prescribed and wildland fires in flat to gently rolling terrain

William Jackson, USDA Forest Service

- - Lee Lavdas, retired USDA Forest Service
Copyright: Public domain ]

Dale Loberger, Environmental Systems
Research Institute

David N. Kelly, Forest Resource Consulting Inc.

Disclaimer: YSMOKE and YSMOKE-GIS software is in the public domain and the A
recipient may not assert any proprietary rights thereto or represent them to anyone as
other than Goverment-produced programs. YSMOKE and YSMOKE-GIS software is
provided 'as is' without warranty of any kind. including but not limited to the implied
warranties of merchantability and fitness for a particular purpose. The user assumes
all responsibility for the accuracy and suitablity of these programs for a specific

%

HYSPLIT

3. The X and Y Coordinates Screen will appear. If you clicked on an ArcMap project to open VSMOKE,
the coordinates are already populated with the values you chose. Otherwise, you need to enter the
latitude and longitude in decimal degrees. Click Close.



- [5]%

Number of isopleths

Title l [Do not use any commas in the title or more than 72 characters)

- Emission and Heat Release Rates

for YSMOKE-GIS

E :
mli:nﬂhlr_tl.ﬁhlts] S

If unsure of whether your coordinates |Coordinates
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click “Get Coordinates”. | el Copmates BR
Carbon Monoxide - ~Required for VS i
Surface Y Coordinate (meters) |355818'277 pn |2
Temperature [F]
Atmospheric Pressure X Coordinate (meters) |1230547_521 : .
(me] If not using ArcMap, you will
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Meteorology - A A A
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Surface Wind Speed ziling
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- Inputs used only in YSMOKE-GIS

v Check if time period is before sunset [daylight) Stability Class for lg (Slightly unstable) LI

: Az VYSMOKE-GIS
Wind Direction (degrees) |270
Status 2/9/2010 | 10:55 AM

4. The main VSMOKE input screen appears. The first thing that you need to do is retrieve your FEPS
results by clicking Emissions, then Retrieve FEPS...Emission Rates, as shown below.

* VSMOKE and VSMOKE-GIS Input Values
ngs Analysis  Results

File View NEglEHeis

\Websites : :
Cirl+H
- e

i—=NTEBET of isoplpths

Title I[Do not use any commas in the title or more than 72 characters)

- Emission and Heat Release Rates

Acres burned during this hour ]100

-Particulate Matter

Background tration
[micrograms / cubic meter) ]20

-Carbon Monoxide -
Surface

[Zn

for YSMOKE-GIS
Total Sensible Heat
Emission Rate (megawatts) [581.6

Total Source Emission Rate
[gm / sec)

1898. 5

Backaround Concentration [>

5. The screen shown on the next page appears. The results from your last FEPS run have already been
populated in the table. If this is the run you want to use, then simply select the hour that you want to
model (typically the hour with the highest PM, s emission rate), confirm that you want to use those data
and press “Use Answers”. If you need to do a new FEPS run you can press the “Execute FEPS” button



and it will take you to the FEPS program. Pages 1-4 of this document provide instructions for FEPS. If
you do run FEPS from here, you will need to retrieve your results again once back in VSMOKE.

Make sure these are the FEPS results
that you want to use.

If you need to run FEPS to obtain
emission rates for your event, click
on the Execute FEPS button. You

%

Execute FEPS

Event Name: Nantahala - Wolf Knob — : can then run FEPS, and then bring
Date Hour Acres P25 Carbon Mon| Heat Emissic| Winds [mid-f| Tempsg .
12/5/2011 07 00|  oooo| o000 0.0 20 your results back into VSMOKE.
12/5/2011 03 0.0 0.000 0.000 0.0 5.0 435 K] 15[D 0.00
12/5/2011 09 0.0 0.000 0.000 0.0 5.0 52.5 58 15(D 0.00
12/5/2011 10 40.0 143.060| 1656.035 136.2 2.0 55.2 53 10{D
12/5/2011] 773098 9024.028 : C
12/5/2011 12 218.0 373.267 v\4388.931 2.0 59.8 44 10(C
12/5/2011 13 307.0 397.214 43’85\.880 2.0 61.7 4 10|C
12/5/2011 14 396.0 419.315| 4979, 2.0 63.1 38 10|1D
12/5/2011 15 485.0 438.700| 5227573 2.0 64.1 a7 10|D
12/5/2011 16 574.0 455.036| 5436.934 2.0 £4.8 35 10|D ;
12/5/2011 17 574.0 0.646 8.273 20 65.0 Kis} 101D 0.00] ¥

For a YSMOKE analysis. select a row of data from above aqd the results will be copied to the fields below.

Results to be used by YSMOKE and YSMOKE-GIS

Year Month Day Hour
2 o .l

Total Source Emission R f Total Source Emission Rate of R If the FEPS results shown in
Particulate Matter [am . Carbon Monoxide [gm £ sec) Temperature | this table are the ones you want

: '
3024.028 to use, click on the hour to

57.7

Check this box [FEFSSEwr— ——
S e Wind Speed [mph] Transport *ind -
to calculate the REUECERUGEEIEREY Speed [mph) Relative Humidity mOdel, then click Use Answers.
surface wind 55— | 3 (Slightly unstable)
speed from the Wind adjustrment factor [l

“wind at flame Calculate surface wind speed (includes adjustment factsi of 0.85 to convert 20 foot tower height to 10 meters)

ecified == | Oort e v |
i . Use Answers Don't Use Answers
specified in
FEPS.

6. You will now be back at the main VSMOKE input screen. The values from FEPS have been populated
into the VSMOKE form, as shown on the next page. First is shown the top of the VSMOKE form. The
default values for background concentration levels of PM, 5 and CO are okay to use, although if you
know the site-specific information you can use those values. In this case, the background concentration
of PM,5 was set to 10 pg/m? (as opposed to the default value of 20). The default background
concentration for CO of 2 ppm was maintained. When available, you should use the actual atmospheric
pressure rather than the pressure at sea level. There is a table in the Help files that can be used to
approximate atmospheric pressure at varying elevations. This table is under Emissions and Heat
Release Rates/Atmospheric pressure in the Help files.



~* YSMOKE and YSMOKE-GIS Input Values

File Wiew Emissions PM Settings Analysis Results

HYSPLIT \Websites Exit Help
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Title

I[Do not use any commas in the title or

Your FEPS results

are circled. Number of isopleths

Emission and Heat Release Rates

Acres burned during this hou

Particulate Matter

for YSMOKE-GIS
Total Sensible Heat ——
Emission Rate [megawatts)

te

e ——

Total Source Emission Ral

Background concentration

Background concentrations can be
based on site-specific information.

(micrograms / cubic meter) |10
V\

Carbon Monozxide
Surface 7.7
Temperature [F]
Atmospheric Pressure 1000
[millibars]

Meteorology

7. We will now focus our attention on the

T~

Background Concentration

[parts per million)
Total Source Emission Rate ("|g024 028

foam ! onnd

You can click on the Help menu to
locate a table with estimated values.

|2

bottom part of the VSMOKE input screen. This is where you

put in your meteorology information, as well as your information for plotting your plume in ArcMap.
Although some of this information is populated based on your FEPS file, make sure that the values
correspond to the specific weather forecast that you are using. You can also use the Region 8 guidelines

to conduct several runs using different

meteorology, and compare their results.

The bottom portion of the VSMOKE form is shown below, with the results that are brought in from your

FEPS file highlighted.

Meteorology

Transport windspeed j 10

[miles per hour)
Calculate Stability Class with YSMOKE
Time Zone |5 Year [ex. 2004)

Surface (10 meter) Wind

Speed (miles per hour) °©

3

Inputs used only in YSMOKE-GIS

Wind Direction [degrees)

Status

2011 [Monthii>;  FDay 5 (enter 14.5 for 2:30 pm) !
Opaque Cloud Cover Cloud Cover Ceiling Height
{values between 0 and 10) |0 [feet above ground level] |3000

iv Check if time period is before sunset [daylight)

270

Mixing Height [feet [>7qp Relative Humidity (%] 45

above ground level)

Hour of simulation

Stability Class for
VYSMOKE-GIS

/'-——\
Wnstable] ‘)

Stability class will be calculated based on the other
met data when you run VSMOKE, so you may need
to re-run the model with the calculated value.

Some of the values that you may not fi

Cover”, “Cloud Cover Ceiling Height”,

nd on the weather forecast are “Time Zone”, “Opaque Cloud
’, and “Stability Class for VSMOKE-GIS”.



a. Your time zone can be found by clicking on the Websites menu. Valid numbers for the
continental United States are: Eastern daylight time = 4.0, Eastern Standard Time = 5.0, Central
Daylight Time = 5.0, Central Standard Time = 6.0, Mountain Daylight Time = 6.0, Mountain
Standard Time = 7.0, Pacific Daylight Time = 7.0 and Pacific Standard Time = 8.0

b. Opaque cloud cover is a scale where “0” equals clear, and “10” equals overcast, so you can
estimate your cloud cover from your forecast.

c. The cloud cover ceiling height can be found on a NWS website that is linked from the Websites
menu.

d. The stability class will be calculated by VSMOKE, so you can make an educated guess the first
time you run the model based on information found in a section of the help files under
Estimating Stability Class/Field. This value is only used by VSMOKE-GIS, so you can re-run
the model with the value calculated by VSMOKE if different than what was originally entered

8. After entering all fields on the VSMOKE input form, save your results. Then, click on Analysis —»
Execute VSMOKE and VSMOKE-GIS... to run VSMOKE, as shown below.

7% YSMOKE and YSMOKE-GIS Input Yalues for. C:tvsmkgsitest. txt

File WYiew Emissions PM Settings BEVEEN Results HYSPLIT \Websites Exit Help
EEIEN IR o o o srorees... i |
3 - - Number of isopleths
Title l[Do not use any commas in the title or more than 72 characters) for YSMOKE-GIS |
Emission and Heat Release Rates -
s . Total Sensible Heat
Acres burned during this hour |129.U Emission Rate (megawatts) ‘504.3
Metic ot bdotba.

9. When VSMOKE has completed the run, you will see the following screen. Make sure that the “End of
Run Flag = OK”, then click “Yes” to exit the window. If the run did not execute properly, then you will
need to re-run the model.

ISOCHI = 39; NC

X = 1933
ISOPLETH UALUE IN UG/Mx**3 = 89.0000800
LINEARLY ESTIMATED XISOX = 19572.5800808
ISOCHI = 89; NCX = 785
ISOPLETH UALUE IN UG/Mx**3 = 139.000008
LINEARLY ESTIMATED XISOX = 9155.742000
ISOCHI = 139; NCX = 369
ISOPLETH UALUE IN UG/Mxx*3 = 352.000000
LINEARLY ESTIMATED XISOX = 1395.616000
ISOCHI = 352; NEX = 58
ISOPLETH UALUE IN UG/Mx**3 = 527.8008000
LINEARLY ESTIMATED XISOX = 791.390800

10 i NCX = 34
ND OF RUN FLAG = OK
Stop Pregia e nated.

VSMKARC ]

) Program Terminated with exit code 0
. it Wingow?

Yes No

10



10. You may now view your results, first in a tabular format, and then in ArcMap if you were running
VSMOKE-GIS. First click on “Results”, then “VSMOKE Tabular Results...” as shown below.

“% YSMOKE and YSMOKE-GIS Input Values for C:lvsmkgsitest. txt

File Wiew Emissions PM Settings Analysis NaEERE HYSPLIT Websites Exit Help
slul 8| ] | I
: - - ' Number of isopleths
Title ][Do not use any commas in the title or more than 72 characters) for VYSMOKE-GIS ] ;
‘Emission and Heat Release Rates -
S . Total Sensible Heat
Acres burned during this hour ]129.0 Emission Rate [megawatts) ]504_3

11. Your results will be displayed in a new window that has four separate tabs (Concentrations, Visibility,
Plume, Stability/DI/LVORI).

a. The first tab, “Concentrations”, shows the predicted downwind concentrations of both PM, 5 and
CO, color coded in accordance with the Air Quality Index (AQI).

C_Coy W ShowGraph J  Clos= |

| visbilty | Plume | Stability, DI, and LVOR
Distance PM2.5 Distance PM2.5

Co.
from fire ug/m3 m from fire
328 1t 2.47 mi
18.76

413 ft 1.605.27 37171 mi

16.26 3.92 mi

518t 1.

£.21 mi

.369.301
656 1t T35 434 mi
967.85

823 ft
1037 ft 0 | : 7.82 mi
0.25 mi 568.37 9.85 mi
0.31 mi 547.18 12.40 mi
0.33 mi 447 85 15.61 mi
0.43 mi 366.98 19.65 mi
0.62 mi 24.74 mi
0.78 mi 31.14 mi
0.98 mi 39.21 mi
1.24 mi 3.0 49.36 mi
1.56 mi ) 62.14 mi
1.96 mi

11



PMzs CO Concentration

AQI Code Concentration Description
(g/m’) (PP
Yellow 39-88 45-94 Moderate

~ Rd  139-351  125-154  Unhealty
- Puple  352-5%6  155-304  VeryUnhealthy
[ Maoon | 57+ | 305+ | Hazardous

b. The second tab gives the predicted downwind visibility impacts, and the third tab gives the
calculated plume rise.

c. You can click on the last tab, “Stability, DI, and LVORI” to view the stability class that was
calculated by VSMOKE; if it is different than what you entered, you will need to rerun
VSMOKE with the proper stability class in order to display your results in VSMOKE-GIS.

12. Once you view your tabular results, you can view the draft report that VSMOKE has created for this
analysis. You click on “Results”, then “VSMOKE Report...”. The report appears in a separate screen,
and you can click “Edit, Copy” to copy the report, and then paste it into a Word document for editing.
Once you have created a report, you can go back to your tabular results and click on the “Copy” button
to copy any of your results into your report.

¥SMOKE Report

Edit Close

|
"—(Dn'rmsze any commas in the title or more than 72 characters)

Prepared by:
Date: 12/15/2011

[>

The smoke dispersion modeling analysis (using YSMOKE and/or YSMOKE-GIS) for this projectwas
performed for 129.0 acres to be bumed on 12/05/2011 at the time period of 1100 hours. This time period
has daytime dispersion characteristics to disperse the pollutants from the fire. The location of the fire is at -
approximately 35.339 degrees latitude and -§3.346 degrees longitude (459873.536 meters east and
1256928.872 meters north using US Albers projection). The emission rate of PM2.5 (fine particles) this
hourwas 773.098 grams/second, and carbon monoxide was 9024.028 grams/second. The heat release
rate was 504.3 megawatts. Both emission rates and the heat release rates were calculated using the Fire
Emission Production Simulator (FEPS) model. The estimated background concentration of fine particles
and carbon monoxide of the air carried with the winds into the fire are 20 micrograms/cubic meter and 2
parts per million, respectively. The proportion of the smoke subjectto plume rise was -0.75 percent,
which means 75 percent of the smoke is being dispersed gradually as itrises to the mixing height, and
25 percentis dispersed at ground level.

The meteorological conditions used in this model run were:

1.) Mixing heightwas 2700 feet above ground level (AGL).

2.) Transportwind speed, and surface wind speed were 10 and 5.9 miles per hour, respectively.
3.) There were no clouds in the sky.

4) Surface temperature was 57.7 degrees Fahrenheit, and the relative humidity was 48 percent.
5.) The calculated stahility class from VSMOKE was slightly unstable.

The WYSMOKE model produces three types of outputs that estimate: a.) The ability of the atmosphere to
disperse smoke and the likelihood the smoke will contribute to fog formation, b.) Downwind
concentrations of particulate matter and carbon monoxide, and c.) Visibility conditions downwind of the
fire.

The Dispersion Index (Dl) is an estimate of the ability of the atmosphere to disperse smoke to

acceptably low average concentrations downwind of one or more fires. This value could representan
v
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13. To view your results in ArcMap, minimize the VSMOKE program so that ArcMap again appears.
Select the plume buttonE and the plume will appear on the map.

“ vsmoke.mxd - ArcMap - Arcinfo

= states
O

File Edit Yiew Insert Selection Tools Window Help
DEzE S B X | & |[1:350518 | & B E Editor v v
QNI PE@n @ L I R I { Ba
®@&p | &
x x oy
(8§ ArcToolbox j
= M national_forests + & 30 Analyst Tools <?“
O + @ analysis Tools

+ & Cartography Tools
+ @@ Conversion Tools
+ @ Coverage Tools

Click on the plume button to view your VSMOKE
results in ArcMap.

+ i@ Data Interoperahility Toc

14. Here is an example of a VSMOKE-GIS plume.

The VSMOKE-GIS plume extends out approximately 30 miles. In this example, you can see that AQI
Code Orange or worse concentrations are predicted approximately half that distance, or 15 miles from
the burn unit.

Running HYSPLIT Ready

Fire Management Officers (FMOs) in Region 8 are increasing their use of the READY-WEB version of
HYSPLIT to evaluate smoke dispersion the morning of a planned burn. The Air Resources Team has been
working with HYSPLIT developers at NOAA-AIr Resources Laboratory (ARL) to improve the accuracy of
HYSPLIT’s projection of PM; 5 concentrations. The instructions included here are designed to provide FMOs
with an easy-to-use method of developing parameters to input into HYSPLIT for each prescribed burn project.
Instructions for running the PC version of the software will be given starting on page 18. Note that ARL
requires that proper citations be used in all reports referencing HYSPLIT results; these citations are given at the
end of this document. ¥
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Use the instructions found on pages 1-4 of this document to obtain your emission and heat release rates
using FEPS.

Create Your HYSPLIT Inputs in VSMOKE. VSMOKE has been configured to not only use the FEPS
results to conduct a screening analysis, it will also calculate the user inputs to the HYSPLIT model.

a. You will need to open up the VSMOKE form, either through ArcMap or by the smoke.exe icon
(found on your desktop or at c:\vsmkgs) and click on “HYSPSLIT”. You will then enter the
coordinates of the burn unit. The following screen will appear.

2% HYSPLIT: Emissions to use for the Web (Ready) or PC versions Make sure your FEPS event is <
e o e PG
by clicking on “Execute FEPS”.

Event Name: Nantahala - Wolf Knob

Date Hour Acres PM2.5 Plume Rise
12/5/2011 00 0.0[10000CE +00 0
12/5/2011 01 0.0[00000E +00 0.0
12/5/2011 02 0.0|J0D000E +00 0.0 %
12/5/2011 03 0.0[J0D000E +00 0.0
12/5/2011 04 0.0[100000E +00 0.0 Execute FEPS
12/5/2011 05 0.0[100000E +00 0.0
12/5/2011 06 0.0[00000E +00 0.0
12/5/2011 07 0.0[200000E +00 0.0
12/5/2011 08 0.0[200000E +00 0.0
12/5/2011 03 0.0[100000E +00 0.0 Choose the hours_you
12/5/2011 10 4001501726 +11 203.1 want to model in
12/5/2011 11 123.0[783154E+12 BEE.1 HYSPLIT by clicking the

127572011 12 218.0[343762E+12 4165 ;
12/5/2011 13 307.0/429971E+12 420.4 start and end times. Then,
make sure that the correct

values are filled in below.

+ Select then click a row to choose the start date and time
. __Select then click a row to choose the end date and time

Time Zone: |—Values « use in HYSPLIT Ready

Latitude (decimal degrees) |RLIRER
— Hour Longitude (decimal degrees) [RERYT I
Start 12/5/2011 -83.346

[l Get the last coordinates calculated by &rcMap for YSMOKE -GIS

End K2/5/2011 | 16~

PC HYSPLIT Meteorologicai iles: If you are running PC HYSPLIT, you
Tile: @ NE ©SE @ Nw @ SW need to select the tile and time of the
UTC. @00 ©06 @®12 @18 meteorological forecast you are using.

& Prescribed fire @ Wildfire )
For both versions of

L Plume Rise for Ready Yersion S “Calculate HYSPLIT

Emissions...” button.

Once you click on the “Calculate HY SPLIT Emissions and Plume Rise for Ready Version”, you will see
the input values for HYSPLIT, including the total PM, 5 emissions in micrograms, the average height of
the plume in meters, and the time and duration of the active fire phase in UTC.
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" Select then click a row to choose the end date and time

Time Zone: [i VYalues to use in HYSPLIT Ready

Latitude [decimal degrees) 35.339

Date Hour

Start YA ongitude (decimal degrees]) [EREEYTH
12/5/2011

Get the last coordinates calculated by Arckap for VSMOKE-GIS

Copy the average Briggs height [meters) below
T into the “"Release top:" field in HYSPLIT Ready:

These are the values you need 4271

.tO USEI In HY_SP_LIT Ready’ Copy th¢ total PM2.5 emissions [micrograms)
|nclud|ng emissions, source dui«g Tye active fire phase below into the

height, and start time in UTC. Releasg quantity:" field in HYSPLIT Ready:

1.079889E+13 |

A ——— LGRS LUR A ER GO RY Click on “Run
Calculate HYSPLIT Emissions and ™} : :
Plume Rise for Ready ¥ersion UTC time 15 and continues figgsavdN3 gy Ready”

R +» 3 to open the
View PC HYSPLIT input file bt B s BT ey P

HYSPLIT website.

=

4. At this point, you can close VSMOKE. Make sure you write down the user inputs! Alternatively, you

5.

can keep the form open and copy/paste the values into HYSPLIT.

After opening up the HYSPLIT Ready website (http://ready.arl.noaa.gov/HYSPLIT.php), log in to your
HYSPLIT account and request a forecast dispersion run. On the first screen, select the correct
meteorological file (NAM Tile) and input your correct latitude and longitude.

/2 READY - - Windows Internet Explorer provided by USDA Forest Service

o N I =l 1= . >
@.\ ) @ |&] https noaa.gov, M| % | R4 x| AT
: File Edit View Favorites Tools Help

5.7 Favorites 5% £ Southern Research Station ... @B Enterprise Operations - Wel...

@READY - B

Air Resources Laboratory
Conducting research and development in the fields of air quality, atmospheric dispersion, climate, and boundary layer

ARL Home > READY > Transport & Dispersion Modeling > HYSPLIT > HYSPLIT Dispersion Model

HYSPLIT Dispersion Model

Select the Meteorological Data and Starting Location

T

Meteorology & Starting Location

First, select the meteorologcal data: i

NAM CONUS (48h fest, 12 km, 3 hrly, CONUS, pressure) ¥ | View Current NAM Fire \ K .
[NAM CONUS (48h fest, 12 km, 3 hrly, CONUS, pressure ‘ Pick the “NAM Tile”
NAM Tile(48h fest. 12 km, 1 hrly, CONUS, Hyb sigma-pres T

NAM Fire Weather (36h fest, 1km, 1 hrly, Moveable, Hyb sigma-pres) meteorOIOglcaI fl Ie

NAM (84h fcst, 40 km, 3 hrly, U.S., pressure) i p .

NAM Hawaii (48h fcst. 2 km, 1 hrly, Hawaii, Hyb sigma-pres) ¥ Selecting a City (C T

|NAM Alaska (48h fcst, 12 km, 1 hrly, Alaska, Hyb sigma-pres) I

NAM Alaska (36h fcst, 45 km, 3 hrly, Alaska. pressure)

{RUC (12h fest, 1 hrly, CONUS, pressure)

|GFS (192h fcst, 3 hrly, Global. pressure
Latitude (degrees) [35.339

P& T

Enter the latitude and
longitude in decimal
degrees.

Longitude (West < 0) |-83.346
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6. On the next screen, use all of the default values.

"q
Air Resources Laboratory ¢
Conducting research and development in the fields of air quality, atmospheric dispersion, climate, and boundary layer

ARL Home > READY > Transport & Dispersion Modeling > HYSPLIT > HYSPLIT Dispersion Model

HYSPLIT Dispersion Model

Current Defaults
Meteorology: NAM TILE

Release Type: Unknown

Pollutant: Unknown
Source Location: Lat: 35.339 Lon: -83.346

You will typically want the latest meteorological
file, but make sure that the start of your burn
Meteorological Data & Additional Options | occurs after the tlme Of the met fllel

Meteorological Forecast Cydle *1727 UfCil 20111 2157\? \

Choose the defaults:
output contours of
concentration/
deposition,

no deposition,

no advanced options,
o) onbiiialien) and no prescribed burn
calculation.

Additional Options:

7con;en}{a}ion/depogi{ién V

Output contours of:

Deposition:

| '\,'F’,, v
Advanced Options:

Prescribed Burn Calculation (under development):
More Information

We are not currently recommending
the prescribed burn calculator.

7. On the next screen, you will input the specific information about your burn. Below is the user inputs
part of the screen.

: : Choose your start time in UTC — this value is given
l Change Default Model Parameters and Display Options l on the VSMOKE form REM EM BER TH IS IS
Source Term Parameters “UTC” TIME

Start time (UTC): y,ef"t‘ "1"2’"3‘ {’1a; 3 @
Dispersion calculation: ® Forward O Backward (You may need to change the default start time for backward!)
S latitude: -e 35.339 rees .

b . [E The “Release top” is the average
Source longitude: |-83.346 | degrees (West is negative) BriggS hEight from the VSMOKE
Release top: D] | l#221 |meters act form. Set “Release bottom” to 0.
Release bottom: o messs O\ | The “Release quantity” is the
Biiane quantiie \ eoEs | (g ¥ / emissions from the VSMOKE

: — —1 form in micrograms, and the
Release duration: 7 hour(s) |0 . }

duration is the number of hours

Runtime Parameters e Of the aCtiVE burn phase.
Total duration: j}sur(s) ‘
Sampling . Average O snapshot
4_] This is how many hours the f : =—
Averaging . . . 1 ‘ hour(s) 0 J minutes

model will predict downwind — m—
Top of avq concentrations. Typlcal Iy you 100 |meters AGL (must be >= 100m)
Bottom of - will want at least 10 hours. L i
Contour multiplier: | conversions | help ,!:PE,*,O,DJ

16

You can use all of the other
default values as shown.




Here is the output options part of the screen.

Choose “ug” as the concentration units.

Output Parameters

Oes ®nNo |
Choose your output(s), typically Google
OvYes ®no Earth.

Request Dispersion Run ] Default values J

Postscript file?

Concentration Output Units M Lugi‘%lbic meter (deposition per square meter)

Plot resolution (dpi): ‘Q,E,"

Zoom factor: E

Distance circle overlay: ® None O Auto O4circles[0 | km apart
U.S. county borders? Oes ®No

GIS output of contours? O None O 6ls Shapefiles ® Google Ean@

Create PDF file of graphics?

—

Click on “Request Dispersion Run”, and once the modeling run is complete you can click on the output
files to view your results.

ARL Home >READY > Transport & Dispersion Modeling > HYSPLIT > HYSPLIT Dispersion Model

HYSPLIT Dispersion Model Note: The job number is
maintained on the NOAA-ARL

) HYSPLIT MODEL RESULTS FOR JOB NUMBE server for 24 hours; noting the
|Thu Dec 15 16:07:01 EST 2011 number could be important in

}The model and graphics are now complete.

Moisel {Fiiarisd geierating (Graphics for Job 23569, case a need arises to retrieve the
Status: adding: MESSAGE.23583.txt (deflated 84%)

adding: CONTROL.23583.txt (deflated 58%) run the neXt day

adding: Z-!YSPLII_23533.kmz (deflated 0%) v|

Click on text link or dropdown menu to view images in a new window.

RESULTS GIF Animated GIF Google Google
Plots Plots Earth Maps
Concentration B GIF Java Kmz
Particle Positions 7 ﬂ GIF . . . .

This file will open in Google Earth. |

Time of Arrival GIF . .
You can also click on the animated |-
plots (GIF) for a quick look at the

Links to other output files and programs I reSUItS.

» Redraw the dispersion plots without rerunning the model.

» Zipped file containng all graphics and diagnostics

» HYSPLIT Binary concentration file.

RS These are the HYSPLIT files that
S were used to complete the run.

» HYSPLIT ME SSAGE (diagnostics) file.

» ME S SAGE file format help (pdf)
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9. Below is the Google Earth output for the HYSPLIT run described above.

Integrated: 1500 UTC DEC 15 2011
; 15 2011

HYSPLIT

31.0E+02 ug/m3 o y ’
>1.0E401 ug/m3 \ X 4
>1.0E+00 ug/m3
>1.0E-01 ug/m3

mmmmmm : 1.6E+02 ugima

(identified as & square)
Minimum: 9.7E-05 ug/m3

A

Eyealt 43.15mi )|

Following the steps outlined above should provide not only the dispersion pattern but also a
conservative projection of concentration levels in micrograms per cubic meter, the same parameter upon
which that the PM, s National Ambient Air Quality Standard (NAAQS) is based. Although the air
quality standards for PM, 5 are on a 24-hour and an annual basis, hourly PM, 5 values are used to
evaluate health risks using the Air Quality Index (AQI)Z. Below are the AQI levels.

PM2.5 Concentration

(Lg/m®) AQI Code Description
<%  Greem  Good
39 - 88 Yellow Moderate

In the Google Earth graphic above, the yellow areas close to the source depict where predicted hourly
concentrations are greater than or equal to 100 pg/m?, approximately equivalent to an AQI code of
orange. The dark blue, green, and light blue areas show hourly concentrations are predicted to be
equivalent to AQI codes of yellow and green. The maximum predicted downwind concentration (shown
in the white squares) is 160 ug/m3 (1.6 E+02 pug/m®); this value is code green and downwind
concentrations are predicted to be good.
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Note that Code Orange or higher values for just a few hours could potentially cause an exceedance of
the 24-hour NAAQS, which is currently set at 35 pg/m°. Therefore, we recommend that FMOs pay
attention to the downwind concentration levels if they exceed 88 pg/m? as they review the dispersion
patterns.

Running HYSPLIT PC

Below is a set of simple instructions for running the PC version of the HYSPLIT software. Typically, a
member of the Air Resources Team will run this more refined model for larger or more complicated prescribed
fire events. Note that ARL requires that proper citations be used in all reports referencing HYSPLIT results;
these citations are given at the end of this document. *

1. Use the instructions found on pages 1-4 of this document to obtain your emission and heat release rates
using FEPS.

2. Use the instructions found on pages 12-13 of this document to create your input files for HYSPLIT PC.

3. Open the HYSPLIT atmospheric dispersion model. You may have an icon g on your desktop;
otherwise, click on the Start menu and find HYSPLIT as shown below.

=

7

@ Google Earth
m WSmoke

';':. Microsoft Office
\—*.: Fublisher 2007

Seagate 3
B HYSPLIT s
ActiveState ActiveTcl 8.4.14.0 *
Ghostgum 3
Ghostscript 3
ImageMagick 6.4.4 Q8 3

Google Chrome *
All Programs  »

&] Open Help
3 REun Hysplit 4.9
== Uninstall HYSPLIT

Google Earth *
Google Updater *
B8 adobe Reader 9
TerraServer Download Tool *

4. Retrieve today’s forecast data for your geographic region starting at midnight (00). For most of Region
8 the SE forecast will be appropriate, but some areas in VA will need the NE forecast.

Convert to ARL } Appended

The screen should look something like this before

you press the Gét Data Filé button
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FTP Processed Forecast Data from A... E]@IE|

Abhbreviations indicate:
resolution {1 or 3 hr), vertical coordinate (P=pressure,
S=sigma, s=5>0.7), and forecast duration.

All data files are derived from various forecast models.

spatial resolution, temporal

| 7T T Y YOY T Y N

)

-~

FIP Password: |hjacksun02@hysplit

Meteorological File Selection

gt=f

gfslrf

namakf

namf

namf40
namsf.
namsf .
namsf .
namst .
namsf.
namsf.

ruc

AK
HI
HEtile
Hitile
SEtile

SWtile

1-dey

P

2.5 d 12p

45-km
12-km
40-km
12-km
12-km
12-km
12-km
12-km
12-km
20-km

Year (¥Y¥¥¥): 2009 Month

Forecast Cycle (UTC): i+

Ip
3P
Ip
158
158
1=
1s
1s
1s

1P

{MM) : ﬁi- Day (DD): EE
00 ¢ 06 ¢ 12 18

+180h
+360h
+36h
+48h
+84h
+48h
+48h
+48h
+48h
+48h
+48h
+12h

{ 594

152

Mh)
Mh)
Mh)
Mh)
Mh)
Mh)
Mh)
Mh)
Mh)
Mh)
Mh)
Mh)

RUC only Cycle (UTC): ¢ 03 09 ¢ 15 ¢ 21

Output path: |C:fhysplit4]working

Be aware that it can take approximately15 minutes for the data file to download if you are directly
connected to a Forest Service network, and up to 40 minutes if you are using a wireless connection.

5. Retrieve the Setup_FEPS file produced by the HYSPLIT user interface by going to the [NEN@NGe tab
and navigating through the “Configuration Setup” to “Concentration”.

[— JI7T ") -

| Advanced & and

Configuration Setup !

TIrajectoxry

—
Climate
Chan,.

o

| Satellite Data

k Concentration

On the next screen press [RBERIGNE and then search for the Setup FEPS file in the “C:\hysplit4\working”

directory. Press @K when finished and then Save.

Be sure to redo this step (retrieving the Setup file) each time the run involves a new FEPS

file....browse and select the “Setup_FEPS” file. Do not just assume it is selecting the newest file
just because it is showing up in the pathname. The same applies to the next step where you will
retrieve a “Control_FEPS” file.
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ZH Create Dptional Concentration Mamelist File: SETUP.CFG

Set fixed oxr antomatic TIME STEPS (1):
Define subgrid and MSLJAGL UNITS (2):

Configure release of PARTICLES ox PUEFS (3):

=l
Lo |
EN
set particle/puff RELEASE HUMBER limits (4): -
|
o |
= |
Ea

HlLoad Previously Saved Configuration E]@|E|

Enter Path/Hame to load configuration -

Set the puff SPLIT-MERGE parametexrs (5):

Define EMISSION CYCLING oxr input £ile (6):

Configure the TURBULEHCE method {(7): |C:fhysplitrlfworkinngETl.l'l?_feps

Conoentration GRID PRACEING method (8):

Imput and output PARTICLE FILES (9):

In-Line chemical CONVERSION MODULES {10): -

Heteorological grid offset ENSEMBLE (11):

6. Next, setup the HYPLIT run by selecting the “Concentration” dropdown menu followed by “Setup
Run.”

Concentration

the Control_feps file from the “C:\hysplit4\working” directory.

the meteorological files.

. hysplit.t00z.namsf.SEtile

Make sure the HH value for the “Starting Time” is the same as the meteorology file. For
example, if you download the hysplit.t06z.namsf.SEtile then the HH value should be set to a
value of 6.

e. Bave

™ Concentration Setup

Starting time (Y¥ MM DD HH): [09 04 08 5
The mumber of starting locations: |—4====>_
Total run time (hxr=) Direction Top of model (m agl)
24 & Fwrd  Back 10000.0

Vertical: @ D:data  2:igzen ng ( d:sigma ¢ 5:divg

)

Selected Files: |1—

C: fhysplitd fworking/f hysplit.t00z.namsf.S




Be sure to redo this step (retrieving the Control file) each time the run involves a new FEPS
file....browse and select the “Control_FEPS” file. Do not just assume it is selecting the newest file
just because it is showing up in the pathname.

7. Run the HYSPLIT model to predict PM2.5 concentrations. Click on “Concentration, Run Model”

Concentration

Quick Start

Setup Run

Run Model

Select “Run Using Setup File” option. The following message may appear; if so click “Run Using Setup
File”.

. / Advanced Configuration Namelist File Found!

You will see the progress of the modeling in the Simulation Log. When the run is complete, press Exit
to move to the next step.

# SIMULATION LOG = EX
SETUP.CFG b
Calculation Started ... please be patient

Percent complete: 4.2

Percent complete: 8.3

Percent complete: 12.5

Percent complete: 16.7

Percent complete: 20.8

Percent complete: 25.0

Percent complete: 29.2

Percent complete: 33.3

Percent complete: 37.5

Pexrcent complete: 41.7

Pexrcent complete: 45.8

< | PR

8. Display the concentration contours. Click on Concentration—» Display—» Concentration
— Contours.

= [B]X]

Concentration Advanced

'@\M&ead!

. » 5
Quick Start 'ay'é‘ligﬁ

Setup Run 3 - o4
e
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To display hourly results in Google Earth, set up the Concentration Display page as shown below. The
UserSet values represent the upper limits of current hourly PM, s AQI categories. To continue, press the
Execute Display button. Do not be alarmed when windows on your screen flicker as the display executes
— it just means that the display-writing software is working!

Map Projection: & Auto ¢ Polar { Lambert fy

Labhel Source Rings: Humber Dist (km)
@ on C 0ff [T set 4 100

Select Pollutant:  All (v PM25

From Bottom Level: ( 100

Through Top Level: { 100

Contour drawing options: B & W &
¢ Dyn-Exp ( Fix-Exp ( Dyn-Lin { Fix-Lin

Least Zoom

Concentration Display. E@@
Input File: ¢ cdumplhr ¢ cdunp24hx cdumplhr
Output File: concplot [” Frames [ View On
Map Background: |C:/hysplitd/graphics/arlmap -

cator ¢ CylEguid

GIS Output:  Hone (" ESRI Generate + Google Earth

Centex: Lat Lonsg

~

set 35.43 |-83.88

Vertical Display: & Show Each Level  Average Levels

Deposition Multiplier:|[1.0  Wone & Time (" Sum otal

Concentration Multiplier: (1.0 [ Exposure Lahel: ug

? f"lmnel
+“UserSet [39+89+139+

> Most Zoom

L1

1] 10 20 30 40 50 60

T

a0 90 100

Enter the “UserSet” values in this order:
38::255255000+88::255126000+138::255000000+351::153000076

This configuration allows the output to display in the PM2.5 Hourly Air
Quality Index (AQI) color codes of yellow, orange, red and purple.

PM, s Hourly Air Quality
Index (AQI)"

Moderate

Unhealthy for Sensitive
Groups

If you are interested in creating 24 hour concentrations to compare to the 24 hr PM, 5 standard, select
“cdump24hr” and enter 35:255126000 in the space after “User Set” (or, in place of the 34, you can enter
the PM; 5 level where it plus background = 35). All other settings are as shown for displaying hourly

results.

9. To Display smoke plumes (color-coded by PM, 5 concentration) in Google Earth:

a. Start Google Earth.
b. Open the HYSPLITconc.kmz file found in C:\hysplit4\working” directory. If you want to save
the kmz file, then save it using a new file name before you execute another modeling run.
Each time you run Hysplit and create a new display the program writes it to the same
HYSPLITconc.kmz file name.
c. We recommend that you rename the kmz file using the name of your burn, and save it to a
separate folder, such as the folder that contains all other information for that particular burn.
d. Remember that you can “play” the results with the time slider bar or advance through the
images beginning at midnight and continuing until the end of the modeling simulation (48

hours or less).

Troubleshooting: If the program hangs up or stops responding, exit and start over.

'EPA has not set an hourly AQI for PM2.5. Values used in this example were taken from: Wildfire Smoke: A Guide for Public Health
Officials, Revised July 2008. http://www.arb.ca.gov/smp/progdev/pubeduc/wfgv8.pdf.
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Reminders for FEPS, VSMOKE, and HYSPLIT

FEPS results are used as inputs to both VSMOKE and HYSPLIT Ready.
VSMOKE is used during the fire planning process, and can be run multiple times using different
meteorology to determine the potential downwind impacts under various weather conditions.

e HYSPLIT Ready is used the day before or day of a prescribed fire to assist in making final go/no-go
decisions. It uses actual forecast meteorology data to calculate predicted downwind concentrations from
the prescribed fire.

e HYSPLIT PC provides more refined predictions of downwind concentrations. Typically, an Air
Specialist will conduct this modeling for field personnel.

If you have any questions about the use of these smoke modeling tools, please contact the Air Specialist
assigned to your forest.
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