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Overview:. Meteorology and Smoke
Management

Meteorology Review
— Winds

— Atmospheric Stability
— Plume Behavior

Forecasting Resources
- 2008 Wl|dfll’e |mpaCt (example)

San Joaquin Valley APCD Air Monitoring Sites
Wildfire Impacts on Air Quality
Smoke Management Decisions
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Dispersion Meteorology
Terminology

Winds

Atmospheric Stability
Temperature Inversion
Ventilation / Dispersion / Mixing
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Winds

e Speed and Direction

— Direction is defined from True North by where
the winds come from

— (N =360°% E=90°% S =180°5 W = 2709
— Speed is measured in miles per hour (mph),
meters per second (mps), or knots

2 2.
HEALTHY Al '__,f o




Winds

e Winds are comprised of:

— Pressure Gradients (the tighter the isobars,
lines of constant pressure, the stronger the
winds)

— Temperature Gradients
* Frontal, Land / Sea Breeze

— Terrain
e Upslope / Downslope flows
 Mountain / Valley flows
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Winds

* Pressure gradient winds are driven by
areas of high and low pressure

e Tight gradient means strong winds

H I L

 Relaxed (Weak) gradient means light
winds

H [ L
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Winds

 Thermally driven wind flows
— Land / Sea Breeze

— Mountain / Valley Flows

e Daytime burning is preferred because upslope flow
carries smoke emissions away from downslope
sensitive receptors.
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Winds (Upslope, Valley
Breeze, Transport)
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Effects of Wind Speed on
Smoke Plume

« Wind Speed aids in dilution of emissions.

* \Wind speed determines the horizontal

motion and bending of the plume from
vertical.

 Light wind speeds lead to “stagnation” (no
horizontal distribution of pollutants).
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Effects of Wind Direction on
Smoke Plume

 Wind direction determines transport
direction.

 Wind directions are given as the direction
from which the wind blows.

— For example, a northerly wind comes from the north and
blows smoke toward the south.
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Atmospheric Stability

« Stability Is determined by the vertical
temperature profile of the atmosphere.

— Measurements by profilers, aircraft, remote sensing,
or weather balloons

e Stable Air

— Limits smoke dispersion
— Resists vertical motion (less mixing)

 Unstable Air

— Maximizes smoke dispersion
— Promotes vertical motion (more mixing)
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Atmospheric Temperature
Structure

* Vertical temperature profile
— Temperature decreases with height

— A temperature inversion occurs when the
temperature increases with height

« Stable conditions that reduce vertical mixing

« An Iinversion can cause a lid that traps smoke
emissions near the ground
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Altitude

Temperature Inversion

Temperature
profile

T

Inversion layer

Temperature




Fresno and Bakersfield Temperature
Sounding Example (11-3-2010)

Fresno Bakersfield




Stability /Mixing Exercise Example

e See worksheet
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Inversion Types

Radiation Inversion

— Due to night-time cooling of surface

— Colder air tends to pool in drainages

Subsidence Inversion

— Due to sinking or subsiding air warmed by compression

— Occurs with high pressure aloft

Marine Inversion

— Occurs when air cooled by water undercuts warm air above

Frontal Inversion
— When a cold air mass undercuts a warm air mass and lifts it aloft
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Mixing Height

 The vertical extent that an air parcel will
move upward when heated.

* Mixing heights increase as daytime
heating occurs.

— Night-time mixing heights are near the surface
until day break.

— Maximum mixing occurs by late afternoon
— Mixing heights rapidly lower after sunset
— Mixing heights are impacted by cloud cover

; , "»"“l,'," 1r ["{'/
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Smoke Dispersion Processes

Advection: Wind-Driven Transport

Thermal Turbulence and Convection:
Driven by heating

Diffusion: Microscale motions that expand
the pollutant cloud

Mechanical Turbulence: Wind and terrain
generated mixing.
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Ventilation Index

* VI = Mixing Height x Wind Speed / 1000

 Example:
— Mixing Height = 1,000 feet
— Transport wind = 5 knots

— Ventilation Index = 1000 feet x 5 knots / 1000
= 5 kt-ft
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Temperature Profile at Lost Hills on
June 25, 2008

LH> 9715 MHz Profiler: Lest Hills, CA — Low Mods
Dota courtesy MO&A/ESRL, Physical Sciences Division

v (deg C):ESINNSEORNIEN 4 16 15 20 22 24 26 28 RSO

1500

1400

1300

1200
1100
Y 1ooo
900
800
700
£00
500
400
300
200
100

a

Haour: 232221 2019181716153 141312111088 2807 06 05 Q4 03 02 01 OO
<——— Time |Increqases to Left
Data from Z5—JUN—Z2008 00:04 through Z5—JUN-—-Z2008 2Z3:00 UTC
Image generated by Department of |Meteorology, Maval Pestgraduate School

T~

A
vt e S T
S
.
II:_

LAt
~fea
o a al ol

88 8 8 85y o et OO e

a

a

0
c

I e m atA]
S

A AT S F S
SR Teeea/fat
N S A S S S G

GO A4
T At e

YTTGGG‘TBEKIY\‘(GBG%E:&G

LR T AT

VY Are
gae—me fa e e a el

=
-
il
-
=
4
+~
<T

J Ao 44 o X bt e
N T e AR T N

[T At e Y

S S et
R e e e RN i

=)

Ii— /’\%—ﬂ‘—n—ﬁl—i—ﬁ'—ﬂrﬁ“ﬁk—?wf{—rrﬂffﬂ
T
N
@

I
¥

[ A A St Rty Yy N e A

I i N o SE R QL

Maximum Mixing

Morning
. Inversion




Stability Effects on Smoke Plumes

An air parcel or plume Is unstable and it will rise
If It IS more buoyant than the surrounding air.

An air parcel or plume Is stable and it will not
rise If it less buoyant than the surrounding air.

The Iinteraction of the plume with different lapse
rates determines the shape of the plume.

Lapse Rate is the rate at which an atmospheric

variable (usually temperature) decreases with
height.
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Plume Behavior and Lapse Rate
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Visual Indicators of Stable Air

Fog
Calm or Light, Steady Winds

Stratus clouds — layered with little vertical
structure

Poor visibility at the surface due to the
accumulation of smoke or haze

Smoke column drifts horizontally after
limited rise
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Visual Indicator of Stability

L 2




Visual Indicators of Unstable Air

e Vertical Growth of Clouds
— Cumulus

o Gusty Winds
 Good Visibility
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Visual Indicators of Unstable Air
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Forecasting Resources

Upper Air Transport and Dispersion
Satellite Images

Upper Air Observations

Weather and Air Quality Models
Web Cameras

Local Observers (Fire Lookouts,
Inspectors, You)

Air Quality and Weather Data
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Data Sources to Assess Upper Air Transport
and Dispersion

— Lower Air Profilers

http://www.weather.nps.navy.mil/profiler/coastprof.html
— RAOB's
http://www-frd.fsl.noaa.gov/mab/soundings/java/

— CARB Aircraft Sounding

— NOAA ARL Forecast Soundings

http://ready.arl.noaa.gov/READYcmet.php




Wind Profilers
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Wind Profile at Lost Hills on
June 25, 2008

LHS 915 MHz Profiler: Lost Hills, CA — High Mode
Dota courtesy MO&A/ESEL, Physical Sciences Division
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Morning Visible Satellite Imagery




500 MB Pattern for June 25, 2008
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Weather Pattern of June 25, 2008
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CANSAC: Small Scale Weather Model
Specifically Designed for the
San Joaquin Valley
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Air Monitoring
Sites b oo co W San Joaquin Valley e

1 Hazelton: GMPF.T 19 Hanford: G.P.M
2 WagnerHolt: P AIR POLLUTION CONTROL DISTRICT 20 Corcoran: G, MP.F

3 Tracy: GMP.F Other:
Tachi ¥okut Tribe
18 Santa Rosa Rancherla; G.MP

Stanislaus Co: SITES IN OPERATION AS OF MAY 2010

Population {Vodese GMPF

5 Turlock: G.M.P F

Exposure Merced Co:

6 M Streel: P.F

Tulare Co:

21 Visalia Airport: M
22 Church Siraet: G MPF

23 Porterville: G.F.M

: 7 Cafee St GM othor:
H | h e St National Park Service
Madera Co: 24 Kaweah: G,M

& Madera City: GP.F.M 25 Ash Mountain: A.G. M. F

Concentration EZ=

Fresno Co: Kern Co:
10 Tranguillity: G,F.M 26 Shafter; G, M
Source 11 Slerra Sky Park: GM 27 Olidale: G.M.P

12 Clovis: G.M.P F
13 Flrst Street: GMPFTHN

ApportIOnment 14 Fresno-Pacific: F

28 California Avenue: AGMPF.T
29 Planz Road: F
30 Edison: G, M

15 Drummend; GF, M 31 AvInG G M
. 16 Parlier: G.M 32 Maricopa: GM
17 Huron; F 33 Lebec: F.M
e Special
Modelin g an d Monitoring Designations
. Acid Deposition
: Fine Particulale (PM2.5)
1 Gaseous Monitoring Operation:

Air Quality
Analyses

Siles operate the District are u
Sites oparated join thie District and
ARB are in bold and underlined

1 Meteorological

: Particulate (PM10)
: Mational Core

: Toxics

S=97=z=en>@

May 2010



Forecasting Air Quality

Need to predict changes in:
Atmospheric Chemistry
Weather
Emissions
Human Behavior
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Atmospheric Chemistry

The forecaster predicts variations In:

= « Particulate Matter
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Ozone Formation

NOx + VOC + Heat & Sunlight = Ozone
Ground-level or "bad” ozone is not emitted directly
into the air, but is created by chemical reactions
between NOx and VOCs in the presence
of heat & sunlight.
Emissions from
industrial facilities and electric
utilities, motor vehicle exhaust,
gasoline vapors, and chemical solvents are
some of the major sources of oxides of nitrogen
(NOx) and volatile organic compounds (VOC).




Particulate Matter Comes
From Many Sources

Naiural Vian Made I'

Wind Blown Dust

‘% (Disturbed Soil)
Wind Blown Dust

(Undisturbed Soil)

Wildfires
Wood Burning

o~ Industrial
® ® o sources

Automobiles -




Particulate Matter

PM10 (Coarse) are particles with a
diameter of 10 microns or less, whereas
PM2.5 (Fine) are particles with a diameter
of 2.5 microns or less

Concentrations gradually build during
stagnant conditions

Concentrations increase rapidly during
wind blown dust events and wildfires

Concentrations vary with time of day

HEALTHY AIR LIVING o+




Emissions
The forecaster must predict:

sLarge changes in emissions (wildfires,
blowing dust)

Changes in wind direction & speed during
periods of high emissions
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Wildfire Impacts
on Air Quality

Particulate matter (soot & ash)
Precursors (NOx & VOC) form ozone

Plume can also block sunlight and reduce
surface ozone

Many fires impact air quality in California
every year (including San Joaquin Valley,
Great Basin, Mariposa, Tuolumne, and
eastern Kern County APCD’s)

HEALTHY AIR LIVING




Arvin and Ash Mountain Diurnal Ozone Profile
June 25, 2008
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Turlock and Ash Mountain Diurnal PM2.5 Profile

(June 25, 2008)
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Air Quality Index Forecast

(June 25, 2008)

San Joaguin

Stanislaus
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Historical Large Emission Sources
(Wildfires)

 Air Circulation Patterns Bring Smoke Into
the San Joaquin Valley.
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- | Day Fire













Biscuit and McNally
Fir July 29, 2002




Sheep Fire
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Smoke Management Decisions

« SIVAPCD Rule 4106 (Prescribed Burning
and Hazard Reduction Burning), Rule
4103 (Open Burning), and Rule 4901
(Wood Burning Fireplaces and Wood
Burning Heaters)

« SJVAPCD Smoke Management System
(SMS)

e Title 17 Guidance
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Smoke Management Decisions

e Rule 4106, 4103, and 4901 are more
stringent and flexible than Title 17

o Title 17 provides guidance to the
SJVAPCD and is the controlling regulation
In most of California
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Title 17 Overview

o Establishes
— Different burn areas in California
— Start and stop times
— Reporting requirements
— Coordination amongst agencies

— Meteorology criteria to help in burn day
determinations
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Smoke Management
System

Distribution of Emissions
Controls where burning occurs

Controls when burning occurs
Improves how burning limits are

established

Increases options and hours for
requesting burns

Increases the number of areas where
some amount of burning Is allowed

W :
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ion Zones

e 103 Zones

 Developed from
AQFAs
Crop Distribution
Historical Burning
Inspector Knowledge
Receptors
Known Boundaries

&4
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Emission Allocations
are based on:

Season e Historical burn patterns
(Pollutant) (1998-2003)

Meteorology * Land use
Air Quality * Source/Receptor

relationships

Projected burning California Health and
trends Safety Codes 41855.5

“Special Events” and 41855.6
(Prescribed Fires SJV District Rules 4106,

wildfires, Tire S0, 4l

Fires, Trash Fires,
etc.)

~
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Allocation Scenarios

Combo 10 West 4 Combo 20 SV 06
0-400 ac/cnty 0 Madera South 400 ac/cnty wio HWYS9 0-600 ac/cnty South Low 600 ac/cnty (30 tpd VOC)
(4.3 tpd VOC) (20 tpd VOC) (21 tpd VOC)

SV 60
Combo 60 S 20 SNV 40
1000-4000 gnc}cr?ty South Low 6000 ac/cnty (300 tpd VOC)

(114 tpd VOC)




Agricultural Allocation Criteria

Buffer Zones

Planned Prescribed Burns
Wildfires

Emergency Response Fires
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LLNL Prescribed Burn

SMS Allocation Analysis: Thursday, June 03, 2004 Allocation

Allocated Emissions Emissions Authorized Percent of Allocation Used
7.0 tons VOC 6.7 tons VOC a5.4 %

Daily Emissions (lbsfacre) Allocation Used

1 0.0000 B 00134 - 0.0167 [ 0.0301 - 0.0333 [ 0.0468 - 0.0500 =1 o% B 51% - 60%

Bl 0.0001-0.003% [ 00168 -0.0200 [ 0.0334 - 0.0367 [ 0.0501 - 0.0533 _

B 0.0034 -0.0067 [ 0.0201-0.0233 [ 0.0362 - 0.0400 [ 0.0534 - 0.0567 L 119%-10% N 61%-70%

B 00068 - 0.0100 I 00234 -0.0267 T3 0.0401 - 0.0433 [ 0.0568 - 0.0600 0 11%-20% Il 71% - 80%

B 0.0101-0.0132 [ 00268 -0.0300 [ 0.0434 - 0.0467 [ 0.0601 - 0.0633 O 21% - 30% [ 81% - 90%
= ::22; :g:?gg O 31%-40% [ 91% - 100%
- 0RES -0, 3333 - 4195 - 5oy - = 100%

COMMENTS: 'Emissions Authorized' and "Percent of Allocation Used' would be lower if Zone allocation limits were observed.
1.89 tons VOC variance authorized for D3-05. An additional 0.49 tons VOC was authorized above the allocation fro C1-03.
2.79 tons VOC authorized for the LLNL prescribed burn in B1-01.
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Calaveras County

CDF Prescribed Burn

SMS Allocation Analysis: Saturday, June 26, 2004 Allocation

Allocated Emissions Emissions Authorized Percent of Allocation Used
22.4tons VOC 4.6 tons VOC

Daily Emissions (lbs/acre) Allocation Used

[ 0.0000 B 0.0134 - 0.0167 [ 0.0301 - 0.0333 [ 0.0468 - 0.0500 —— I

I 0.0001 - 0.0033 [ 0.0168 - 0.0200 [ 0.0334 - 0.0367 [ 0.0501 - 0.0533

B 0.0034 - 0.0067 [ 0.0201 -0.0233 [ 0.0368 - 0.0400 I 0.0534 - 0.0567 L1 1%-10% B 61%-70%

I 0.0068 - 0.0100 [ 0.0234 - 0.0267 [ 0.0401 - 0.0433 [ 0.0568 - 0.0600 1 1% - 20% W 71% - 80%

I 0.0101 - 0.0133 [ 0.0268 - 0.0300 [ 0.0434 - 0.0467 [ 0.0601 - 0.0833 1 21% - 30% [ 81% - 90%
[ 0.0634 - 0.0667 I 31% - 40% [ 91% - 100%

I 0.0665 - 0.1667




Wildfires in eastern Fresno and northeastern
L.A. County on JuIy 13 2004
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Wildfires in eastern Fresno and

northeastern Los Angeles counties

SMS Allocation Analysis: Tuesday, July 13, 2004 Allocation

Allocated Emissions Emissions Authorized Percent of Allocation Used
0.0 tons VOC 0.2 tons VOC N/A

Daily Emissions (lbs/acre) Allocation Used
1 0.0000 Bl 00134 -0.0167 [ 0.0301 - 0.0333 [ 0.0468 - 0.0500 _
1 o B 51% - 60%

B 0.0001 - 0,003 B 00168 - 0.0200 3 0.0334 - 0.0367 3 0.0501 - 0.0533 o o
B 0.0034 - 0.0067 I 00201 - 0.0233 [ 0.0368 - 0.0400 [0 0.0534 - 0.0567 CJ1%-10% [l 61%-70%
B 0.0068 - 0.0100 B 00234 - 0.0267 [ 0.0401 - 0.0433 [ 0.0568 - 0.0600 T 1% - 20% B 71% - 80%
B 00101 -00133 @ 00268 - 0.0300 [ 0.0434 - 0.0467 [ 0.0601 - 0.0833 O 29% - 30% [ B1% - 00%

B 0.0634 - 0.0667 [ 31% - 40% [ 91% - 100%

B 0.066S - 01667 o .

B O 1665 - 03353 B 41% - 50% Il = 100%

COMMENTS: "Emissions Authorized' and 'Percent of Allocation Used' would be lower if Zone allocation limits were observed.
Emissions that exceeded allocation limits were from 'Exempt from Allocation' crops. ;{,/



Smoke Management Summary

Considers Agriculture/Prescribed Burns
Considers Source Receptor Relationships

More Control of Emissions Instead of No
Emissions

Equity Between Agriculture & Prescribed
Burns

Allocations of Agricultural Fire Emissions
Are Reduced Around Areas of Prescribed
Burning

Prescribed Burn Decisions Can Be

Affected By Amount of Agrlcultural Burn
Potential ,
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3 >005 coMMUTE GREEN
CHALL ENGE WINNERS!
Find out what teams won the

o ute Green in the San
gagquin!

Healthy Air Living

{= Home - Healthy Air. Living - Windows Internet Explorer

P& & | Intr.

Clean air starts with YOU!
When we breathe cleaner, we live better — that's the point of Healthy Air Living!

Healthy Air Living is an initiative that provides ways to make decisions, day to day, that take
into consideration their effect on Valley air quality. Healthy Air Living is a “toolbox” of ideas
and strategies that help each of us take voluntary, high-impact measures in our personal lives
and workplace to reduce emissions.

Through Healthy Air Living, we can:
Reduce the number of vehicle miles traveled through the Valley each day
Reduce emissions from equipment and processes
Reduce emissions during times when air qualily is poor

Healthy Air Living will give you the resources you need to incorporate clean-air strategies into
your life and connect you to other people who want to help us breathe healthier air.

Live a Healthy Air lifel Take the pledge!

Onfine Surveys & Market Research
Howe Bo Yoo e o
Honlihy Ay lHe?

Lmrnand

iwe aloraEve
frpnunnriation
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Questions?

Shawn R. Ferreria
SIJVAPCD Senior Air Quality Specialist

Office Number: (559) 230-5823
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