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Overview
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s USFS is now spending ~half its budget on fire suppression (to the
detriment of forest management and prescribed burning)



Concentrations (pgm3)

PM. . Mass = 3.8 pg/m?
Coarse Mass = 6.4 pg/m?

Southwest US
PM, < Air Quality

PM, . is typically mixture of organic carbon,
elemental carbon, salt species, soil dust species

Potassium

EC 1.2%

4.3%

37 Standard -=-EC -+ Potassium
Deviations » 5 -~-POM » Sﬂll
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Bosque del Apache
IMPROVE station (2000-
2014 data)

** Peak in dust + smoke
in April-July

** Winter secondary
peak in POM,
NH,NO,, EC

s Summer peak in
(NH,),SO0,
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Parameters of Interest
Parameter

»These two integrated over the

column give aerosol optical depth |

Angtrém exponent, - Wavelength Determines radiation
backscatter fraction dependence and reflected to space
direction of

@ »These are key variables that =
parameterize aerosol effects '
in climate & visibility models w

Og GEUIIEL IC Stdludiu FdlUucIe diZer (eyY vviuui ui size distribution
deviation e SMPS)
Hygroscopic ~  -----m-m-- Controlled RH Aerosols water uptake
gRH) growth nephelometry, H-  key to radiative effects
CAPS PMssa
MCE Combustion CO & CO, ACO,

Efficiency e Instruments ACO, + ACO



Laboratory: Summary of kappa vs. Plant Phenotype
(Gomez et al., 2018, JGR)

-
i Temperatures Temperatures
| Evergreen Needles Low Hygroscopicity Low Hygroscopicity
and Woods Kappa,g: 0.008 Kappa,,:0.014
: Kappa,,: -0.008
Kappamax: 0.040
Low Hygroscopicity
Kappa,y:0.014
Kappag,: -0.005
, appamay- 0.041
Deciduous Leaves Low Hygr@gcopici Vgderate Hygroscopicity
Kappa,yg: 0.08
Kappa,;,: -0.00
Kappa.: 0.027

Deciduous Woods

Grasses (Native and Moderate Hygroscopicl®
Invasive) Kappa,g:0.025
Kappa,,: 0.006
Kappagay: 0.100 Increasing
Halophytic and Salt Moderate Hygroscopici .
Tole:em‘i Kappaavg:[].[]??%ﬁ P K3 . HygrOSCOpIC
Kappay,: -0.013 Kappap,: -0.004 Res ponse

Kappaa: 0.179 Kappanax: 0.266

! |\ |
Gomez et al. [2018] °




Plants & Soils Analyses

.
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Collection In Microwave Oven

s Congruent sampling and analysis of soil and plant samples
s*Used IMPROVE filter sample analysis protocols as starting
point



Soil to Plant to Smoke Inorganics Relationship
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(Gulick et al., 2023, SciTotEnv)
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Soils & plants relationship to aerosol hygroscopicity
showed some level of ecosystem level correlation



TAP 520/375nm AAE

10

Burn temperature is a key driver on aerosol
properties. Fuel less important to physical

properties (Dungan, 2022 MS thesis).
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Purple Air Sensor and Microaethalemeter

* Cost-effective sensor (~$300) and light weight
(~1kg)

» Utilizes two, redundant PlanTower PMS5003
sensors

* Measures PM,,, PM, , and PM, , [ug/m?3]

* Records T, P, and RH from other sensors

INLET (0.1lpm)

Light Scattering
Measuring Cavity

i Photodiode

* Light scattering based sensor

OQUTLET

* 657nm light source —

* Corrections for moderately aged smoke have
been constructed (Holder et al., 2020)

* Over measures low concentrations
* Non-linear transition

* Under measures high concentrations

e Multiwavelength UV-IR aerosol light absorption
from BC concentrations

* Dual spot operation for minimization of non-
idealities



Laboratory Experiments: Low-Cost Sensors vs.

Benchtop (Himes et al., in prep)
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Near FRM Filter
Sampler



> Reallaboratory @b Validation Experimental Iterations

Generated Smoke:
» Liquid Aerosol and
Semivolatile: Filter

Too Variable for
ey Discrepancies
Wfl’illlts P
HICI

Day+ Experiments
DWEYi :

» Step Back to Something
Simple and Known:
Ammonium Sulfate

g

L
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» Reintroduce More OH
Complexity: Smoke Filter 0
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biomass smoke proxies OH
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1 OH » Explicitly probe the size
dependence



Online Sensor Agreement in Laboratory

(Artificial Smoke)

—PA76DI A
e PA 76D1 B
—PA C983 A
----- PA C983 B
400 —MOD00107
350
€ 300
E:
= 250
g
N 200
=
= 150
100 PA 76D1A |PA 76D1B[PA C983A|PA C983B|MOD00107|MOD00108
PA 76D1A 0.9780] 09752 09708 0.9762
50 PA76D1B | 0.973174 0.9782] 09789 09716 0.9765
PA C983A | 0.948538| 0.971959 0.9921] 09847 0.9855
0 PAC983B | 1.095995| 1.125036| 1.152549 0.9915|  0.9884
22A M g™ P 6P MOD00107| 0.937261] 0.960656] 0.984136 0.9922
Q2123 =7 Q23T g3 T qn23 7 oy
3/>Mop00108| 1.040502| 1.066247| 1.090002] 0.943391] 1.1027668

» Online Agreement Quite Good

Local Time [HH:mm:ss]

» Need More Effort to Compare to FEMs,

FRMS with Non-volatile Aerosol

SLOPE




PM, 5 [ug/ m3]
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Can we take the raw data from the PurpleAir
and get a reasonable [PM, (]?

y = 1.0516x +9.7409
R?=10.9888

aB

<

100 200 300 400 500
BAM 1020 PM, 5 [pg/m?]
Dry polydisperse

Ammonium Sulfate
with Dg ~ 40-50 nm
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Exp. #
AS 500
082524 AS
082624 AS
082824 AS
090124 AS

e PA 76D1
® PA (C983
A PDR
---1:1Line
ARA BAM
410.84 434.5
27.03 11.25
156.73 155.39
191.63 208.12
476.73 552.05

PDR Filt.
614.81
12.35
207.73
271.11
728.96

Dry polydisperse
Ammonium Sulfate
with Dg <50 nm

PDR Opt. PAB51C AVG PA C983 AVG

468.7 146.52 160.25
19 4.23 5.08
266.73 93.84 102.26
256.66 73.09 78.15

587.35 167.53 180.9



Can we take the raw data from the PurpleAir
and get a reasonable [PM, (]?....

800

e PABSIC

700 ® PA C983

OPA B51C CORRECTED
600

OPA C983 CORRECTED

500

400

PM, 5 [ug/m’]

300 Dry polydisperse

Ammonium Sulfate
with Dg <50 nm

200

100

BAM 1020 PM, 5 [pg/m’]

» ....maybe if the aerosol of interest is calibrated to (size, refractive index)



Ambient Konza Prairie Fires Light Absorption
(Manhattan, KS)

KONZA B2 - MA200 (5 sec. avg.)
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Take off Black carbon dominated Brown carbon sampling Landing
(Intense flaming) (Primarily smoldering) (Smoldering remnants)



Drone Measurements of Fuel Spill Burn

New Mexico Fire Training Academy
05/18/2023 SFTC FLAMS Burn - BC Fraction (8 sec. avg.)
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» For small (Dg,n <100nm) and very dark smoke emissions the PurpleAir sensors

miss a significant fraction of the PM2.5 mass concentration
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Mobile Sampling Gila Wilderness Corn
Canyon Prescribed Burn and Pass Fire

NM Drive - Purpl

e Air (120 sec. average)
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Diesel Fuel Spill Burn Light Absorption
New Mexico Fire Training Academy

SFTC FLAMS Burn - MicroAeth Drone Flight (S sec. avg.)

x10* 7\
I
—520nm
| —375nm
| | | I
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Elevation [m]

Building Burn Light Absorption
New Mexico Fire Training Academy

,h‘*

06/29/2023 SFTC WEST BURN BUILDING - MA200

4000 I I T | I
—375nm
2000 ——528nm
B =-==880nm ||
/
0 \T\’/\- ceasa[lgmps, - snsncy | [P —
10:24 10:25 10:26 10:27 10:28 10:29 10:30 10:31 10:32 10:33
Jun 29, 2023
5 e
—4 ¢ 520nm/375nm
5'; ; o ® - ~ -==-Black Carbon Range
[ )
<] —— “lﬂlﬂllﬂlﬂﬁ.'a_‘!!‘a:!:' S0
Lo ® | | | | @ * | :
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Jun 29, 2023

» Typical Fuel: Wood pallets on a pool of
diesel fuel



NM Fire Trainine Academv AOD
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Hotel Room Burn Light Absorption
New Mexico Fire Training Academy

SFTC HOTEL BURN - NMT MA200 (5 sec. average)

15000 T T |
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1)
2)

3)

5)

Conclusions
Field measurements are showing consistency with what we observed in

the lab (Flaming/smoldering, BC vs. BrC)

Combustion temperature/phase plays a key role for aerosol physical
properties

Biomass burning aerosol properties—an important climate component—
are diverse, variable and fuel/phase specific

Sensors such as PA strongly benefit from an aerosol-specific ground truth
Pursuing further field measurements and sensor validation studies
(urban & wildland fuels)
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Climate Forcing and Aerosols (IPCC, 2013)

-015[02516-005]| M

Emitted Resulting atmospheric P - - - Level of
compound drivers Radiative forcing by emissions and drivers conidence
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|
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Radiative forcing relative to 1750 (W m=2)

s Aerosols have the largest climate forcing uncertainty range (IPCC, Bond et al., 2013)
s Large, variable, emissions light absorbing/scattering from biomass burning
+»» Absorbing aerosols and water uptake vital to climate, visibility and human health



PM, 5 [ug/m3]

Measurements of Artificial Smoke (liquid
and semivolatile)

2000
For all experiments, the PAs appear
to consistently under-measure
and trend linearly

1500
B3 S,
... ,83 :
o I8
e o8
500 . e
_elR sen y = 0.5036x + 6.0497
Nﬂ' R? = 0.9484
0l
, S
0 500 1000 1500 2000

BAM 1020 PM, ; [pg/m’]

e PA 76D1

e PA C983

= 1:1 Line

ARA BAM
140.57 1541.89
916.94  799.47
NA 477.79
110.44  339.18

Disagreement between FRM
and FEM possibly due to the
volatility of liquid smoke.



BAM high flowrate and housekeeping time
can be problematic

2000.00

—PA 76D1
1800.00 At times when the BAM is off, —PA (983

there is an increase in PM conc.

—PDR
1600.00 that the BAM doesn’t see.

1400.00

1200.00

[ug/m?]

1000.00

Similar situation here, but
much smaller difference
when the BAM is on or off.

800.00

PM 2.5
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400.00

200.00

0.00
o \m'lb‘

L R 9 \) o® o 9 6 \ Nels
Nti o

m\ " 'LD( . be( B N .
o o P o g

ol 9ld

old

Local Date and Time



Smoke: Instrument Agreement and Modeled Light Scattering

Burn 78 Smoldering/Heat Gun Farmington Cottonwood Sticks

1500 (RI = 1.6 + 0.01i)
O
~1300 + o
= e
S 1100 g
= ®O
T 900 oy
2 ¥
"E no
S 700 + up
X
.?E_D - '.?" 4 Ecotech Neph 450
g >0 7 0 = PAX Adjusted to 450
i . < TSI Neph 450
2300 T . o CAPS ext 450 -TAP abs
20 = + Mie Calc 450 nm
= 100 + o o
-100 | | | | | | |
11:16  11:18 11220 11:22 11224 11:26  11:28  11:30

s Using Mie modelled, uniform spheres of uniform and measured
SMPS size distribution R.| tvbpical of smolderineg burn from FI AME



Laboratory Burns Four-Winged Salt Bush

Two laboratory burns were conducted using four wing salt bush (branch and leaf) as fuel.

o
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Lower Temp (~400C) Glowing
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(92}
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1
@

n
»*

o

Neph Wet: Dash
Neph Dry: Solid

16:00 16:10 16:20

Collapse vs. NonCollapse:

Four Wing Salt Bush Burns Combustion

f(RH=80) max ~1.4
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- Agglomerates?

Expected
Strong

Growth -

/

= -
e R S - T e e e e e e e == = == e

16:30 16:40 16:50 17:00 17:10 17:20 17:30 17:40 17:50 ‘5’

Time

Higher Temp (~600C) Flaming

8000

6000

4000

Light Scattering (1/Mm)




Laboratory: Summary of kappa vs. Plant Phenotype

-
i Temperatures Temperatures
| Evergreen Needles Low Hygroscopicity Low Hygroscopicity
and Woods Kappa,g: 0.008 Kappa,,:0.014
: Kappa,,: -0.008
Kappamax: 0.040
Low Hygroscopicity
Kappa,y:0.014
Kappag,: -0.005
, appamay- 0.041
Deciduous Leaves Low Hygr@gcopici Vgderate Hygroscopicity
Kappa,yg: 0.08
Kappa,;,: -0.00
Kappa.: 0.027

Deciduous Woods

Grasses (Native and Moderate Hygroscopicl®
Invasive) Kappa,g:0.025
Kappa,,: 0.006
Kappagay: 0.100 Increasing
Halophytic and Salt Moderate Hygroscopici .
Tole:em‘i Kappaavg:[].[]??%ﬁ P K . HygrOSCOpIC
Kappay,: -0.013 Kappap,: -0.004 Res ponse

Kappaa: 0.179 Kappanax: 0.266

! |\ |
Gomez et al. [2018] -




Plants & Soils Analyses

.
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Collection In Microwave Oven

s Congruent sampling and analysis of soil and plant samples
s*Used IMPROVE filter sample analysis protocols as starting
point

34



Soil to Plant to Smoke Inorganics Relationship

7000

e0o00

5000

4000

2000

2000

1000

(Gulick et al., 2023)
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S
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Soils & plants relationship to aerosol hygroscopicity
showed some level of ecosystem level correlation



TAP 520/375nm AAE
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burn temperature IS a Key driver on
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to physical pro
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PurpleAir Measurements during
BearTrap & Black Fires

PM2.5_ATM_ug/m3

100 1

o} Afternoon-evening smoke events
' were common in Socorro.

)

5/24/2022 5/31/2022 6/7/2022 6/14/2022

1. Plume development in morning and early afternoon
2. Transport upriver during afternoon

3. Affected Rio Grande Valley until flow reversal overnight
and downriver



Ponil Complex Fire 92,000 Acres 2002
Dry Lakes Fire 93,000 Acres 2003

New Mexico
7:40 p.m. May 29

LA\

Smoke

wikipedia, wildfiretoday.com, nasa

** Several satellitesscale events in last 20




PurpleAir Measurements during
BearTrap & Black Fires

US EPA PM2.5 AQI

10 Minute Average
200

100

26. May 27. May 28. May 29. May 30. May 31. May

=== Average —— JA76D1 A —— JA76D1B JA2193 A —— JA 2193 B —— Socorro A —— Socorro B

PurpleAir.com

\/

* Agreement is reasonable among 3 instruments (6 sensors)



s could produce a high ClI-/Org
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D0IIS-Flants-omokKe Connhection
(Gulick et al., 2023)

¢ Taking a similar selection of species from very different ecosystems
(Socorro Rio Grande River Bottom, Socorro Foothills Site, Los Alamos
SUMO alpine site, Estancia Salt Lakes Region Playa site)

¢ Can soils properties predict the hygroscopic response of the smoke?



2022: Two Largest New Mexico

Wildfires on Record
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TAP 520/375nm AAE

Higher T burns could produce a high Cl-/Org
for select fuels. High Cl-/Org generate highest
f(RH) (Dungan, 2022).

Four Wing Salt Bush (LUCY)
Pinion Pine

Ponderosa Pine

Salt Cedar

A

>Doopme

Urban #12
Zinnia
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(1) 1 CI' content
(2) 1 burn temp
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At high temperatures, certain fuels
take up water as RH increases.

Takes up
water

3.5
3.0
25
=20
15
1.0 %
[ |
0.5
300 500 700 900 1100

Doesn’t take
up water

urn tem]aerature (°C)
x Four wing salt bush (LUCY) Zinna

A Salt Cedar O Pinon Pine
¢ Urban #12



Absorption Angstrom Exponent describe

aerosol absorption properties.
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Aeth 528/375nm AAE

O L NDNWPSOUITOo) N O O

LOW 4dNd Nign wermnperature dpurris
produced smoldering and flaming
conditions, respectively.

Smoldering
| | i%
m Bl =

Flaming

Cheat Four One-Seed Russian

Grass Wing Salt Juniper  Olive

(SUMO) Bush (WS) (SOCO)
(LUCY)

m400degC m800deg C



Tube Furnace Controlled
Temperature Combustion

PICARRO NOx Box

Q=10 1.0|

Dilution air @

210
Large Sampling 30 l Cyclone

Tank \ "l 2.5um

Excess air

2 Fuel ignited with heated
— oil burn or tube furnace




Laboratory: Summary of kappa vs. Plant Phenotype

-
i Temperatures Temperatures
| Evergreen Needles Low Hygroscopicity Low Hygroscopicity
and Woods Kappa,g: 0.008 Kappa,,:0.014
: Kappa,,: -0.008
Kappamax: 0.040
Low Hygroscopicity
Kappa,y:0.014
Kappag,: -0.005
, appamay- 0.041
Deciduous Leaves Low Hygr@gcopici Vgderate Hygroscopicity
Kappa,yg: 0.08
Kappa,;,: -0.00
Kappa.: 0.027

Deciduous Woods

Grasses (Native and Moderate Hygroscopicl®
Invasive) Kappa,g:0.025
Kappa,,: 0.006
Kappagay: 0.100 Increasing
Halophytic and Salt Moderate Hygroscopici .
Tole:em‘i Kappaavg:[].[]??%ﬁ P K . HygrOSCOpIC
Kappay,: -0.013 Kappap,: -0.004 Res ponse

Kappaa: 0.179 Kappanax: 0.266

! |\ |
Gomez et al. [2018] "




DP/EQ }?eT/svear:/e(‘)ri‘V Con::gller H - CA P S- P IVI SSA
|| Instrument V1.0

: Tube-Shell l—l— Thermoelectric .
# Dessicant_g Air Conditioner o0 i 1
wen B o o[l f »* Starting point was

Capsule #

nephelometry f(RH)
Tube-shell : system (Gomez et al, 2018)

| Membrane
rumi( A Humidifier

1. Key pitfalls: Drying of
Purge Flow & Temperature
control of CAPS cell

: Dried Purge &
Inlet ‘, Modulated Flow Pulled @

squerewave-Sf¢ cettres 8« V2.0: 2 CAPS instruments

Pulsed LED

e I to avoid the switching and
e Vv =g improved RH/T control

Measurement

Circulated & Insulated Controlled
Temperature Enclosure

Carrico et al (2021) AS&T



Plants & Soils Analysis Repeatability
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Scattering vs. Absorption f(RH) for Nigrosin

fIRH),

1.3

1.2

(Carrico et al, 2021 AS&T; Cappa AGU)

|

-+« 100 nm

4110 nm
+ 200 nm

| 255 nm

© 300 nm
340 nm
400 nm

(e) Absorption vs. Scatte

‘ring

Yaoo = 0.493x + 0.525
R?=0.971

Va4 = 0.441x + 0.580
R?=0.898

Y300 = 0.295x + 0.712
R?=0.877

Y555 = 0.364x + 0.637
R?=0.969

Y200 = 0.120x + 0.892
R?=0.736

Y110 = 0.180x + 0.816
R?=0.956

Y100 = 0.126x + 0.872
R? = 0.680

Linear Best Fits as a
function of dry D,

fIRH),

1.5

» Relatively linear relationship between
light scattering and absorption f(RH)

52



Fuel moisture content and harvest ecosystem have

minimal impact on aerosol properties (except f(RH)).

1.2
1.0

0.8
2 0.6
0.4
0.2 .
0.0

PAX 870nm SSA Neph 520nm f(RH)

SSA, t(RH), and MCE

®m Broom Snakeweed (LUCY) Broom Snakeweed (WS)

2.0

o — “ﬂ [T

PAX 870nm SSA Neph 520nm f(RH)

SSA, f(RH), and MCE

B Four wing salt bush (LUCY) mFour wing salt bush (SOCO)
@ Four wing salt bush (WS)
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Pyrolysis conditions were similar to low temp smolder.
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Pyrolysis conditions were similar to low temp smolder.
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ABSTRACT

Biomass Smoke Hygroscopicity vs. In-Situ Aerosol Composition: The Roles of Plant Species, Soll
Type, Combustion Temperature and Efficiency

Christian M. Carrico, Ryan Himes, Sabina Gulick, New Mexico Institute of Mining and Technology Socorro, NM
87801

Allison C. Aiken, Katherine Benedict, Kyle Gorkowski, James Lee, Alex Josephson, Jon Reisner, Manvendra K.
Dubey, Los Alamos National Laboratory, Los Alamos, NM

Principal Contact: Christian M. Carrico, New Mexico Institute of Mining and Technology, Socorro, NM 87801,
Kip.carrico@nmt.edu, 575-835-5165

Air quality and climate change concerns drive an increased importance of aerosol emissions from wildland and urban
fuels. Recent fires in grasslands and the wildland-urban interface (WUI) such as the Camp, Lahaina, Texas Panhandle,
and Marshall fires, underscore the importance of fires in these transitional landscapes. Wildland fire studies here have
focused upon U.S. native and invasive species as well as common urban fuels as controlling factors in smoke
properties. This research focuses on key aerosol combustion sources including grassland fires at the Konza Prairie in
Kansas and emissions from urban fuels measured at the New Mexico Firefighter Training Academy. Key
measurements include laboratory, drone-based and ground-based techniques. Drone-based measurements include air
quality sensors to measure PM2.5 properties including mass concentrations (PurpleAir and similar sensors) and light
absorption and its wavelength dependence (micro-aethalometer). Complementary measurements from the ground
include aerosol optical depth, filter-based PM2.5 measurements, CO and CO2, aerosol hygroscopicity, and
meteorological data. Transitory wildfire nature and shifts in combustion phase as indicated by the Modified
Combustion Efficiency (MCE) are clearly observed influencing the dominance of black versus brown carbon aerosols.
The field measurements echo some of the key findings of laboratory studies of biomass burning emissions and provide
some new insights into the evolving nature of fires in the WUI. Measurement highlights from the field sites as well as
laboratory experiments with smoke and its proxies will be discussed.. £7
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Did the plants look like the soils?

Plant All lons (meg/kg)

Soil All lons (meq/kg)

Ii] 1000 2000

Broom Snakeweed Barium Balnum
i Wing Salt Bush (River Bott ® Calcium
Four Wing Salt Bush (River Bottom) [ N[ |  Calcium our Wing Salt Bush (River Bottom) ron
] W iron Four Wing Salt Bush (Foothill)
Broom Snakeweed (Foothill) [N Patassium Potassium
Broom Snakeweed (Foothi
Creosote (Foothill) ||| » Magnesium ] B Magnesium
Cottonwood (River Bottom) II] B Manganese Creosote (Foothill) | |l:| B Manganese
Russian Olive (River Bottom) | . m Sodium Cottonwood (River Bottom) |I:| u Sodium
ussian Olive (River om = silicon Russian Olive (River Bottom) ID H Silicon
Great Sacaton (River Bottom) || = Strontium Great Sacaton (River Bottom) |11l u Strontium
i Fluorid Fluoride
Salt Cedar (River Bottom) Il] :Inr : Salt Cedar (River Bottom) | I | « Chloride
Juniper (Foothill) ||  Chloride , hill ‘
Nitrite Juniper (Foothill) [|] Nitrite
Grama (River Bottom) .] Bromide Grama (River Bottom) |[| Bromide
Mesquite (River Bottam) |] B Nitrate Mesquite (River Bottom) [ W Nitrate
Pinon Pingf{Alpine) ® Phosphate Pinon Pine (Alpine) [[] ® Phosphate
. ¥ Sulfate ) B Sulfate
Cheatgrag (Alpine) O Unidentified lon Cheatgrass (Alpine) [ O Unidentified lon

Blue Gramm@ (Alpine)

3000 4000 5000

o 20000

Zinnia (Playa)

Mountain Mahogany (Playa) I.[|
|

Blue Gramma (Alpine) | [ |

40000 80000 20000

_____ | I

» Slightly similar profiles soils vs plants, but more a function of the plant species

than where it grows

» (Calcium and sulfate in soils) (Postassium, Sodium, Sulfate and Chloride in Plant

s




or diminishes (Low T/smolderlng) hygra

General rules on smoke hygroscopicity:

» Large Inorganic Fraction >> Little Inorganic
» Flaming > Smoldering

» Leaves > Woods and Barks
>

>

Deciduous > Evergreen
Invasives > Natives
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PSL Particle Loss-Ratio Wet to Dry

&
)

PSL S5A

0.9

0.8

Particle Loss and Truncation Correction-PSLs, Ammonium Sulfate

0 CAPS Ratio Extinction 1.00 ™
~< CAPS Ratio Scattering I v 0
I . —~ 0.98 x ¥ 0
°
| b -
1 B ] = v 0
! 0.94
¢ S N
C - v
1 ' 3 0.92;
[ < -
(a) N 0901 O Truncation, Mie Amigo
e e v Truncation, Python -
10 100 1000 0881 § Measured SSA
PSL Particle Diameter (nm) i : ' : : ) ' I
150 200 250 300 350 400 450 500
-0 SSA Low RH Diameter (nm)
- SSA High RH . . . .
Figure 4. Truncation error effects for CAPS light scattering
| - illustrated by the decrease in uncorrected measured single
! 7l scattering albedo (SSA) with electrical mobility D, for a purely
Al ) | Bl 1 | scattering ammonium sulfate aerosol.
I - [ @ P
| S S -1 R
i 1 ) 3 e .
T © r 5003 “* Within 5% of expectations for
(b) ) $ D, <~400 nm
A '} - ]..T L I ! ! S - g "’ .
1B 0 1000 = % For truncation used 2 models

,_
| -

and known SSA=1 to calibrate
61

PSL Particle Diameter (nm)



Summary Acknowledgments......Questions?

SEW, U.S. DEPARTMENT OF Ofﬂce Of

ENERGY science

New Mexico
CONSORTIUM

m New Mexico i
EPSCoR

This maténa!l"ls bart based upon work supported by the
National Science Foundation under Grant No.1832813.
This work was supported in part by the U.S. Department '
of Energy, Office of Science, Office of Workforce
Development for Teachers and Scientists (WDTS) under

USDA n Fire, Fuel, and Smoke Science Program
- Rocky Mountain Research Station

o | ‘“;. the Visiting Faculty Program (VFP). ¢ >
wErarewy 3 H|gEh ParI; Fllr<eCO
@ECOTECH e ) Aerodyne Research @ .rom stes Park,
Air Pollution Monitoring Systems June 2012



Light Extinction, 1/Mm

Bosque del Apache (IMPROVE TSS data)

Daily Extinction Composition Sorted by Date - All Days (2018) =
Bosque del Apache (BOAP1)
100 . .
‘Most Impaired Days’ now vs. ‘Haziest T
Days’ to eliminate fire events, duststorms Amennriens Eutiis
o o Coarse Mass
o @ Elemental Carbon
50 § @ Organic Mass
2 ® Seasalt
® Soil

25

09/14
09723

IMPROVE Monitor: BOAP1; Class | Areas: Bosque del Apache National Wildlife Refuge Wilderness

» Regional haze Rule will be complicated by fire emissions and coarse

mode particle contributions in the southwest 63



Bosque del Apache Prescribed Fire Event (Socorro Measurements)

500 0.300
Lowest Visibility of 7 R
8.7km B 0.0004 ";
c PR |
[Wind Speed (mph) g ..:‘
. B e W E 0.0003 , e - 0.250
400 E V: wa P ™~ ‘NE i‘g:éo é ) _“:r
s - B S 0.0002 o3 £
= 8 \ % o 2F =T
E 4 ‘ g ,-i'. B E
= 3 s 2 o.o0001 ' y=17025x-5€06 [ L 0.200 =
- 2 | % % R?=0.9715 S
+= 300 * e - £ oo =
& . ‘ g ol S
S ul NG P s 0 0.0001 0.0002 S
E S:’,‘;é{?;’nm o ,?,Z"Z;::,1 T s Nephelometer Scattering by Particles (m-1) | 0.150 E
o
Ty
S 200 S
©
£ - 0.100 &
g I
. Blue line indicates 24-hr ‘E
Standard Visibility of average allowed by NAAQS D
100 260 km of PM; ¢ = 35 ug/m® o
- 0.050
. M 0,000
11/27/2018 19:12 11/28/2018 7:12 11/28/2018 19:12 11/29/2018 7:12

Time (MST)

» Localized discrete event over a few hours in the Rio Grande Valggy



To Burn or Not to Burn

180
160
140
120

100 o20th Century

30 B21st Century

60

40

Wildland Fire Acres Per Fire

20

0

» Management of fire entirely necessary and at a much higher level to avoid
the effects from megafires we are experience in the last 2 decades. -



Plants from Different Locations and Soils

Pinon Pine Needles: f(RH)=1.141
4500 —4—Neph 1Scattering | 2
4000 ~ F 18
= =fi=Neph 2 Scattering
dE 3500 RH) - 1.8
~#—f(RH L
= 3000 1.7
& 2500 16 T
£ 15 =
& 2000 £
E 1.4
3 1500 13
:5 1000 1.2
'
500 1.1
0 1
7/11/2017 14:13 7/11/2017 14:21 7/11/2017 14:28
Burn 3: Alpine Siberian EIm Leaves Nephs f(RH) = 1.11
1800 -2
1600 - 1.9
3 1400 - 18
g 1200 -7
'@ 1000 - 16
£ - 15 =
& 800 =
& - 1.4
@ 600 L 13
®
& 400 - 1.2
200 - 1.1
0 -1
6/26/2017 14:45 6/26/2017 14:52 6/26/2017 15:00 6/26/2017 15:07

— Could Phenotypic plasticity

alter biomass smoke
properties?



Diameter Growth Factor, GF
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(Some) Aerosols Like Water (KCl)
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Water Activity, a

» K= 0, non-
hygroscopic

> K
approaching
1, very
hygroscopic
salts

Carrico et al. (2010)



Biomass Burning Source Testing Measurement:

=" = ____________———-—-—-r

—
]

]
T 0

3 -

»>300 burns with native and invasive species in

the southwestern US
(Gomez et al., 2018 JGR; Carrico et al., 2018 Atmos. Environ.)



Hygroscopicity Measurement Systems

Stainless Sampling (RH) Hygroscopicity Instrument
Chamber a amfold

Membrane Dry Reference
Drier Nephelometer (450 nm)
Membrane
Humidifier

D,=1um

A = .\'L g (_
) ) [ | ' '.,_._[—‘7

Cyclone
Hygroscopicity
Nephelometer (450 nm)
Combustion s

Stove O | Temperature-Controlled

Enclosure (T = 25 °C)

» Other optical techniques including PAX, TAP, Gomez et al. (2018) JGR
CAPS, 3\ nephelometer measuring in parallel
Humidified Light Scattering{Mm ™) . . RH
F(RH) = Jioa “ight Seatteringh F(RH) 2 1+ Kext
Dry Light Scattering (Mm™!) 100 —RH

Brock et al. (2016)



Fuel Species vs. f(RH)

Juniper: .97f(RH)

Date and Time

7/27/2016 10:44 7/27/2016 10:48 7/27/2016 10:53

Invasives (salt cedar,
cheatgrass & Russian
olive): pronounced
hygroscopicity. Found
in drainages thriving in
saline soils

-3
# Neph 1 Scat
B Neph 2 Scat 25
4 f(RH)
)
15 &
1
0.5
0
7/27/2016 10:57
Salt Cedar: 1.79f(RH)
700 -3
@ Neph 1 Scat
600 o Wy \ M Neph 2 Scat L 5c
S Ty 4 f(RH)
£ 500 m \
S |
= 400 ‘.‘A"ﬁ“‘ ’
o 3
£ 8N .
5 300 F 2
g 200 s
wn *,
. ~
100
0 et L —
7/21/2016 13:18  7/21/201613:22  7/21/4 it N
Date and Time '




Dark Bar
Invasives

Kappa with Range Values

Bottle Brush Squirel Tail

Salt Cedar Mixed

S : Salt Cedar Needles
Salt Grass
Kochia

Cheat Grass
Sacaton Grass

A\~ 4

River Bottom Siberian EIm Leaves
Aspen Leaves
Russian Olive Leaves

River Bottom Siberian Elm Sticks
Apache Plume

Grama Grass

Russian Olive Sticks

Aspen Sticks

Alpine Siberian EIm Leaves

Salt Cedar Sticks

Juniper Needles

River Bottom Cottonwood Leaves
Farmington Cottonwood Sticks
Mountain Mohogany Leaves
Farmington Cottonwood Leaves
Mountain Mohogany Sticks

Duff Grass

Pinon Sticks

Alpine Siberian Elm Sticks

Pinon Pine Needles

Juniper Sticks

Beetle Kill Pinon Sticks

Beetle Kill Pinon Bark

Gambels Oak Leaves

Gambels Oak Sticks

River Bottom Cottonwood Sticks

-0.025 0.025 0.075 0.125 0.175 0.225 0.275

Fuel vs.
Hygrosco

picity (k)

some

smokes as

NYErosScopic

as pure salts.

particle
n MRH

71




Hygroscopic smokes are
driven by large inorganic

Fuel Composition

content in fuels, notably VS f( R H )
K*, Na*, CI, SO, .
Sulfate " o-Phosphate
—~2000 - m Nitrite M Nitrate 0.25
< " Fluoride [JChloride
cEzo B Bromide M Strontium
- Sodium M Potassium 0.2
g 1600 |  Sulfate O Magneswm M Iron
S Calcium
g . -~ 0.15
(] \Q x
2 N\
€ 1200 - N
o N
-
c 1 y
S \ T
- 0.05 x
.% 800 - | 1 J T
= fodium Sodium Sulfate ! - J_ @
.02,} phosphate 0 ,I T E
—
2L 400 -
>
=
>
o

O

; | t D e

~y
Salt Cedar Russian Olive  Salt Cedar Cheat Grass Pifion PTT@= mmpigi orr Bﬁrr

Needles Leaves Sticks Needles (Beetle Kill)
Fuel

Bixler et al. (2018, JGR) Weakly Hygroscopic: OC dominated



Prescribed Burning (SWFC)

** While acres restored by the Forest Service has
improved in the southwest, the cost of treatment
has been a major barrier to achieving a much
broader area impacted.

¢ Included in the cost of treatment are the
planning, preparation, administration,
mechanical thinning and prescribed burning
costs, which can total from $1,321 to $3,195 (in
2015 dollars) per acre (Selig et al. 2010, Huang et
al. 2013).

Costs to burn 10E6 acres/year (5% of USFS land): 10E6
acres/year * $1500/acre = $15 billion/year or 4 more USFS!!!!



Woodbury Fire (east of Phoenix, AZ):
124,000 acres burned (as of 7-18-

2019)

12-hour transport time to Los

Woodbury Fire 2019

Alamos (~330 miles)

Primary fuel: Ponderosa Pine
(found to have very low f(RH) in

lab)

Photos courtesy of abcl15.com

Source » at 3585N 106.27W

Meters MSL

NOAA HYSPLIT MODEL
Backward trajectories ending at 0500 UTC 21 Jun 19
NAM Meteorological Data

. Los Alamos, NM

-106

Phoenix, AZ

33

h = 5000
4671 4000
3180 3000
2000
1000

D4ﬂ302ﬂ10b2.322212019131?161514131211
06/21

Job 1D: 113115 Job Start: Wed Jul 3 15:57:07 UTC 2019
Source 1 lat.: 35.849266 lon.: -106.2734589 hgts: 1000, 2500, 3000 m AGL

Trajectory Direction: Backward Duration: 18 hrs
Vertical Motion Calculation Method: |sentropic

Meteorology: 00002 21 Jun 2019 - NAM12




CAPS f(RH) System

Inlet T & Purge Flow Water )
RH Probe HEPA Filter Reservoir

CAPS PMex g

HEPA : '

Filter B - |
= Sample Humidifier
i i Ji| Desiccant TaRY Actuated
t 3 Dryer Probe
E 1 . Ball Valve Outlet T &
, E P —
. | R Probe Humidified
Purge-Flow Humidifier Sample Line
Desiccant :
Dryer Condensation
R 3 E § Trap e
Thermoelectric [§/ Dryl-Air_
Cooler M Sample Line
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» System designed to measure RH dependence of light
extinction AND light scattering

» By difference: light absorption and SSA as function of RH

* Currently testing and characterizing its performance
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H-CAPS-PM., Instrument
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scattering AND extinction 3 Z
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By difference: light absorption & B G j/
SSA (Onasch et al., 2016) wi S !
Added upstream & downstream 30 - . 5w 8 o

oy . 30 40 50 60 70 80 90 100
capacitive RH sensor (RH +/- 2%) RH CAPS Inlet (%)
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Biomass Smoke: Measurements of f(RH) with Two Instruments

Hygroscopic Response

Burn 21 Zinnia from Salt Lake Playa Near Lucy, NM

3
R | CAPS Exctinction f(RH=85%)=1.58+0.11 |
R | CAPS Absorption f(RH=85%) =0.90+ 0.07 |
2.5 - ¢ | CAPSScattering fRH=85%) = 1.89 + 0.14 I
- i NEPH Scattering f(RH=85%) = 1.65+0.06 |
1 = ™ 1
2 oA . a® ®
T P e S A O PTY
oo QOAnA A0 ®) “EREP od
—_ W S 4 i, $
T15 1%, 0‘;‘.‘." DOBMM%M e QQ"."'Q\.’:'QO(
= ‘Q.o ¥ ’l o
A . } P :V-
¢ Lm | "
14 4 P As L Al Aal o
A e
A Baa
05 1 *+ * | « f(RH)ext = f(RH)scat I
K © : « f(RH)abs  © f(RH)neph :
o O I
1:22:48 PM 1:24:48 PM 1:26:48 PM 1:28:48 PM
Ignition Flaming into Smoldering Combustion

»Both CAPS and Dual-Nephelometery systems
showed strongest water uptake for this plant
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Literature Comparison of Extinction, Scattering and
Absorption for Nigrosin as a Function of RH

Table 7. Comparison of values of flRH) for light absorption for nigrosin.

Nigrosin study Technigue Dry size fiRH = 80) extinction  fRH = 80) scattering fiRH = 80) absorption
ZThou et al. (2020) Cavity Enhanced 200nm 122 0,00 1.34 + 0,00 ,/ 1.12 0001
Aerosol Extinction 300 nm 1.6+ 0.0 1.34+ 0102 ,’ 1.18 £ 0,01
Spectrometry 532 nm 7
Brem et al. (2012) CRO% & Oy, = 300 nm ~1.26 w'l-l}’ ~1.2
Mephelometer polydisperse ,/’
467 nm »7
Michel Flores CRDS (7 200 1.18 £ 0,06 ,’ MA A
et al. (2012) only) 532 nm 300 192004 L7
This study Cavity Attenuated 110 115+ 0.0 z 1.27 + 0004 1050
Phase Shift 450 nm 55 1183203 125+ 0.05 1.09 £ 0.01
m ;'n_l.ﬂl'l']‘ 1 738 L Mifd 1_14*“_‘12
L
Dry conditions are defined similarly in the studies as RH < 40%. Uncertainties shown _ nd shown in Figure 9.4
ARH = 30) absorption !
/
1.12 £0.01 ]
1.18 £0.01 !
U
/
i 1 _2 II
/
/
/
II
MA /
/
U
/
1.05+0 !

1.09 +0.01 J
114+002 /
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H-CAPS-PM,, Measurements:

Levoglucosan Biomass Smoke Tracer
(Carrico et al. 2021 AS&T)

5 S
f(RH)ep |
o f(RH)sp BEsSEhIL stical
Kep = 0.26 + 0.02
2ter
4 = I
T g
= I o
S— ; ) k
5 1 fRH) Uncertainty -~ &/
Bands ..~ &
e o“f-“?f'.
- of“"."
____________ ®0 OOGO o
------ @ =
_- ® (9 B
1 = '. Q ______________________
1 1 L } 1 1 1 | 1 1 L } 1 1 1 | 1 Il |
60 80 100

0
RH (%)

* H-CAPS-PM,, two independent measurements (o , and o) in a single instrument
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Ratio Wet to Dry
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CAPS f(RH) System Characterization

| ¢ @_@___%_ _____
0 ® @O
1 1 1 1 [ | 1 1
RH CAPS Inlet vs Outlet
100
90 - ngh RH 'Soak'
RH Inlet=89.7 + 0.9%
80 A RH Outlet = 91.1 £+0.9%
n = 285 data points (24 min)
= 70 A
X
@ 60 4
3 50 - L°°
£ &
S 40 o
o
Z 30 - i
20 -
y=1.0027x+0.7111
10 ~ RZ=0.9988
O T T T T T T T T T

0O 10 20 30 40 50 60 70 80 90 100

RH CAPS Inlet (%)

Particle loss
measurements
with PSLs show
wet line to dry line

ratio 0.99 +/- 0.09
<€

Characterized
truncation losses:
exceeds 2% for
D,>300 nm

<€




Open Questions & Future Work

» What drives production of sooty aggregates
that collapse causing f(RH) < 17

Flame temperature and hygroscopicity?

Photochemical aging vs. hygroscopicity?

Plant adaptations & smoke emissions?

YV VYV V




Aging Experiments with Smoke

Suspected Bleaching with Aging
250
« ABS TAP 365 nm
... - ABS TAP 520 nm
200 ’:@:. ABS TAP 640 nm
< 150 { 3 "‘"‘ Photochemical Reactor
< f’ A5 s Activated at Maximum
2 AL i f{ \ Power
5 100 $ogm et
o T & TR A
< & AR
.. \
s .
50 =
l.,u‘ o\ ﬂ . cf
0 mﬁ “29(“"”?5 . 4
18:30:00 18:35:00 18:40:00 18:45:00

18:20:00 18:25:00
Time

** As aerosols age photochemistry and other
physicochemical processed alter there properties
+* At LANL we have a flow through reactor that allows

simulation of the aging process



NMT Student Involvement

Activity _________ [Number

Undergraduates 8 summers/8 students
MS theses 2 theses
Faculty support 4 summers
Publications 5 published

(JGR, Atmos Environ, JA&WMA)
Publications in progress 4
Conference presentations >dozen

» Outside support from DOE, NSF, NMC and others through
multiple channels such that costs essentially covered
externally
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Burn Repeatability

— 3500
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Repeat Russian Olive Burns, Aligned at Burn Peak
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Burn Repeatability (Normalized Total Scattering Coefficient @
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Lam et al. (2017)



2002 Yosemite Aerosol
Characterization Study




Biomass Smoke Aerosols, Climate & Air Quality

»  Smoke a Substantial and Growing Contributor to Haze [Spracklen et al., 2007]

¢ Fires and Climate Connection [Westerling et al., 2003; 2006; Abatzoglou and
Williams, 2016; Moritz et al. 2012; Marlon et al., 2010]

o l/ltal Importance of Smoke Aerosol Particle Properties to Impacts
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I<nephelc;meter

27 June 2017: Bonita/Cajete Fires near LANL

* Mixed Mountain Fuels: Juniper, Pine, Aspen, Duff

— Ambient measured f(RH=85%)=1.145
— Estimated linear fuel mixture f(RH=85%) 1.124

0.1
0.08
[ ] g >
0.06 I S :
° o g
° Bonita Fire
0.04 —
_—
0 , A =t
° Cajete Fire
-0.02
M Aspen M Pinon Pine
B Juniper B Ponderosa Pine

Ml El Cajete/Bonita Fire Event M Pacific Northwest Fire Event ) R EOCUERGUE




Woodbury Fire Plume

Smoke Optical Properties At Peak )
Observed: 1500 Visual Range Woodbury Fire
. . is~2.5 km
. f(RH) Of ~1 |nd|cates @ Neph 1 Dry Blue Scattering
Orga n ic dom i nated ¢ Neph 2 Humid Blue Scattering
1000 CAPS Scattering

* SSA nearly 1 indicates
mostly scattering aerosol
(net cooling effect)

e Also confirmed with low
CAPS absorption
calculation

e SAE shows shift in size
distribution to larger
mean size during smoke
plume

= CAPS Absorption
A CAPS SSA

@ NEPH SAE Red-Blue

500

f(RH)

Extensive Measurements (450nm, Mm-1)

-
4

6/20/2019 19:12 6/21/2019 9:36 6/22/2019 0:00
Date and Time

Intensive Measurements




Measured Light Scattering Coefficient (1/Mm)

Nephelometer Agreement

Ammonium Sulfate Model vs. Measure Dry Conditions-Ambient Smoke Event 2016
1000 — 50 —
- A Neph Low RH 450 nm Rat o
Neph High RH 450 nm s -
/ 3
- _— % 40 T
A o
100 + o ﬁ" L; 0%
E A i £
ji“"f\" 5 307
" ™ =
ot o
a8 £S
10 1 ) = 20 +
: = Neph Low RH = 0.94x + 2.20 2 o y = 0.99 + 0.81
Y R2=0.95 § 104 R2=0.99
! Neph High RH = 0.92x - 4.64 £
. R2=0.95 g
1 10 100 1000 0 ——tt—
0 10 20 30 40 50

Calculated Light Scattering Coefficient (1/M : : -
alculated Light Scattering Coefficient (1/Mm) Nephelometer 1 Light Scattering Coefficient (1/Mm)

Gomez et al. (2018); Carrico et al. (2018) 91



Ammanium Nitrate =

Epizodic Component
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New Mexico

Regional Haze Rule
Issues (IMPROVE
TSS data)

» Regional Haze Rule
compliance will be
complicated by coarse
mode particle and by fire
emissions contributions in
the southwest
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