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Research Objectives ZRAFIT

1. Establish PM, . meteorological relevance
2. Expose non-standardization in aerosol measurement community
3. Improve WRF-Chem characterization with real-time data

4. Develop a method to introduce PM, - to observational meteorology
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\¥4 Background ZFAFIT

Aitken Mode

e Atmospheric Composition

* PM,  (1-nm to 2.5-um)
e Cloud Condensation Nuclei
 Light Extinction
 Health Hazards

e Number (cm-3) vs Mass (ug/m?3)
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» Numerical Weather Prediction (NWP) Plamatar. um
e Emissions Inventories vs Real-Time Observation

e Operational Weather Visibility > 10 Statute Miles
* Horizontal Visibility Observations “UNRESTRICTED”
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Plan of Attack B%SAFIT

PM Modified Sustain
WRF-Chem 23 .
Observation WRF-Chem Observation
1 Mar - 30 Apr 2019 Particle Counter Standard Emissions Real-Time Network
Runs Start @ 00Z 2.5-nm Detection Point Initialization Leverage METAR
Forecasts +48-hrs Hourly Averages Mass Conversion Advanced Visibility
| "
Pm* My

N = number concentration (cm-)
M = mass density (ug/m?)
Py = median density (g/cm?)
ras = median radius (um)

J

TSI, 2018
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» Tested for Meteorological Accuracy

» Goddard Chemistry Aerosol and Radiation Transport (GOCART)
e Lognormal Size Distribution

 Emissions Inventory
Hemlspherlc Transport of Air Pollution (HTAP, 2017)
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A 4 PM, . Observation ZRAFIT

AIR FORCE INSTITUTE OF TEGHNOLOGY

Standardized Detection > 300-nm Detection > 10-nm
Environmental V
Protection Agency (EPA)
Global Atmosphere V V
Watch (GAW)
PurpleAir V V

Oyruphak + | O Osew  Fia s SW Ohio Number Concentrations (cm”-3) | |
- T e e ‘@ w00 L L pumlear
e G @ it oo o | | oo | | | ' —— Condensation Particle Counter
°ig) 8 ) K o | | 1R
& T o o I bl Vo
= Davenport om‘ [ | | ! ] i ] |
- g 30000 L . N R b
57 Youngstown i | | | | | | |
1956 [ I I i i i i
Canton K 1 ! ! ' ' ! ' !
pecr 3. || o A o
. . g? | o B A ol
- ® . 20000 H I e Vo
Speogel & [ o ] H ol
Bt E Hm I i i i i i i i
# i | | | i | | |
e D w @ W | ; o T oo
T N = 10000 D ! 1 1 SREE o
C i | i [ J i i | i |
’ " Pl . : | ft : Vo
e 1 il ! N oo o [l 1]
o MM T T . Y ANAVET P R
193 % + [ | [ ' | | | [ " | | | ' [ | [ ' | | [
= N NN NN NNNNHRNENRNNMNNRNNTRNNRNMNRNNAMN-NNTRNN-MNMNTRNNRNNTRMNMNRNNMWNNNRN
UPDA ES : gN8gfEgNdueNEdNeieNedsiaeaNey8yENeNdNENaNE8NENENGEG
& & & & & & & & & & &5 &5 5 & & & & & & &5 & &
< << < < < <€ <€ < < < < << < < <L <€ < << < << <€ <<
— ™ ™ = [f1] 0 ™~ @ D =] — ~N m = n w0 ™~ @ 4] [=] — N
1=} < <o Q [=] =] [=] f=] (=] L] L] ~ ~ ~ — — — Ll L] ™ ™ ™~

AFIT: The future of Airpower starts here!



https://en.wikipedia.org/wiki/File:Air_University.png
http://www.aetc.af.mil/library/factsheets/index.asp

Y4 Modified WRF-Chem ASAFIT

 Reduction in Underforecasts, Increase in Overforecasts
« Average Hourly Error — Reduced by 9%

e within first 24hrs of forecast

WRF-Chem Percent Error

WRF-Chem Amount Error
Mumber Concentrations Compared to CPC {cm™-3)

Mumber Concentrations Compared to CPC {cm™-3)

mmm \WRF-Chem 160 { W WRF-Chem
mmm Modified WRF-Chem mmm Modified WRF-Chem
200 - ob — forecast ob — forecast
/ 140 1 f > *100
0
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Sustained Observation

e Horizontal Light Extinction

 Number - Visibility Conversion
 Fits Existing Ob Framework

1ad A

Visibility (km)
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.\ Inverse Function Fit
I| ¥y =1(2.21813e5)/x + 24 .4

I _ _ 3rd Degree Polynomial Fit
' y =(-2.6e-12)x"3 + (2.3e-7)x"2 - (0.007)x + 99

— ]
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Hunter, 2007
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Research Objectives ZRAFIT
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Relevancy of PM, . Number V Captures Nano-Particle Abundance

|ldentify a Reliable Data Source PurpleAir is $0 but Needs Conversion
Improve WRF-Chem Reduction in Underforecasts
Introduce PM, . to METAR V Useful Data in a Familiar Format

J\
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Equations

ZRAFIT

AIR FORCE INSTITUTE OF TEGHNOLOGY

dN () N, (logr — logry)? 0
= exp |—
d(logr) +/2mlogo 2(logo)?

N, = total particle density per unit volume (normalized to 1)
r = radius (m)
ry = median radius (m)
o = standard deviation -

50

200

Conc. (dN #cm?)
S

&

dN(r)

Total PM2.5 Dry = SUM(p25, BC1, BC2, 0C1, 0C2, Dust1)

+0.286 * (Dust2)
/ +5Seasl
Objective #8  Already noted that +0.942 * (Seas2)
GOCART does not ¥
consider water- +Sulf [nhd_m*fac)
soluble aerosols +(0C1 +0C2) * (oc_mfac)

* Due to known deficiencies in sulfates and organic carbons, scalers are used to increase these
values for the PM2.5 Dry output in GOCART post-processing routines.

* nhd mfac=1.375 toaccount for missing Sulfate mass

—* + oc_mfac=0.8

[RRN}
10 100 1000

Diameter (nm)

to account for Carbon to Organic mass .
Schmidt, 2019

:Be,s,a (/1) = j Qe,s,a (Tl, A, T)nrz

&1

rin10 = d(logr)

Qes.a(n, 4,7) = aerosol-constituent specific extinction, scattering, absorption

3.0 3.0

S V. — —_
urface lSo,SSI,Lm ,Be,a(o) + ,Be,m(o) ﬁe,a(o) + 0.012

Visual contrast at 5% for human perception = 3.0-km
Average molecular extinction = 0.012-km-?
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Assessment of Improved WRF-Chem PM, . Characterization

via Implementation of an Aerosol Measurement Network
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Atmospheric-chemistry NWP models use aerosol schemes based on climatic data instead of real-time observations. An advocation to
monitor aerosol number concentration with a global sensor network Is defended. A comparison between observations from the existing
network “PurpleAir” and condensation particle counters (CPC) reveals the necessity of regulated instrumentation when measuring aerosol
number concentration. Emission initialization of the Goddard Chemistry Aerosol Radiation and Transport (GOCART) scheme Is capable of
augmentation by hourly aerosol observation. The disparity between observed In-situ particulate matter smaller than 2.5-uym In diameter
(PM, ) and Weather Research and Forecasting with Chemistry (WRF-Chem) output—with GOCART optioned—can be reduced via this
augmentation. Analysis Is done on WRF-Chem output near Dayton, Ohio after CPC data Is utllized to modify GOCART Input. Upon
confirmation of improved WRF-Chem PM, . characterization by point-observation initialization, a method of integrating an observational
network Is suggested: METAR encoding of PM, - number concentration as a genuine horizontal visibility.

Research Objectives PM, - — Number vs Mass

1. Establish relevancy of atmospheric composition—particularly PM, .—to operational meteorology P e " Mass measurement favors particles in coarse mode ¢
g L
2. Expose non-standardization within the aerosol measurement community : * Fine particles linked to: T ™
: cloud formation = T
3. Advocate for real-time observation as a replacement for climatic data in NWP ; backscattering T F
o _ _ _ 3 health degradation 8 ot
4. Improve accuracy of WRF-Chem PM, - characterization using augmentation by real-time data -
. . 5 « Number measurement with lognormal size =T

5. Develop a method to introduce aerosol measurement to METAR reporting 2 distribution encompasses both Aitken and I

accumulation modes 1 10 100 1000

Diameter (nm)
NWP Aerosol Schemes
Climatic Emission Databases Substitute for Real-Time Data
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. Effective
Mass to Number Concentration conversions are applied to each aerosol species (type, size bin) output ~ Total mass of particles’cm’, dM . in any size bin "i" can be expressed as: m [D?ns:l;] Radius
. ) : glcm .
WMO-led = lacking PM, - data beyond 2018 = dedicated to number concentration AM. = dN: = m. (microns)
( L= [ 1 18
1 18

. GOCART provides a diagnostic output of Total PM2.5 Dry value using the following equation: Sulfate Sulf 0.339

Elack carbon 1 BC 0.039

Total PM2.5 Dry = SUM(p25, BC1, BC2, OC1, OC2, Dustl) dM; = dN; « p;V; Black carbon 2 BC2 18 0.038
: & voan + .D‘ZSE * [Dust!} Organic carbon 1 ocl 14 0.087
staton [1157 O Organic carbon 2 oc2 14 0.087
= + 4
_ Obiective #4 Seasl . dM:‘ — d”i * P x o= mf'* Other PM2.5 p25 2.85 1.4
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Test WRF-Chem in other regions, during other seasons, and during longer time periods
« Deploy CPCs at various locations or use PurpleAir sensors as input for WRF-Chem
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« Generate more test points for visibility comparison between LEEDR and a transmissometer
« Generate discussion amongst aerosol-observation organizations to standardize measurements
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