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Texas A&M Transportation Institute

= The Texas AGM Transportation Institute (TTI)is an agency of the State of Texas and a member of the
Texas AaM University System.

= Established @ 1950

o Diverse, terconmected grop of 700 prokssionals, shdemts ad support staf from 3B dferent coustries.
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Environment Group

= Environment Group
(e of the Five Research Groups)

« TlI's Environment Research Group conducts
sponsared research related to transportation
and the environment. including in our state-
of-the-art laboratary facilities and the field.

RESEARCH GROUPS

Environment

TTr's Environment Research
Group conducts sponsored
research related to
transpartation and the
enviranment, including in our
‘state-of-the-art |aboratory
facilities and the field,

Safety

T saves thousands of lives
through ts preeminent
roadside and in-vehicle:
safety, raffic operations,
roadway safety and
distracted driving programs
~ resulting in safer drivers
on safer roadways.

Infrastructure
TTi1eams develop
transformative infrastructure
sclutions to build and
rehabilitate the nation’s.
pavements, bridges and
structures and improve their
resiliency.

Planning

TTI's Planning Group bridges
the gap between theory and
practice. We engage in
pioneering research and
create reliable tools and
techniques for improved
decision-making on the
multimodal transportation
‘system for the benafit of all
‘system users

Operations

The Transporation
Dperations Group i the
Texas A&M Transportation
Institute conducts research,
transfers technology. and
educates future leaders of
ihe transportation
profession. Qur vision is to
be recognized as a premier
group in transportation
system operations research

Clean Transportation Research Center for Efficient Mobility
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* Transportation Conformity and MObile Source Emission
Reduction Strategies

* Quantify the Real Impact of Transportation Activity on Regional
Ozone

* Texas Low Emission Diesel (TXLED) Study

* Monitoring and Speciation of Particulate Matter Under 2.5
Microns (PM, <) Composition across Texas Counties

Transportation Conformity and MObile Source Emission
Reduction Strategies

07| &of| 2 0| =2 K| G+ =
« O]=2] Clean Air Act O 2|5l CH 7| 23 7| Z= (National Ambient Air Quality Standard, NAAQS) = A7 St
0|2 Z} County (R2|L}2HO| A| EE= )& Of 2ot ZHo| L2t
~ Nonattainment Area: NAMISE- =20+ (CH 7| & LHE)
~ Maintenance Area: NAAOSE 741 S| BHE (CH7| & LHE)
~ Mtainment Area: NAAQS O[5} (CH7| & £-2)

oy=4 0] NAARS =) ) 7| 2E 7= H| &
P 5 BT 9 pg/m®, 40| 24 35 pg/m? B 15 pg/m*, 24| ZH 35 pg/m? #2030 0 HF uA| 72 52
M 24A| 74150 yg/m? T 50 pg/m? 24A[ZH00 pg/m? 3._*5|l0| [E B
0:(RE 3AIZE0.070 ppm 8A|ZF0.060 ppm, 1A| ZH0.100 ppm Rl ERuES
ND; C1E 7 0.053 ppm. [A|ZF 0100 ppm A 0.03 ppm, 26A] ZF 0.06 ppm, [A] ZF 010 pprm HEZ 2 0| O BF A ZH2 FA
50, S 0.00ppm, [A|ZF0.075 ppm A= 0.02 ppm. 24A| 2 0.05 ppm. [A]ZH 015 ppm ChE D olEE 02 7| D A2 B4
co SA[ZH9 ppm, [A| ZF 33 ppm 842t ppm, IA|ZH25 ppm A ZE2 stZ0| O HA gA|Zt2 52
Pb () 015 pg/m* (3742 0| S E ) A 05 pg/m® 0j=0| o HH
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Transportation Conformity and MObile Source Emission
Reduction Strategies

» Nonattainment Area 7F & &
» £ 7 County”} Nonattainment Area = K| 22 Al i S X[ G2 State Implementation Plan (Cf 7| =

AI°”71I NGRS - U]
- S KO AR {EA NUAISE H8 & 4 =R 0f THSH LY &

» Emission Inventary 2}/
— Paint Source (B2 B 4), Mobile Source (2 S-2HE), Area Source (SHEE AFRIE)..
WEMNeHd "7 )
1

* Transportation Conformity (-S4

- SiSA[H 2=
7

- UK % B

sad

i} z=2
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* Motor Vehicle Emissions Budget (115
- ¥ UEAZ M E7| 7 A

Transportation Conformity and MObile Source Emission

Reduction Strategies
ESHH|7|7tA R EE

= MOtor Vehicle Emission Simulator (MOVES)
42| ZL|OHE M| 2ot Of= F HO| HY 7| 7k

_|.

0

o 02 EZEH US PO TS
DRI A2 US
1370 X+Z (Motoreycle, Passenger Car, Passenger Truck. Combination Truck...)
2 (Basoline, Diesel, Ethanol, CNG, LPG, Electricity)

=
=
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o
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Transportation Conformity and MObile Source Emission
Reduction Strategies

= MObile Source Emission Reduction Strategies =
(MDSERS) % Ol'g'-é-l- DLE EEI—-IIE I:él r(gjuEsRousranmlsslnn Reduction Strategies A“:M:T:gm %

PEEEIIER:

 CYTHO|So A HIEN L M e | - =
HiE M7 208 Bopeb| Qist mE Aol | = Ee T e

« Shiny for Python, Azure S O| 8 OF web-based application

<Web-based MOSERS>
https://envhub.tti.tamu.edu/mosers/

Quantify the Real Impact
of Transportation Activity on Regional 0zone
« Ol 7L0| Hi &
« D7 08 &E1H 240 Me nSES0| A5 HO7|QEE 4asT= 7HEE
ZHR 2 QA&

o J2{L+2020'H COVID-19 MO 2 o £7 CH=A| 0| A X| E.2Z (Ground-level 0, O[S} 0,) 2
S/ME 2

« AFR|
« [IVD-I . 3 2N S S5 W EEF0|0, 520 0/X| = S
o« 2HE A O AFE E| = A A 2 ¥ (Requlatory Modeling Chain) O] 28 S
- Transportation Activity = Emission Estimation = Air Quality
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Quantify the Real Impact
of Transportation Activity on Regional Ozone

* Ground-level O, forming process = O, is the main ingredient of Smog

NOx + VOC + Heat & Sunlight = Ozone
Ground-level or “bad” ozone is not emitted directly
into the air, but s created by chemical reactions
between NOx and VOCs in the presence

of heat & sunlight.

utilities, motor vehicle exhaust,

gasoline vapors, and chemical solvents are * PBS documentary film "Clearing the Air:

some of the major sources of oxides of nitrogen

(NOx) and volatile organic compounds (VOC) the War on Smog” |_|nk

Source: EPA (https://www.epa.gov/ground-level-ozone-pollution/ground-level-ozone-hasicstwwh)

Quantify the Real Impact
of Transportation Activity on Regional Ozone

= A2 23 (Requlatory Modeling Chain)

Regional O,

* Link-level NO, and VOC (g/hr)
* NEI 2020

Transportation Activity * CMAQ
* Population m - 0, Concentration

* County-level VMT (TxDOT GRID) « Link-level volume and speed
* Link-level speed (FHWA « EPA MOVES

NPMBDS] . * = Link-level emissions (g/hr)
* BPR, inverse BPR function
2 Link-level volume and speed

Near-Road PM,

» Link-level PM, < (g/hr)

* AERMOD

.| * Observed PM,  concentrations
(background PM, ¢
concentration)

- PM, ; concentration
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Quantify the Real Impact
of Transportation Activity on Regional Ozone

CMAQ predicts hourly concentration and deposition values for a
large number of chemical species for each location in the
modeled domain

Key Inputs
- 2020 National Emission Inventory (NEI)
- Weather Research and Forecasting (WRF)

20 - Estimated on-road emission (previous step)
[ X

15

10

5

NEI NO, Emission (Ton) WRF Predicted 2m Temperature (K)

Quantify the Real Impact
of Transportation Activity on Regional 0zone

0.03 (a)
55 10
0.02 = 504 COVID ——i
£ 7 T NO-COVID bt L
_— & 4 DIFF &
. =]
Mar 15 - £ 6
0 g
Mar 31
g 4
-0.01 £
° 2
-0.02 =]
. 0
-0.03
(b)
0.03 55 10
- 5o ] COVID bt
£ Y TINO-COVID —e—i L&
0.02 £ 45 DIFF a
e
240 o o6
0.01 = ’
Apr1l L
Apr 30 ‘ e 0 e
SIS N
0.01 g L. =
o 20 A 'A“ ot
0.02 15 T+t 0
00 02 04 06 08 10 12 14 16 18 20 22
0.03

Hour

Relative

Relative
Differnces (%)

Differnces (%)
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Quantify the Real Impact
of Transportation Activity on Regional Ozone

s BHIAFA CAIR| A
« QE2N 7Y

o
=
s Q27U H2 S M

= OFZH0i| = 0, X 73 & 1F (0, titration effect) 2 Q1o 0, 2 A5 7|CHE
o D= N0k VOC, B, J2[ 2 s Elojl oo M E (&0l 52)
'WﬂWt%ﬂ%¥W$§PﬂWTW%ﬂm%f%ﬂ M ABE|0] 1,0] 2e

0,+NO > NO, +0,

+ GITX|90| AN H 02 HY I HO| KEHE B [,2HN07H BHLENDH0,2
= E

Texas Low Emission Diesel (TXLED) Study

= Texas Low Emission Diesel (TxLEI])? A TXLED Counties in Texas
« W £ O/ @2 0| BALSIS(N) ZAE e
Qe huE 52 ﬁﬂ HtE b

- TE) P12 HEE ESL 2 (hromatic mmmmms e
Hydrucar‘hu ) SEF0| £ 7| Z 11%E £1}5HK|

ST (R=2 E2 0% 0l3h : SSSsooos

- M| Et7HCetane Number): TxLED O:IE MIEH7} 48 - .
O|&2 7HM0r g (BH=2 22 520|d) =
. 91278 0T 22ES 208 O
HIEX L HES AL WD 1 EE 55
LPEEER =

] s . md Wl ik
Texas ARM Transportation Institute
TTI 1111 wewws pakway

Bryan, TX 77807

<TxLED County Map>

_10_




olXoi12l-Texas A&M Transportation Institute WS- -CH7|&tAd A =H

Texas Low Emission Diesel (TXLED) Study

. 1 70| HY
. ”S EFM}" A‘I TXLE[]Ol N[I I‘I 7I-_Q_J_|' ﬂ')iI% 7H Modeled T«LED NOx Benefit fell sharply under updated EPA guidance
M2 220 olet 2N, HZ R 2 e
AES

o SI0Y O Q712 £6R SCR.OPF, 12| 2 2K S &

C| & (ultra-low sulfur diesel) S AF2SIE 2, & 7| TylED

BIEYEYE A XNEFZ s 22He 2
X017t RS

« O|Of TxLED Oj CHBH &

LOLET| flsf A7

Texas Low Emission Diesel (TXLED) Study

. O 7L tipH

o BIARA LY AN 2 A1
Hl &£ grEstol 51652
CEXESAIEUECR
M

o BHE 7HSTH R0 M & EH e
HE22 Z7d517| A8l T
H1C| 2 & K| O & 201 A EPA
ET 2YHYS HES
Ngg+d

Heawy Duty Truck

testi rL

School bus
testing
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e - Diesel pickups Medium-duty
N | _ TUED AFEAIND, BEZ0[ B 7L, Hotx oz At =X o]
A . SOl DEY EHN LDARRAl || UAAKITHEEY SBOIME

- Folgda A5l g s M2 FA
Medium-duty - +17.2%

ek 70 NE

EAB0 FH0| UL

Heavy-duty School bus
A= e R doloHA AlFE T AZHAOM =
LIEtt o £3iv 385 =Rt 3EEoR
Al UK 2 =9 LIEHRR| O e ofet 27
E0[Yz 20l o Z04E AEHA ZHO| cht DIZHHO|
— W A0 Mol HE Hedol 3
Diesel Pickup Medium-Duty Heavy-Duty BEECDE70HS

Texas Low Emission Diesel (TXLED) Study

PATH A: TARGETED REDUCTION
(Success cases & Ideal scenarios - eg. Legacy Fleets)

ECU ADVANCED

TRIGGERS = INJECTION TIMING

STRATEGY ™ REDUCED EGR RATE
(examples)

TxLED Fuel

L5 8

q EFFICIENT
\ COMBUSTION |
H H 0 (COOLER/LEANER burn H\. !
2 -asreport suggests) s

THERMAL NOx
FORMATION
(Zeldovich Mechanism)

ENGINE-OUT

—n/ .

OVERWHELMED INCREASED
Aftertreatment / SCR A TAILPIPE NOy

REDUCED & errcive &
TAILPIPE NOx AFTERTREATMENT

_12_
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Monitoring and Speciation of Particulate Matter Under
2.5 Microns (PM, ;) Composition across Texas Counties
= G510 i A
. A FA 2E| = 2 = ‘A A (Nonattainment Area) 2
M6 SITY, EALA 2547) 7HRE| 2 67§ 7HR E| 7 Py B ZAIX| A (Nonattainment Aree) © 2
KNEE 7540 %s
. PMzsol P2 UH—?— CHSER| 2 O H 20 A HOLt B E & =X Of CHai A = OF %
=0 I 3
. E*'M" T M PMys A2 E K F(THF| D=2 24 (speciation) 2t B 7| 0] = 2 A (source
apportionment) S Sof X[ HE- 2D P 2 EHE 2MT
« 0|23t 24 A= 2020 QIPM, MZH M EF 20 7| i Ze 2 7|CTh E
Monitoring and Speciation of Particulate Matter Under
2.5 Microns (PM, ;) Composition across Texas Counties
« A O
e | ey | =T [nrme] et WAV MAvg Q2hvg Q3kvg OiAvg
SO | BPs | EPsolhemnl | DM | mm | 88 | s | 84 | 97 | ws
WIM038 | Harris ues:mr:z BSH2 ms | 82 | o [ ws | 97 | om0 e -
TN | Wi Famazk e | W% | 98 | & | v | 59 | &
GOS0 | uscs | Dona Pk TR | 7% | 83 | & | W | 84 | ey
SIS | Harris Blrton S T T E T L] o
0307 | Braaaris F*E”"”ST“" ms | 7 | ss | w5 | 65 ¢ ®
HYENUE : a€5N-1
OIS | Camer | IO g | o W | ows | me | one | s
QIS | Horrs H""vj;‘;:i::”“ mos | ommo | w7 | o |oms | owo | o carcocl 1 P
o T T I I TE N T g [ Tea1S
WO | Webe | Lwedsldeg | TELT | %% | 87 | &0 | 62 | 82 | 58 °
PRI Trauis Webkeriile T3 W5 | 87 | 85 | @6 | 07 | 75
T T Yusin TRt | Mm% | lem | a0 | we | o | 8 reen] fellEQY
B0 | Marris | HoustosMorthlons | TTH ms | ms | owo| w7 | oz | om k! = Legend
! [ PM2.5 DV »Gug/m3
BT | Tarant ”’"“ﬁj:p'jj;‘“‘“' e | o | e | | ms | e » R g
ol | dwea | U ms | oms | es | ez [me | w | w2 ciacn
TR | Gowie Trrr T T I T
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Monitoring and Speciation of Particulate Matter Under
2.5 Microns (PM, ;) Composition across Texas Counties

= —EA EC/0C (Thermal-Optical)
271 0|2 24. =84 0|2 (Ic-MS)
« 973132 EY: EXIEX|ALH(GCMS)

+ 0| Y B4 e T (cPMs)

O R - 2 7|0 24
* Positive Matrix Factorization (PMF)

* Chemical Mass Balance (CMB)

/ ]I_'exas AgM
ransportation
Al |nstitute

Bumsik Kim, Ph.D.
B-Kim@tti.tamu.edu

Texas A&M Transportation Institute
1111 RELLIS Parkway

Bryan, TX 77807

info@tti.tamu.edu

979-317-2000

Follow us on social media

You
{9 in]es
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AVIATION .
(HIGH-ALTITUDE) — - o  Annual Premature Deaths:
Aviation's High-Altitude NO, Legacy: J - ~74 300
Cruise emissions (9-12km) have long 0.
lifetimes, triggering hemisphere-scale @ a gzlgﬂeaglgﬁe .
increases in background ozone. s o

Shipping: m

The SO, Giant @ Annual Premature Deaths:

~95.8% of SO, emissions
among non-road NGO,OOO
mobile sources Sglphate PM, (Sulfates)

PMy & Ozone

SHIPPING
(GLOBAL MARITIME)

Shipping’s Dual Role in Ozone:
Ships scavenge O in VOC-limited ports
but produce it in NO,-limited open
oceans.

Gasoline Vehicles Diesel Vehicles

& Aromatic VOCs Unspeciated IVOCs
Contributionto SOA | Contribution to SOA

64% - 84%

@ @ @ VOCs >_» Ammonia

tal
Nitrogen  Volatile  Ammonia 0 45 A
Oxides Compounds 3

ROAD TRANSPORT ?‘Q'- ‘ HNO
(URBAN CHEMICAL REACTOR) 5] ° 4 3 Nimm:id
| ; E) /o
Cﬂh’ ! 2

NH, and Secondary
Inorganlc Aerosols (SIA)

S 7| B0l 0| k[= EE

LY ' .)
L] -
s ‘;‘;\-._
FRUEEE FRUEEE FRUEEE
TAMSZ(NOX), $ILHQ7 5812 FAMIZ(NOX), FLHS7/8 rarg TAMSIZ(NOX), 249752
(vOCs),BCS (VOCs), £A1212(S0x), DIHIH (V0Cs),C0,,CO5
E MM 7|5 Z0[N|HK] YA 4E F M40 7o
VOCs (BTEX) + OH....~ RO, + H,0 TMH(NO,), YRES(NH, ) 4 AHE0]IA HHZE NOXSHVOCs=
RO, + NO-NO, + RO SO, + OH....~ SO, (&) 23t xjel Mt b
HO, + NO—-NO, + OH - - CHE AEEE O Mo 7]0f
=] A o OI TT ooT — =]
NO, +hv~NO + 0 BHCR S l:R O 2lsf
0+0,-0, 7| EEH 2
LEHZESE 4500 7o
X0|M[HX] MM off &t @ 4440j| 7]0f SOINOL XY L O HiZEE 43,
NOX + OH/O; ..~ HNO; ol B o7 o @B olsf P =iE) 2o, SOhor i 2 tE s
NH, + HNO, € NH,NO,(s) e ofote) OF S 2/0h 8.6 pph7ix] 2160 ppb (0.06 ppm) 22 5.

VOCs + OH..... - SOA So|[sA| 57+,

BC Sy iz Mol @Z2 ofzt B MM S o HI347 |0l M HHZE NOXet 2F2

A0 HIHE] 4401 7[of HE7|RE ul2t FGEHO=Z EM. 3
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(XX ] v
ES = a} HI == = =&l A0l HE
7 AL 1: HHE Aol 2 LA |2 B E7tA 5 VOCs ofet 29| tHa}
Qietal. (2021), Primary organic gas emissions from gasoline vehicles in China: Factors, composition and trends.
Emission Chemical Emission factor . . _
standards  composition mg/kg-fuel THEH X HIETRAC FRPIE Lt ufE
1000 10000 VOCs-IVOCs-QVOQCs HliZ H3let @Z/SOA MM g
China II-III
o EI |~V HIETIES| A2 7S A 201 WLTC Z20H 2408t 23t £ 377tA
ﬁ \ (TOGs) tiZ 5 VOCs7H 742 34| 2430, CH2 = D&kl NMHCs2HVOCSES.
0
o0 % « TOGs U VOCSHIZS 61 + 9%0IAI 46 + 18%2 248 8 [VOCs HIES
6% 2 + 0.4%0IM 8 + 4% Z716H, 2131 7 |0] w2t o 40| et
) ; + VOC 3191780 ME= OVOCs2) X2 280|712 Sot, Hlu &4 7k521Xiol M4 0VOC
China IV #2jol 52490 A8
@‘ L ﬂ o QF 9 SOA M IS S| 25H2 22 96%, 90% AATOH, SOA 449 20
e y 7\ofgle 7 Khzol WS M0l L% xfel IVOCs2 0|5,
i
China V B | | wRmsmnEvocs 7
. B nigmineasotics W e |+ LVOCs (Low VOCS): 8124 2 4, 8% 2HH0| 24
“"‘ - — P o e « SVOCs (SemiVOCs): 3124 S ~57t 2o T2t 7|42l 2+ Atk 23
« IVOCs (Intermediate VOCs) : $144 371, SOA 44 22 23
4
(X X ] v
. -+ = . -
ﬁ? AI-E_“ 2 : A-I oHJ&I‘ Q_I.__]'I_l- _;Eu |A-IIIEI_-|XI Park et al. (2024), The formatllon anfi transport of HNO; over the Yellow Sea and its impact
onthe January 2018 PM. s episode in Seoul.
Mol QED ofzh H At M
Daytime (3 PM, Jan, 17 KST) Nighttime (3 AM, Jan. 18 KST)
o, @0 ¢ 20184 18 162~ 18% DS X0[RIX| 257 L 24(PM,  BRSE: 87.6 pg/m’).
i T o Of7| T DU Za, Mool 40~60 ppb +FC| 2 X
o Mofef QEOR QIphORZE L ol S EHakS] Bl
NO + 0;~NO, + 0,,NO, + 0;—-NO; + O,
NO, + NO; € N;0s, N,Os + H,0 = 2HNO3, NH; + HNO; © NHQNOQ(S)
o FZHELHEEE0| o7 BN MHES YT (8K XIH).
o FZHELHEET 07 HA MB0| 22| SU(MetA).
o SX(0f| HSH Afollar OFZt EA M0 2, ORZIO| s 2 BRaa A= QE0] 710,
0.03
v W OH+NO2 Whet. N205 hydrolysis  BINO3+VOC
E N B CLNO3 hydrolysis O NTR hydrolysis
5 <002
%_g_ 0.01 i
=]
: nm B
0
Day Night Day Night Day Night
China Yellow Sea Korea
5
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E:I'I' AI-E_:" 3 o|'.|_7 |9I. |:H7 | 204 Eastham et al. (2024), Global impacts of aviation on air quality evaluated at high resolution.

O colombietal (2023), Why is 0zone in South Korea and the Seoul Metropolitan Area so high and increasing?

(a) (&)
A00
400 %
200 g
ic) G) ’

GEOS-Chem 90t percentile MDAS ozone in May
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Aviation NOx emissions lead to ozone formation over large

areas, influencing surface air quality.

» Theimpact of cruise emissions on ozone is significant, with
impacts extending across the hemisphere.

» Secondary PM, s formation from ozone precursors is a major

contributor to aviation-related particulate matter.
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