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Introduction / Motivation Satellite Imagery and Census Data Analysis and Emission Redistribution

 High-resolution emissions are generally lacking within Mexico (Figure 1), Table 9. List of Sectors and Pollutants by Reallocation Method. » For RCO (residential combustion), the EDGAR emissions show i
which poses challenges to communities on the U.S.-Mexico border as they try to Sector [ Name :ﬂ‘"t::;m e Reallocation Method higher NO, emissions in the rural regions and lower emissions in
determine the sources of emissions impacting their air quality RCO | Residential Combustion | "o, pygyy | Urban/Rural NALCMS the urban regions. Thus a redistribution based on a scaling of

* The two cities of El Paso, Texas (844,000 people) and Ciudad Juarez, Mexico IND e sty | NOs 502 BC, OC, PM: Urban/Rural NALCMS emissions by a population proxy results in three cases:

(254 million people) sit on either side of the U.S.-Mexico border near the TRO Road Transportation NO. NMVOC, CO. BC, PMas | Major Roads ° H|gh emissions x low popu|a’[ion: low overall emissions
westernmost Texas border. REF TRF | Oil Refineries NMVOC, SO,, BC, PMas, PM, | Urban/Rural NALCMS * Low emissions x high population: moderate overall emissions

* EDGAR emissions have global coverage at a resolution of 0.1°x0.1°, but air ENE Power Industry NO,, SOz, PM; 5, PMj Point Source  Moderate emissions x moderate population: high emissions
quality simulations require a finer resolution (~ 0.01°x0.01"or ~ 1 km x 1km) FO0 AT :“‘*d:“d;f” Production E{T‘”’“““z* PMus Urben R NATCMS » This results in an overall NO, emissions reallocation that follows

: . - rtat . . . . .
* In this work we: ST }:n S b s population with a slight “ring-effect” where higher EDGAR
) . ; . - . . oduction of Chemicals NMVOC Urban/Rural NALCMS T ] ) ] L DR : == i
 Determined the major sectors contributing to major air quality-relevant emissions are redistributed over a sub-urban population e B e BongioEn
species within Ciudad Juarez » Table 9 lists the major pollutant sectors for Ciudad Juarez i | o |
- - - - - - - i L : . L Figure 15. Sector RCO Pollutant NOx (Left) EDGAR Emissions and (Right) Reallocated
* Redistributed these emissions at a higher spatial resolution » On-Road and Off-Road transportation emissions (TRO, TNR) i » For TRO (on-road transportation), the EDGAR emissions SNOW ~ Emissions by Urban-Rural Population.
oy 8 tassess 4 SIS SRY ISRHISHER) tsiS] HotiRat were reallocated using high-resolution road datasets and e high NO, emissions over urban and suburban regions as well as | o RoNon e

railway datasets : : regions with major transportation corridors, and little emissions

* Power emissions (ENE) were reallocated based on the , i over rural regions
identification of major point-source power plants H * We reallocated TRO emissions based on the location of major

* All other emissions were reallocated via a population proxy o transportation corridors within cities and between cities. If there
(based on census data) split among urban and rural : were no transportation corridors in a grid cell with EDGAR
populations , emissions, we distributed emissions over the EDGAR grid cell

* Figure 13 shows a satellite image and grid-level image with  The resulting reallocation is well-represented in regions with “ |
the urban areas Iin green B A major transportation corridors, while rural regions without major e T e

SR L » Our procedure was to move sector-by-sector and perform i transportation corridors lack any TRO emissions reallocation T
‘ L , M'"x&m“ﬁ i spatial reallocations of the emissions. Figure 13. (Top) GRUMP Urban Extent (red outline) and NALCMS Urban land (green shading) Figure 17. Sector TRO Pollutant NOx (Left) EDGAR Emissions (Right) Reallocated Emissions by
e e e s oy | SRS S3ssssesilSisisss ' ' ~ ' over the El Paso/ Judrez area. (Bottom) Fine Grid: Urban (green) and Rural (orange) land use. Major Raade,
Overall NOx Emissions (Gg/year), Mexico, All Sectors, All Years 70 4
' R I ~/\ . . .
* The Emissions Database for ? | Rural Restricted Weekend * In order to update the transportation emissions » The procedure and scripts we
. o ’ with real-world transportation patterns, we used '

Global Atmospheric Research £ Rural Unrestricted Weekday : : eveloped tor the reallocation o

(EDGAR) v4.3.2 emission & 50 ' the Google Maps Distance Matrix API to query Ciudad Juirez emissions were

inventory (Crippa et al., 2018) 3 . =~ |urtnsesicied weektay (as you would with a Google Maps Application extended to two additional cities:

is created using countr;ll’ level & on your phone) the average and expected travel Nuevo Laredo (left, top) and

) 3 | Urban Unrestricted Weekday times over representative roadways within

data on factors to create S il <o v ‘/\/\_\/—- Citdad Juéreg Y I\/Ihonterrey (left belovvl)l S

Country_speCifiC time Series Overall NMVOC Emissions (Gg/year), Mexico, All Sectors, All Years I 6 g 1b 175 26 - - - . o T e TRO SeCtor Overa per Orme

(1970- 2012) s S Local Time (hour in day)  These roadways are dived into four categories: better than the other sectors, and so

. Figure 3 shows Mexican NO § @ Soment snd o oos e cham Figure 7. Default MOVES-Mexico Hourly Speeds on the Four Road Types for Both Weekday Urban RESU:ICted, Urban UanStrlCte-d, we addltlona”y extended the TRO

amissions are continuing to ing, Weekends Rural Restricted, and Rural Unrestricted 11 reallocation over the entire

. J * These data were used to update MOVES-Mexico Mexican state of Nuevo Ledn

Increase (due Iargely to the A ™ e = - - - Emissions Based on Urban/Rural Population -

. : o~ T | simulation baseline (uncertain) values to better " ReoNox (right) =
transportaﬂon Sector) while Rural Restricted Weekend i | | .
NMVOC emissions have _— e represent real-world traffic patterns woosmmmme s+ The “checkerboard” pattern of TRO el

€ nrestricte =1 dy - 4 N 1A s
leveled off | g | s —_ » Figures 7 and 8 above plot the average speeds reallocation can still be seen over
Figure 3. (a) Stacked time scrics plot of EDGAR v4.3.2 emissions of NO, (Gg/yer) from emission T @ Urban Restricted Weekday over these roadways (for both weekend and EDGAR grid cells with no major
sectors in Mexico (b) Similar plot for NMVOC emissions. g— - . .
& o weekday traffic) for both the default (left) and transportation corridors, but for |
Table 2. Emissions for Each Sector and Major Chemical Species in Ciudad Juarez | - - - ) K I
‘ S ' //_\-\A/ rban Uncastricted Weekday updated (right) MOVES-Mexico traffic data those that have major highways, the
Sector Code NO, NMVYOC CcO SO, BC OC PMI10 PM2.5 ) - - - - !
Agricultural Soils AGS | 016% | 000% | 000% | 000% | 000% | 000% | 000% | 0.00% « _ T 1 1 _  The data quer|9d IN this work resulted in less than reallocation method prOdUCES a
Agricultural Waste Buming | AWB 0.02% 0.04% 0.01% 0.01% 0.08% 0.62% 0.38% 0.61% 0 5 ' 10 ‘ 15 20 $1O _I: G I API h d th b . .
| Production of Chemicals | CHE | 001% | 449% | 000% | 297% | 002% | 000% | 011% | 0.13% Local Time (hour in day) 0 00gle charges, an us may D€ a hlgh-fESOlUthn dataset that can be

Power Indust ENE 14.98% 0.49% 0.22% 9.73% 0.33% 0.36% 1.19% 1.46% - - ~ . . ..

Fossil Fuel Flrrycs FFF_| 000% | 000% | 000% | ooo% | o000% | ooo% | ooow | ooe% | Table 2 summarizes Figure 8. Updated Hourly Speeds on the Four Road Types for Both Weekday and Weekends scalable means of gettlng local-scale traffic data S used 1n future work Can you find the cities of Nuevo Laredo and

e ootz Lo L Lo L om Lo o ] e he EDGAR sectors Produced from Google Distane Matix API Daa Monterrey in the map above of Nuevo Leon?

Manufacturing Industry IND 14.59% 4.35% 1.78% 46.85% 19.87% 15.28% 21.73% 27.40%

Production of Iron and Steel |  TRO 0,00% 0.04% 0.00% 0.00% 0.00% 0.00% 0.11% 016% | adln d th elr p ercen tag e

Manure Management MNM 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% - -
::::::nm of Noo-Ferrous NFE 0.00% 0.00% 0.00% 0.00% 0.13% 0.00% 0.97% 0.82% ContrIbUtlon to tOtaI ( O n C I u S I O n S a n d R e C O m m e n d at I O n S fO r F u t u re WO r k
Production of Non-Metalic em ISS I OnS Over

Minerals NMM 0.00% 0.02% 0.00% 0.00% 091% 0.00% 4.48% 4.56%
s e PAP | 000% | 000% | 000% | 000% | o00% | ooo% | oo | oo% | Cjudad Juarez.
El'ﬁé'im"‘lr“'"’“":: *(;H:;*::)Ts/l(ﬁ//::?/ " 401(:):/ 7(:(:0:1“:3::  We found the default MOVES-Mexico hourly road speed ( o _ _ o _ _
Olfnnc | REF | Sove | Ngme | Sem } e Wi daws | s 2 data to be largely consistent with the data collected using el  Characterization, _reallocatlon, and Improvement of sector-_bgsed emissions Is neede_d for air quall_ty
Taesbemaion ey | Tur | oo | aome | ooow | oo T oo T oo | oo | aom the Google Maps Distance Matrix approach, except for " . managers and policy-makers to develop strategies and policies to deal with air quality considerations
| Road Transportation | TRO | S5473% | 6233% | 4746% | 165% | 15.55% | 6.13% | 286% | 487% rural unrestricted roads. 476695 | V4489 under a Changmg climate
. w‘: - : T + The MOVES-Mexico simulations require a large amount + For many sectors, emission trends and their spatial distribution depend on a complex, dynamic system
Tablei‘s::m e :d: eup;jzf . E:ssms f: - S:c‘eb m(:Udad J:::z ___ Table 3 lists the of detail which is largely unavailable for the Ciudad Juarez s | ek that includes: | |
M‘;’/:(—“’"g'c"iz’zLis‘éa 92.88%  94.10%  97.92%  9507%  97.63%  90.89%  90.72%  91.81% sectors which region, Ieading to hlgh uncertainties for the magnitude of Q * POpUlatlf)n-dIS-trlbUthn and their CNanges (:)VGF t“:ne _ _ o
Sectors i 1o 1o mo ko ko ko wrco | collectively total > our emissions estimates. Future work would need to collect  Economic indicators that control the location of industrial and manufacturing sources of emissions
wo ko omwomr om0 wr | 90% of the emissions more data in order to reduce these uncertainties. o . » Changing transportation systems that include: heavy-duty vehicles, light-duty vehicles, trains,
o F00 Ko TR0 wr o | TOr each species. » A combination of urban/rural land use and population as a Q/f - ships, and airplanes, as well as the_most effic?en_t routes_ between cer_lter_s _of manufac_ture and s_ale
proxy worked better than either alone. \\K  Global datasets can provide a foundation for emissions estimates, but significant work is needed In
» The EDGAR emissions for the industry and power sectors \ order to scale these global datas_e_ts down to the h_|gh-resolut|ons needed for local-scale purposes.
AC kn OWI e d e m e n tS did not line up with identified facilities (Figure 14). "\ * Future wo_rl_< would_ln_clude additional considerations of: |
g - Our approach can provide high-resolution emissions data, o L N  The utility and_llml_ts of the urba_n/sub_—ur_ban/rural _populatlon proxy
This presentation is based on work supported by the State of Texas through a contract but with high uncertainties due to lack of data within | 7 = e ~ * How to deal _W'th highly uncertain EMISSIONS _(spatlal a_md te_mporal)
from the Texas Commission on Environmental Quality. The conclusions are the Mexico. Higher confidence lies in the spatial reallocation  Figure 14. EDGAR emissions for sector IND - NOX with referenced point sources (pink) and * How to obtain real-world data when existing inventories fail.
authors’ and do not reflect TCEQ policy. on on-road emissions. manually located industry points (light blue). Emissions are labeled for each grid box.




