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Where is the worst* NO, pollution the world? *In 2022, as seen by satellite, averaged annually to a 10 km grid box

TROPOMI 2022 Annual Average NO,
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Recent trends in NO, pollution (2019 vs. 2022) 4 GW

HAQAST

Large NO, reduction in China, NO, reductions in Europe, NO, increases in tropics, mixed but mostly down in the U.S.

Percent Change in NO, between 2019 and 2022

Change in NO; (%)



Recent NO, pollution

tropomino2.us
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* Broad NO, reductions in the Eastern US (driven by coal PP retirements?)
* Largest urban NO, reductionsin California, less so in other urban areas
* Unclear the causes of NO, increases in the central US 8
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Recent summer trends in NO,, pollution
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Recent summer trends in NO,, pollution
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. ¥ 4
Motivation of recent work

Improved spatial resolution of TROPOMI now allows us to
assemble information at the local scale (~1 km).

Questions:

* Can we use TROPOMI data to differentiate NO, emissions from highways, ports,
airports, and large points sources within a metropolitan area?

* Can we use TROPOMI data to diagnose environmental justice issues within urban
areas (e.g., NO, in poorer neighborhoods) without the use of an additional model?

11



Scatterplot: Outliers:
x: satellite Red: Inventory overestimate
y: inventory Blue: Inventory underestimate

Inventory NO, vs. Urban NO,
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Inventory NO, vs. Urban NO,

40000

Max: 11.7 x 10”
Mean: 3.4 x 10"

3

60000

||

TROPOMI NO,,
<3.2 m/s winds

10" molec/cm?

80000 100000 120000
Median household income in 2019 [$]

140000

160000

‘ —T
NOy Inventor
overestimate in
wealthy
neighborhoods
’ e, |

~

NO, Inventory
| underestimate in
areas with many
warehouses and
intermodal
facilities

Chicago

NOy: Inventory
(Inv) vs. Satellite
(Sat)

Red: Inv > Sat
Blue: Inv < Sat




Comparison with
Pandora
column NO,
in Houston, TX
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Example of using aircraft + satellite + ground monitors

to investigate model biases

CAMx (model) NO, low bias worse in downtown CAMx (model) NO, low bias worse near roadways
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Conclusions

* Near-real-time daily, monthly, seasonal, annual TROPOMI NO, images are
available (tropomino2.us); 2019 — 2022 global annual averages to come soon

* Under the right conditions, satellite NO, can be compared directly to NOy
emissions on annual timescales

» Spatial patterns of NOx emissions in most US cities are comparable to NOx inventory
estimates (r> > 0.73 in most U.S. cities)

* Some spatial allocation improvement may be needed, especially if high-resolution is
requested: EJ communities (near warehouses, ports, industrial areas, etc.)

* GCAS measurements + High-resolution models + TROPOMI/TEMPO provide

unprecedented view of urban NO, pollution
e Can begin to diagnose errors in a priori emission estimates of individual sectors &

neighborhoods
Email: degoldberg@gwu.edu 16
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Record Natural gas production in 2023

Gas Production in Conventional Fields, Lower 48 States | =
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Sector-inventory of NOx emissions

2017 NOX EMISSIONS: EPA NATIONAL EMISSIONS INVENTORY
11.8 MILLION TONS PER YEAR

8%
Fuel Other
4%

Petroleum Highway Vehicles

5% 30%

Industrial
9%

Off-Highway
22%

Biogenic
12%

18



), TROPOMI NO, (10” molec/em’)

TROPOMI NO, (10" molec/cm?)

TROPOMI NO, (10” molec/cm?)

TROPOMI NO, (10" molec/cm’)

Recent trends in NO, pollution

o

-

- = = o o - o
E E E E E £ E
R R 4 . . < . < < <
Seattle E Portland E Bakken : | Minneapolis F Detroit E Toronto E Montreal E Boston
4 E £ E E 4 £ 4 - g £
H\__./\. g g g 5 £ ] ] o oo
=2k 4 =2k =3k .—.__.’.—.—'. = b4 M =2k .‘.’\./. 1 & 2F 1
o o H r‘ *. o =) o H-._.._ ® =] =) =]
z z z z z z z
o 2 z z 24 B G z z
o o o o o o o
§ 5 5 5 8 5 5
0% -20% -17% 0% -14% ﬁ -8% -12% -15% 0% -14% i‘f 2% 2% 9% 2% 0% ﬁ 0% -1% 4% 1% 4% E 1% -8% -11% -8% -14% < 2% -12% 7% -2% -13% f_‘ 1% 3% -10% -20% -8% f_f 2% 9% -3% -4% -7%
0 0
2018 2019 2020 2021 2022 2023 2018 2019 2020 2021 2022 2023 2018 2019 2020 2021 2022 2023 2018 2019 2020 2021 2022 2023 2018 2019 2020 2021 2022 2023 2018 2019 2020 2021 2022 2023 2018 2019 2020 2021 2022 2023 2018 2019 2020 2021 2022 2023
4 4 8 10
- - - = e - o
g £ £ £ £ £ £
Sacramento % | Salt Lake City 3 Denver E St Louis g, Chicago E Pittsburgh % [ Philadelphia % *rNew York City i
] £ E ] E E 4 -1 ]
® o 0000 : s | e gt ) e o : : S o -
2 &2 - & 2F g7t e .'*._..—H R ._‘\.—0-—.\. B 3 = o ® & \./‘_‘—'.
z . ® . $ ® n J z z z z z z a4 .
Z z =z z = zZ 7 >
o o o o 2 o o o
§ 5 5 5 5 8 § 7T ]
7% 5% 7% -5% -6% & 0% 2% 1% 0% -7% & 4% -12% 0% -4% -12% B 3% 2% -6% -6% -9% g 1% -8% -6% -2% -3% g 1% 7% 7% -9% -18% B 3% -6% -5% -3% -7% B -8% -17% -2% -3% -2%
0 0 0 0
2018 2019 2020 2021 2022 2023 2018 2019 2020 2021 2022 2023 2018 2019 2020 2021 2022 2023 2018 2019 2020 2021 2022 2023 2018 2019 2020 2021 2022 2023 2018 2019 2020 2021 2022 2023 2018 2019 2020 2021 2022 2023 2018 2019 2020 2021 2022 2023
4 4 4 4
= - e = = = =
£ £ £ £ £ £ g
San Jose E Las Vegas 3 Dallas % | Kansas City 3 Nashville E Cincinnati 3 Atlanta % [Washington DC
& E 4} £ £ E & E
: A .\.‘.’._._. 1 ¢ o—e—oo*® §T ~o—e—0 00 ST O~ —o—o—0 o 57 1 ST 1 ST 1
z z z z z z z
H zr z H z z z
o <] o o o o o
g 5 5 5 5 5 5
-3% -16% -19% -14% -16% & 6% -12% 1% 0% -1% & 4% 7% 0% 8% 9% = 6% 1% 2% 10% 6% = -5% -4% -3% -7% -9% g -3% -10% -18% -15% -11% = -3% -14% -6% -11% -13% -t 3% -8% -5% -9% -6%
0 0 0 0
2018 2019 2020 2021 2022 2023 2018 2019 2020 2021 2022 2023 2018 2019 2020 2021 2022 2023 2018 2019 2020 2021 2022 2023 2018 2019 2020 2021 2022 2023 2018 2019 2020 2021 2022 2023 2018 2019 2020 2021 2022 2023 2018 2019 2020 2021 2022 2023
2 _ e _ 4 _ 6 _ _ _ 4
i 5 5 I g E k; g
Los Angeles E Phoenix 4 Permian z Austin : Houston t | New Orleans F Orlando E Miami
8] E 4 B ] E E 4 E ] E
5 5 : : : : :
T oo, ARG i °‘“\.—r’" ¢ e—e—o—o——e §| o te—"0 §f e —— | & T ] 2T TN
z z 4 z z z z
4 z2r . H = zr z z z
<} <] o o o o <]
2 S S S S S S S
0% -20% -9% -13% -20% E -4% -12% 2% 3% -4% <] -4% -23% -16% -3% -5% E 2% -3% -3% 9% 0% B 3% 7% 0% 2% 0% E 5% 0% -6% -7% -18% =4 0% -9% -10% -10% -6% IE 0% -21% -15% -16% -5%

o

2018 2019 2020 2021 2022 2023

2018 2019 2020 2021 2022 2023

2018 2019 2020 2021 2022 2023

2018 2019 2020 2021 2022 2023

2018 2019 2020 2021 2022 2023

2018 2019 2020 2021 2022 2023

2018 2019 2020 2021 2022 2023

2018 2019 2020 2021 2022 2023

19



TROPOMI NO, (10" molec/cm’) TROPOMI NO, (10° molec/cm’) TROPOMI NO, (10" molec/cm’)

TROPOMI NO, (10" molec/cm’)

Recent trends in NO, pollution

o

'

S

5%

-20% -17% 0% -14%

TROPOMI NO, (10" molec/cm’)

-10%
-12% -15% 0% -14%

TROPOMI NO, (10" molec/cm’)

Bakken

4%
2% 9% 2% 0%

TROPOMI NO, (10" molec/cm’)

Viz2

V13

Minneapolis V23
V24

} g—o ._.__.__.
10%

1% 4% 1% 4%

TROPOMI NO, (10" molec/cm’)

\'% ¥

V13

Detroit v23

| V2.4
-14%

-8% -11% -8% -14%

TROPOMI NO, (10" molec/cm’)

viz
Vi3
Toronto v23
V24

Sy

12% 7% 2% -13%

TROPOMI NO, (10" molec/cm’)

-5%

3% -10% -20% -8%

TROPOMI NO, (10" molec/cm’)

=

"~

2%
9% -3% -4% -7%

-

2018 2019 2020 2021 2022 2023

2018 2019 2020 2021 2022 2023

2018 2019 2020 2021 2022 2023

2018 2019 2020 2021 2022 2023

2018 2019 2020 2021 2022 2023

2018 2019 2020 2021 2022 2023

2018 2019 2020 2021 2022 2023

2018 2019 2020 2021 2022 2023

=

= Viz = V1. o V1.2 o = Viz = e V12
£ " V13 8 V13 E " V13 I} 5 g V1.3 B . " E " V13
Sacramento % | Salt Lake City = v23 E Denver v23 E St Louis v23 E E Pittsburgh va23 : [ Philadelphia 2 sfNew York City  v23
v2. s v24 : V24 = V24 : : V24 gl : V24
0 5 5 .\.Y.N L 3 5 5 L o °
p=3 c = < =] < =]
2f s *—o—¢ o—o S a2t 80— 09 5 S ""'\._3__‘\. b P 3o e .\.\'/&—.—0
z z z z z z 2
z z z H z zZr z
o <] <] O 2 o =] <]
1% ) -4% 3 -10% 3 -5% 3 2% ) -20% ) 4% 3T 0%
5% 7% 5% -6% E 2% 1% 0% 7% E 2% 0% -4% -12% £ 2% 6% 6% -9% E 8% -6% 2% -3% E % 7% 9% -18% E 6% 5% 3% 7% g 7% 2% 3% -2%
0 0 0
2018 2019 2020 2021 2022 2023 2018 2019 2020 2021 2022 2023 2018 2019 2020 2021 2022 2023 2018 2019 2020 2021 2022 2023 2018 2019 2020 2021 2022 2023 2018 2019 2020 2021 2022 2023 2018 2019 2020 2021 2022 2023 2018 2019 2020 2021 2022 2023
4 = 4 : = 4
V1.2 = V1.2 - V12 o V1.2 o \% W3 o Vi2 - \% ¥ - V12
V13 8 V13 8 V13 E i 8 i V13 8 i 7 " V13 8 V13 B i V13
San Jose v23 E Las Vegas v23 E Dallas v23 t | Kansas City v23 E Nashville v23 E Cincinnati v23 k- Atlanta v23 t [Washington DC 23
V24 g V24 E - V24 g V24 E V24 g V24 E V24 E V2.4
5 5 B ) 5 5 )
al: g W_._. 3 S Sg—p—8—9— s ) | k.\’\‘_—.__. : | ———— B ™ o'\:——0~o—-0
o) d d o) ‘\._._:_._. d d . d
z z .\.._'—.’.—. z z z z z
z =4 z z zZ z =z
o <} =] o o o =]
6% & 0% & 12% & 9% & 8% & “10% N 8% & 1%
-16% -19% -14% -16% ff 12% 1% 0% -1% E 7% 0% 8% 9% = 1% 2% 10% 6% E -4% 3% 7% -9% fj -10% -18% -15% -11% f_‘ -14% -6% -11% -13% & -8% -5% -9% -6%
0 0 0
2018 2019 2020 2021 2022 2023 2018 2019 2020 2021 2022 2023 2018 2019 2020 2021 2022 2023 2018 2019 2020 2021 2022 2023 2018 2019 2020 2021 2022 2023 2018 2019 2020 2021 2022 2023 2018 2019 2020 2021 2022 2023 2018 2019 2020 2021 2022 2023
b Vi2 o vVi2 s viz = . Vi2 o Vi2 o vVi2 s vi2 I~ 4 via
i V13 £ . V13 E . V13 8 . Vi3 £ V13 8 V13 8 Vi3 E . . V13
Los Angeles v23 ! Phoenix v23 E Permian v23 F Austin v23 E Houston v23 ¢ | New Orleans w23 E Orlando v23 F Miami v23
sk V24 E V24 E V24 E V24 E | V24 E V24 E 24 E V24
: : : : : : :
o £ <k <2 = <k <k '_.\’—O—H ] 8
=) =] =] =]
._.\r.'-N g W‘H g .j\._.,.-. g ._._._m g L o'\"" *—e g 'A‘N—‘\. g ¢ 3 g O—O\.’._./o
B 2 b 2 z 2= 2 2 b
. 12% £ % £ 4% £ % £ £ 2% £ % £ 0%
-20% -9% -13% -20% B -12% 2% 3% -4% (=} -23% -16% -3% -5% 5 3% -3% 9% 0% = 7% 0% 2% 0% g 0% -6% -7% -18% B -9% -10% -10% -6% & -21% -15% -16% -5%

3

2018 2019 2020 2021 2022 2023

2018 2019 2020 2021 2022 2023

2018 2019 2020 2021 2022 2023

2018 2019 2020 2021 2022 2023

2018 2019 2020 2021 2022 2023

2018 2019 2020 2021 2022 2023

2018 2019 2020 2021 2022 2023

2018 2019 2020 2021 2022 2023

20




	Default Section
	Slide 1
	Slide 2
	Slide 3
	Slide 4: A picture of my family for the HAQAST family
	Slide 5: Recent trends in NO2 pollution (2022) 
	Slide 6: Recent trends in NO2 pollution (2019 vs. 2022) 
	Slide 7: Recent NO2 pollution 
	Slide 8: Recent summer trends in NO2 pollution 
	Slide 9: Recent summer trends in NO2 pollution 
	Slide 10: Recent summer trends in NO2 pollution 
	Slide 11: Motivation of recent work
	Slide 12: Inventory NOx vs. Urban NO2
	Slide 13: Inventory NOx vs. Urban NO2
	Slide 14: What are biases of TROPOMI, GCAS, and models?
	Slide 15: Example of using aircraft + satellite + ground monitors to investigate model biases
	Slide 16: Conclusions
	Slide 17: Record Natural gas production in 2023
	Slide 18: Sector-inventory of NOx emissions
	Slide 19: Recent trends in NO2 pollution 
	Slide 20: Recent trends in NO2 pollution 


