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Abstract Air quality monitoring is crucial for identifying major pollutants in regions with poor air quality and is essential for
implementing control measures. These systems ensure national air quality standards are met and guide policy actions to
improve environmental conditions. With the global adoption of greenhouse gas (GHG) emission reduction targets, monitoring
systems are now also tracking GHG levels to assess mitigation policies’ effectiveness. This study reviews the air quality and GHG
monitoring systems of the United States, European Union (EU), Japan, and China, focusing on their operational characteristics
and purposes. The integration of GHG monitoring into existing air quality networks, especially in urban areas, is increasingly
important due to the significant share of global CO, emissions and air pollutants from cities. The study also aims to draw
implications for South Korea's monitoring network, emphasizing the potential for integrated management of air quality and
GHG monitoring.
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2023), EU= ICOS (Integrated Carbon Observation
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Table 1. Major laws and regulations related to air quality monitoring in Korea

Laws/Regulations Articles/Sections

Key contents

Article 3
(Constant Measurement)
Clean Air
Conservation Act

* Mandates the installation of air pollution measuring
networks by the Minister of Environment and local
authorities to monitor air pollution levels continuously.
Results are reported to the Minister of Environment.

Article 4
(Determination on Measuring
Network Installation Plans)

Requires the Minister of Environment to create and
publicly notify detailed plans for air pollution measuring
networks, including locations and areas.

Article 11
(Types of Monitoring Networks

Regulations related to reporting the types of air pollution

Clean Air X monitoring networks and measurement data
. and Reporting of Results)
Conservation Act
Enforcement Article 12
Rules * Procedures for deciding and announcing plans for

(Notification of Monitoring
Network Installation Plans)

the installation of monitoring networks

Article 15
(Ascertainment of Current State
of Sources of Long-Range
Transported Fine Dust Emissions)

Special Act on
the Reduction and
Management of
Fine Dust

Provide cooperation and request related business
entities to equip fine dust measuring instruments on
aircraft, vessels, etc. to ascertain the route, concentration,
etc. of long-range transported fine dust.

Special Act on

the Improvement of Article 9
Air Quality in (Surveys)
Port Areas

Mandates the establishment of an air quality monitoring
network in ports by the Minister of Oceans and Fisheries
and the Minister of Environment.

Guidelines for

Operating Ministry of Environment Notices
Air Quality Monitoring and Guidelines
Networks

Regulations on the operation procedures, equipment
maintenance, data management, and reporting methods
for air quality monitoring networks.
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Table 2. Summary of the key elements of the Clean Air Act (CAA) under the EPA.

Key element Description
Initial Clean Air Act * Established federal authority to address air pollution, marking the first national air quality law
(1963) inthe US.

* Major overhaul establishing the framework of the CAA.

* Created the EPA to enforce the act, introduced National Ambient Air Quality Standards (NAAQS)
under Section 109, and mandated emissions standards for industrial and mobile sources
under Sections 111 and 112.

1970 Amendments

* Focused on areas failing to meet NAAQS deadlines, setting stricter requirements for regions
with persistent air quality issues.

* Introduced New Source Performance Standards (NSPS) under Section 111 and Prevention of
Significant Deterioration (PSD) for areas with cleaner air quality under Sections 160-169A.

1977 Amendments

* Expanded the act significantly to address emerging environmental issues, including acid rain,
urban air pollution, and toxic emissions. Established the Acid Rain Program (cap-and-trade for SO,
and NO,) under Title IV and expanded controls on Hazardous Air Pollutants (HAPs) under Section 112.
* Introduced provisions for stratospheric ozone protection under Title VI.

1990 Amendments

National Ambient * Sets limits on concentrations of specific pollutants to protect public health, particularly for

Air Quality . )
Standards (NAAQS) vulnerable groups. NAAQS is defined under Section 109.
State * Requires states to create SIPs, demonstrating how they will achieve and maintain NAAQS
Implementation through local regulations and enforcement.
Plans (SIPs) * SIP requirements are outlined in Section 110.

Hazardous Air * Enforces stricter controls on pollutants that cause serious health effects (e.g., benzene, mercury) by
Pollutants (HAPs) requiring industries to use Maximum Achievable Control Technologies (MACT) under Section 112.
Ii\le?flcv)rsr::;cci * Imposes standards for new or modified industrial sources of pollution, ensuring they incorporate

Standards (NSPS) up-to-date emission controls, under Section 111.
. . * Introduced as part of the 1990 amendments, this program uses a cap-and-trade system to reduce
Acid Rain sulfur dioxide (SO,) and nitrogen oxides (NO,) emissions that contribute to acid rain, primarily from
Program (1990) 2 9 x , P y

coal-fired power plants under Title IV.

Motor Vehicle
Emissions and
Fuel Standards

* Establishes emissions standards for vehicles and fuel requirements aimed at reducing pollution from
transportation sources (Provisions for vehicle emissions and fuel standards are found in Title II).

* Grants the EPA authority to monitor compliance, enforce regulations, and penalize violators,
promoting adherence to the act’s standards.
* EPA’s enforcement powers are outlined in Sections 113 and 114.

EPA Enforcement
Authority
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Table 3. History of the EU Ambient Air Quality Directives (AAQD).
Year Key events
1980 Established directives to manage SO, and particulate matter (PM)
1982~1992 Established directives to manage Pb, NO,, and O3
2004 Introduced standards for arsenic, cadmium, mercury, nickel, and polycyclic aromatic hydrocarbons (2004/107/EC)
2008 Introduced air quality standards for PM, 5 (2008/50/EC)
2011 Commission Implementing.DecisionA 201 1/850/I?U (IPR Decision): Related to the dissemination, exchange,
and reporting of air quality information (pertaining to 2004/107/EC and 2008/50/EC)
2015 Directive 2015/1480: Guidelines for reference methods, data validation, and location of sampling points for
air quality assessment (amending annexes of 2004/107/EC and 2008/50/EC)
2022 The Commission (EC) proposed to update the existing air quality regulations in the EU, aiming to integrate and
revise the current ambient air quality directives (2004/107/EC and 2008/50/EC)
2024 Agreement on strengthening air quality standards (EC)
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Table 4. Key provisions related to monitoring in Japan’s Air Pollution Control Act.

Policy Article Summary
* The national government must work with local entities to study hazardous air pollution
and use scientific knowledge to assess its health impacts.
. * Based on these studies, it must evaluate and periodically disclose health risk levels
National ) ) . .
Government Articles associated W|th each hazardous air poIIutan.t.'
Policy 18~38 *To support bus'lness measures and local policies, Fhe government must gather and
share information on emission control technologies.
* These efforts aim to enhance public awareness, encourage pollution control measures,
and strengthen local environmental policies.
* Local public entities should assess air pollution from hazardous pollutants within
Local Articles their districts.
Government 18~39 * They must provide businesses with information to encourage pollution control measures.
Policy * Local entities should work to spread awareness among residents on preventing
air pollution caused by hazardous pollutants.
* Prefectural governors must take measures to monitor air pollution continuously, excluding
. radioactive substances, as per the regulations of the Ministry of the Environment.
Article 22 - . X .
* Prefectural governments must continuously monitor air pollution and report the results to
the Minister of the Environment.
Continuous
Monitoring * A prefectural governor must disclose the air pollution status for the prefectural area
pursuant to the provisions of Order of the Ministry of the Environment.
Article 24 * The Minister of the Environment must disclose the status of the pollution of the air

by radioactive substances pursuant to the provisions of Order of the Ministry of the

Environment.

Table 5. Major laws and regulations related to air quality monitoring in China.

Law/Regulation

Legal basis

Key content

Environmental Protection Law of
the People’s Republic of China

Establishes the fundamental principles of
environmental protection and policies for
air quality improvement.

Provides the legal foundation for
air quality monitoring.

Air Pollution Prevention and
Control Law

Regulations for the establishment and
operation of air quality monitoring networks.

Defines standards for pollutant
emissions and monitoring methods.

Air Pollution Prevention and
Control Action Plan

Sets strategic goals and policies for
air quality improvement.

Includes measures to strengthen
air quality monitoring.

The 13th Five-Year Plan
for Ecological and
Environmental Protection

Outlines policy directions for
air quality improvement.

Specifies measures to enhance
air quality monitoring networks.
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Fig. 1. Trend of the number of monitoring sites between
2010~2022. (a) Total number of sites, (b) number of sites oper-
ated by central government, (c) number of sites operated by
local government (NIER, 2023).
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Fig. 2. Locations of Urban monitoring station in Korea (2020) (Source: Air Pollution Monitoring Network Operation Plan (2021~

2025), ME, 2020).

4.2 0= Y 2|7

1]=0] ¢ 71 29 ST T4 (state), T
(tribal), |75 (local governments) 5] A L ¥+
2]0] FAI7} Elo] 2J et ti71E BUEE v 2
=gol 3ojAle] EPAC] &2h2 Code of Federal Reg-
ulations (CFR)°]l £5}0, 4= @ FARN 7folE &
& A5t o & £, CFR Part 402 WES 3 tjz}
At 2gol a3 87 AR}, CFR Part 507 CFR
Part 53+= UES|T HYEF 2] UHS, CFR Part 58
2 tj7]d Z+A] (Ambient Air Quality Surveillance)2}
TE AR tHETH(USEPA, 2022, 2017). EPA 4AFs}
9] tf7] ZYHEH 7|& JE AE (Ambient Monitor-
ing Technology Information Center, AMTIC, https://

www.epa.gov/amtic)= RUE]E T2 IH9] 7% 4
HE AlF (technical information) ¢}t AMTIC= 7]
BUHY P 48 wEe FH08 egud o
7] BUEH R E BE A 4, T8 BUEE
QA/QC ¥l AH 9 1 HUE® 7l JHE A
SEITH(USEPA, 2017). Pl=2] HUE Y UEYL &
@2 1 Bk vsHAl A= leH, 4
, AR, 718 of 2 Z]o] Ao 9l
715 (CAA)®ll J5HH EPA 4F6}9] Office of Air Qual-
ity Planning and Standards (OAQPS)°A&= 2E
of 71& L @=de tigt di7] RYUEH SAY HE
AFE FEoles a7t F 9 A di7] HUH
7] AH|o]A (Networks of State or Local Air Monitor-
ing Stations, SLAMS)©|2}al st= ZF SLAMS S3%
oA F= HYER Aol tigh A7 292 0AQPS
of Al-FsfioF stH, 2= 0AQPSOIA AFERE 4= QL

ol

Z 37
i
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ofof qtrt. 1] o] kA 9ix]of|A] tf7] e Higt
Al714dstal ARt AHE A7) 915 OAQPSE
7 BUE YEHISY =71 ti7] ZYEY A0
1 (National air monitoring stations, NAMS)= 75
Atk SLAMS U E9]29] UHQ1 NAMS AfO|E= B
o} AdASH BYE x|, AH] §4 9D =Z] H= J)E
S SZoloF ot NAMS U El= T2 OAQPS©] =+
AR 271 9 A%t RUH Y s AlESoF jith
E4= 52 U H (Special Purpose Monitor, SPMS)

ﬂil

2A5hs Hl AH8ET EPAE YA

A = HYEPSHL Ho[HE 415
7] ol 3t & 4 W EY A (Chemical Species
Network, CSN)E 53Tt CSN Afo]Ex= 7|71
AA PM,0] E3E EA oL, 24 A A o
%7] setEe) 5= dske 29at o] AolESS
chaFet SLAMS 242 §17Io] wiAIEo] ek ol
AolE] AL A3 s)Ee] Bejet W7k B
& ~H|o] A (Photochemical Assessment Monitoring
Stations, PAMS) & HJX| =W, UMz Afo]EQ] %]
+ EPA, A A4 9l HUE Y 7] 3HE0] 92isto]
T2 il =AY W Ee A HiA g
(USEPA, 2017).

PAMS HERFE= F 9 2 7|Hol4 Fsk=
QF AFA RUH T HIE Aot PAMS 215
< el 19900 2ol FH-E71H (CAA) 182(c) (1)
T 87 AFS FF5] Slsh AlAbE /e, 2015
| et S AReH, 1008t T oo Q157
U= A 718E A 219 (CBSA) 9] 71 =7t SA

2YUHZ Y E$L 3 (National Core, NCore) AFO]E0]
A 2E A7 54S sYst=S 879 2024
@A 437 S 2olA 2EF I Qlet. T4 PAMS A
olE] 28 BHe 02 Bl AL AN FR
@ 0 ATA w9 FAE 22 o) 02 A
73 9 71 27 dloleiol 28 ek Aol

NCore HEHT= th5 LHEE 44z of2| &
Ue vEas 248 Ba] 98 muH

—

2AtA Z-Y 2F HE: 2= A2t o=l AR 713

At Ad=fe] A7z BE F (5070 7 949 D.C,
Fo2ED R, Wl ofdAE )= HATF st
NCore AtO]EE 2% 5l|ofF 2T} NCoreol| A= HIAIH
A (PM, 5, PMyq., 5), 235 (03), o]4t2kg} (S0,), dAitet
g4 (COo), AA *PQ—E(NO/NOZ/NO ), 712 717 Tl
£ NCore AO|EE= H (Pb)S
=74ttt NCore HE Jﬂ— 2022 71 4370 A4
S A5} 207)9] HEA Ao Ato]ET} itk BY
E}Eo] ;(]1—1 [e] E/Hg].ﬂ PM, /1(—)]_‘?__0_ =] ].l—_ STN
TAE S
o=
2] By
o] shtol
w71 HE2 o8 7t

Fefaa 4 ek,

O

(Speciation Trend Network) A}°]E,
JSH= PAMS APRlE 9 F7] 54
NATTS AfO]EL} o] Afj &
Akl QItk. BUEE T2
0l AgeEo 2, Epast m
Lol rpE odBAo Hue
=71 H7] 54 FA =4 (National Air Toxics
Trends Stations, NATTS) HELI = 4yt 29
71491 th7] 543E4 (HAP, Hazardous Air Pollut-
ant) ZUE Y HlolHE AlEsty] {7 Sl
NATTS HEL AL 1) A} 8jE 7t4 T2 33 9)
a7} 7} (Assessing Trends and Emission Reduction
1:H7]7~1 24 _\1:]7]. 2 A=

o
Jl}u

rum%&J
O flo

7(

b
il

llTI ﬂilo
E my
Tl

Oi
i

Program Effectiveness),
(Assessing and Verifying Air Quality Models), 3) TH7|
A 1" g7t U H3 (Assessing and Verifying Air
Quality Models), 4) =& Z2e] g2 dlo|e] A5
(Providing Data for Direct Input to Source-Receptor
Models) 59 &2 Itk NATTS YES == 2003
doll AlFEem, vl=r el 2008 AA 27742
APl Er A3 0] Q. ZF Ao EcfAl= B 1007H
o] edEdEe EYHPsHAR 15 19709 &
AZ oz gyt tiit HAPsoll = 33 7] S5t
E (Volatile Organic Compounds, VOCs), 7+ d (Car-
bonyls), PM,, 25 2 ofgh B B8R4 (Polycy-
clic Aromatic Hydrocarbons, PAHs)7} ZZ3HEI T},

A t)7] B4 2YHEE T2 73 (Urban Air Tox-
ics Monitoring Program, UATMP)-2 EPA7} A& A
dote] F, A gl B BUEY 7)ol °7] F4
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BUH o] JAEE 9 A7E Seelrs A gehs
m2Tolt), 7 UATMP 97-9] AT el =
UE " 71l o A= Hefsitt. 20034,
OAQPS= 15 9 ti7|d AMfAy, A 7 A4
o] 27} & A4 9 107 EPA 2|9 A4S F
gloto] 29 1HE 7] 2YHH (Commu-
nity-Scale Air Toxics Ambient Monitoring, CSATAM)
= AlAsH.

IMPROVE (Interagency Monitoring of Protected
Visual Environments) T2 732 n]=9] A 2]
of] YAt TZAolA] PM, 2] T8 B (&4t A
A9, 771 9 7] g, g 55 5ol Higt 204
oSl 715 AlFdh o] ZRIHS FHTY
2] (National Park Service)©| FE5HH, oj2] At
2 5 AR 7)) 21 ¢atar olck. T IMPROVE Ul
EAE S5l AT 1 HekE FAskal k.

Clean Air Status and Trends Network (CASTNET)
2 nl=3t vt Aol 20219 7120 =2 997]9] A
71 di7] 2UE Y 2ot o] &

=487

-

F-U2]4 (National Park Service,

NPS) ti7] A+ FA, efo] @ 1) 3= EX| = (Bureau
of Land Management, BLM) 5 ¢{2] 9%, &, A|% ot
Eue} 7709 fFRl
partners including seven Native American tribes)¥} &
slo] SGHTH I 3). CASTNET2 19901 A
71 ete] et dyEelon, 9= v
2} 4] HHE (acidic deposition)2] S} Fo|& K
alste] HjlE A e2ade] avkE Bk 9
S Stk CASTNETS "=l st das
7140 4 A4 A2 HlolHE Algshs UE
Holct 1978 A =7 di7] AdE T2
F (NADP)2 7= (A uDoll Zetd 4Hg shete<
=7ol7] flof whEofH om, thF2 9] CASTNET At
O]Ei= NADP2| 54 HIHE Y EYI (NTN)2t &
71 91718} ek,

NADP/NTN (National Atmospheric Deposition Pro-
gram/National Trends Network)2 7J4=2] 3Feh4
dEe FAsts A=4<Q A7) HEHAZoIH.
NADP/NTN-Z 4> O] (pHEA] ] 4H), Gite,
A, dRE, deke W E7] doll it v
2 54 A4 HolHE Als?ttt. @A NADP/NTN

>~
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= (federal, state, and local
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Table 6. CASTNET/NADP network summary.

2AtA Z-Y 2F HE: 2= A2t o=l AR 715

Network Method Pollutant(s)/Analyte(s) N””?be'
measurement of sites
Particles (50,27, NH,*,NO5™, Na*t, K*, Ca?*, Mg?*, CI);
Weekly filter pack Gases (SO, HNO;) 94
Continuous UV analyzer O3 86
Continuous pulse 50, 3
florescence analyzer
CASTNET Continuous
— NO/NO. 8
chemiluminescence analyzer Y
. antlnuous NO/NO, 1
chemiluminescence analyzer
Contlnu_ous gas filter co 3
correlation analyzer
iEat 2- + - Nat K+ a2+ 2+ -
NADP/NTN Weekly preapltatlon S04, NH,™, NO3 ) Na . K", Ca=™", Mg“™, I, 258
collector +rain gage pH, precipitation amount
NADP/AMoN Biweekly passive sampler NH; 101

https://www3.epa.gov/castnet/docs/CASTNET-Factsheet-2021.pdf

2 d]=, Fue) Fo|2E A W w7l ofdsiEe] A
7 2507 o]4Fo] Afo|ER AJH3iTt. NADPE ERF
714 gEYoH(NH,)2l 7] sEg F25he Ha
YEA Yot BYEF YES S (NADP/
AMoN)Z 2431} (USEPA, 2024b, 2017, 2008). E 6
© CASTNET/NADP HEQ|T 9] F9 =4uhHu} =

e HoE.

4.3 EUS| Y 2SI
EU9| 24 =% © 2 EMEP (European Monitor-
ing and Evaluation Programme)= S 4= It} EMEP
2 g2 =74 2 Hvled 2A1E o] Sls 2|
zzadlog, G4 FA1€9S] (UNECE)ST ¥
A Sl 7I9rskaL Itk (EMEP, 1979). EMEPS]
2] $-7]+& Convention on Long-range Transbound-
ary Air Pollution (CLRTAP) 2.2 7] =7 71 th7]
ode A7 $I5l 1979 AA = om,
Al 299l RYE Y3} P75 Tt Protocol on
Heavy Metals (1998) & Protocol on Persistent Organic
Pollutants (1998)~= CLRTAPS] 3} xoFor EXH

o i o

L= tigt FAIE Aot XYEHPe a7
gttt EMEP= ol&gh £9F g+ A2 55t
7] $18l = HlolHE 3R (ECE, 1998a, 1998b;
EMEP, 1979). EMEP®] 522 42| =7 7 tf7] &
Hol A FFS st LA=HE| HA
& 3 Aol tigt dlolHE AlEshs 2ot EMEP
o| tlolH& ARgste] AA il 9l =4 dd=
A ¢85t UNECE®] CLRTAP AR=of ofsf ¥e]H
t}. 7} 392 EMEP9] BUER] ¥ §7} &5 &
ofst, HlolH= AA e Fste] £ &
A,

EMEPT} o] 49 714 muee YEYa
(Euroairnet/Eionet (European air quality monitoring
network))7} 2% =1 Q1=H| Euroairnet:> =7} ©]
1] Q= SAYNA Addstd, dolH= 4 7
A dlo]EHo] A8l Airbaseo] EILH T} (https://data.
europa.eu/data/datasets/data_airbase-the-european-air-
quality-database). Euroairnet-— 94 A(EV) F]Y=
Vb 718 Fed=e] =7 ti7]d RUE Y HIES e

A 44 deoleg Fshs f3el g7l nu

rlo

J. Korean Soc. Atmos. Environ., Vol. 40, No. 6, December 2024, pp.704-732


https://data.europa.eu/data/datasets/data_airbase-the-european-air-quality-database
https://data.europa.eu/data/datasets/data_airbase-the-european-air-quality-database
https://data.europa.eu/data/datasets/data_airbase-the-european-air-quality-database

716 de= 488

Table 7. Comparison of EUROAIRNET and EMEP programs.

ltem Euroairnet

EMEP

Real-time air quality monitoring and

Monitoring and assessment of long-range

Purpose public information provision transboundary air pollution
Air quality monitoring in EU member states Monitoring of air pollution including long-range
Scope A . ",
and other participating countries transport and deposition
Convention on Long-range Transboundary
Management European Environment Agency (EEA) Air Pollution (CLRTAP) under the United Nations
Economic Commission for Europe (UNECE)
. S . . Regional data, long-range transport and
Data type Real-time and historical air quality data deposition data, modeling results
. Support for evaluating air quality trends and Support for international air quality agreements and
Integration X .
regulatory effectiveness across the EU policy development
Convention on Long-range Transboundary
Legal basis Ambient Air Quality Directive (2008/50/EC) Air Pollution (CLRTAP), Protocol on Heavy Metals (1998),

and Protocol on Persistent Organic Pollutants (1998)

F HENTR 73 &4 (BEA)SIA BelsiH, &
& Aol digt ZEHo]1 ok ti7|d HlolHE
Assts A< FHEE JIh Euroairnet HIOJEl=
H 7] EZHE (European Air Quality Portal)oll A&
&, ARRFA| - o] AAE 9 wHA df7]E
dolHE H2¢ & =% 2 o5 d71E A
2 Aol izt AR A HE AlSRt.

EIONET (European Environment Information and
Observation Network)-2 -G53 A oA ti7|& £
e AA &7 dlolE et JRE st AT ot
£ YIEHAE, Euroairnety} 22 thefet =4 U
EQTE ZESISIY (Torseth et al., 2023; EEA, 2020).
H 7-& Euroairnet¥} EMEP 2132 H|ws}ith
HuE 241 dlolel= 24| glo] tisolAl AlsshH,
A1 HlolH & 7HHrt "ol = Ao AAgte
B HIED, dubog x7to] A4 HUET 574
45 RN mokdhh o] A AEE AR EU

.

7} AR AX) 9 64 A ] wet ceke

AH AR FEEH, 20221 PM, s 7|5 202371
ZA Aol o] F EU 2770= &% S 47T 1781704,

7} 2427] 40| ThH(EEA, 2024).
716t f-9-2 oheFet A+ 719 BUEE A|A] (Res-
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g

55!
a
B>
1B
B\
ox
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earch infrastructures) S 7}A| 1l 2Tt ACTRIS (Aero-
sol, Clouds und Trace Gases Research Infrastructure)
= W7l T ololzE, 75 13 vF 7IAE o
Tohe 1 719k A Qlmetg, vir]et 7] st
of 3t dlolelE 3 okar 24T (Laj et al., 2024).
4.4 L9 ZFY 2|7
AEO 1970 o]l CO, SO,, NO,, AF35}H=(0X,), 1
1! HZ] (Suspended Particulate Matter, SPM)°]| TH
e 2R7|ES At e, PM, ol HIRt 71E2
2009'd°] 275t o] % vl gela4 (NMHC)
off vt &4 A& 1976l A5t om, 1970
ZHHRE 25 54 71718 AHgste] di71edE
A sE0] A% AR BUE ™S AAIS] 24 Qlth
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o] 45 Hlwst Aot (Tto et al., 2021). 7] 2H
F2 AR FHeE BUEHE, A

g b

o
o
>,
gl
fin}
N
N
N
AN
2
i)
it
i)
N
N
o,
N
N
2
e!
oo
B\l

o QE-L ul} HsehA S5 F4o] ohd




U713 o SAZkA 2HY 2% HE 2120 AfRle} si0] Al 77

Table 8. Status of monitoring stations for different pollutants in Japan as of 2018 (Ito et al., 2021).

Number of monitoring stations

Species Abbreviation Start year
Total AAQMS RsAQMS
PM, 5 PM,s 2010 1088 849 239
Suspended Particulate Matter SPM 1970 1703 1314 389
Ozone O3 1970 1193 1165 28
Nitrogen Oxide NO,, NO, 1970 1658 1260 398
Non-Methane Hydrocarbon NMHC 1970 482 333 149
Sulfur Dioxide SO, 1970 1010 960 50
Carbon Monoxide co 1970 293 60 233
*AAQMS: Ambient Air Quality Monitoring Station; RAQMS: Roadside Air Quality Monitoring Station.
HAEAH SHYALE 2FotL Aot (Morikawa et al.,  VOCs BA-& tjA]|7F 45} Qh(Morikawa et al.,
2023). 2023).
Qo] f7)d BE % i% A 13 =

HElR 2ol (aaQus), E28 A1 BUEY 45 Z3el S8 2@
272 (RAQMS), 18] 1 *é | BUE 2ol =] di71d BUHE YEIE =4 di7]d

O Al 712 HF=2 ERET AAQMSE FY A9el  RYEH FHS T 1970d o] AlFEeH,
Ao 7|de] 2454 715, A=A HiIEY 92, = 1990 %o S0, NO,, & H-9 WA (TSP) 5L =
2 oS LI e A A, 0 WA 24]9] mUEHSHE B 7] RUHE 2442 ZAE Y|
a3 5 BHOR Jth RAQMSS A HiZl  EQa g Itk 2012@ R EHE RUEHYEHE B
Ztag Qe A" Aor e wAR, 2 B Ao 7t 023 2uq|dzE Eedehs 672 7t

& A71Hor RUHHAZTE 1 51908, $0,, oAt A (NOy), B At (PM,),

¢, AHdH] U SA4e AAY 5745 29 204 J2H(PM, ), AteIERA (CO), 2 (05)°] E
2 S A714Y e e FAE 2 A (Y FEUTH(Wang et al,, 2014). 3 9= S d71A &
TEEY, 0, 5 ER). TF PMys 24 STl 2l ATS HolErh ol5 E4Y & & SH4E &4
+=Hl 1307 AAQMT} 337 RsAQMS =7 40f| A 9 Z7) -] HutAQl Abg 9 W) 2412
& &

1
ofl 48] 253 A5} olck PM, 5 24 54 P o,
S, f77] WA AR, 35 DeT levo- 3387 54(1,4367114 2HEY Ao A
glucosan 5] §7] Edlo]x] BASolH, o] % 1001 ek Ao} 2%
o] A-Hol|A] THAFE PM, ;s T4 U 2 =40l o] Anf 9l I3 %q_c'q

rulru Y

TS

A1RYE|AL Gk NMHCs2 AAQMS 33370, RsAQMS 7}l &ofs}r] 9iate] ARls|9lon, 27t ti7]d =
1497 S 20 SAHL 9led, ol W7l YEH HELAS 28 HE oS gsta, F4
NMHC <zl thgt 7tol=ael2 19760 A zo/mA|o] 0 JEA 4 EAS BYE s, A
At o 3% L 9 FAC 7E 7] AR 9 g5

VOCs 2/ 5742 20179 5EFH skl 291 = 919t 7% 29 Algohs S 52X 0= g} 2018
Asta 9lom, AFAH 07 57 =44 (Tokyo, Saita- | 7] 927019] A t)7] 2 RUEY #2472 S

ma, Gunma, Tsushima, Nonodake)|4] 45t Q1 =9t 7|8 167019 ¥4 th7]1d =YE
o 29}, ERAClA Fejohs 37 Al 167 (7] w7 2ol el F7F T A o)A
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Table 9. China’s national-level air quality monitoring network system as of 2018 (Zhong et al., 2023).

Category/Network Sites Indicators Method
. 1436 sites SO, NO,, CO, O3, PM; 5, .

Urban air (338 urban cities) Five meteorological parameters, visibility, etc. Automatic

Regional air 92 sites

Background 16 sites

) " 440 sites, Precipitation, pH, EC, SO,2-, NO5™, F*, NH,*, CI°,

Acid deposition 359 cities major cations (Na*, K*, Ca®*, Mg?*)

Sandstormand dust /oSt TSP, PM,, visibility, wind speed, wind direction
(78 urban cities) coe Y peed.

Greenhouse gases 10 sites CO,, CHy, N,O Automatic
49 sites PM, 5 water soluble ions, inorganic, OC/EC,

PM composition (42 urban cities)

Automatic & Manual

online PM mass spectrometer

78 sites
(78 urban cites)

Photochemical
pollutants

Alkanes, Olefins, Aromatics, Oxygen-containing
volatile organic compounds, Halogenated hydrocarbons

Automatic & Manual

o] =W I7|A o] HjA +22 rUHs T, B
5 BYHHL 78712 A 34 RYEHF

5o meff 2% mUEY YEYAE 7551 9
o, APdu] BUE ) Y ES T+ 35970 TA], 4407) A
oA EAIEZAAGH] @ Q0] At} vhd A1 o}
o AF 734 MEY, o] =A)5tal Yt = o
Al PM 24 SATE %oﬂa L glon, 4271 FA, 49
7 AHAA, My, O oe 57
olth njzjuto 2 ws}st %@EQ'O] 787l TAJOA 78
7} Aol A =G =1L Tt (Kong et al., 2021; https:/

[t

242

o

o]—_]__'_

www.cnemc.cn/en/main_responsibilities/).

EUX EuroairnetY} EMEP Y E 32 ZF

Tt 3ol Algetrh e AR
Hale FuStL, 0] aofslol 1 oA 5o
Stal glow, F=-2 =7} 2}l

A
1o egotel, T8 mAISH i 0 9e FAsk

oIk

2ol 3 LR AN Awlne, 9l
veke] UL SR SYPAAE it 5L
A2 Qlek W AR ol 0GB 254
£ 2okR Ik, nlFS SHBWE £ 7]ute)

AAE 743 glo) BUE™ HEY A vt 24
&7} FEE7| % 516, 918 EAstct vk 92t
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Table 10. Comparison of numbers of monitoring station.

Countr Pollutants Number of Population Area Number of Number of station
Y station (10,000) (km?) station per million per 10,000 km?
SO, 605 (519) 34,181 9,831,510 1.8 0.6
NO, 378(422) 1.1 0.4
USA o 1,000(1,216) 29 1.0
(Active) 3 ’ ’ : :
co 251(389) 0.7 0.3
PM, s 1,000 (947) 2.9 1.0
SO, 1,010(1,350) 12,263 377,974 8.24 26.72
NO, 1,658 (1,840) 135 439
Japan 05 1,193 (1,160) 9.7 31.6
P co 293(390) 24 7.8
SPM 1,703 (1,880) 139 45.1
PM, 5 1,088 8.9 2838
China 2,189 142,517 9,600,130 1.5 23
China
(Urban network only) 1436 10 15
Korea 919 5175 100,431 17.8 91.5
Korea 521 10.1 51.9

(Urban network only)

The number in the parenthesis in the number of station column is the number of station reported in ME (2014).

W 4 9k & 102
92 A% Pl BAT AzE v}
U, F2, T3 G2 (A ]
B 52 Q179 Ao v

7}
ZIEeR A7 1Y ¥ AL = 1871, HA 1
i

T km’d FHA = 0670 FS FAI5HL ATk
L2 75 SPM (F-FUAREE) T PM, 50l iRt =

2 47 242} 1,703709} 1,088702 w@oH, SO, 7]
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o 5t1 QITh(NIER, 2023). o]2] Z710]
Z 5 *lEHﬂ SAgelAE S0, Cco S
512] gFe 4= =S AAE| 0] 917]% SHAITH(NIER,
Bo] A 4ofAE o5 FES

2022a), & Z=A5}

=5
T 9ek. et A el wAYY] 24 27
AofA o] & EH2 A 109 B 1R rIES
IHESEAL QLA TSR dateteta wiEE T A
2o gast o), Hr fAg 249 290

s 2si

d
N
0

5.1 2HIIA &
W 272, 2|9 g
(GHO) A1 skl 491 /1% 538 20l o
Aot} TE 9|A A
AL QT BBl Sl WA 2N W13
ol izt =71 Z53 =712 7] (Nationally Deter-
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A7) Bx 2SI A AlAe Jebd 1S 9ot
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HEL IR AA7A ]:rL(WMO)J GAW (Global
Atmospheric Watch) YEIE E 5 ou, A A
A BE &S o 8001 =ro] Fofstal it

A 30709 SR A4, 40070 o1Fo] 219 7

&, 718k 1007 o] 544
nity.wmo.int/en/activity-areas/gaw). =47tA S
F2 2% (ground)d 5 7] 718 (aircraft-based) =
dog FAEo] et 2 AYE AT (High-

precision stationary measurements), =7}t In-situ

%7} 1tk (https://commu-

A< = (In-situ continuous monitoring of GHG
Fo] e olgsio] 270 27
H AgE F2 top-down F4o] AHEETH(JACCO,
2020; OCCCOQ, 2018).

19
E2tA 3 =7 (Whole air samples (flasks)) (NOAA
Global Monitoring Laboratory) A7} 1o, |
AH)-E, AL AAE o]-83 Lower-cost, lower-
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Z7 o] W3] 11 QJt}(The White House, 2023).
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Fig. 4. Greenhouse gas monitoring station for climate change
surveillance.
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o]& J3}| u]=-2 GHGMMIS (U.S. Greenhouse Gas
Measurement, Monitoring, and Information System)
AAE AZstal Ql=dl GHGMMISE 1]=9] 24
7} (GHG) HiE R AAE 574, ZUEE d AHE
Algste T ALd R, o] A2"2 g 7|5 b
o[eje} tf7] 7I8t HloJH & &85t 1LEH ] GHG
JEE AFste Ae FAow ittt

GHGMMIS®| 8 2% 7]¥<] ghg center (U.S.
Greenhouse Gas Center, https://earth.gov/ghgcenter)=
GGHGMMIS®] 539} 752 A dAst7] f1sf 4
Q1 A& 433} (The White House, 2023). GHGM
MISE ghg centerES Z{Ste] thofet 7| ¢t & 2st
o] GHG Hl°|HE F&stal HizRltt o]E 55
NASA, EPA, NIST, NOAAZ} e 5te] AElE &5t
A, A S H Y, = S = A 71 e e
15141, TRt GHG HlolH Al ES} A28l Al
2hel Es JEksto] AR kAot tigelA
3= AlEote, deE A Heet GHG S4< ¢
st 719ke] S A Wstal /e Algoloh 11

A B FE B2 T 94 dolH e A2
Skl Ak shal gl ol & S°1 USDA (7=
e 7] B85 HEYIE AYst, 2 9
Y 729 GHG "I % AAE BUEFsts 9T
S NIST (FHEE7|&A74) = B4 HAEH]

I =277 (Urban Testbed Program)E &3l tieh,
A, 17 G Fsto] mAIS GHG HiE®
&5kl Bi7] § GHG =5 S73ITh(USDA,
2024; The White House, 2023).
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5.3.2 EM 29| 24UtA =X
T R GHGMMIS AA 9] F5AHe] (Urban-
Scale Prototype of the U.S. GHGMMIS Framework)E
A EH 24 NOAAS 7| AFY AL A (Air Resour-
ces Laboratory, ARL)E= T2 74 9 =9 1357]
&A74- (NIST) 2t @ 25t9] Urban-GEMMS (Green-
house gas Emissions Monitoring and Modeling System)

£ T Foltt. o] AILE2 5o EAIX Y, 53] 9

€ DC-EE| o] 2|99 247EA (GHG) HlEe &
ot Rl e ohE TA W o 2 R &
A& Al olt} (https://www.arl.noaa.gov/research/
atmospheric-transport-and-dispersion/urban-gemms/).
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CO,-USA urban greenhouse gas monitoring net-
workst= B|=79] THeFRE A 71, AR 71, Al
tieEo] Aste] vl= Ao Aot 54 2H9
A ojitetetA0] T g RYE S HEYIE 2
Tk @A 87 AolA of2 AAE ARESH] o
71 2 CO, F=E AAe s 4ok, Z4H H
o[HE sHstal EAstod, CO, F=2] Halet T4
£ mefditt o] ZeAEE ARFUEe FH JAt
o] @7 mefohs Y34, CO,, CH,, COO| th7] H
olf ME F5, viEw JIHE N, tir] 2d ¢
Ho|EE Zetst, ol Tl Al B4 HiEs 4
skl AHE olsiEAARE BT (Xiong et al,
2023; Mitchell et al., 2022).

5.4 EUQ| 247tA EFL

5.4.1 ICOS 7i1

AHATSAI AR (ICOS)S FrH o] 247k
=7t olsfistr] figh A Q1= et 20159
I Al ZepAAAY (ERIC)O.E A A E
b1l

o
N

2,
o
ro
i)
)
[
ol
].ﬂ
o
e

(Heiskanen et al., 2022).
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5.4.2 T H29o| 2AI7IA =H: ICOS Cities

1COS Cities's TA] BAo|A 9] 247k~ B E 2
I AFE EXZ o= Z2AEZ ICOS (Integrated
Carbon Observation System) W|[E]F2] &gto 2 X
P=| 2 JATHICOS, 2021). F8 —‘i.di% 1) EAA &9
A 2A7A0] FEe} HiEYS el Skl
BUEstel, £A B9 71 FHs G W71 )
A HlolgE 7Mooz A9
% MG 2ART, LN BES 918 HekS

W, 3) A oA 9] BUE RS At A=E 7]

A 29 9 2 A, 2

&7 I ES A6k, o] 8 ICoSs HEY A9t 58
sto] Hrh Aot gloH & 1%]*‘% Zlo|t}.
tioFet &4 7]1&1 M2FS 53] ICOS Cities T2
AE = TS 247k~ HH S Ao BUEF
otal, 7|5 Hst -2 9ot T35 JHE Algeich

o]

ol
toloh= Al A= 119 594 B2o] 1 (Paris),
A3 (Munich), 23] (Zurich)o]H, HEY T TAZ
ME I (Antwerp), HFZA 21} (Barcelona), TSt
127]) =AI7} Zefstar Qlok. a1
E}®] ‘&I (high-precision tall tower concentrations),
A 4 1—1]‘5—‘.’43_ (roof- and street-level networks),
A4 TH= (satellite total column observations) 5 THF
2t 71&2 AHESHH, AT (high-resolution) 9] =
Al HiE HIE O] AlE 718 AMES FE(ci-
mate governance structures) =410 58-S Fi1 it

(ICOS, 2021).

71 (Copenhagen) 5

ICOS Cities Aetwork

3 PILOT CITIES i 9

Paris, Munich and Zurich

1 2 NETWORK CITIES:
Antwerp, Barcelona, Basel, Brno,
Athens, Copenhagen, Heidelberg, N 3 7
Helsinki, Krakow, Rome, ( ) i
Rotterdam and Porto 9 Q

ICOS (Giies

vige vl

Fig. 5. ICOS Cities network (https://www.icos-cp.eu/projects/
icos-cities).

2AtA Z-Y 2F HE: 2= A2t o=l AR 723

5

A2 A mhe] FA o) A7) HRE DAdsH] 6l
24714 (GHG) HlE% RUE P B7HE Sl o
& TS EAE (A, &), AL A BEAa
5)& 2935k QI (JACCO, 2020; OCCCO, 2018).
dHo] 24 7|8 GHG RYEH2 A& 74HH
(JMA) ¥} =278 A4~ (NIES) 5 o1 2] 7]¢e] o]sf
TR E L Qlom, bRt A3 TEA0A COE X
et o9 GHGY| =& RYE st it o] ©
o]E]+= WDCGG (World Data Centre for Greenhouse
Gases) 2 NIES YAt EE F3] F7H% )

JMA-Z 19879 E CO, BYEH-S AJZgom,
29 of 2] oA A &H o7 27FAE PSS
F3F IMAS} NIESE AEfE gt 2 54
ofAJot FRoA AtAS Fofl g BH CO,E
YeFstal glon, o]5 Faff th7]-si co, e
9 o 4HIBHE Boheith JAMSTECS g o+
A R/V (research vessel) Miraie 25, 2|1 24+
5to] FFS Hsl7] flsl dhi71et -2 CO, Bk
T=5t1 QITh(JAMSTEC, 2023). £3F CONTRAIL

A ok

=

(Comprehensive Observation Network for TRace
gases by AlrLiner) Z2HEZS Folo] A48 FF7|E
g8t 7] & COo, ¥ 7|8t GHGE #=ste] #
= Hket 294 HeE A FA7IAL 3

(https://www.cger.nies.go.jp/contrail/index.html).
IMAE HFOIAJ o] 2] YL drof Ar|A o2 FII|E
53 7] AR GHGE BETT 914 JluF =Y
B3 AAE B9, AlA #Hxe] GHG B 9144
GOSAT/GOSAT-2E 53l H7] & CO,%F CH, 55

£ 27eka ek

5.6 =2 247IA Y
T AT ST F= 71 (CMA) §
Z9] CGHGNET (Chinas Greenhouse Gas Observa-
tion Network)¥ AR 415t CNEMC (China
National Environmental Monitoring Center)o| A
Yot 247tA HEYI=R F7EH. CMAE
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National Air Monitoring Networks

Fig. 6. China’s Air Quality Monitoring Network (GHG: Greenhouse Gas Measurement Network within the Air Quality Monitoring

System).

CGHGNET (T 24712 #5 U EQ )=
Qlth. CGHGNETOl = 2023 dA 59712] &3
co2 Z47F 9lom, o] F 397]= 2018~20214 &
VEA 0] v A PRt glolEE AlFste] 4t
dl=] (inverse modelling)ol] A-8-5tal SItt. 397
=4t 7709 GAw Z2H/A Y v B=49) COo,
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™, 71 ] sJ#o]9] ZAt(Jinsha)@F A% (Akedala) ©]

T PEaL F7F Behad 24 AAGT BUE

295

F

| o

=
g AIEL A2 F43] F7kka glout, s B
A A ZH S 399 Bl vl

z5}0] Sf 1|9 GHG RUEY ZH4] 52 5
EH =" g 4do] A7|=|3 QITH(Li et al., 2024; Zhong et
al., 2023; Sun et al., 2022).

CGHGNETY} /|2 S5 =7} 87 2YEHA
E| (China National Environmental Monitoring Cen-
ter, CNEMC)= S @7 Atste] df7] b =
UHE 7oz, et 7l 54 dENAE
2geku e
et drlededs 58T (2 6). CNEMC
o SWtA ZHLL SATA BES BUT TG
2 4 Itk CGHGNET
3 2093
N5} RUE Este] AFeFA] 9l slekA] o
glol8E 245k A8 sk W, CNEMCOJ

o] & ¢F 167l 2A7IAE EES

<

9719 53 HEYIE o7 A% U7 AE FHA
o2 248tw, BA 7187 deolHE AT 4

i

rlo

Dl%t EPA, NOAA, NASA 5 ]2} 7|2
SA7MA HiEFE RYEYSIAL, GHGMMIS Al
g Fof T Tesks AAE =5t e,
Ut ICOS HERAE o 28 2472 5=
Fii 25 HUHYSIH, mAMERE AR B
1A|5HAL Qlek. 22 IMA S} NIES7} L 6}o]
4t fe T3l 2A7IAE RUEHSH
o, CONTRAIL Z2AEES E3] 37| 7|4t #=S
T35kl 9low, F=-2 CMASH CNEMC7F 2+t
CGHGNET¥ F¢ Hi71d 574 HEQAE 295
o] LATIAE B E s Qo E 118 ZF 27
A7V 57 AR 718 29 9% Ho
o FZ 50] =AAS 247k A e
ZEHEA o= Y2 ARG 247
TFEoAY TRt TeAES Fol A

& SAAAE S} ShaL At
g = d22 %@7}* =7 Al Ae1A
o = el Hset
At o= %01, F=9 ﬁ% %% 717873
5 HHozg

ez

o
mlm rlr

\"'

DA
o>‘ fjo
i m*

-

_,4
N

ox N
=
o,

ofy

o

o
o oY ¥

>

18 JINK
o
of

)
r
>,
N
N




o713 o SA7IA MY 2 S 220| AfRle} Siz0] Al 725

CNEMCOIIA 25k ti71d SAAA S 2471~

23] Meslo} gk St
o ekt F1gHE A

efe] 2% w7

Zo] o]0}

ARt FHo] Hof
CH(NIER, 2022b). ©]&

Table 11. Greenhouse gas monitoring networks/programs by country.

o thshel 2Avks el
ARHS AT 5 9, 7]
L AolA el B 4 gl
o) Sggrel, =A% L), o)
of hat Fat=

THA e 5o SHA ol ERAAE

Country Agency Program Contents Sites
Continuous in-situ
NOAA GGGRN Long-term monitoring measun‘aments
X . (Global Greenhouse gas . (4 baseline
(National Oceanic of major greenhouse .
. reference network) o background sites)
and Atmospheric X gases (carbon dioxide .
Administration) https://gml.noaa.gov/ and methane) 8 tall towers, flask-air
ccgg/about.html samples (50 regional
background site)
* AGAGE: Long-term
AGAGE monitoring of
NOAA, NASA DOE https://www-air.larc.nasa. ig;‘:;i?ggs globally
(Department of gov/missions/agage/, Global Network
Energy) TCCON * TCCON: Global
USA https://tccon.caltech.edu/ monitoring ofgreenhouse
gas concentrations
using FTIR
NIST Urban Test bed program Prediction of greenhouse 29 NEC network
(National Institute https://www.nist.gov/ gas emissions and observation stations
of Standards and greenhouse-gas- measurement of operating in 7 cities,
Technology) measurements/urban- atmospheric concentrations including Indianapolis
9y test-beds within the city and Los Angeles
0CO-2 .
(Orbiting Carbon A;Sagj;sezi;%rjenhouse
NASA Observatory-2) goncentrations Global
https://ocov2.jpl.nasa. . )
gov/ using satellite data
ICOS ERIC o
(European Research 1COS Monitoring carbon cycles
and greenhouse gases More than
Infrastructures (Integrated Carbon N . .
X in Europe, collecting 140 observation
created by Observation System) X .
the European https://www.icos-cp.eu/ continental-scale stations across Europe
Commission) GHG flux data
Precisely monitoring
greenhouse gas emissions ) - .
EU ICOS-Cities and absorption within EilleTstirC\Il:;e;r(mzagjrich)
ICOS ERIC https://www.icos-cp.eu/ the city to support o eratir; with
projects/icos-cities urban greenhouse gas P g with
12 Network cities
management and
policy development
CAMS o .
ESA (Copernicus Atmosphere hﬁzg:ﬁgzsgeatrar;osphenc
(European Monitoring Service) goncentratio%s Global
Space Agency) https://atmosphere.

copernicus.eu/

using satellite data.
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Table 11. Continued.

Country Agency Program Contents Sites
* Ryor (RYO)i:
The first GAW
(Global Atmosphere
M t of CO. and Watch) regional
VA JMA greenhouse gas tiasuGrznGwen ° ; Zf.n observatory
U observation stations ot jr fai concentrations, in Japan, from 1987.
apan . https://www.data.jma. study ol alrsea .M itorishi
Meteorological gojp/gmd/env/ghg obs/ CO, exchange and Minamitorishima
Agency) en}station/ - ocean acidification, (MNM): A GAW
and aerial observations global observatory.
* Yonagunijima (YON):
Japan A GAW regional
observatory.
Ground-based
measurement network
NIES htté)/s::/jdb.cger.nles.go.]p/ Analysis of changes in Cape Ochiishi
. . ged/ja the mixing ratios and Hateruma Island
(National Institute . ic ratios of GHG "
for Environmental Satellite measurement isotopic ratios o S Mt. Fuji
. GOSAT and other related
Studies) ( ) t heri . Global
https://www.gosat.nies. atmospheric species
go.jp/en/about_
%ef%bc%92_observe.html
Nationwide measurement
CMA of greenhouse gas More than
(China CGHGNET concentrations and 50 measurement
Meteorological estimation of emissions, stations
Administration) precise analysis of nationwide
CO, concentrations
CNEMC Contributing to
(China National greenhouse gas Comprehensive
Environmental monitoring in China, air quality data and
China Monitoring National greenhouse gas enhancing the accuracy greenhouse gas
Center)/ measurement network. and scope of data, and measurements
MEE supporting national provided from over

(Ministry of Ecology
and Environment)

air quality management
and policy development.

10 monitoring stations

Measurement of CO,
CAS TanSat concentrations in
(Chinese Academ (Chinese Carbon Dioxide the atmosphere, Global
of Sciences) Y Observation Satellite as well as greenhouse gas
Mission) concentrations and fluxes at
urban and regional levels
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