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Summary

I. Title

Development and Application of Technology for Asian Dust and Haze

II. Necessities of the Research

Recently, Korea has been suffering not only from Asian dust but also from
frequent occurrence of haze caused by fine particles, which has sort of big
concern to Korean as it could potentially cause health problems to the public in
general as well as damages to the industries requiring clean air conditions.
Especially, since those phenomena can be observed through long-range
transported airmass it 1S necessary to analyze their sources, physicochemical
characteristics, and high accuracy measurement for the improvement of the
Asian dust forecast model. And also accurate information of the Asian dust and
Haze on the current and future status should be provided with the public in as
best quality as possible.

This research tries to develop the Asian dust and Haze monitoring and
forecasting technology that 1is capable of providing such highly accurate

prediction information.

III. Objectives of the Research

This research and development objective of environmental meteorology of
NIMS (National Institute of Meteorological Sciences), KMA is systematically
operate domestic and foreign dust and aerosol monitoring networks to produce

high quality observational data.

- Xvi -



In addition, it systematically analyzes the observed data and contributes to
the forecast by comprehensively judging the origins of Asian dust, haze and the
transportation process. And continuous improvement to advance the accuracy of
ADAMS3, it is aimed to support operational model of KMA and improve

forecasting capability.

IV. Research Contents and Results

The research contents consist of (1) Improvement of the integrated
monitoring activities for Asian dust in East Asia (2) Establishment of advanced

environment meteorology forecast system.

(1) Improvement of the integrated monitoring activities for Asian dust in

Fast Asia

During the 2019 Yellow Sea-Air Quality (YES-AQ) Campaign period, the physical,
optical and chemical characteristics of aerosol transported over the Yellow Sea were
measured at the surface(Anmyeondo) and in the vessel. Aerosol characteristics varied
broadly similarly in both points, but there were some difference in size distribution,
inflow time and concentrations in some cases. Reactive gases at Anmyeondo had good
correlation with aerosol characteristics; it was possible to determine whether the local
pollutants affected the observatory the variation in nitrogen oxides concentration
observed in Anmyeondo, Airborne measurements were carried out over the same route
of the vessel to identify the altitude and size distribution of the aerosol and to compare
with the predicted PM concentration by ADAMS3 (Asian Dust Aerosol Model). During
haze events, the aerosol light scattering coefficients and the fine particle concentration in
the vessel (over the Yellow Sea) were higher than in Anmyeondo with the exception of
the two cases. During the period, composition ratio of secondary pollutants (nss-SO4*,
NO3, NH;") reached up to 95% of the total ions. Variation of NOs was well correlated

with that of the aerosol light scattering coefficient. O3 and CO concentrations were

= Xvii -



increased markedly among reactive gases in Anmyeondo during the haze period.
Especially, O3 concentration on 24 May was over 100 ppb throughout the day, which
could be inferred to have been affected by long-range transported air particle, as the
concentration was not reduced event at nighttime when there was no photochemical
reaction. In the period in which coarse mode particles were dominated, the scattering
Angstrom exponent was minimized to zero, and the variation in the aerosol light
scattering coefficient was not significant.

Principal component analysis of PMj, aerosol in Seoul, Anmyeon—-do and
Gosan was used to identify the source of atmospheric aerosol. The contribution
rate of road and soil sources was the highest in all regions, but the contribution
rate of artificially generated sources appeared to be the highest in Seoul. As a
result of the PMF, he contribution rate of secondary pollutants such as
ammonium nitrate from April 1-8, 2017, and that the contribution of soil dust
from April 11, 12, 18-20 and May 5-8, 2017 was the highest. In particular, as
compared with the aerosol volume concentration of the aerodynamic particle
counter on May 5-9, 2017, the increase in the volume concentration of the
coarse particle area was consistent with the increasing trend of soil dust.

The synoptic patterns and origins of high concentration aerosols in Seoul in
early March 2019 were analyzed qualitatively. As a result, it was estimated that
high concentration aerosols formed in China along the high pressure system
moving from Central China region to Korea were introduced to Korea at a low
altitude of less than 2 kilometers through Shandong Province, Bohai Bay and
the Yellow Sea.

(2) Establishment of advanced environment meteorology forecast system

We upgraded the quality check(QC) method of surface PM;jo observation data

from air quality monitoring network in South Korea which has been used in

data assimilation system for improvement of initial condition data of ADAMS3.
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To complement the limitations of existing QC methods, a physical limitation
check of PMjy concentration, removal of several anomalous high concentration
cases and additional buddy check of PM;jy concentration with a wider spatial
range were added in the original one. By applying the upgraded QC method, the
RMSE was improved by 3.97% for the period from January to June of 2019.

We operated ensemble forecast system to produce probability prediction
information for the forecast of Asian dust. Based on the test operation, we
stabilized model operation. This system produce probability information for each
specific PMjo concentration and crisis level. To compensate bias of model, we
used statistical method to predict occurrence of Asian dust event which
evaluates optimal concentration.

Ensemble based 3DVAR(3-dimensional Variational) data assimilation system
for ADAMS3 (Asian dust and aerosol model version 3) has been developed and
run with observed surface PM;, concentration since November 2019. Compared
with orignal data assimilation system using the optimal interpolation, difference
of horizontal scale length, vertical scale length, observation error and data
assimilation method itself make the increment smaller in magnitude and
smoother spatially.

As a basic study to improve the initial field of aerosol vertical structure of
ADAMS, the characteristics of extinction coefficient of Lidar at Anmyeondo were
analyzed. The Lidar extinction coefficient collection rate was 0.32 for the whole
period, and the correlation coefficient of Lidar extinction coefficient and surface
PM;y was the highest at 0.69 in autumn and 0.59, 0.32 and 0.33 in winter,
spring and summer, respectively.

Korean Integrated Model (KIM) which is under testing will be in operation
at April 2020. We developed system that coupled ADAM3 with KIM. It
transformed the coordinate system of predicted result from KIM. Also we made
the program called KIM-MCIP which produced meteorological input data from

KIM for chemical transport model using vertical interpolation. With the
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experiment about Asian dust case, we compared the forecast result from UM
and KIM respectively.

AQUM(AIir Quality in unified model) experiments with or without aerosol
radiation effect are performed from December 26, 2017 to January 26, 2018,
about 70 days. As a result of verification with observed 10 m wind speed and
surface air temperature in South Korea, radiation effect leads 10 % improvement
of forecasted surface air temperature in aspects of BIAS and RMSE.

In order to prepare for emergencies such as domestic radioactive material
leaks, the detailed dispersion forecasting system for radioactive material on the
Korean Peninsula was developed by using the high resolution meteorological
data of 1.5 km horizontal resolution, which is the result of the local forecasting
model based on UM, and the dispersion forecasting model(HYSPLIT). The
forecasting system was built on web for quick response, and users can see the
dispersion forecasting results by 1-hour intervals by altitude as entering basic

information through the web page.

(3) The study for long-term variability and its characteristics on
atmospheric compositions in Korea

The off-axis integrated cavity output spectroscopy (OA-ICOS) as one of
advanced measurement method was compared to the conventional methods for
N-O and CO, respectively, for the high—quality atmospheric measurement in this
study. we confirmed that OA-ICOS showed better performance on the linearity,
the stability, the repeatability, and the reproducibility than previous traditional
techniques. On the other hand, we suggested that it is necessary to use similar
level of the reference gas to the target level with the calibration frequency of
less than twice in a week for more precise and accurate atmospheric data.

The equivalence test of the PMjy mass concentration produced by PMj
monitor (B-ray attenuation method) at the Korea GAW stations was evaluated

with a low-volume aerosol sampler as a reference. In December 2019, an
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equivalence assessment system was established at the National Institute of
Meteorological Sciences.

According to WMO/GAW WCCAP recommendation, inlet drying method for
aerosol measurement was improved. Nafion membrane dryer was installed to
reduce the diffusional loss, and air diluting method was applied to nephelometer
and aethalometer. Since adopting air dilutor to the nephelometer, the relative
humidity in the equipment has been reduced almost by half compared to the
previous one.

Precipitation samples were collected at the GAW Stations in Anmyeon—do
and Gosan for 10 years (2008-2017) to analyze pH, electrical conductivity and
NH,, Na’, K, Mg®, Ca®, SO, NO;, Cl', and F ions. In the comparison of
ion balance and conductivity for the validation of analytical data, the correlation
coefficients were within the range of 099670999, implying good linear
relationship. The volume-weighted pH of the Anmyeon-do and Gosan areas
were 4.7 and 4.9, respectively. The pH of the rainfall was affected by washout
and rainout in both areas. The composition ratio of ionic species were 44.7%
and 575% for marine sources (Na', Mg®, Cl), 40.6% and 22.2% for the
secondary inorganic components (NH,', nss-SO,%, NOs ), and 5.6% and 4.0% for
the soil source(nss—Ca®"), respectively. Thus, both regions have the highest rate
of neutralization caused by ammonia. As pH increased in Anmyeon-do and
Gosan, change in calcium carbonate became greater than that in ammonia.

To understand the carbon cycle at policy-relevant spatial scales, a high
density of high—quality CO; measurement sites is needed. In 2012, the Korea
Meteorological Administration (KMA) installed CO:; monitoring systems at
Anmyeondo (AMY) in the west, Jejudo Gosan Suwolbong (JGS) in the
southwest, and Ullengdo (ULD) in the east of South Korea.

Average monthly CO-; enhancements above the local background at each
station were 4.3+3.3 ppm at AMY, 1.7+1.3 ppm at JGS, and 1£1.9 ppm (lo) at

ULD, respectively, during 2012 to 2016. Through the comparison of long-term
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trends and growth rates at AMY with other East Asian stations over 15 years,
it was suggested that they could be affected not only by local vegetation but
also by measurement quality.

Intercomparison experiment between ICOS and NDIR was performed in
Gosan Station. We analyzed zero gase and standard gases in various ranges and
looked into the linearity. The results of ICOS indicated more accurate and stable
than NDIR. Through the results, we found the calibration period of ICOS would
appropriate at least fortnightly interval.

The GGMT-2019 was held in Jeju, Republic of Korea from 2 to 5
September 2019. The GGMT-2019 covered the advances in the traditional
greenhouse gas measurement techniques, emerging observation techniques,
1sotope measurement techniques, greenhouse gas observations from different
platforms including urban observations and networks, and remote sensing, as
well QA/QC. The GGMT community revised the recommendations related to

network compatibility and on the quality assurance procedures.

V. Expected Effect and Utilization Methods

For the understanding of long-rang transported aerosol characteristics, 2019
Yellow Sea-Air Quality Campaign (2019 YES-AQ) was carried out
accompanying the integrated measurement platforms such as in situ, vessel, and
aviation. Those results will be used as basic data for future analysis about
aerosol formation and transformation process. It is also expected that these
results will be used to verify GK-2A’s aerosol products and ADAMS.

Improvement of quality check method for domestic environmental monitoring
network has been applied on operational ADAM3 modeling system and
contributes to produce better and more stable short-term forecast. Various

developments on the aerosol modeling system along with the improvement of
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the operatonal model will be used to improve the predictability of the operational
model and to produce user-oriented forecast information.

Finally, the application of the latest observation technology for greenhouses
and reactive gases, equivalence test for PMj;y mass monitor, improvement of
aerosol observation environment according to the WMO/GAW measurement
guidelines were conducted in order to develop the technology for quality control
of environmental meteorology observation data. The off-axis integrated cavity
output spectroscopy (OA-ICOS) was recently commercialized so that its
performance level and calibration strategy were reported by several and diverse
assessment. Especially the instrument uncertainty 1s reflected to the
measurement uncertainty. Through this experiment, we suggested the method to
provide high quality data of NoO and CO for users who use similar and same
instrument. The all factors are related to the measurement uncertainty and make
data users understand KMA N»O and CO data characteristics. The users have
insufficient understanding for the CO; data served by KMA because of the
limitation of the information for the CO; measurement and the processing
method. In this study we described all information related to CO, characteristics
at each station for the reliable data and the data quality confirmation through
the comparison to other FEast Asian stations. Also the GGMT-2019 meeting
underlay to inform the WMO communities the KMA greenhouse gases
monitoring techniques and relevant studies and, vise versa, became a great
opportunity to KMA to learn the advanced and recent issues on greenhouse

gases.
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Fig. 2.1.9. Airborne observation results and aircraft operating route on 21
May. (a) aerosol light scattering coefficients, (b) total number concentration

(>250 nm), (c) PMss mass concentration and Himawari satellite RGB image.
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Fig. 2.1.11. Aerosol volume size distribution from the (a) aircraft, (b) Gisangl
vessel and (c) Anmyeondo on 21 May.
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Fig. 2.1.12. Aerosol light scattering coefficients from the (a) aircraft, (b) Gisangl

vessel and (¢c) Anmyeondo on 21 May.
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Fig. 2.1.13. Comparison of PMy5 mass concentration from aircraft measurement
and ADAM-3 prediction on 21 May.
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7] T JA B4 =8 - &8k 54 9 dAv|e] vEnh webA di7] 4 9]
IS A= LH9EE gt VA EE HgHoR Fotetr] s FE&REd
(receptor modeling) 177} Zasth F&EALS 7| o|gsha] 4 Fokel of7]A
EEH A5 meEtA AFRE dMste SE8FATH B4 ForE UE & drh
53], 85484 &4 #ore F/FE FF45H (Enrichment Factor, EF), 3}g}

BY
iy
M
i
)

A &4=2 W (Chemical Mass Balance, CMB), (Cluster Analysis, CA), T4 &
21 (Principal Component Analysis, PCA), <Fa &z} (Positice matrix
factorization, PMF)%°] 2thlLee et al, 2009). ¥ Ao A= A& FALAA A E (M),
L7 FRSHHA A (QPA ), DA FHSFEAI (L) Al Aol A PMyy ol o] 2]
AWE ol &ste] 7] olojmEe] WA AS dof

al
2= =] = =]
Tl AT EE FAEY

SFATHGEE 2.2.1.1.3F30).

Table 2.2.1. PM;y Aerosols Site and Period, Number of Sample.

§ A& AHE ER
2o
i FAHA AL 7| TR A & 7| TR E A &

AFH 717 | 20141231 ~ 20175.30. | 2017.4.4. ~ 2019.6.30. | 2016.5.12. ~ 2019.7.4.

Al &5 415 654 604

(o

ghel
w4 Al HAAJAS] = aldrgkleigenvalue) 1 ooz M&, <
z} E FE39 3 wg W A~ (varimax) 3| AW S o] &3te] LHE3S)
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YAEEI} A9 eddd H, NHY, SO, NOs, CHsSOs, S, Zn, Cr, Mn, Pb A&°]

2 AAZE YEFW T (Sharma et al, 2016; Jain et al, 2017). A WA <Ax}+=
14.7%°]9, Na', Mg*, Cl', Sea-Salt, Na A& E50] =& AR zS Ho] o=
o3k o4

LAY 9GS W Aoy FAHEW F g of
9.0%E AA st ot FAR BENAINE F 866%9 AWES Hlow,

Aol GFE 7Y wol Wwakeh

worom o] oF 91%E AAsA T mhA et X HQ1 514k

89.1%¢] AW=ES 7HA1 o, A HA AAAE AL, Ay} nprpA =2
EgHAe] o] 431%E AA AT 7 HA A AL ESTHe AU
FTFo R 234% 5 HAA, A HA AdAE IR Fo ¢S 10.7%E U]
a3 v WA QAE SYUAARE 7.3%, A Qe dEFS 46%E e AS
daE) o5 FFHo vy B Ay BE AFoME T2 2 EddYe
71go] 7 =kATE A9 A A AYe Voge Mg o] MY Wol Wi
Ao Bt

Ay

Olxt 23 #
16.6%

olxtoyH
al

telods

22.7%

Seoul Anmyeon—do Gosan
Fig 2.2.2. Principal Component Analysis Result in Seoul, Anmyeon—-do, and

Gosan (2017. 4. ~ 5.).
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Fig 2.2.5. Time series of PMj, in Seoul (39 sites of Ministry of Environment)
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Fig 2.2.6. Synoptic patterns around Korean peninsula during the period of 28

February to 8 March 2019.
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Fig 2.2.8. Vertical structure of aerosol and cloud from lidar in Seoul (Korea

aerosol lidar observation network).
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Fig 2.2.9. Backward trajectory of Type A, B, and C, and PSCF results with
initial height of 500 m.
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Fig. 3.1.1. The distribution of observed PM;j, concentration used in the data
assimilation system from air quality monitoring network in South Korea at (a)
February 19, 2019 00 UTC and (b) May 28, 2019 00 UTC.
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200 km ol ] A% o el M el PMy ¥ gkol A2 o Ul XA Hv =}

Hlwake] Sl o] AF xpol7b Ui A9

Mg FAAAEel BE A ATEFAZRD 24 FE FAskr
2d HrE 717k 20199 1€ 19 ~ 20199 6€¥€ 30¥, H7F AFL 74 A

=1 277/ A Aotk rd Z7|AZH00 UTC)ZRE 6A7F +Ae wdy A=
PMy it sx=7Fe] HF A F 222 (Root Mean Square Error; RMSE)S £4 7]&
AAMH T A" FAAAYY g nd o =AS v wEdeh Table 3.1.1&

2 a4
B Ao 9 9 G707 AA(1 ~ 69) BF RMSES 4@ Aol E3

AP A Aol 5 2 PMppe] RMSE= 27141700l 747he 1 ~ 6A1%E
HatolAd 7 =& Ades mlon, Ad /HNES 49l 154 pg/m (8.27%),
71ZF AA disiME HE 076 we/m' (3.97%) 2= LHERRL

Table 3.1.1. RMSEs of PMjy concentration with different QC (quality check)
methods (‘Old”: original method, New’: improved method).

Average time(hr)

Month QC method 1-6 7-12 13-18 19-24 25-30 31-36 37-42 43-48

Old 18.00 20.83 22.33 24.20 23.43 23.48 2453 25.69

1. New 1798 2083 2233 2420 2343 2349 2453 2569
New - Old -0.02 0.00 0.00 0.00 0.00 0.01 0.00 0.00
Old 20.96 21.37 28.05 31.77 25.36 22.21 21.70 22.16

2 New 2018 2096 2785 3171 253 2221 2169 2216
New - Old -0.78 -0.41 -0.20 -0.06 0.00 0.00 -0.01 0.00
Old 23.28 20.21 23.23 26.09 21.35 18.53 21.49 22.06

3 ...New 2827 2021 2323 2609 213 1853 2149 2206
New - Old -0.01 0.00 0.00 0.00 0.01 0.00 0.00 0.00
QOld 18.62 18.45 21.13 23.46 24.56 21.73 24.34 24.22

4 . New 1708 1801 2008 2336 2485 2171 2429 2418
New - Old -1.54 -0.44 -0.15 -0.10 -0.01 -0.02 -0.05 -0.04
Old 17.22 16.08 22.18 23.78 19.10 17.31 23.48 28.12

5 . MNew 1593 1590 2216 2377 191 1731 2348 2812
New - Old -1.29 -0.18 -0.02 -0.01 0.01 0.00 0.00 0.00
Old 16.64 14.57 18.07 19.33 17.49 15.64 17.59 19.32

6 ... MNew 1572 1450 1802 1931 1749 1563 1750 1931
New - Old -0.92 -0.07 -0.05 -0.02 0.00 -0.01 0.00 -0.01
Old 19.12 18.59 22.50 24.77 21.88 19.82 22.19 23.59
1 ~6 New 18.36 18.40 22.43 24.74 21.88 19.81 22.18 23.59
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Table 3.2.1. Perturbation members of each initial time.

Initial time Perturbation member
00 UTC 00, 01, 02, 03, 04, 05, 06, 07, 08, 09, 10, 11, 12
06 UTC 00, 13, 14, 15, 16, 17, 18 19, 20, 21, 22, 23, 24
12 UTC 00, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36
18 UTC 00, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48
+06h +12h +90h
i i f | | }
0ouTC  @— = : | |
06UTC | } } } }
12UTC e —
18UTC +06h +12h +90h
Analysis time—" \ Y 7/
|

+3days probability prediction information

Fig. 3.2.1. Conceptual diagram of ensemble forecast system.
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Fig. 3.2.2. (a) Analysis example of ROC and (b) AUC time series of 200 ug/

m’ and optimal concentration.
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Fig. 3.2.3. Flowchart of ensemble based 3DVAR system for ADAMS.
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Fig. 3.2.4. (a) Horizontal length scale and (b) vertical length scale derived from
the ensemble ADAMS3 modeling system at December 1, 2019 00 UTC.
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Fig. 3.2.6. Seasonal mean extinction coefficient of lidar at Anmyeondo.
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Table 3.3.1. Operational configuration of AQUM in KMA.

Model UM with CLASSIC and UKCA
Domain East Asia region same as RDAPS
Resolutions 12 km / 38 layers (0-40 km)
Lateral boundary | GDAPS output Meteorological fields
condition ADAMS3 output Environmental fields

- Prior model output

- GDAPS output Meteorological fields

Initial condition
- Prior model output

~ Monthly climatology Environmental fields

Emission

: MICS-Asia
input data
Maxmum foreacast 72 hours (3 days)
time
Initial time 00 UTC
Operation tool ROSE/CYLC Operational management tool
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el 8 Ades AN = 7

Atk Table 3325 95704 #3 A4 F dE A4 167) AN A Be}
P A2zt 95704 et gkolth 10m S5 A% cdod2F HAF 93 54
Friol wel Fofu gk dq 354 JRAE KolA| &skth old whal| 7|29 Ag HF
ARG 9570 A T AR A S TIA, B Al A ko] A 7070l A o2 E
HEAF G gAo] ARgshA| 2 AR(CTLEY A& AFEgE AF(EXP)A 454
N 'Ba7F et ow, 951 AA et oF 10%°] AAeF FwtAlw LAk A
EHE HAah

Table 3.3.2. BIAS and RMSE of 10 m wind speed and surface air temperature
from CTL and EXP.

BIAS RMSE
10 m wind surface air 10 m wind surface air
spead temperature spead temperature
CTL EXP CTL EXP CTL EXP CTL EXP

Chuncheon 1.27 1.20 -287 | —2.11 1.83 1.82 3.76 3.26
Gangneung 0.82 0.53 -4.68 -4.75 2.11 1.98 5.01 4.96
Seoul 0.95 0.97 -2.70 | -2.27 1.64 1.67 3.03 2.59
Incheon 1.68 2.00 -180 | -0.94 2.58 2.89 2.77 1.66
Chungju 1.47 1.72 -233 | -1.66 2.01 2.26 3.12 2.72
Daejeon 1.48 1.50 -280 | 228 2.07 2.05 3.32 2.78
Andong 1.53 1.48 -3.02 | -2.80 2.05 1.99 3.57 3.22
Daegu 0.75 0.58 -3.81 -4.00 1.56 1.46 4.23 4.31
Jeonju 1.20 1.24 -3.04 | 253 1.86 1.85 3.40 2.81
Ulsan 1.77 1.93 -3.91 -3.97 2.57 2.60 4.21 4.23
Changwon 2.27 2.26 -2.41 -2.54 2.92 2.67 2.82 2.88
Gwangju 1.74 1.74 -329 | -3.06 2.47 2.44 3.66 3.37
Busan 1.96 2.14 -190 | -1.80 3.06 297 2.74 2.61
Mokpo 2.91 3.21 -0.72 | -0.04 3.78 3.98 2.70 1.89
Hongseong 1.91 1.86 -1.82 -1.49 2.56 2.53 2.79 2.33
Jeju 3.06 2.99 -253 | -2.52 3.70 3.52 2.84 2.76
Qt\éﬁgig)e<95 179 | 180 | 238 | 214 | 262 | 263 | 358 | 320

_46_



Al 42 Aded &4t g 8BS ALAA AL

S ge Fohalo
A% AFBAGEHEA L PAYEA)] sHito] Aol 7
o 20189744 Wlel g AAE )

A bsE A ER S Bad Nies Ad nadEel s g EA

o] shab Euw A4 AL EE 44Y som
A
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HE (UM NI128) 7|5He] Ao R R (LDAPS) =52 3&5 HYSPLIT =9 7]
FREE PAow WEete] ARGt HYSPLIT R gl AM&HE 7R RS
Table. 3.4.1% 2t}

Table. 3.4.1. Meteorological input data used in HYSPLIT.

Item Description

Horizontal resolution 1.5km (519 X 738)

Vertical resolution 61 layers (including surface layer)
Map projection Lambert Conformal conic projection

Pressure, U/V/W-wind component, Temperature,

Upper level parameters » .
Specific humidity

Pressure at Surface, Surface sensible heat flux, Latent heat
Surface level parameters | net flux, Planetary boundary layer height, 10M U/V-wind

component, Surface height, 1-Hour accumulated precipitation

PARYE Qo] Bk HYSPLIT 2% A4& thg3} 2ok 12-13139 Cs-137& 94

A 8-S ) A 0 ~ 100 mollA WEHES A, Xe-1332 A
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Fig 4.1.1. The Linearity test of (a) GC-uECD and (b) ICOS for N5O. X-axis
is standard tank and y-axis the instrument response (top). The residuals
indicate the difference between theoretical value and observed value (bottom).
The black line represents the linear function and the dots are the residuals
between theoretical value from the linear function and observed values. The red
lines and dots are derived from secondary polynomial formula. The compatibility

goal (£0.1 ppb) and extended compatibility goal (£0.3 ppb) were shaded.
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FRAPANAE 2 Ang Btk 2o OA-ICOSE 59 4HE 0 Hom
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)

2 2|2
MRSt om, ZF ZFEdAe] Hds k] 918 FsE T AH(pooled  standard
deviation)S g3kl 73Ut (Lee et al, 2019). GC-uECD¥ oln] WMO9] 3]-&
HL(£0.DE %343 +0.26 ppbE YWEFW oW, ICOSE I #HTE <bdE +0.03
pphE E AT webA gk Aol = GC-uECDE %XF/Fox7F & #e=z EATS
LR TH(Table 4.1.1).

Aol AL #H2> 7Y AE ”(S*reproducibility)ﬂr 21 717ke] AEA
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32
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=
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(L-reproducibility) . & &3}ttt S-reproducibilitys ZF71AE 1417 43
T INZE Fol Al e BE7tAE FYste] o ghel Aols sttt o] Age

18] 4 shsie,

Table 4.1.1. The repeatability, short-term and long-term reproducibility
assessment by ICOS and GC-pECD. Unit is ppb.

Reneatabilit L- reproducibility
Anal e | S-reproducibility
nalyzer | (19 in an 7 o) Month | [Initial | +7 day | + 14 |+ 2lday
o) Level day
Mar 351.09 0.5 -0.1 +1.1
+0.03 ‘ 0 -0.2 0.1 -0.02
ICOS | (0.02-0.04) +0.07 e 35109 | 05 20.4 0.5
' 0 0.1 -0.1 -0.4
+0.26
GC-UECD | (500 3¢6) +1.9

9] 0.1 ppb el AR, GC-uECD+=

1.9 ppb7} E7FetHA 534 HEE "oyt (Table 4.1.1). WA GC-uECD+

A1 ZE driftE BAsFoloF st 7] ATt 2& AdE BT ICOSe] s Rk
g F715 Z2A3} 7] 913 L-reproducibility S SA 3= 23S ]63 stk 1574

nkth 7bE AE ¢ zero airet 7FE 1% %<1 351.09 pphbE 3 A 7=

1ogke] Abolgks SASATE o] A 39 13] 1290 1315 A

e A3 ?ﬂ% P = dFE 14972 1 Aol gko] WM

5

(£0.3 ppb)ol Aoy, wErel AL 79 Fo= WMOS &3 3§

ol wj ICOS= 7AIZE 5 ztolglo] ek

¢

8 oo

~



S tHTable 4.1.1). webA ICOS+= 159 ool nAE &) =+ o] nFE9] A=

Azel @ 5 Aol

1.2 CO &vle] mladd

+ ATE Fd Aol AT ICose] Auwd B FAANS Fa, s

NDIR®] #5235 7idsted A &4 o= fdgstuz . 1C0Se| 745 v 7

kAol A COA ARgh= &1 F CO
A

NDIR 48 AAAHoR g Agn o, AFRA En e
g wol Wi Biol Utk £ G Foly] s I /1 FUSIA Lol A
2018056l NDIRY| &47k2sh o] WEA7)

FYsto] wEsa k. HEIAE EF7] A=

F4o] w9 Fastth NDIRZ A 27k~ &7 7](Zero Air Supply)E § A=7k2,

A =7k~ (A ™ H), Sofnocat.= COE THHG A=rt2E 48t o1 23E vl
]

L N9k Op9] H[&o] =}
WCC-Empa°l A+ Sofnocatl.2 Zujwt-$-S F3] COE Atslsle] AAS #2712~

b
EFAAE 32 ppb% 7HF A TH(Table 4.1.2),
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Table 4.1.2. Mean and standard deviation of zero gas by NDIR.

(unit: ppb)
Zero oa NDIR
e Mean S.D.
Zero Air Supplier(not dry air) 21.6 7.1
Cylinder 13.9 33
Zero air using Sofnocat 1.3 3.2
o] 23 o]F NDIRS 9H AL Sofnocats F33 AZ7FAE AFESFATH
a1Akol A =

O% 715l wel 54 ppbellA 4% ppb7hA] vH4e s=d=

r
]

el A C =5
Ro] B39 U] G Bre HEIhAE NDIRF IC0SZ B4k o] A%

[} o

o

gholstith AEA dolo AME3F X7~ FEE 1005, 102.4, 109.2, 207.9, 465.2
w243 NDIR<S Bldgde] Falahdvh(1d 41.2)

(@) (b)

Linearity test of NDIR

20 -
ar 30K
A Fin ory standard{ppt

Fig 412 The Lincarity test of (a) NDIR and (b) ICOS for CO. X-axis is
standard tank and y-axis the instrument response (top). The residuals indicate
the difference between theoretical value and observed value (bottom). The black
line represents the linear function and the dots are the residuals between
theoretical value from the linear function and observed values. The red lines and

dots are derived from secondary polynomial formula. The compatibility goal (£2

ppb) and extended compatibility goal (£5 ppb) were shaded.
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#e7bs FEEF)9 NDIR 245k (y5)S 273 S 9g8dls o F7ks
&9k NDIR 4 %te] AFo]7 WMOI A #A%sh= 3]&W ¢ Witk NDIR> A=
7HA] 2% (zero, span) w7gste] Fnlel WaAd A @Al mel e AP S

el ARE s AT 2y o] AP S8l sofnocats o] &3 A=k AA 5
=

1C0Se] HFE7ba BARES Ad40] Egou), o 4
T AR BARY 1 AP ASSEe W o A FES 0
1008 9] A S

Jl
A & A (reproducibility) 23S sich HHE-A

[€)
w2 e @ F O ZEdA2 ey AdAd S Zre 2de v A
@il L FEVEAE A AR Ao r AT ghe] WstE Yehilth ofu] 7AIZE
Hel BAgez w7 ¥EA(S-reproducibility)S 2135ta, 7d tAo =2 EA%H

Table 4.1.3. The repeatability, short-term and long-term reproducibility
assessment by ICOS and GC-pECD.
(unit: ppb)
Analvz Repeatability S-reproducibilit L-reproducibility
. (1o in an L Y ["Month | Initial | +7 day | +l4day | +21day | +28day
er (7 hours)
hour) Level
1COS +0.06 e Mar. | 490.15 | +0.11 | +0.01 | +1.09 | +0.33
(0.02~0.09) ' Dec. | 100.69 | -0.03 | +0.06 | +0.58 -
+5.2
NDIR | (4675 ) +11.8
F7] WS 357 Aske] 2019 3€3 12¢ 3k & HoF AW E wASHA
I TAIE Berel Wy WA «009pphe VIMEHTh A7) WMEHL g
et B 1 ¥kl WMOS =3k WHI( £2 ppb)uiel dov 21d 4o W&
Zo] kg Atk o A3E B3} ICOSY WAL A 257 13 o o] ARFS
EREEss
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Table. 4.1.4. Equivalence test result for Class I instrument (gravimetric method)

by National Institute of Environment Sciences.

x| HZEHS =2 7|27| EHH "ordn
PMS-104 1711831 PM1o 1.01 -1.07 7| =0 LY
PMS-104 1711832 PMigo 1.01 -0.95 7| =0|LY
PMS-104 1802844 PM1o 1.01 0.01 7| =0 LY
100 90
y = 0.99x + 4.57 y=0.97x+3.41
] R*=0.94 R2=0.99
= So 60
«E_l‘r) 60 ﬁr
gr— 407 gr— 30
20
0 T r r T 0
0 20 40 60 80 100 0 30 60 90
7| =FH|(Z™Y) JI=EHH|(BEY)
o = LAt
150
100 | ¥=093x+1.12 )
_ R2=0.97
%? 90 |
=

oF 60 -

30

0

T T T T
0 30 60 90 120 150

71EBH|(3EY)

o = =
El

Fig. 4.1.3. Equivalence test result for Class I instrument.
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(c)

air dilutor, and (d) flowrate monitoring.
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humidity in June, 2018 and 2019.
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o‘fL

el

Rl

, AR 3 fEo] B Aol A FA g Aol AREY Tt
5 AR B AfA el ot x agke] go] A B Fujol A w3
gkt 1100224 (Bu et al, 2017), A5Al(Bu et al, 2016), gL =]
Romania(Szep et al., 2017), = A9 & 33(Beijing(Xu et al., 2015), Chizhou(Xu
et al., 2015), Shenzhen(Huang et al., 2010)), Jordan(Al-Khashman et al., 2013),
Niger(Galy-Lacaux et al., 2009)%] 9] 70|24 FA5E Table 4.2.1.0] H]u3}5 T}
AR FQ ol A=Al SO/, NO;, NH, 9 %2 B A9y} vadt Ay a4k
e}Ak 1100224], AFA], JordanA G Hth= ebHE x| Ho] oF 1.1 ~ 24u), o}= &7}
A 999l Niger Rub& QFHEZE oF 23 ~ 650 E ¢ =2 Zoz dAdsr), ¥
Romania® 9 2] NO; A&3 = W Chizhou, Shenzhen# ¢l NO;, NH,” A &<
bR ¥ S S YHgudT 53 %< Beijing A9% S04, NO;j,
NHy o] =R °F 13 ~ 838 =4tk AlF%E AR 2 of=Zel7 A

HU&= 9F 1.0 ~ 3.79], Chizhoux| 92l NO; A4 198 =2 A& ALstas o
Adre vy U sRE Bl vl 42 (Na’, C1)l 4% oz 7t
Z199el Niger?t =+ Beijing, Chizhou, Shenzhen& ¢FHE=9} wAtH T °F 22 ~

off
il

¢ io

rob

2
N

19 N'
O

176W A% & w2 B3 Romaniax Q3 ksl 110024 9] tf -2 A RS0
St E A GRY 11 ~ 35MARE Yt AFE AR Aol A|FA] A AR =

NGl B AL et o Aol whrist Agel Qo AAAA] Fo]

B2 Aow FHEHBu et al, 2016, 2017).
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Fig. 4.2.1. Annual volume-weighted mean (a) pH (b) concentration (neq LY,

and (c) composition ratio of ionic species of precipitation at Anmyeon-do (AMY)

and Jeju Gosan (JGS) Site.
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Table 4.2.1. The volume-weighted mean ionic concentration (peq L' of
precipitation at Anmyeon-do (AMY), Jeju Gosan (JGS) and other sites.

Year | AMY JGS ;iltgogtl“ aJeju UN.° Ronlania Beijing® | Chizhou® |Shenzhen®| Jordan® | Niger®
Period | 008-201{2008-201 1\2/1(;'15?31(1)1 2009201391, [2011-201[2011-201{2005-200[2006-2011994-200
pH | 47 49 5.1 49 | 649 | 485 | 456 | 456 | 707 | 5.64
EC | 285 | 243 159 | 227 - 8.0 | 230 ; 85.0 ;
H | 2249 | 1350 ; ; 0.60 - - 274 | 062 23
Fo| 124 | 068 0.2 0.8 - 120 | 612 1.72 ; ;
cr | 6361 | 9131 | 467 | 688 | 4034 | 5.09 14.1 206 | 733 8.7
NOs | 33.69 | 1976 | 199 190 | 2772 | 426 10.3 219 | 315 11.6
Na' | 5444 | 7982 | 432 | 718 | 2255 | 215 | 3.09 112 | 702 8.7
NH, | 4144 | 1736 | 206 183 | 169.96 | 346 382 | 335 | 257 18.1
K| 272 | 345 2.8 20 | 1894 | 917 | 333 1.75 15.2 7.5
Mg | 1490 | 1936 | 116 159 | 1602 | 533 5.71 326 | 604 6.7
HCOs| 022 | 037 ; ; 32.57 - - ; 121 ;
SO | 518 | 352 | 205 | 372 | 5461 | 357 178 647 | 40.1 9.4
ca | 192 14.7 10.1 123 | 8027 | 273 189 354 | 1254 | 273
Count| 636 694 137 284 | 362 ; - 208 205 305
Rainfall ‘g4625 | 114722 | - ; ; ; ; 4103 - 5941.1

“Bu et al, 2017; YBu et al, 2016; “Szep et al, 2017; “Xu et al, 2015; “Huang et al., 2010;
DAl-Khashman et al., 2013; ®Galy-Lacaux et al., 2009
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e AHAdstE dubdg o= H,SO, HNO; HC, TT7])\]'<RCOOH)C of o3 doj
doh webd ol & A EA 9 A9 7] (nss-SO,4, NOs, Cl, #7714 5) 522 =4
st ZZbe] A st 7l es §FE F At 2y o] T 8RS BF FEAY
A= F= el g FdEe Aom dHA e, A5 pHel vAl= 932
nue Aoz FANE I JYoH(Bu et al, 2016). E3, FFolA AHEHES T2

NH;, CaCOs; MgCOss2 714 &4 93] T3t AL
A7 2 Aol #HAH(NH,, nss-Ca®’, Mg?)el H=2 =A3d
T JHKim et al, 2006; Bu et al, 2016, 2019). w&tA < =5
(DEFY F3AANF, neutralization factor)E +3te] H71g 4= ). 2o A
[nss-SO 1, [NOs 1, [NH4'1, [nss-Ca*l Z+ A¥e ZD&sxoltt (Bu et al,
2016).

NFwus or CaCO3) — [NH4+OI‘ I’ISS—Can/([ HSS—SO427]+[N037]) (1)
BoAgAgel Fa A4S0l 2(nss-S07, NO3)Q &3 o]y 974
o] &(H', NH,', nss—-Ca’)&zte] A4S FAsle] Fig. 4220 EAEAT ol &

Aol &3} A Ay okole Thrte] Aol F4E JF4o] AMdEE 2 EE=
I S-S 9mEH(Kang et al, 2006; Bu et al,
2016). WIHj = o] 59 o] BSFE Ao A H F3e olE 9d tE

ARE 7 E7F 285 v tHKim et al, 2013). webA] <hH =} w2k 74
_]

il

Ageh BAY FREAC A4S AN L A ARAROL 247 0964,
097002 eyt odd ARE wgom T Ade Z4e 44 L Fae
V5 FaAgil o3 Yojupy, of sl thE Aw FAPRES slelEE =K
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Fig.  422. Relationship  between  Z([H']+[NHs]+[nss -Ca*])  and X
([nss-SOT+[NOs D) at (a) Anmyeon—do (AMY) and (b) Jeju Gosan (JGS) Site.
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Figure 4.2.3. Schematic of the in-situ system at Anmyeondo (AMY), Jejudo

Gosan Suwolbong (JGS), and (d) Ullengdo (ULD) stations.

_68_



0
i
"
i

o
e
i
)

N

AR R =

A A= (LO) &

=l

-
o

5zuith A4

3T [
A

2

"W

A
e

()

ﬁo

ez L1#k

3T
=

21744

2zow %

FH(A) <}

|

— =
¥y

g T AMY+= Azt

JAke L2t

= X
.

ol A

gkel 2Folgk(B)7} 1.8 ppm ©] 4

A<} B7F 0.8 ppm ©]

—_
o

o,

3

o
AF

A¢t B7F 1 ppm ©]

, JGS+=

[}
=

ULD+=

!
~N

!

=3

el

R AEE 6 AT o

tol A% u)

S

o Thoning et al.,(1989)¢] W¥ oz ¥

ATt

A

AMY, JGS¢} ULD9] o]4tst

o, ULDE

AMYol A 7} wol &=

AbdlE=

e
At AA =

al

~ 102+12.1 ppm, JGS7} ~ 62592 ppm, ULD7} ~ 55149.6 ppm &2 AMY7}t

7V =3, ULD7} 7H¢ 291t

It

0

|2)

4d)s 4

Z&
=

9
1.7£1.3 ppm, ULD

& w4 5 = (Figure 4.2.49]
4.3£3.3 ppm, JGS

?:gl_

iy

1.0+19

-
s

1
T

= HY, AMY+

gkel zkel

ppmo 2 YER} AMYS A$ CO.

ki3

o)

= BT L ol

1
X

& ol

Z] o
-

Aol 7}

= A

°l, JGS¢+ ULD

= wd

i, AMY

ol

2ol A

N
)

el
ojn

A

]

obx]7] o

=
=

7F HHAEA B 7] A0l

ST
3t

o1 % A

_69_



CO; F&7b AAp vropxm, vt gt Fehdo] &ds] ofFojxmz CO, 9 Fhe=
H stopxintt. Aol A t7|7F A7 AEA 720 GHdE o] t7] el CO, 7t

A EA A

AMY
@ (b)
hourly data
5257 « Dally data
= AMY flask
3 309 1 Smoathed curve E
£ s = g
=
s 5
g 01 £
p
2 azs &
£ g
3 400 3
o (v}
ars ¢
350 1
; " . i -100 Y+rr—rrrrT—r T
012 013 2014 2015 016 017 01234567 89%1WNN12134151617181920212223
Wear Hour
(c) 1Gs (d) 165
550 b
625 «  hourly data o= i
«  Daily data 75 b ol
— 500 — Smoothed curve - - fug
§-1:'5 E-‘
s =
H £
g
; :
-1 2
£ £
~
8 g
-15
350 1
v y ; : -10.0 v .
012 2013 2014 015 2016 017 012345678 91011121314151617181920212223
Year Hour
(e ., uLD () uo
10.0
heurly data — pn
5251 « Dallydata i et
— =g — Smoothed curve = - Aug
E g 50 —— Nov
a
£ 4159 T as
e E o0 &&W
o
= 2
g as g s
~ ~
g e S -s0
7
3 =15
350
1 " i Y -100 Yr—r—rrrr—rrrrr—r—r T
2012 2013 014 2015 2016 2017 012345678 9W0IRI3MISIEITIB0A22
Year Hour

Figure 4.2.4. L2 hourly (yellow dots, CO, OBS), L2 daily (blue dots) averaged,
and smoothed curves fitted to L2 daily averages (red line, CO-BG) (left panel)
the mean diurnal variations of CO; mole fraction (right panel) at (a), (b) of
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Figure 4.2.5. (a) Long-term trend of atmospheric CO, and its (b) instantaneous
growth rate at WLG, AMY and RYO. Overlaid grey line indicated the period of
the negative (in 2004 and 2006) and positive (in 2012) growth rates at AMY
compared to other two East Asia stations (WLG and RYO).
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Figure 4.3.1. The group photo in GGMT-2019.
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Table 1. Recommended network compatibility of measurements within
the scope of WMO/GAW

Component Network compatibility Extended Range in Range covered by
goal network unpolluted the WMO scale
compatibility troposphere
goal® {approx. range for
2017)
CO3 0.1 ppm (NH) 0.2 ppm 380 - 450 ppm 250 - 520 ppm
0.05 ppm (SH)
CH, 2 ppb 5 ppb 1750 - 2100 ppb 300 - 5900 ppb
co 2 ppb S ppb 30 - 300 ppb 30 - 500 ppb
N0 0.1 ppb 0.3 ppb 325 - 335 ppb 260 - 370 ppb
SFs 0.02 ppt 0.05 ppt 8 - 10 ppt 2.0 - 20 ppt
H; 2 ppb 5 ppb 400 - 600 ppb 140 - 1200 ppb
87C-C0; 0.01 %e 0.1 %e -9.5to -7.5 %e
(vPDB)
4 %0-C0; 0.05 %e 0.1 %e -2 t0 +2 %o
(VPDB-CO;)
AYC-CO; 0.5 %o 3 %o -50 to 50 %e
A*C-CH. 0.5 %o 50-350 %o
a*c-co 2 molecules cm™ 0-25 molecules
==
S$C-CH, 0.02 %e 0.2 %o -51 to -46 %o
(VPDB)
& *H-CH, 1 %o 5 %o -120 to -63 %o
(VSMOW)
0Nz 2 per meg 10 per meg -900 to -400 per
meg (vs. SIO
scale)

* Scientifically desirable level of network compatibility for measurements of well-mixed background
air. These represent the maximum bias that can generally be tolerated in measurements of well-
mixed background air used in global models to infer regional fluxes. Some network compatibility
goals may not be currently achievable within current measurement and/or scale transfer
uncertainties. However, these network compatibility goals are targeted for application areas which
require the smallest possible bias among different datasets or data providers, such as for the
detection of small trends and gradients. Network compatibility goals are not direct metrics for
instrument performance, howaver, instruments with significantly higher short-term imprecision

&
bolm

==

o

make assessing network compatibility difficult.

2 extended network compatibility goals are provided as a guideline for many other studies in which
the smallest bias is not required, for example, a regionally focused study with large local fluxes, or
services related to urban air quality.

f

H
3]
7t=2
- 80

Lo

Figure 4.3.3. The recommended network compatibility table from WMO/GAW

report No.242.
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