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Workshop : Exploring and Using MISR Aerosol, Cloud, and Plume Data

ARG ehbr & TR SOBWE TN - A WSS H T
» Hop TERE A2 AR GRS (Multi-angle Imaging
SpectroRadiometer, MISR) Z3RfE ~ EEEIRER | BIBIAZ
T REAHR
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Level Name Example uses
1 Radiance data Images
2 Cloud /strero data Cloud-top height, cloud motion vectors
2 Aerosol data Aerosol climatologies, PM studies
2 Land surface data Vegetation health
2 TOA/albedo data Climate studies

2.5 | Plume height project Global wildfire plume heights

Radiance, aerosol, and .
3 Global-scale, long-term studies
surface

o Global-scale, coarse-resolution
3 Aerosol joint . .
particle properties

3 Cloud motion vector Wind climatologies
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Gasaline
Exhaust

\ Diesel

Exhaust
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Industrial Emissions
VCPs

VOC Emissions = 350 = 50 Gg

(=) ~ MHESEEEN S0 RS (NOAA) IV ZE 38 8 — A E A it
& > AR {SE S g 2 M S B SEAY VOC 2K » 1405 BRI HER
EARHIK - JERZFENDEE VCPs (S AN B E M)
HYERR  Brian C. Mcdonald ZEA 2018 4EFE science 3 T

“Volatile chemical products emerging as largest
petrochemical source of urban organic emissions’ » &
HHR F BB HY A EHFRCHER N (ESET TS A 1Y)
ARG RUE MR IIIR » VCPs (B2 EEE ~ 2kt ~ HIRDHZE
FEET ~ BB R R A i) B O 5 SR R B AR
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E SRR (carbonaceous aerosols of fossil origin)ELHA
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NCore sites in New PAMS
Requirements

Current PAMS Sites
N~
& - PAMS collocated with all
{ existing NCore sites in areas
7 with pop. of 1 million or
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77 « All moderate and above NAs
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enhanced ozone monitoring
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An Application of Satellite Data on Fires for
Environmental Inspection of Open Burning

Chien-Wei Huang, Yen-Chun Chen, Cheng-Yang Lu, Cheng-Shi Peng, Yeuh-Bin Wang, Shuenn-Chin Chang

Department of Environmental Monitoring & Information Management,

Environmental Protection Administration Executive Yuan, R.O.C.(Taiwan)

* Environmental Protection
2 / ninistration Executive Yuan,
3 T

Introduction

®Open burning of waste significantly affects air quality in Taiwan, but
the times and places of its occurrence are uncertain, presenting major
challenges to the carrying out of inspections by environmental
protection units.

®The Taiwan Environmental Protection Administration is using fire-
related data from satellite remote sensing technology to develop an
inquiry system, provide real-time notification of fires and strengthen
the capabilities of non-traditional pollution monitoring. This includes
hot zone analysis, monitoring of agricultural waste biomass burning,
and irregularities detected in fixed sources of air pollution such as
combustion towers, etc..

®The purpose of this study is to examine the distribution of fires and
periods they are prone to occur by using satellite data on fires in
Taiwan. In addition, statistics from actual site checks, brightness
temperature, and fire radiative power are collected to determine|
correlations and data reliability.

Fig.1. Schematic diagram of satellite data inversion process for fires

®The Taiwan Environmental Protection Administration’s satellite data
on fires mainly comes from three NASA satellites that provide data to
the Taiwan Central Weather Bureau, which are named Terra, Aqua
and Suomi NPP. Terra and Aqua are equipped with a Moderate
Resolution Imaging Spectroradiometer (MODIS), while Suomi NPP is
equipped with a Visible Infrared Imaging Radiometer Suite (VIIRS).

®Multi-spectral sensors mounted on satellites exploit the strong
emission of mid-infrared and thermal infrared radiation from fires,
allowing assessment of areas with higher surface temperatures, and
enabling reasonable calculation of coordinates and brightness!
temperature values (Fig.1). With current fire analysis tools, in addition
to open burning, it is also possible to incorporate into records cases of|
high brightness caused by factory chimneys, forest fires, building fires,
etc., but it is impossible to accurately confirm whether a fire is an
open-air burning activity.

®Because polar-orbiting satellites orbit Earth in the north-south
trajectory, an observation point will be passed only once per day. The
sensors used at present are for the mid-infrared and thermal infrared
spectrum, which are susceptible to the influence of the cloud layer. If
there are clouds above an observation area, the system may be
unable to recognize the fire point. Moreover, the maximum error of
sensors installed on the satellites is about 1 km, so the observed fire
point may be slightly deviated from the actual position.

Results & Discussion

®This study used satellite data on fires from December 2017 to
November 2018. The time and region of the occurrence of most
fires were in the spring (March-May) and in south-central
Taiwan (Fig.2). The main economic activities in these regions
are agricultural. During the harvest period, it is customary to
burn agricultural waste on the spot. Also, the Qing Ming Festival
in the spring sees widespread practice of traditional folk
customs to worship ancestors by burning incense and ritual
paper money.

®After determining fire points of statistically high occurrence,
local environmental protection bureau were notified to conduct
follow-up inspections. A majority of the points did not undergo
any investigation, possibly due to the deviation of the observed
fire position from the actual position, or because the satellite
data inversion method causes misjudgments (reduced
confidence). Further analysis revealed that the causes of the
observed combustion included the burning of agricultural waste,
garbage incineration, and Qingmin Festival grave sweeping
activities (Fig.3).

®|n addition, statistics from local fire protection inspections of
local environmental protection bureau were analyzed. After fire
spots were reported, the proportion of inspections conducted in
the central and southern regions was relatively high, as were
the number of related investigations cases(Fig.4). The highest
proportion of investigation cases occurred in Chiayi and Tainan,
where open air combustion cases were a major factor
impacting local air quality.

®|n order to understand whether the satellite inversion products
are helpful for inspection, the brightness temperature, fire
radiative power and confidence index were divided into 10
levels. Comparing the different levels of each product with the
success rate of identifying open burning, judgment can be
made as to when the brightness the bri;htness temperature or
confidence index is high (in the top 40% high value area), and
the accuracy rate for the actual investigations will also increase
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Fig.2. Distribution of satellite data points for fires during different seasons from December 2017 to
November 2018

Fig.5. The success rate of satellite inversion products and actual

Fig.5

of fires

After gaining one year of actual experience, the Taiwan
Environmental Protection Administration has found that fire
data provided by satellite remote sensing along with
notifications through the system can truly improve the
efficiency of local Environmental Protection Bureau inspections
helping to strengthen control of open burning activities in
specific areas, and to achieve the objective of improving local
air quality.

Far further information please contact cwhuang@epa.govitw, yenchen@epa.goviw, lucy@epa.goviw ; Ph: +886-2-23117722 ext. 2323,2336,2320 ; Web: hitp/Mww.epa.goviw
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A 0.56°-resolution global data assimilation of multi-constituent satellite
measurements for tropospheric chemistry analysis

%

Takashi Sekiya (JAMSTEC, tsekiya@jamstec.go.jp), Kazuyuki Miyazaki (JAMSTEC), Koji Ogochi (JAMSTEC),
Kengo Sudo (Nagoya Univ./JAMSTEC), Masayuki Takigawa (JAMSTEC), Henk Eskes (KNMI), K. Folker Boersma (KNMI)

r 1. Introduction

+ Chemical compositions of the atmospehre such as ozone are controlled by the
tropospheric chemistry system.

+ The combined use of satellite retnevals of ozone and its precursors has great
potential to provide p on the
system.

* Previous studies have demonstrated the capablhty of advanced multi-species
satellite data assimilation to simt the ions and

4. NOx emission estimation and its |mpact on Oa -

at ly low (1-4°) on regional to global scales
+ A 0.56° resolution, which is comparable to typical area of mega cities, is ta
improve analyses of data assimilation on mega city scale. Therefore, we conduct a
0.56°: 1 global data ion using an Kalman filter appi

(Miyazaki et al., 2015) and high-resolution global chemical transport model
(Sekiya et al., 2018). Sk oL papar

r—
110" kg Nime)

- 2. Data assimilation sytem

*Wep an of multi
resolution for 30 days (June 22-July 21 2008).

Schematic diagram of data assimilation system

satellite
Settings of assimilation
Assiniaton

Ensemble Kaiman Mter, 32 and 64 members

at 0.56°

CHASER V4.0 (Sekiya ot o, 2018)
2 specios & 262 reactions

NO, CO, and 50, amissicns, Kghtaing NO,
35 chemical spedies.

HTAP_2.2 (anth.), GFEDAs (B8), GEA (so)

Boreal summer (. 22-4ul, 21) 2008

Marizontak: 28, 1.1, and 056"
© Vertcat: 32 loyers (2 4 hPa)

Assimilated observations

TES 7 O, profie. Horman and Kulws (2013)
MLS .2 0, 30 HNO, profios  Lvesey ot ol (2011)
MOPITT ¥7 NIR/TIR CO column  Deeter ot al. (2017)

OM VI PCASO, PBLeclumn Uit ol (2013)

Miyazaki et al, (2018), Miyazaki et al. (in prep)
Sekiya et al. (in prep))

r 3. Evaluation of 0.56°-resolution data assimilation —

3 85%3

L
.56 reso.
bl it 1 resa”. 2
- P 8.réso s
s v ingie -
270wt Slope = 0.64,0 48, 021!
wst 9 =04 9,14
- » r=0.71,0.76,052
RMSE = zu'nuoc
O ¥ OO By

[10% moicc]
* By increasing horizontal resolution from 2.8" to 0.56" resolution, the global RMSE against OMI
NO: was reduced by 14% because of error reduction near strong local sources.

o 10" i )

*The at 0.56" resolution were

over mega cities for the globe (-36%).
i
myum- mean NO: (8-20LT)

Regional amount of NOx emission
during June 28-July 21 2008 [Tg N/yr]
Apriori 0.56" 28" « The posteriori NO, emissions were

Global 49.9 515 56.8 decreased when using 0.56" resolution
Europe 46 47 49  Instead of 2.8" resolution by 6% over
Us. o 53 59 Europe, by 12% over the U.S., by 10%

A § &, g over China, and by 4% over India because
China 9.6 7.7 8.8 of reductions of resolution-dependent
India 33 26 27 negative model bias over polluted regions.

<Los Angeles>

NO, emission
A priri anthropogenie) - 0.56 degree resolutid I1.1dognovuo|uuon

if!!

L G e R e e -
NO, emission vs. Os Surface Os concentration (x10" kg Nims]
i at the city center, 1.1 degree resolul 2.8 degree

NO, emission
1 1 degree resolution

; 1 : "lci0" b M)
W S P aecros esoaon, " 28 dogroo resoluto
w0 loka
E oo eog
E )<~°\--w
-

Ipptn]

* The NO, emission contrasts between strong local sources and their surrounding areas were clearly
represented by the 0.56"-resolution data assimilation.

+ The mega city emission became higher at 0.56° resolution by a factors of 4.4 and 5 at Los Angeles
and Shanghai, whereas larg le (at 2.8°; black total emission became
lower by 41% around Los Angeles and by 17% around Shanghai because of resolving the emission
contrasts and different chemical regimes.

* The emission resulted in of the surface Os by 41% at
Los Angeles and by 25% at Shanghai and improved the agreements with insitu observations.

5. Summary ——— — == = :

+ The use of 0.56°-resolution data assnmllauon system helped us (1) improve
t

wmm

« The 0.56° resolution data assimilation was effective to improve surface NO: concentrations over large
cities: by 33% at European large cities, by 67% at U.S. large cities, and by 75% at East Asian cities.

+ The model overestimation in diumal NO: cycle amplitude was also reduced by 49% at European
large cities, by 69% at U.S. large cities, and by 22% at East Asian cities in the data assimilation.

19

the ag with g and insitu observations over mega cities,
(2) estimate surface NO, emission on the scale from mega city (4-5 times
higher than 2.8° resolution) to global (10% lower than 2.8° resolution) in a
consistent way, and (3) capture mega city-scale pollutions of Os for the globe.

* These results suggest the p of using the high global data
assimilation for making better use of new high-resolution satellite retrievals
such as TROPOMI and geostationary satellites (GEMS, Sentinel-4, and
TEMPO) and for studying air pollution on mega city scale for the globe
including emerging mega cities over developing regions in the future.




