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Al-based surrogate models (= 30 models) issued by Microsoft, NVIDIA,
Google/Deepmind, Huawei,,,,

Google/Deepmind’s

GraphCast
(lametal.2023)  j=y=  HAM(CFWT DT
(MIEREIEE R ENIR )
NWP
Al

Huawei's PanguWeather
(Vision Transformer; Bi et al. 2023)



BEXSFHR & 7—F

b

Necessary researches for achieving better predictions

@ Process-driven NWP models
=> Employ predictions
from initial states

—: Reference
—: Single Forecast
—: Ensemble Forecast

BWEXKFH & 5T—F

b

2 Data assimilation
= Estimate initial states

Utilizing sparsity of data to

solve underdetermined inverse problems

o

From JMA

Necessary researches for achieving better predictions

@ data-driven Al model
=>» Employ predictions
from initial states

—: Reference
—: Single Forecast
—: Ensemble Forecast

(@ Data assimilation
=» Estimate initial states

Utilizing sparsity of data to

solve underdetermined inverse problems

o

From JMA



NCEP’s PREPBUFR Observations (in 2016)

Radiosondes (T) Aircraft (T) ASCAT Wind (U)

Synoptic Surface (Ps) Marine Reports (T1) Atmospheric MV (U)

Data-driven Weather Forecasts by ClimaX-LETKF

K. Shiraishi A. Takeshima
(ClimaX) (PREPBUFR)

RMSD of T500 vs. WeatherBench

Stably running > 2 years!

(maybe) the first pure data-driven
ensemble weather forecasting!
(w/o physical models)

Kotsuki+ (in review), Takeshima+ (to be submitted soon)



(1) Conditional Diffusion as Data Assimilation

Unmasking (inpainting) task: Conditional inference (~ DA) D. Kishikawa
Promising inpainting for ERAS precipitation (1-deg x 1-deg hourly precip.)

Input (conditional) Inference (DNN) Reference (truth)
ERA5 Precip.
(masked, -1 0‘21 hr) unmasked poorly ERA5 Precip.
Rt reproduced®

- ) - S Y
¢ ) S~a? (—_-_--:t S~ae?
well "~
reproduced®
Input: Merged IR

Kishikawa et al. (in prep.) - a test case (20240101 00UTC)



(2) Conditional Diffusion as Downscaling

Input (conditional)

Inference (DNN)

Conditional Precip.
(low-resl. 20km GCM)

-
7~ =S

~, ’
——————

a test case

Kaneko, Simabukuro et al. (in prep.)

downscaled

- ——
0 SN

~. s’
——————

well reproduced®

Summary and Future Perspective

« T —ABEBRKFEHS AT LD ONIAITH5E
« AT V-RXRZEFE. SATLHBUET,

© [IRTH SRR TFIER 2D (TITSTZ0N,
- S IEET )LV EBFHAATT —FEME - BEHREACIRDED FE.

A pure data-driven weather forecasting

T. Shimabukuro

Reference (truth)

Downscaled Precip.
(high-resl. 5km MSM)

-
7~ =S

~, ’
——————

B%! (ClimaX-LETKF)
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FIHAME FAlE

AT R —U SO\

N

S Z e i i)
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MROER - BHY

IETEHETE

1T + 25

BO DRV TFEOSLLETL LBz HF T

AR BEREZVMoa#HEH L
ERHB FiE 0.886 ZOEEMLICET 2HE
ZII——Fk FE 0.900
2IEER F{IE 0.839

1) Jinglin Xu, Feng Zeng, Wen Liu, Toru Takahashi: Damage Detection and Level Classification of
Roof Damage after Typhoon Faxai Based on Aerial Photos and Deep Learning, Applied Sciences,
Vol.12, No.10, pp.4912-4933, https://doi.org/10.3390/app12104912 5

WMERDFE

A - >
B DT DTFIE  soh 0022 [FaoversmTsmy 7 5< K BEORIIASE D E RS & L <%

Mask R-CNN LR ]




WMERDFE

—ARE R IER Mask R-CNN

Bk

& &8 @

Mask R-CNN & &
MERE+ AV RE VR ETAVYTF—a v +95

WREDFE
BT DR ORI HER O & ETM IR
ISR EHEH BRE REE Fig
EREmER 0.996 0.940 0.960 0.997 0.950
SEER 1.000 0.850 0.851 1.000 0.850
TI——k 1.000 0.960 0.970 1.000 0.965
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@ @
o ) Futtsu (2.4) Futtu(4.0)
Training Area (cm/pix)
Tateyama (2.2) Tateyama(4.0)
Training Parameters
Tile size 1200%1200 800x800
Stride size 600x600 400x400
Rotation angle 45° 45°
number of data 6956 4640
O W RIRE (2.2~2.4¢cm/pix) T IR
OIEWRIRE (4.0cm/pix) TO IR
FREEDEWVICKLZBHREBROERE
MREEER
s - FlE
XIS | 5B G ARG L | R R g VEEFAE
SR | B B ARG | MREEEIG R RPN RN =y g FHIFE
@ SEFEHT | 2.2~2.4cm/pix 3.6cm/pix 0.420 | 0.390 | 0.298 | 0.211 | 0.407 | 0.345
® PR HT 4.0cm/pix 3.6cm/pix 0.862 0.583 0.718 | 0.455 | 0.424 | 0.608
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4.3414.21 | 4.33 86.8 | 84.2 | 86.6 8l | 84 | &7
X 20
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2018FICEEINT-EESIEZEH AT HABFARB/NRILTIL., HEKEELE
1.5°CICHIZ A EDEEMNBRON , EHFED AN AN CO B HIRZETE
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(https://www.unic.or.jp/news_press/info/44283/&\)) (https://www.env.go.jp/content/900442320.pdf&Y)
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Au mirror
Optical fiber f
2000 mm
co, (a) (b)
Optical fiber
H,0, CO, l Double exponential
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EEDITRSETOFIAZEELT, 50 cmBin =AM REHZFIAL T, CONIRIX
ARGNILDBIEEETE

@ =ERECIE X
InGaAs PD

(C10439-15,Hamamatsu)
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s mm) 250 mm
V2 >
DFB Laser I .

v

AN ——
Polarizer \ CO Gas Cell
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WEFHA XV ITEBMEED67~9.0% % HH T3
[Etiope et al., 2019]
WEEEAAIC B 1T B HkEERY X 2 T
- HETTIRER D S DRI 7 X X VN T IV AYE S THERR
- HFHHOH DL DMEEIZERL.IME & HETE Iwata et al., 2020]
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[Pointner et al., 2021]
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Six years of ground-based nighttime cloud
cover observations in Chiba: Seasonal
variations and impacts on PM, .
concentrations
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Nofel Lagrosas?!, Moe Ishii?, Kein Itou?, Tatsuo Shiina?,

Hitoshi Irie3, Hiroaki Kuze3

1 Kyushu University, Fukuoka, Japan

2 Graduate School of Engineering, Chiba University, Chiba, Japan
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RERDRN
(Flow of the presentation)

EL®ICEBR
(Introduction and objectives)

AASS AT LEPM2GERE

(The camera system and PM, s concentration)

ERCEROHE

(Cloud cover and cloud cover calculation)
EES

(Results)

SE=AS
V=]:li]

(Conclusion)

X &I
(Introduction)

(https.//mynasadata.larc.nasa.gov/mini-lessonactivity/analyzing-cloud-effects-earths-energy-budge)



* A cloud is a hydrometeor consisting of minute
particles of liquid water or ice, or of both,
suspended in the atmosphere and usually not
touching the ground. It may also include larger
particles of liquid water orice, as well as non-
aqueous liquid or solid particles such as those
present in fumes, smoke or dust.
(https://cloudatlas.wmo.int/)

* PM, s are fine particulate matter that are 2.5
B U ol microns or less in diameter.

(Introduction) c Bl REOKEIIK. HDBWIEZOM
HDWUNRLFH BB RE T, KIFIF
WELTHEY, BF ITHEICEL TLh A,
7o, BRIEDKPKOKERK TP, EE
PCEILEFND L D RIEKMED AN EE
DR FEELZEHEH D,
(https://cloudatlas.wmo.int/)

« PM, & ld. BERR2.5I 7 0V LUTF OV
FIRMEBED Z &,

* What are the temporal and seasonal
trends of nighttime clouds over Chiba?

* |s the observed cloud cover influenced
by climate indices?

* How does cloud cover affect PM, ¢
concentrations?

RFHY & M (Science
questions)

s TELFZTORBEDORKRR - ZEH
fam iz ?

s A INT-EEIEREEOEE T
ZIFTWBDH?

« BIPM,GEEICED LS BEEL S
ZDDH?




FEERB FTOREEDORKRERN - ZEWER %
T2 d 5 ;

(To quantify the temporal and seasonal trends of
nighttime clouds over Chiba);

= [y RAEEINT 2 RREEOREE B3,
- - (To investigate the effect of climatological indices
(ObJeCtIVGS) on nighttime cloud cover);
EELPM2SEE L OBEREEENT S.
(To quantify the effect and relationship between
cloud cover and PM, ¢ concentrations.)
Camera

Compact PM, s sampler

Exposuretime 5s

Focal length 5 mm

f-stop f/2.8 * based on the distribution of light scattering intensity by
considering the relationship between scattering intensity
and particle size

Vertical FOV 45° » sensor could detect particles with diameters of 20.3 ym
and estimate PM2.5 mass concentrations of <600 mgm-3

Horizontal FOV  60°

Sensor type CCD

Nakayama, T., Matsumi, Y., Kawahito, K., and Watabe,

|mage size 2,448 X 3,264 Y.: Development and evaluation of a palm-sized optical
PM, s sensor, Aerosol Sci. Tech., 52, 2-12,

(=7,990,272) pixels Instruments




E£& (Cloud cover (CC))

EELIE, ZORN—L Y FPRFEOEICEONLTL
AN N I

(Cloud amount refers to the fraction of the sky covered by
clouds of a particular type or combination.)

_ number of pixels > threshold
B total number of pixels

EIMEEZ(EX17TH 5 (Gacal et al., 2016, Lagrosas et al.,
2021)

(The threshold pixel value is 17 (Gacal et al., 2016, Lagrosas
et al., 2021).)

PM, c concentration

* programmed to measure PM, . data every 1

min

* Location: 9% floor Engineering building Chiba

University as

* part of the international observation network
activities of the sky radiometer network
(SKYNET) (Nakajima et al., 2020; Hashimoto
et al., 2012) and aerosol and sky research
remote sensing (A-SKY) network



=515 (Calculation of CC)

i S
(Results)



EE DRERNZEAL

(Temporal changes of cloud cover)

PM, oo ¢ BRREE DR

(Comparison between PM2.5 concentration and nighttime cloud cover)
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(Conclusions)

St DRE
(Future work)

I EE

(Acknowledgment)

NWAZVATLDOFREBERMZIET ; (Increase the
number of camera system sites);
TDE%DFT 5 (Classify nighttime clouds)

BREDEX A 7 OEBNZE D EE (Quantify
temporal changes in nighttime cloud type)

R HMRUB T IREEENREOERICKITTEE
Z FH % (To study the effect of climate indices on
nighttime clouds at different sites)

ET7—¢HAL T, BEOHEROERICH Z2AER
BIER = FFE T D (Work with the modeler to identify the
essential information behind the current results.)

T8 & ERREMS OERZ EE1LT % (Quantify the
relationship between cloud cover and net longwave
radiation.)

NIES 5S4 X —T—4
(NIES lidar data)



Doppler Frequency Shifts Observed by Ground-based CW HF Doppler
Sounding Systems and GNSS Receivers Triggered by the 18
September 2022 M6.8 Taitung Earthquake in Taiwan

Tiger JY Liu'>3, Tzu-Hsun Kao*, Yao-Chun Chen!?, Katsumi Hattori’

ICenter for Astronautical Physics and Engineering, National Central University, Taoyuan, Taiwan
’Department of Space Science and Engineering, National Central University, Taoyuan, Taiwan

3Center for Space and Remote Sensing Research, National Central University, Taoyuan, Taiwan

Y4nn & H.J. Smead Department of Aerospace Engineering Sciences, University of Colorado, Boulder, CO, USA
SCenter for Environmental Remote Sensing, Chiba University, Chiba, Japan

The 27th CEReS Environmental Remote Sensing Symposium, Keyaki Kaikan, Chiba University, February 19-20, 2025

Content

 Introduction

* Doppler Frequency Shift Observations of the 18 September 2022
M6.8 Taitung Earthquake

* Discussion and Conclusion



Earthquake

Seismic wave propagation and the origin

m Time Delay Bl
m Circle Method
m Ray Tracing Technique

B Beam Forming Technique s

e v v |



Distance

Time delay




le Method

Seismic waves disturb the 1onospheric total
electron content

GNSS
GNSS

FORMOSAT-5



1999 921 Chi-Chi earthquake seismo-traveling ionospheric
disturbances observed by ground-based GNSS receiver in Taiwan

Near field observation
Distance < 600 km

Liu et al. [JGR, 2010]

1999 921 Chi-Chi earthquake seismo-travelingionospheric
disturbances of ground-based GNSS total electron content
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The horizontal speed of seismo-traveling ionospheric disturbances
induced by the 1999 921 Chi-Chi earthquake

Near field
observation

Horizontal speed: 1.5 km/s
Upward speed: 0.7 km/s

Liu et al. [JGR, 2010]

The horizontal speed of seismo-traveling ionospheric disturbances of
the 2004 M9.3 Sumatra earthquake observed in Taiwan

Far field

observation
Distance: ~3000 km

M9.3 off the west coast of northern Sumatra (3.244°N, 95.825°E ) 26 December 2004 00:58:49 UTC

Liu et al. [GRL, 2006]



Seismo-traveling ionospheric disturbances of the 2004 M9.3 Sumatra
Far field earthquake observed in Taiwan

observation 3.5km/s  360:70m/s

Horizontal speed: 3.5 km/s
Upward speed: 0.7 km/s

00:58:53 UT 1226, 2004

Liu et al. [GRL, 2006]

Seismo-traveling ionospheric disturbances in Doppler shifts associated
with the 2011 M9.0 Tohoku earthquake observed in Taiwan

Far field observation
Distance: ~3000 km
Horizontal speed of about 3.3 km/s



No obvious seismo-traveling ionospheric disturbances
associated local large earthquakes in Taiwan

* We examine Doppler frequency shifts and 253 M>5.5 in
Taiwan during 1981-2021, but cannot find any obvious
seismo-traveling ionospheric disturbances.

The horizontal propagation derived by the 5 sounding
frequencies at YilLan

The M6.8 carthquake epicenter (red
star) is located at 23.14'N, 121.20°E
with a depth of 7.8 km on 18
September 2022. Locations of the
HF Doppler Sounding System with
transmitting station (black dot),
receiving stations (blue dots), and
their corresponding reflection points
(red triangles). A seismometer and
an ionosonde are denoted as green
square and magenta diamond,
respectively.



The horizontal speed derived by Doppler shifts of the 6.1 MHz
sounding frequency recorded at the 9 receiving stations

(a) The HF Doppler shift of 6.1
MHz during and after the M6.8
earthquake. The wvertical red
line registers the onset time of
the earthquake, while the black
solid and dashed lines indicate
the speed of 1.38 km/s. (b)
The circle method (including
NTTU, FBE, NCCU, NCNU,
NPU, YiLan, and HCS) with an
estimated horizontal speed of
1.38 km/s. The magenta star
indicates the intersection of
circles, 42.1 km distance from
the epicenter.

The upward speed derived by the 5 sounding

frequencies at YilLan

(a) From the top to low, the HF
Doppler shift observed at YiLan
with various frequencies from
high to low. The bottom panel
shows the seismometer (NFF)
located around the reflection
point of YiLan. The red crosses
indicate the wave arrival time,
while the estimated vertical
average speeds are also listed. (b)
The slope of the time to the
earthquake and the true height
altitude on each station. The
black dashed line shows the
average speed of about 0.72 km/s.



The horizontal speed derived by rTEC

The intensity maps of the

top 9 strongest earthquakes
during 2020-2023

The intensity maps of the top 9 strongest
earthquakes during 2020-2023. The 18 September
2023 M6.8 Taitung earthquake is displayed in (b).
(j) The total PGV (peak ground velocity) of each
earthquake. (https://scweb.cwa.gov.tw/zh-
tw/earthquake/data/)

The GPS TEC observation during
and after the M6.8 Taitung
earthquake. (a) The red, blue, black,
and magenta dots show the
ionospheric pierce points of each
satellite associated with ground-
based receivers. The red star
indicates the epicenter of the
earthquake. (b) The rTEC-time-
distance plot from 35 ground-based
GPS receivers in Taiwan. The rTEC
is filtered by the high-pass filter of
400 s. The red and black lines
denote the onset time of the
earthquake and propagation speed of
1.3 km/s, respectively.



Sequential schematics of seismic waves propagate in near to far fields

Conclusion

 For far field observations (distances to the epicenters is greater than
2000 km), the Rayleigh wave front result in that the horizontal speed
of seismo-traveling ionospheric disturbances and that of the associated
seismic waves are nearly identical.

* The Rayleigh wave speeds of 2.5~3.5 km/s are in supersonic, which
results a shuck front in the atmosphere and the ionosphere.

* For near field observations (distances to the epicenter are shorter than
1000 km), the horizontal speed of seismo-traveling ionospheric
disturbances is slower than that of the associated seismic waves .

» Seismo-traveling atmospheric and ionospheric disturbances travel
upward with sound speeds.

* For near field observations, the total intensity is essential to trigger
observable seismo-traveling ionospheric disturbances.
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Establishment of a new SKYNET site in Hachioji

A campus map of Soka University Rooftop of School of Education

/

Newly installed sky radiometer
at the rooftop

Routine transfer to the SKYNET data center for further analysis, storage,
and accessibility to researchers worldwide.

Aerosol observation at new SKYNET site of Soka University
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Some Recent Research Acitivities using SKYNET data
O Algorithm development

Motivation

Sky radiometer (POM-02)

A powerful ground-based LI

remote sensor for aerosols,
clouds, and atmospheric gases

,Jhowever,

It is designed with limited
wavelengths (7 or 11 wavelengths)
- limited information

It has a narrow field of view (FOV:
~1 °) > difficult to validate
satellite cloud products

Purpose

rrs

Iriiy: 7 Irry

lfell

i
A

-
e gl
3 e _

Infer information of aerosols,
clouds, and atmospehric
gases using data from a
continuous wide spectral
range.

Goals

* Strengthen the results

obtained from the sky
radiometer through cross-
validation

Infer more detailed
information on spectral-
dependent aerosol and cloud
properties

Validate satellite cloud
products more effectively, as
this instrument has a wide
FOV.

Some Recent Research Acitivities using SKYNET data

U General idea of a retrieval algorihtm

Clear sky conditions

| Direct spectral irradiance |

* Aerosol optical thickness

* Atmospheric gas
concentrations (Precipitable
water vapor and Ozone)

Lot oo s omm s oo

Remove the effects of
atmospheric gases on spectral
diffuse irradiance

'+ Aerosol single scattering albedo :
' Asymmetry parameter
|
|

Cloudy sky conditions

Detect if cloud is thin
(COD < 4) or thick

(COD > 4)

¢ For thin clouds

» Direct irradiance = Retrieve cloud optical depth (COD)
> Diffuse irradiance /Direct irradiane = retrieve cloud

* For thick clouds

particle effective
radius (CER)

Use optimum method to minimize measured
and modeled values to estimate COD and CER

simultaneously



Some Recent Research Acitivities using SKYNET data

Comparison of aerosol
optical thickness
between MS—-700 and
sky radiometer

e Study area: Chiba, Japan
e Study period: 2015 — 2018

MS-700 Sky radiometer

g

Some Recent Research Acitivities using SKYNET data

Comparison of preciptaible Retreived PWC for different wavelenghts of 0.9 - 0.98
water vapor content (PWC) pm water vapor absorption band of MS-700
between MS-700 and microwave
radiometer

MS-700 Microwave radiometer

| g



Optical thickness

Effective radius

Some Recent Research Acitivities using SKYNET data

Water

Ice

Validation of
satellite—observed

cloud products using
SKYNET data

Some Recent Research Acitivities using SKYNET data

Water

Ice

Validation of
satellite—observed

cloud products using
SKYNET data




Conclusions

A new observation site has been established at Soka University premise under the framework of SKYNET.

We are developing new algorithms to infer high-resolution aerosol properties as well as cloud properties using
high-resolution spetral direct and diffuse irradiances.

SKYNET-observed ground-truth data of aerosols, clouds, and radiation were used to validate satellite cloud
products obtained from SGLI aboard GCOM-C
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2014~20244(20224F)D T 7 OY LIS A—2D) A ZE1E

2014~2022F M SKYNET 2014~2024F MDSKYNET X BT E(@TGF,
AOD@500nmEAED HED Ty TKY, FHK)® A 14

{E(@TGF, TKY, FHK)

IrFEEA BE S e = B Z2 P

i

o 2024F(CEVFESNT=SKYNETT—2ZRAL\-UF
HYISAHIZT 7OV ILTOS HAOD@500nm,
AT A0 — L3550 D LB ARET

o 20215 ~2023FIZEFSNI=SKYNETT—42H &
UMODISK&R Y/ a—/\)L7aF JbE ALz 2 Bk
B fEHTCAMS global reanalysis ECMWF
Atmospheric Composition Reanalysis 4
(EAC4)(AOD@550nm) M LE EFRELE

iRz e TS S I ZR AR



Himawari-8/9 AHI#} &

CEReS |Central Spatial
Band |gridded [wavelength |resolution
data m] [km]
1[VIS01 0.47063
2|viso2 0.51 1'
. 3|EXTO1 0.63914 0.5
4|VI1S03 0.8567 1'
' 5|SIR01 1.6101 2
| BlSIR02 [ 220680 __ 2j
7|TIRO1 3.8853 2
8|TIR02 6.2429 2
9|TIR0O3 6.941 2
10|TIR04 7.3467 2
11|TIR05 8.5926 2
12| TIR06 9.6372 2
13|TIR0O7 10.4073 2
14|TIR08 11.2395 2
15|TIR09 12.3806 2
16/TIR10 13.2807 2

%ﬁt)*ﬂ"@@éAHIIIVNIR~TIR’E§E BTESLS
INUREUYTHD, EfEHEEEIF0. 5km~2km:‘:*ﬂ

Comparison among MODIS, AHI, and OLI Relative ;: 2 iﬂﬂ,IERO):i:I:k’&lo {EO) EAE R A AT AE
Spectral Response Function

IrFEEA BE S e = B Z2 P 7

JAXA Himawari-8 AHI Aerosol Products

Product Primary Parameters ENE] Temporal  Approximate
Name Resolution Resolution Latency after
Observation
L2ARP « AOT at 500 nm 10.05deg 10 min _40 minutes
* Angstrom Exponent I '
L3ARP * Mean L2 AOT and AE within 1 h - 0.05 deg 1 hour ‘1 hour
Hourly ¢ L2 AOT and AE with strict cloud I
screening (AOT_Pure, AE_Pure) I l
* Spatiotemporal interpolation of l
AOT_Pure and AE_Pure within 1 h I
(AOT_Merged, AE_Merged) '
L3ARP * Mean L2 and L3 AOT and AE within IO 05 deg 1 day 1 day
Daily 1 day I l
L3ARP * Mean L2 and L3 AOT and AE within 0.05 deg 1 month '1 month
Monthly 1 month ?'

Note : Aerosol estimation cannot be retrieved at cloudy pixels, AOT = Aerosol Optical Thickness , AE = Angstrom Exponent

https://www.eorc.jaxa.jp/ptree/documents/Himawari_Monitor Aerosol Product v8a.pdf

These products are distributed by JAXA EORC P-Tree system.

wumREA e T S TZTRR 8



MODIS Aerosol products (MOD0O8D3/MYDQ08D3)

1

________________H

®E1® =¥9111km  (MODOS5 (Aerosol) :10 km) I

https://ladsweb.modaps.eosdis.nasa.gov/missions-and-measurements/products/MODO08 D3 9

OFEHLYSOBEI 7OV IILTOZHRE
T 7AY)L7Aas oD EER

Temporal _ _
Product _ Spatial resolution
resolution
MODO08_D3/MYD08_D3 |Daily 1[deg]x1[deg]
CAMS global reanalysis 3-hour] 0.75[des]x0.75[deg]
-hour : eg]x0. e
(EACA) g & €
_ _ Hourly,Daily,
Himawari8/9 L3ARP 0.05[deg]x0.05[deg]
Monthly

wimkEA EE R TS S HZR R 10
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https://pen.envr.tsu
kuba.ac.jp/
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FURKBGHR -7 AV b—T IR T LR

& TJt#E(FHK, 2004~) A2—FF4&(TGF, 2002~)
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MONITORING

Validation of LEO and GEO satellite’s NO,
and HCHO data with MAX-DOAS

The 27th CEReS Environmental Remote Sensing Symposium, 19 February 2025



NO, and HCHO

= NO, and HCHO are central components of tropospheric chemistry
* tropospheric ozone (link to air quality and climate change)
* hydroxyl radical OH (main cleaning agent of our troposphere)
- measured by satellites and ground-based remote sensing in the UV-vis (DOAS technique)
- Long datasets available (since GOME ‘95)
- Recent satellites (TROPOMI/S5p & GEO: GEMS, TEMPO):
higher spatial/temporal resolution

HCHO

2025/2026

Ground-based instruments

MAX-DOAS national networks in the past decade, growing n° of
& HCHO instruments and ongoing projects for harmonization DirectSun
FTIR, PGN
stratosphere

Total column
measurements during

. the day, when sunny
Tropospheric FTIR network since ‘90
measurements

(instruments in NDACC,
during the day HCHO prod. (Vigouroux et

al., 2018; 2020))

profiles in the 0-4
km altitude range PGN network
with DOFS (~2018) and few

between 1.5 and 3 e.g.: Irie et al., 2008; 2009; 2011; before (NASA +ESA)
2019; 2021; Damiani et al. 2022



Ground-based instruments

MAX-DOAS, PGN, FTIR instruments distribution: NO, (and HCHO) measurements

participating to validation activities

Strength:

+ several types of instruments
(complementarity)

+ several gases

+ (on their way to) centralized
processings

To further improve:

e Formats/harmonization/...

* Coherence among them

* Some regions still poorly
covered

- Intercomparison campaigns (eg CINDI-3) & intercomparison studies

Use of MAX-DOAS for satellite validation

Comparison method:

Typically: select satellite pixel(s) close
to the site (/average within radius, eg for
HCHO)

Average/interpolate the MAX-DOAS at
the SAT overpass time

Use same VAL approach
at all the sites

ideally: harmonization
egl s . NIDFORVAL
within the sites/groups SEPVT

MAXDOAS: Several retrieval methods exists: geometrical
approximation, Optimal Estimation and parametrized profiling —
mostly focus on VCDtropo
DirectSun: Mostly harmonized instruments & retrievals (Pandora
PGN & FTIR instruments— VCDtot)

Typical results:

: generally under-estimated by SAT
(in part due to spatial inhomogeneities
& representativeness mismatch within
large satellites pixels)

HCHO: negative bias in polluted
conditions (>8 Pmolec/cm?) and
positive bias for clean stations (< 2.5
Pmolec/cm?)



Use of MAX-DOAS for satellite validation

Comparison method:

Typically: select satellite pixel(s) close
to the site (/average within radius, eg for
HCHO)

Average/interpolate the MAX-DOAS at
the SAT overpass time

Use same VAL approach
at all the sites

ideally: harmonization
e . NIDFORVAL
within the sites/groups SSPVT

MAXDOAS: Several retrieval methods exists: geometrical
approximation, Optimal Estimation and parametrized profiling —
mostly focus on VCDtropo
DirectSun: Mostly harmonized instruments & retrievals (Pandora
PGN & FTIR instruments— VCDtot)

Use of MAX-DOAS for satellite validation

Comparison method:

Typically: select satellite pixel(s) close
to the site (/average within radius, eg for
HCHO)

Average/interpolate the MAXDOAS at
the SAT overpass time

Use same VAL approach
at all the sites

ideally: harmonization
egl s . NIDFORVAL
within the sites/groups SEPVT

MAXDOAS: Several retrieval methods exists: geometrical
approximation, Optimal Estimation and parametrized profiling —
mostly focus on VCDtropo
DirectSun: Mostly harmonized instruments & retmgﬁr(gﬂd\é%hOE|St etal., AMT 2021; ROCVRs (#26)

PGN & FTIR instruments— VCDtot)




Validation illustration

- Illustration for TROPOMI and GEMS in Chiba:

MAX-DOAS
SAT
HCHO
Oct 2017 > ... ~.. Feb 2020 -> ...
3.5x5.5km? GEMS J 3.5x8km?
~13h30LT overpass ! hourly daytime

Validation illustration

- The MAX-DOAS can measure the concentration profiles in the low troposphere.
- How the SAT would “see” this? The SAT is smoothing the MAX-DOAS profile

Chiba VCDrmoothed = AKsar - Xgpprofile



Validation illustration

- The MAX-DOAS can measure the concentration profiles in the low troposphere.
- How the SAT would “see” this? The SAT is smoothing the MAX-DOAS profile

>

Chiba VCD = AKSAT : xGBprofiIe

smoothed —

Validation illustration

Impact of the smoothing for S5p:

A few more extreme cases
- Large VCDgb
- Large AVKsat close to ground

VCD = AKsar - Xegprofile

smoothed ~—



Validation illustration
Impact of the smoothing for S5p:
70 Chiba (\
SAT AVKiropo 20241217 ‘
SAT AVKtropo 20241210
60 |
20T extreme cases
E 40/ 3b
T ;at close to ground
% 30t
20
10t

15 2

2.5 3.5

05 1
NO2 AVKtropo
VCDsmoothed = AKSAT : xGBprofiIe

Validation illustration

Impact of the smoothing for S5p:

45 r

35+

altitude [km]

| VCDsmooth in this case

Chiba

SAT AVKiropo 20241217
SAT AVKiropo 20241210

Larger increase of the GB

0.2 0.6 08 1

1.2 1.4 16 1.8

0.4
NO2 AVKtropo
VCDsmoothed = AKSAT : xGBprofiIe

2

:;xtreme cases
b
it close to ground



Validation illustration

Impact of the smoothing for S5p:

Chiba Kasuga
VCDsmoothed = AKSAT : xGBprofiIe
Validation illustration
Impact of the smoothing for S5p:
Chiba Kasuga

VCD = AKSAT : xGBprofiIe

smoothed ~—



NO, Validation overview

Impact of the smoothing for S5p:

Depending on the site (&
season), the smoothing can
increase of decrease the
differences wrt S5p

NO, Validation overview

Impact of the aerosols on S5p comparisons:



NO, Validation overview

Impact of the aerosols on S5p comparisons:

On average, over all the sites that report aerosol loading, there
seems to be an increase of the bias for larger AOD situations

Validation illustration

RPRO HCHO

OMI and S5p current HCHO
Chiba  yroduct (De Smedt et al. 2021):
- Best coherence when using
the non-cloud corrected
satellite data

RPRO S5p smaller bias and noise

MAX-DOAS KaSUga

S5p RPRO+OFFL v03.02 (10.5270/S5P-tjIxfd2)
l. De Smedt OMI QA4ECV (10.18758/71021031)




Validation illustration

CCl+p HCHO

Current developments :

Long-term data-record,

since 1995 (GOME,
] SCIAMACHY, GOME-2,
OmMmlI, S5p)
CCl+p Main results:

sImproved consistency/stability over
>20 years (CAMS rea profiles)
*Reduction of bias (CAMS rea profiles)

S5p CCl+p L3 (10.18758/2imqgez32)

|. De Smedt OMI CCl+p L3 (10.18758/h2v1uo6x)
HCHO Validation overview
HCHO
1 s
. O
More structural validation of the CCl+p HCHO
data record based on the harmonized GEOMS
GB data -> include A-SKY stations ?
|. De Smedt CCl+p HCHO S5p product



Perspectives

S5p e Group MAX-DOAS and PGN data
* Use HCHO and NO, together -> FNR

HCHO
HCHO/NO,

April, July, October 2021

and January 2022
Adapted from Zhang et al. 2024, https://amt.copernicus.org/preprints/amt-2024-182/
e EUMETSAT . ﬂ.'"
ACSAF Conclusions GEMS

Long-term validation of LEO (GOME-2, OMI, S5p) and GEO (GEMS) NO, and HCHO columns

- using ~70 ground-based stations (FTIR, MAX-DOAS and PGN)

- Importance of harmonized approach for validation to allow checking coherence among the satellites &
highlighting effect of station location

- MAX-DOAS bring info on the profile in the low troposphere & AOD -> impact of smoothing and aerosols

- Ongoing creation of NO, and HCHO TCDR (ESA CCl+precursor project) for the improvement of the retrievals
& better consistency between SAT instruments = need for long-term validation work!

- Ongoing harmonization and comparisons of the ground-based datasets
- CINDI-3 campaign, ground-based instruments intercomparison
- synergy FTIR, PGN, MAX-DOAS/FRM4DOAS networks

- including more A-SKY MAX-DOAS data (key for the long-term monitoring and validation in Asia and
link between historical and recent sensors, ie CCl+precursor and GEMS).

Goal: continue and be ready for S4 and S5 launches (in 2025 and early 2026)!

Thank you! Questions? gaia.pinardi@aeronomie.be
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Applying Himawari-8/9 and Landsat-8/9 Fused
Images in High Spatiotemporal Thermal Anomaly
Detection Around Fault Region in Taiwan

Tang-Huang Lin and Jann-Yenq Liu
Center for Space and Remote Sensing Research
(CSRSR)/Center for Astronautical Physics and Engineering
, National Central University (NCU)

(CEReS Overseas Joint Research Program)

Current Earthquake Information
v' About 20 seconds before Earthquake.

b

94 == O -2 ===

v'To extend the time period of Warnfh;g megsage is crucial.




Background Information-
Earthquake & Geothermal/ Land Surface Temp. Anomaly

v Gornyi, V. L., Sal'Man, A. G., Tronin, A. A. E., & Shilin, B. V.
(1988). Outgoing infrared radiation of the earth as an indicator
of seismic activity. In Akademiia Nauk SSSR Doklady Vol. 301,
No. 1, pp. 67-6

v Tronin, A. A., Hayakawa, M., & Molchanov, O. A. (2002).
Thermal IR satellite data application for earthquake research
in Japan and China. Journal of Geodynamics, 33(4-5), 519-534
(as Fig. 3 shown)

v’ Panda, S. K., Choudhury, S., Saraf, A. K., & Das, J. D. (2007).
MODIS land surface temperature data detects thermal
anomaly preceding 8 October 2005 Kashmir earthquake.
International Journal of Remote Sensing, 28(20), 4587-4596. (~ 4
°C of LST variation)

Fig. 3~ 19951890 L8R A ARHMNOAARAISNZ G - BEARR RGP RIBER (ER ) DHZMARES -
ERAR : Tronin et al. 2002, Thermal IR satellite data application for earthquake research in Japan and China -

Limitation & Opportunity

v’ Limitation

High spatial and temporal resolution
observations in thermal infrared (TIR) images:

- Landsat-8 ~ 30 meters, but 8 days;
- Himawari-8/9 ~ 10 min., but 2 km;
v Opportunity
Advanced image fusion approach:

- provide higher spatial (30 m) and temporal
(10 min.) resolution TIR images as Fig. 4
showed.

Fig. 4 - FRARSREX GRS EEEME L ZAANTZBERE -

ERAR ¢ : Januar et al. 2020. Modifying an image fusion approach for high spatiotemporal LST retrieval in surface dryness and
evapotranspiration estimations.




LST Retrieval from Fused TIR Image

= O band10RLST.tif
Value
9 High : 38.6648

-
Low:-0.510373

= O 18h8_20220916_0220_LST.tif
Value
9 High: 33.81

-
Low:0

Hypothesis

Geothermal Emission
Decreased

afe

%
»

Compressing

Geothermal Emission

»

Increased

|

Crashing




Hypothesis Examination by case study form on site stations

f ORI«
\ \
|
|

-——

Application_ LST variations in Earthquake event

* Case 1: Earthquake in eastern Taiwan, 2020.02.15




LST before Earthquake

* Keeping in relative lower LST

0200

0500

LST increasing from 2/13, 2 days before EQ

0200

0500

10




LST increasing obviously during EQ

0200

0500

11

LST decreasing after EQ

0200

0500

12




LST variation before, during and after EQ events

EQ reaches to 4 amplitude

_______________________________

_____________________________________________________________

Category of Compressing P e b 2

''''''''''''''''''''''''''''''''''''''''''' 13
Case 2: EQ in Eastern Taiwan, 2022.06.20
LST variation before, during and after EQ events
l EQ reaches to 4 amplitude 1

14




Discussions

» The variation of geothermal emission highly related to the fault’s

activities~ the hypothesis of this study validated with the cases in
Taiwan.

» The variation of geothermal emission can be detected in terms of LST

during the early morning.

» The high spatial and temporal resolution TIR images can be potentially

monitoring the fault activities.

» More case study should be analyzed for different type of Earthquake.

15
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LAND DEFORMATION, GEOLOGICAL FORMATION AND
MARINE FOSSILS AT THE EARLY-MAN OF SANGIRAN DOME
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Concept:

LAND-DEFORMATIONS GEOLOGICAL MARINE
FORMATIONS FOSSILS










Notopuro Formation

Kabuh Formation

Pucangan Formation

Kalibeng Formation

Napal Formation




Coscinodiscus.sp Diploneis.sp




The 27t CEReS Symposium. 19-20 February 2025

3. Pucangan formation: Lower pleistocene, freshwater mollusk
Bukuran dome

The 27th CEReS Symposium. 19-20 February 2025

4. Kabuh formation: upper Pleistocene salt water capillary
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FHFHE X € = ag + aju®, u: AJREKE,

ZEEER: 7(0) = exp[—£&/ cos(0)], 0: fHr = RIEM

INASGIT VA I, =bix+box?, v = (1 —7(0)B(Ty), Ty: i L&
T EBHEE: F =ciz+ ez, 2 = (1 —7(0))B(Tp)

Profile: ECMWF 2000 Monthly mean profile
(averaged over 10 [deg.] latitude interval)
Surface temperature: Air temperature at the

surface + 0, 5, 10, 15, 20, 25, 30, 35[K]
g: 0.95, 0.96, 0.97, 0.98, 0.99, 1
a: -0.5, 0.25, 0, 0.25, 0.5
Observation zenith: 0, 15, 30, 45, 60[deg.]

GMS | Bias[K] | RMS[K]
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Reduction of Snow Contamination in
Himawari-8/9 AHI NDVI for
Improved Phenology Monitoring

*Tomoaki Miura?2, Yuhei Yamamoto3, Nagai Shin2, Narumasa Tsutsumida4,
and Kazubhito Ichii3

1. University of Hawai‘i at Manoa

2. Japan Agency for Marine-Earth Science and Technology

3. Center for Environmental Remote Sensing, Chiba University

4. Graduate School of Science and Engineering, Saitama University

Introduction — “Snow”

* An important physical variable that critically contributes to the
characterization of Earth’s climate, i.e., an Essential Climate Variable

* Noise for the characterization of vegetation phenology with vegetation
indices, e.g., the NDVI from Himawari-8 Advanced Himawari Imager (AHI)

Lowered by the

oresence of Snow l « Likely NDVlvalue _,

without snow

*Large uncertainty
if not accounted

for Adapted from Motohka et al. (2010)



Introduction - Snow Effect Correction

* Use of “snow-free” vegetation indices
-~ NDII or NDWI (Normalized Difference Infrared Index or Water Index) (Delbart et al., 2005)
-~ Pl (Phenology Index: NDVI?-NDII?) (Gonsamo et al., 2012)
- PPI (Plant Phenology Index) (Jin & Eklundh, 2014)
-~ NDPI (Normalized Difference Phenology Index) (Wang et al., 2017)
-~ NDGI (Normalized Difference Greenness Index) (Yang et al., 2019)

* Use of statistics or other data sources
-~ Empirical NDVI statistics (Beck et al., 2006)
-~ Empirical NDVI statistics + snow cover from climate model (Wang et al., 2015)

- Land surface temperature (LST) (< 0°C: Cao et al., 2015)
(< 5°C: Zhang et al., 2015; 2018)

-~ NDSI for detection of snow cover

*HASEEl (HE - ILWEER) Y~ 11 BH
12 BICESEIEED, ZOYA IV TNDVID
EHBICTHA>TWEESICREIIFSNS. 2D

Tohoku: E 140.12, N 38.96  575es <k Learrapithocnan




Obijective

* To investigate the applicability of the LST approach for
detecting NDVI snow-contamination in Himawari-8 AH| data

Study Site and Material

*  Study Area:
- Deciduous broadleaf forests in Northern Japan
*  Study Period:
- Four winter periods (2015-11-01 — 2019-02-28)
* Satellite Data:
- Himawari-8 AHI Top-of-atmosphere (TOA) NDVI @ 1 km
- Himawari-8 AHI LST @ 2 km (Yamamoto et al., 2022)
* In-Situ Snow Data:

- Snow cover by time-lapse camera imagery
@ 4 Phenological Eyes Network (PEN) sites ‘

- Snow depth by laser
@ 8 weather station (AMeDAS) locations




Snow Cover - Phenological Eyes Network (PEN)

Tomakomai (TOS), Hokkaido: N 42.70778°, E 141.55472°, 80 m

No Snow After Leaf Fall Snow Cover After Leaf Fall
December 3, 2016 December 13, 2016

1. PEN Site

Fall Spring



1. PEN Site

\

Trend

2. PEN Site

‘ 

Trend



LST-based Snow Compensation Approach for AHI

® Find the NDVI value on the last sunny day before snow cover
® Use the value to compute phenological metrics, e.g., the end of season (EOS) metric
(50% threshold)

* Last day of Daily Max LST > 5 or 10 °C etc.

NDVI on last sunny day

é

Adapted from Motohka et al. (2010)

1. PEN Site

Daily Max

/ LST > 10°C

«—  Daily Max

\ LST > 5°C

Trend




2. PEN Site

Daily Max

___——LsT>10C

- Daily Max

<  LST > 5°C

Trend

Change in the End of Season Metric with Snow Cover Correction
*The End-of-Season (50%) metric shifted by 4 days to 3 weeks



Summary of Findings

* The LST approach effective for AHI NDVI data for reducing the snow cover
impact on autumn phenology analysis

- Hyper-temporal LST analyzed with hyper-temporal NDVI
= Daily maximum LST < 10°C used as the potential snow cover
= Shift in the End-of-Season (50%) metric of 4 days to 3 weeks earlier
* Future plan
- Look further into LST: Best threshold seems to vary
- Investigate the impact of snow fall before leaf fall
- Examine NDSI (currently being produced)
- Compare with in situ phenology data for a longer time scale and wider spatial area

* Acknowledgments
- The Center for Environmental Remote Sensing (CEReS) Joint Research Program
- Himawari 8/9 gridded data distributed by CEReS, Chiba University, Japan
- The PEN site Pls of Tomakomai (TOS) and Takayama (TKY) for PEN digital imagery
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Monthly electricity consumption in Bali Province and their
relationship with VIIRS night-time lights data

Wayan Gede Ariastina®, Abd. Rahman As-syakur**, Takahiro Osawa***,
| Nyoman Satya Kumara*, Duman Care Khrisne*, | Made Arsa Suyadnya*

*Department of Electrical Engineering, Udayana University
**Center for Environmental Studies (PPLH), Udayana University
***YUCARS Yamaguchi University



NTL Trend 2012 to 2020

NTL data is very important for developing On the other hand, electricity consumption data
countries, and has a strong relationship with is generally the total of a region, making it
economic growth and electricity consumption. difficult to plan at a specific location.
Before Covid-19 Pandemic K t After/During Covid-19 Pandemic
(Jan 2020) uta (Sep 2021)

Today

Feb 2025



Foreign Tourist Visits to Bali until April 2020

Trend of Foreign Tourist Visits to Bali
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Electricity consumption and economic growth

Case in Turkey (Altinay and
Karagol, 2005)

Case in Suth Korea (Yoo,
2005)



Previous study relationship between Electricity consumption and NTL

Goiu et al (2020) in Xi’an, China

EC NTI “Min NTI Max NTI Mean NTLtotal
EC I -523%* ST0=* 041 BT6%*

AC Townsend, DA Brucel (2010) in Australia

wmin A

~ Nowadays satellite remote sensing can provide earth information
to study spatial-temporal condition of environment. To
understanding such as land, atmosphere and ocean condition

This study use Visible Infrared Imaging Radiometer Suite (VIIRS)
instrument is aboard the joint NASA/NOAA Suomi National Polar-
orbiting Partnership (Suomi NPP) to get NTL data

The aims of this study is to determine the relationship between monthly
electricity consumption and monthly NTL in Bali Province.
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Study area:
Bali, Indonesia

Data:

— Electricity Consumption from Jan 2018 until
May 2022 (PLN) (53 Month)

— Nightime light (NTL) from Jan 2018 until May
2022 (NPP-VIIRS DNB Remote Sensing Data

— Two type of data, no noise remove and noise
remove as recommended by Elvidge et al.
(2017) (removed such ground noise by masking
NTL values < 0.6 nanowatt/cm2/sr)

— Lag analysis was also conducted in this study.

Method:
Monthly comparison with linear relationship o Data loss

Due by cloud

Bali

DNHI'M
NTLpean = (), (nixDN;))/num

nax

DN
NTLpya = " (@i x DNy o WS UL

HHHHHHHHHHHHHHHHHHHHHHHH

E]

Electricity CONSUMPTION during Jan 2018 to May 2022, monthly trend and average in
each consumer sector



NTL average with electricity consumption

570,000,000

520,000,000

470,000,000

420,000,000

370,000,000

320,000,000

NTL SUM with electricity consumption

600,000,000

500,000,000

400,000,000

300,000,000

200,000,000

100,000,000

NTL Original AV

12

y = 1E+08x + 2E+08

R*=0.1651

14 16
NTL Radiance

NTL Original SUM

10000

20000 30000
Axis Title

18

y =4045.4x + 3E+08

R?=0.1753

Py

40000

L4

570,000,000

520,000,000

470,000,000

420,000,000

370,000,000

320,000,000
15

570,000,000

520,000,000

470,000,000

420,000,000

370,000,000

320,000,000

NTL Filter Remove <0.6 AV

y = 1E+08x + 2E+08

15

R?=0.3665
°
oe®
o °
R
L e o
.
17 19 21 23 25 27 29 31

NTL Radiance

NTL Filter Remove <0.6 SUM

y =3871.7x+ 3E+08
R?*=0.1615

..J' .

5001.5 10001.515001.520001.525001.530001.535001.540001.545001.5



NTL average with one month lag of electricity consumption

NTL Original AV y = 9F+07x + 3E+08
2 -
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There is a significant (p < 0.01) relationship between NTL average with
electricity consumption in Bali Province.

The highest correlation was obtained in data after noise removal with a
lag of one month for electricity consumption.

The high correlation at one month lag occurs because the electricity
record data for the current month is calculated in the following month.

Further works has been planned particularly to find correlations of the
nighttime image with the amount of electricity energy consumption in
specific area such as in Kuta or Denpasar city in each consumer sector.

%S % Universitas Udayana
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# (PPLH)
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