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AI (2022 ~) 
AI-based surrogate models ( 30 models)

Google/Deepmind’s
GraphCast

(Lam et al. 2023)

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

NWP

AI

issued by Microsoft, NVIDIA, 
Google/Deepmind, Huawei,,,,  



From JMA

: Reference
: Single Forecast
: Ensemble Forecast

Necessary researches for achieving better predictions

Process-driven NWP models
Employ predictions
from initial states

Data assimilation
Estimate initial states

Utilizing sparsity of data to
solve underdetermined inverse problems

From JMA

: Reference
: Single Forecast
: Ensemble Forecast

Necessary researches for achieving better predictions

Data assimilation
Estimate initial states

Utilizing sparsity of data to
solve underdetermined inverse problems

data-driven AI model
Employ predictions
from initial states



NCEP’s PREPBUFR Observations (in 2016)

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

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

Data-driven Weather Forecasts by ClimaX-LETKF

Stably running > 2 years!

A. Takeshima
(PREPBUFR)

RMSD of T500 vs. WeatherBench

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

(maybe) the first pure data-driven
ensemble weather forecasting!

(w/o physical models)

K. Shiraishi
(ClimaX)



Ongoing Researches
with diffusion models

Ho et al. (2020; CVPR) 

(1) Conditional Diffusion as Data Assimilation 

unmasked ERA5 Precip.

Unmasking (inpainting) task: Conditional inference (~ DA)
Promising inpainting for ERA5 precipitation (1-deg x 1-deg hourly precip.)

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

Reference (truth)Inference (DNN)Input (conditional)
ERA5 Precip.

(masked, -1, 0, +1 hr)

D. Kishikawa

Input: Merged IR

well
reproduced

poorly
reproduced



(2) Conditional Diffusion as Downscaling

well reproduced

a test case
Kaneko, Simabukuro et al. (in prep.)

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

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

Reference (truth)Inference (DNN)Input (conditional)
T. Shimabukuro

Summary and Future Perspective

A pure data-driven weather forecasting

AI AI

(AI)

• ! (ClimaX-LETKF)
•
•
•



高さデータを加味した
による屋根葺き材の

自動判別
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https://www.env.go.jp/content/900442320.pdfhttps://www.unic.or.jp/news_press/info/44283/

2018
1.5℃ CO2
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50 cm
25 cm

DFB Laser

~10 mW
(2331.3 2336.1nm,

33 degree Celsius,
102-115 mA)

CO Gas Cell
(C0: 0, 74, 148, 296 Torr,φ12 mm,

Optical pass length: 50 mm)

InGaAs PD
(C10439-15,Hamamatsu)

Polarizer Coal Block

λ/4

Lens
(f = 500 mm)

Lens
(f = 50 mm)

250 mm

500 mm



50 cm CO

3σ

29.8 ppm m

On 2333.714 nm Off 2333.295 nm

296 Torr

148 Torr

74 Torr

CO 74, 148, 296 Torr 50 mm

https://vision-sensing.jp/products_NIRCam-
640SN.html

640 512
15μm
0.9 1.7μm

98fps



(https://www.enecho.meti.go.jp/about/special/johoteikyo/ammonia_02.html

Stritzke 
et al., 2015

HITRAN 5% 10%
20 cm

5%

10%

DFB

25℃



DFB
1512 nm

58 mW(On)

68 mW(Off)0.728

58 mW(On)
68 mW(Off)

DFB
1512 nm

InGaAs

0.5 ms

68 mW(Off)
68 mW(Off)

58 mW(On)

DFB

58 mW/68 mW
=13.87/16.33
=0.849

4532

4080

5330

5945

4080/4532
=0.900

5945/5330
=1.115

58 mW/68 mW
=4532/5330
=0.850



1512 nm

1512 nm 2

1512 nm DFB

68 mW(Off)

58 mW(On)

4532

4080

5330

5945

4080/4532
=0.900

5945/5330
=1.115



Iwata et al. (2020)

55mCH4 : 90%



6.7 9.0
[Etiope et al., 2019]

[Pointner et al., 2021]

[Iwata et al., 2020]

PPlanetScope
Planet

3.7

Red 455-515 nm
Green 500-590 nm
Blue 500-590 nm

NIR 780-860 nm
2018 1, 2

―

4.3 m
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15~17Mg
35%

35%

SSix years of ground--based nighttime cloud 
cover observations in Chiba: Seasonal 

variations and impacts on PM2.5
concentrations

( 6
PM2.5 )

Nofel Lagrosas1, Moe Ishii2, Kein Itou2, Tatsuo Shiina2, 
Hitoshi Irie3, Hiroaki Kuze3

1 Kyushu University, Fukuoka, Japan
2 Graduate School of Engineering, Chiba University, Chiba, Japan

3 Center for Environmental Remote Sensing, Chiba University, Chiba, Japan



(Floww off thee presentation)

(Introduction and objectives)

PM2.5

(The camera system and PM2.5 concentration)

(Cloud cover and cloud cover calculation)

(Results)

(Conclusion)

((Introduction)

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



(Introduction)

• 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 or ice, as well as non-
aqueous liquid or solid particles such as those 
present in fumes, smoke or dust. 
(https://cloudatlas.wmo.int/)

• PM2.5 are fine particulate matter that are 2.5 
microns or less in diameter.

•

(https://cloudatlas.wmo.int/)
• PM2.5 2.5

(Sciencee 
questions)

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

• Is the observed cloud cover influenced 
by climate indices?

• How does cloud cover affect PM2.5
concentrations?

•

•

• PM2.5



(Objectives)

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

; 

(To investigate the effect of climatological indices 
on nighttime cloud cover);

PM2.5 .

(To quantify the effect and relationship between 
cloud cover and PM2.5 concentrations.)

IInstruments

Camera

Exposure time 5 s 

Focal length 5 mm

f-stop f/2.8

Horizontal FOV 60o

Vertical FOV 45o

Sensor type CCD

Image size 2,448 × 3,264 

(=7,990,272) pixels 

Compact PM2.5 sampler

• based on the distribution of light scattering intensity by 
considering the relationship between scattering intensity 
and particle size

• sensor could detect particles with diameters of ≥0.3 μm 
and estimate PM2.5 mass concentrations of ≤600 mgm-3

Nakayama, T., Matsumi, Y., Kawahito, K., and Watabe, 
Y.: Development and evaluation of a palm-sized optical 
PM2.5 sensor, Aerosol Sci. Tech., 52, 2–12,



(Cloudd coverr (CC))

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

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

PM2.5 concentration

• programmed to measure PM2.5 data every 1 
min 

• Location: 9th 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



(Calculation of CC)(Calculation of CC)

Cloud cover
• May 2017 to August 2023 

PM2.5

• Oct. 2021 to August 2022

Cloud base height (NIES lidar 
in Chiba)
• Oct. 2021 to August 2022 

((Results)



(Temporall changess off cloudd cover)

PPM2.5
(Comparisonn betweenn PM2.55 concentrationn andd nighttimee cloudd cover)



vvss PM2.5
(Cloudd basee heightt vss PM2.5)

 
(Bootstrapp result)) 



((CConclusions)

.

(Cameras are useful for detecting seasonal changes of cloud cover over 
an area.)

.

(Long-term data show the effect of climatological index on cloud cover 
values)

PM2.5 3
.

(By combining PM2.5 concentration, cloud cover, and cloud base height, 
it is possible to quantify the relationships among the three data sets for 
a given region.)

(Futuree work)

• (Increase the 
number of camera system sites);

• (Classify nighttime clouds)
• (Quantify 

temporal changes in nighttime cloud type)
•

(To study the effect of climate indices on 
nighttime clouds at different sites)

•
(Work with the modeler to identify the 

essential information behind the current results.)
• (Quantify the 

relationship between cloud cover and net longwave 
radiation.)

(Acknowledgment) NIES 
(NIES lidar data)















Horizontal speed of about 3.3 km/s
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AOT
(500nm)

SSA
(500nm) AngExp

0.206 0.882 1.21
0.209 0.932 1.15
0.186 0.953 1.17
0.213 0.909 1.16









Band
CEReS
gridded
data

Spatial
resolution
[km]

1 VIS01 0.47063 1
2 VIS02 0.51 1
3 EXT01 0.63914 0.5
4 VIS03 0.8567 1
5 SIR01 1.6101 2
6 SIR02 2.2568 2
7 TIR01 3.8853 2
8 TIR02 6.2429 2
9 TIR03 6.941 2

10 TIR04 7.3467 2
11 TIR05 8.5926 2
12 TIR06 9.6372 2
13 TIR07 10.4073 2
14 TIR08 11.2395 2
15 TIR09 12.3806 2
16 TIR10 13.2807 2

[ ]

1 VIS01 0.47063 1
2 VIS02 0.51 1
3 EXT01 0.63914 0.5
4 VIS03 0.8567 1
5 SIR01 1.6101 2
6 SIR02 2.2568 2
7 TIR01 3 888853 22

•
•
•
•

•

•

•







τλ1 = τλ0(
λ1

λ0
)−α







•
•

Tropospheric 
measurements 
during the day

°

Total column 
measurements during 
the day, when sunny
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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 synposium Feb. 19-20, 2025

(CEReS Overseas Joint Research Program) 

Current Earthquake Information
About 20 seconds before Earthquake.

To extend the time period of warning message is crucial.



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

Gornyi, V. I., 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
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)
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)

Limitation & Opportunity
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;
Opportunity

Advanced image fusion approach:
- provide higher spatial (30 m) and temporal

(10 min.) resolution TIR images as Fig. 4
showed.



LST Retrieval from Fused TIR Image

Hypothesis 

Geothermal Emission 
Decreased

Geothermal Emission 
Increased

Compressing Crashing



Hypothesis Examination by case study form on site stations

1

2 3

Application_ LST variations in Earthquake event

• Case 1: Earthquake in eastern Taiwan, 2020.02.15



LST before Earthquake

• Keeping in relative lower LST

LST increasing from 2/13, 2 days before EQ 



LST increasing obviously during EQ 

LST decreasing after EQ 



LST variation before, during and after EQ events 

Category of Compressing Geothermal Decreased

EQ reaches to 4 amplitude

Case 2: EQ in Eastern Taiwan, 2022.06.20

LST variation before, during and after EQ events 

EQ reaches to 4 amplitude



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.

References
•

•

•

•

•

•

Thanks for your attention!



LLANDD DEFORMATION,, GEOLOGICALL FORMATIONN ANDD 
MARINEE FOSSILSS ATT THEE EARLY-MANN OFF SANGIRANN DOMEE 

CENTRALL JAVAA INDONESIA

1Agus Hartoko, 2Josaphat T Sri Sumantyo, 3Riva N R Nadeak, 
4Delianis Pringgenies, 5Siti Aisyah, 6Muhammad Helmi, 7Hariyadi

Diponegoro University. Semarang Indonesia
Email: agushartoko.undip@gmail.com

The 27th CEReS Symposium. 19-20 February 2025

Title Lorem Ipsum

Concept: 

LAND-DEFORMATIONS GEOLOGICAL

FORMATIONS
MARINE

FOSSILS

The 27th CEReS Symposium. 19-20 February 2025



Position of the Sangiran dome (white circle) and its position at central Java, Indonesia

The 27th CEReS Symposium. 19-20 February 2025

The 27th CEReS Symposium. 19-20 February 2025



The 27th CEReS Symposium. 19-20 February 2025

Columnar sections of the 
Sangiran Dome at the foothill of 
Lawu mountain
(Digital Elevation Model – DEM 
data)

The 27th CEReS Symposium. 19-20 February 2025



Napal Formation

Pucangan Formation

Kabuh Formation

Notopuro Formation

Kalibeng Formation

The 27th CEReS Symposium. 19-20 February 2025

1. Napal formation: Miocene; Pablengan, Bukuran village; Marine Foraminifers

The 27th CEReS Symposium. 19-20 February 2025



2. Kalibeng formation: Pliocene, characterized by Murex- Turritella association

The 27th CEReS Symposium. 19-20 February 2025

Coscinodiscus.sp Diploneis.sp

2. Kalibeng Formation: diatome-dome, marine fossil

The 27th 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 

The 27th CEReS Symposium. 19-20 February 2025



5. Notopuro formation: Holocene, terrestrial forest, volcanic 
boulders                                                                                          

The 27th CEReS Symposium. 19-20 February 2025

Thank you

The 27th CEReS Symposium. 19-20 February 2025
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Moriyama LST from GMS

LST as ECV

1. :

: :

2.

1

Moriyama LST from GMS

I = τ(θ)Is + Ia(θ), Is = εB(Ts) + (1− ε)
F

π
• I:

• Ts:

• ε: ( )

• τ(θ):

• Ia(θ):

• F :

• τ(θ), Ia(θ), F : ( )

• Ts, ε: ( +1) →
AVHRR/CFLG, LST

GEO Brightness
temperature

AVHRR btightness
temperature

ERA5

GEO CFLG, 
Emissivity
estimation
algorithm

2



Moriyama LST from GMS

LST

: T1, T2,

τ, Ia, F

: ε1, ε2, Ts

ε1

ε2

Ts

Split window 
plane

Solution curve 
from RTE

Solution

f1 = B−1
1 {τ1(θ)[ε1B1(Ts) + (1− ε1)

F1

π
] + Ia1(θ)} − T1 = 0

f2 = B−1
2 {τ2(θ)[ε2B2(Ts) + (1− ε2)

F2

π
] + Ia2(θ)} − T2 = 0

f3 = C0 + (C1 + r1C2)T1 + C3r1 + (C4 + r2C5)T2 + C6r2 − Ts = 0, (ri = 1− εi)
: Split window ( / )

⇓

J =
√

f2
1 + f2

2 + f2
3 → min. Ts, ε1, ε2

J ≤ 1[K]: , 1 < J ≤ 2[K]: , J > 2[K]: → QA

3

Moriyama LST from GMS

AVHRR CDR

• AVHRR GAC 0.05

/

(Channel 1, 2)

•

4



Moriyama LST from GMS

1981/07/26

5

Moriyama LST from GMS

AVHRR/LST

RMS 2[K]

6



Moriyama LST from GMS

ERA5

• ECMWF

• 1940 ( )

• 0.25[deg.], 1[hour]

•
•

7

Moriyama LST from GMS

NOAA/07, 09, 11 LST

8



Moriyama LST from GMS
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NOAA11 # of clear pixel
NOAA14 Conversion rate

NOAA14 # of clear pixel
NOAA16 Conversion rate

NOAA16 # of clear pixel

9

Moriyama LST from GMS

10



Moriyama LST from GMS

GMS

• ⇒ /

• :

⇒ AVHRR/CDR GMS

• AVHRR/CDR (

) GMS

• NDVI

11

Moriyama LST from GMS

: ξ = a0 + a1u
a3, u:

: τ(θ) = exp[−ξ/ cos(θ)], θ:

: Ia = b1x+ b2x
2, x = (1− τ(θ))B(T0), T0:

: F = c1x+ c2x
2, x = (1− τ(0))B(T0)

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]

ε̄: 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]

1 -0.204 0.523

2 -0.0438 0.388

3 -0.193 0.512

4 -0.129 0.462

12



Moriyama LST from GMS

1982 06Z GMS2

13

Moriyama LST from GMS

:

Ts = B−1[B(Ts)], B(Ts) =
1

ε
[
I − Ia

τ
− (1− ε)

F

π
]

dTs

dε
=

dB−1

dB(Ts)

dB(Ts)

dε
=

dB−1

dB(Ts)

F/π −B(Ts)

ε
, δTs � dTs

dε
δε

dTs

dε
= −80

δTs < 2[K]

δε < 1/40 = 0.025

⇓
←

AVHRR/CDR LST

0

14



Moriyama LST from GMS

(GMS2)
Snow

(fine) 0.995 Decious 0.973

(Coarse) 0.983 Grass 0.983

(Midgrain) 0.990 Drygrass 0.911

(Frost) 0.993 Concrete 0.975

Ice 0.999 Asphalt 0.965

Seawater 0.990 Eoliansand 0.966

Conifer 0.989 Brownloam 0.973

-1
 0
 1
 2
 3
 4
 5
 6
 7
 8
 9

Conv., Tr4 >= 0.65

Conv., Tr4 < 0.65

Semi-conv., Tr4 >= 0.65

Semi-conv., Tr4 < 0.65

Non., Tr4 >= 0.65

Non,. Tr4 < 0.65
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Relative pixel count
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RMS diff.

1982 06Z AVHRR/CDR

LST (ε = 0.97)

⇓
ε = 0.97 GMS/LST RMS 3[K]

15

Moriyama LST from GMS

ε = 0.97

16



Moriyama LST from GMS

17

Moriyama LST from GMS
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Moriyama LST from GMS

19

Moriyama LST from GMS

20



Moriyama LST from GMS

1. AVHRR/CDR

GMS

2. Probably clear

3. 3[K] RMS

4. (GMS, GOES )
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https://eol.jsc.nasa.gov/SearchPhotos/photo.pl?mission=ISS072&roll=E&frame=453629
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ܴ௡ + ܳ௔ = ܪ + ܧܮ + ܩ
ܴ௡ ܳ௔ܪ ܧܮ ܩ
ܴ௡ = ܴ݈݀ − ݑ݈ܴ
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Alert
Pallas
Ryori

Mauna Loa
Mahe Island
Easter Island
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Palmer Station
South Pole



2018.6 WA 2018.7 WA 2018.8 WA

LFC LFC LFC

NPP NPP NPP



2019.6 WA 2019.7 WA 2019.8 WA

LFC LFC LFC

NPP NPP NPP

2020.6 WA

LFC

NPP

2020.7 WA 2020.8 WA

LFC LFC

NPP NPP



TRC

2016.8

2017.8

2018.8

2019.8

2020.8



--- V.RESP NPP S.RESP NEP (NPP - S.RESP)
100 50 50 50 50 0

Type  6 805 361 444 485 387 57
10 663 310 353 450 333 20
12 3428 1718 1710 1857 1747 -37
13 1185 583 602 701 605 -2
14 1132 547 585 700 574 11
15 1775 883 891 948 856 36
16 203 97 106 125 110 -4
17 46 21 25 31 25 0
18 1527 763 764 818 757 6
19 125 46 79 83 57 21

NPP < LITTER            
LITTER > S.RESP      
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Monthly electricity consumption in Bali Province and their 
relationship with VIIRS night-time lights data
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I Nyoman Satya Kumara*, Duman Care Khrisne*, I Made Arsa Suyadnya* 

*Department of Electrical Engineering, Udayana University

**Center for Environmental Studies (PPLH), Udayana University
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NTL Trend 2012 to 2020

NTL data is very important for developing NTL data is very important for developing
countries, and has a strong relationship with countries, and has a strong relationship with
economic growth and electricity consumption.

On the other hand, electricity consumption data On the other hand, electricity consumption d
is generally the total of a region, making it is generally the total of a region, makin
difficult to plan at a specific location.

Before Covid-19 Pandemic
(Jan 2020)

After/During Covid-19 Pandemic
(Sep 2021)



Foreign Tourist Visits to Bali until April 2020

Electricity consumption and economic growth

Case in Turkey (y (Altinayy and Case in T
Karagol

Turkeyy (n T
olol, 2005)

Case in n Suthh Korea ( (Yoooo, Case inn
2005)



Previous study relationship between Electricity consumption and NTL

Goiuuu et al (2020) in Xi’an, China

AC Townsend, DA A Brucelel (2010) in Australia

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

N d t llit t

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



–

–

–

–

Data loss
Due by cloud

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



NTL average with electricity consumption

NTL SUM with electricity consumption



NTL average with one month lag of electricity consumption

NTL SUM with one month lag of electricity consumption



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.
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2. ,
2 =nSiS(nir Small imaging Spectrometer)

:900nm~1700nm→ 1000nm~1600nm
: 20nm 40
:1m 20cm

• :128 128
• 20μm InGaAs
•
• 163mm 100mm 75mm
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nSiS

nSiS
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3.

Ice:Warren and Brandt 2008
Water:Hale&Querry 1973

Ice Water
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A B         C
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4.

SWIx (NDVI )

2

SWIx Snow/Water Index

SWIx
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4.

(WC)

WC = a * SWIx + b , R

→
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4.
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5.

λi (Ref) (WC)

WC = a * Ref(λi) + b R

( )
Engineering
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1400nm

/
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Im_Ice

Im_Water
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5.
1100nm-1140nm

1100nm~1140nm...
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6.

Ice Water
Ice Water

→ …

…
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6. …

VG Model

: Volumetric water content

: Residual volumetric water content
: Suction

: dependent parameters 
: Dry snow density 

: Snow grain diameter 

VG Model

…
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Thank you for your attention
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25m
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Hayakawa etet al. (2020)0)







▹UAV-LiDAR, (2022 10 2024 12 )▹ (2022 10 2025 2 )

(Cloud Compare ScanX)

Avia(a(Livoxox ) Matrice300RTKTKK L1(DJIDJI )
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