L .-"'_.: i

g- - " T - | E
::I-.'% - 5= N 'r »
v 201288 FIR R T

v r-ﬁ‘-—Eb\Bw - : I:“?T‘('GDJKJ'IEHE"*EJ
¢—7J'—7+997—#l¢;|:41¢749(73¥

BB K (Takeo Tadono)
FHNEZEHRRERE hikgAPIRE 22— (JAXA EORC)
EEXRS HREEARH JATLERHFEER
FELIE3FEL-359 YA/ \—D4—IILFEUH—F SR (CFRL)A
“AEWeb http://iss.ssi.ist.hokudai.ac. jp/index.html

u

S —




-
Data SIO, NOAA, U5 Navy, NGA] GEBGE}‘"_ e
© 2012 Cnes/Spot Image
Image © 2012 TerraMetrics

-




-

1

© 2012 MapLink/Tele AM 2

US Dept of State Geographer® it ¥ o
© 2012 Google 3% 5




IST, SSI, Hokkaido University

2 5w J'r

6matics 'vv-'v .
for System Sensing 7—ﬂ_‘/f

VEYSVILARERE

ZE 5 dL&R7,000m$Rk, FAER100m

hE- A2 RIZfE
2006 L AIERIENE R

E £ : 38,400 km? (LM & FIFE E)
KEHAILEH 2

A O:#9697,000 A

BT T—

E & FRYMAE

HEREX . B BNAXEITH
KAREICKDENEAVRAEIH

’ Mt Everest

' ER#3218% (Gross National Happiness,
| GNH)ASEMNSDIEIZ

| 20L1FUASRTOFAIEE, RIE
RGEIE

T
"

J' o ""‘_
BHAY

1:?1*:2?1;-
OQle

C Earth Observation Research Center



IST, SSI, Hokkaido University

f::c;n;:ttg: Sensing 7‘—ﬂ.‘/ Fé, ﬁé\oﬁg TL ‘5ﬁ\ ?




1. KT LD

*:

:gﬁmxéﬁitxﬂm:m%ﬁﬁﬁ
/r X J




lfo:c".sn;sa:;ﬁ Sensiné Zk}‘%ﬂ @ )7:/; w 'ﬁz x

IST, SSI, Hokkaido University

Changing lake size
from 1975 to 2000
at Imja Glacial lake,
Nepal
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Mool et al. (2001a, b)
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“fE k&K (Potentially dangerous lakes)
20 in Nepal, 24 in Bhutan
Criteria is not clear
Not direct measurements
Landsat bases inventory : not accurate and new
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Project System
)R

JST/Competitive fund
JICA/Cooperation
(Technical Cooperation Project)

International Joint Research

Experts dispatch

Universities, Research institutions, etc 1

Universities, Research institutions, etc

|

Principal Investigator &

|

|

|

i Researchers Teams Principal Investigator &
|

Developing Countries Researchers

Developing Countries Research proposal

L ]
Ministries engaged in

: : e Project management/
Technical cooperation ’ g

Evaluation
e "Commitment Research
Expenses"” provide

* Research equipments and supplies/
Research Expenses Support
* Project management/Evaluation

Collaboration
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Obijectives of Remote Sensing Group (or Satellite Data Analysis Group)

Research and Analysis for Glacial Lake Expansion History using Terrain
Information Derived by Satellite Data

Terrain analysis using satellite data for the past Glacial Lake Outburst Floods
(GLOFsS)

Base map analysis using Terra/ASTER collaboration with Process Study
Group

Extract precise terrain information and validation using ALOS/PRISM
Development of Glacial Lake Inventories based on multi-temporal, ortho-
rectified satellite imageries (CORONA/KH-9, Hexagon, SPOT, Landsat,
JERS-1/0OPS, ASTER, PRISM, AVNIR-2, (PALSAR))

Application of flood analysis and hazard maps generation collaboration with
Assessment Group

Provisions of technical trainings and systems for Remote Sensing

Out Products:
» Precise digital map in the entire states of Bhutan > Pan-sharpened image
» Precise digital elevation data in Bhutan > PRISM Digital Surface model (DSM) mosaic
» ALOS-based Glacial lake inventory
é » Analysis results of glacial lake expansion history

ter

» Trainings / OJT on satellite data analysis as technology transfer
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Operation:
24 Jan. 2006 by H-2A Rocket #8
12 May 2011 Mission ended
~22 Apr. 2011: Low Load Mode (LLM)
> 1,934 days=5.3 years

PRISM

Objectives:
Cartography (1/25,000 scale) .
Regional environmental monitoring f AVNIR-2
Disaster monitoring, etc. PALSAR
Instruments:
PRISM AVNIR-2 PALSAR
Panchromatic Remote sensing Advanced Visible and Near-Infrared Phased Array type L-band

Instrument for Stereo Mapping Radiometer type 2 Synthetic Aperture Radar

PRISM can acquire triplet stereo AVNIR-2 can observe with 10m PALSAR can acquire the data
iImageries by nadir-, forward, and resolution in 70km swath, and it in not only daytime but also
backward-radiometers with 2.5m can be changed the observation nighttime as well as cloudy
spatial resolution in 35km area by pointing capability and rainy whether conditions.
swath. = within +/-44 deg. in across track. == e
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AVMNIR-2 o :
/ i Ortho rectification

AVNIR-2
ORI

DEM
(SRTM-3)
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Pan-
sharpening

PRISM Ortho rectification
Stereo pair and DSM
image generation

|

PRISMV
ORI

Pan-
sharpened
image
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ALOS-based
Glacial Lake
Inventory

Digitizing lakes
and screening

ALOS PRISM/AVNIR-2[Z&BIIKABA RN M)ERE D 7O—F v —b

BEDEET—HLIE(ZIE, ALOS PRISM DSM/ORIZEE(R—RTvINET S

* DSM: digital surface model, #{EEET—42ND—&
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Color composite image'with 2.5 m resolution
* Color dots: extracted glacial lakes
(733 lakes in total) 1:1,500,000
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PRISM DSM mosaic in Bhutan
- 10 m resolution
- Black: masked area due to clouds

— 30 15 0 30 60 90
7000 m e e — /)

Height Scale 1:1,500,000
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What we do?

- Ground control points (GCPs) for calibration : GCP

- Continuous GPS measurement for DSM validation : GPS
- Surface spectral measurement at GLs for validation : SS

- Ground truth (measurement) of GLs (and glaciers) : GL
- Tree samplings : Tree

Simultaneous observation with PRISM/AVNIR-2
onboard ALOS

Date Sensor RSP Pointing Where we are?
2010/10/03 PRISM 156D +1.2>-1.2 Tampe La
11:06-07(LT) AVNIR-2 156D 0.0 Tampe La

E O R C Earth Observation Research Center
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Plan of field survey in Mangde Chu upper stream by Remote Sensing Group

9/23(AR)  -1. Japanese member (1) leave from Japan
9/24(%) 0. AM: arrive in Thimphu, discussion and pre-orientation of field survey at DGM GCP
/ stay in Thimphu (EL 2,300 m)

9/25(X) 1. Preparation | Japanese member (2) leave from Japan / Thimphu GCP

9/26(H) 2. Preparation | AM: arrive in Thimphu / Thimphu

927(A) 3. Preparation, 14:30 JICA Office, 16:00- Briefing / Thimphu

9/28(:K) 4. Leave from Thimphu (8:00 YGH, 9:00 DGM) / Sephu (2,300) GCP

9/29(’K) . move / northern Jyeri (2,700) GPS
9/30(K) . move / Maurothang (3,700) GPS
10/1(&) 7. acclimatization / Maurothang (3,700)

10/2(£) 8. move / southern Om Tsho (3,900) GPS
10/3(H) 9. move via. Tampe La (4,660 m), ALOS acquisition / Tampe Tsho (4,650) GL/SS
10/4(H) 10. move / Tshotshotang (4,400) GPS
10/5(:A)  11. move GL/SS / Yango or near Methatshota (4,900) GPS
10/6(’K)  12. Survey for Methatshota / near Methatshota (4,900) GL/SS
10/7(R)  13. Survey for Methatshota / near Methatshota (4,900) GL/SS
10/8(%) 14. move | Tshotshotang (4,400)

10/9(x£) 15. move / TampeTsho (4,650)

10/10(H) 16. move via. Tampe La (4,660 m) / Maurothang (3,700)

10/11(A) 17. move / Sephu (2,700)

10/12(:X) 18. move to Thimphu / Thimphu (2,300)

10/13(7K)  19. Debriefing of field survey | Leave (1) Ukita / Thimphu (2,300)

10/14(AR) 20. Leave from Bhutan

10/15(&) 21. Arrive to Japan
wua® - Assenting days are scheduled double of usual trekking plan until Tampe La.

FUSERRRY
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Report of field survey in Mangde Chu upper stream by Remote Sensing Group

9/23(AR)  -1. Japanese member (1) leave from Japan
9/24(%) 0. AM: arrive in Thimphu, discussion and pre-orientation of field survey at DGM GCP
/ stay in Thimphu (EL 2,300 m)

9/25(X) 1. Preparation | Japanese member (2) leave from Japan / Thimphu GCP

9/26(H) 2. Preparation | AM: arrive in Thimphu / Thimphu

927(A) 3. Preparation, 9:30 Briefing,14:30 JICA Office / Thimphu

9/28(:K) 4. Leave from Thimphu (8:00 YGH, 9:00 DGM) / Sephu (2,650) GCP

9/29(’K) . move / Jyeri (3,230) GPS, GCP

9/30(K) . move / Northern Maurothang (3,520) GPS
10/1(®) 7. move / Southern Om Tsho (3,800) Tree
10/2(£) 8. Stay / Southern Om Tsho (3,800) GPS, Tree
10/3(H) 9. Stay, ALOS acquisition / Southern Om Tsho (3,800) SS
10/4(A)  10. 2 Japanese went down, move via. Tampe La (4,660 m) / Tampe Tsho (4,200) GPS
10/5(:K)  11. Stay SS / Tampe Tsho (4,200)

10/6(’K)  12. Other member went down / Maurothang (3,520)

10/7(R) 13. move / Sephu (2,650)

10/8(%)  14. Move to Thimphu, 18:00- Meeting@DGM / Thimphu

10/9(X) 15. 3 Japanese member left from Bhutan | Packing / Thimphu

10/10(H) 16. Reporting / Thimphu

10/11(A) 17. 2 Japanese member left from Bhutan
10/12(:K)  18. Arrive to Japan
10/13(7K) 19. (Debriefing of field survey)

Blue colored characters show modified from the original schedule.

E O R C Earth Observation Research Center
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Unfortunately, we could not reach to Methatshota
The horses could not go down a slope from Tempe Tsho to Tshotshotang
It will be possible to go up it > Main Team will be passed
We had to only select to back

It seems to be logistic problems (we have questions to the agent as well as
JICA), therefore we hope that they should be clarified for the feature

Even so, the objective have been achieved ~70% in the field survey
All member could be back safety

> We tried to go to 2"9 field survey on May, 2011

EO R C Earth Observation Research Center




-3-5 GCP areas have to select in scene / RSP path
- 2-4 points measurement / area, 10 — 20 minutes / area
= - Candidate area / point were selected:
" - Main: Geo-XT, Sub: Geo-XH, some: combine
- Measurer, keeper, photo : 2-3 persons : —
- Not depends on weather (except for snow?) L B e
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forf%";:ttéﬁ EAM GCP #1 : Paro - Thtmphu (24-25 Sep. 2010)
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paro2thimp-03

“Chip image
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ALOSED [E7H&EH (3 Oct. 2010

Flle Overlay  Enhance  Tools  Windo

27° 42'34.89”N, 90° 17'14.26"E
i W),

27" 42'13.717N, 80" 17°8.66%E

I
R:Band 1:IMG-03-ALAVZ2A249893040-01 B2G_U.G:Band 1:IMG-02-AL A2 A249893040-01 EI2G

Small Om Tsho
- Surface reflectance

File Owerlay Enhance_Toole idfindom
oy #1 RBand 1 IMG 03- HLH‘\.I’?H24989304D 01B2G_U,G:Band 1:IMG-1

1Southern Om Tsho Camp Site

- GCP with target
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- 5 GLs were selected as candidate: Two lakes were measured
- Several points (< 3 as much as possible) may select at GL
- 10 min/point, 1 — 2 hours / GL? (discussion)
- MS-720#1 for target, MS-720#2 for whiteboard
- GPS measurement at point
- Simultaneous measurement at Small Om Tsho on Oct. 3
- Measurer#1, #2, keeper, photo : 3-4 persons
%1 -Stable fine or cloudy, No rainfall and snowfall
- Surrounding areas are also measured > asked to Main Team

- GL measurement are conducted in same time (2 persons)
e
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\ Ca?fg:{pmmyw &1 ,tg_"J . § ; . EHEZ@"):L—)L
_ : e (. 5/5 Paro -> Drugyel(2580) -> Shana(2850)
i R I ¢ BT TWVE 5y, 5/6 Shana -> Thangthangka (3610)
;J_:a"ngoth'angu May 8 & RARLL Bk o

Thangthangka (walk around for

5/7 2
acclimatization)
s : _ : 5/8 Jangothang (4080)
‘,; day trip May 7 : £ ey ) 5/9 Jangothang survey for glacier and lakes
} Y 3 5/10 Lingshi (4010)
: Sh.ngmm Ry e RN it 5/11 Lingshi survey for glacier and lakes
’ I o o TR TR ‘ 5/12 rest day
Shana Mevs > L PVIY ,;; erof ‘ 5/13 Shodu (3750)

5/14 Barshong (3720)
5/15 Dolam Kensho (3290)
5/16 Thimphu

8

¢t ChariiZam we will be picked'up by, car J

: FEEIZLY. LingshikYED T I ERANRRAT

Drugyel

*i - "' | ” ‘* Ho1=1=8. DrugyelfI~RESHIL—FZEo7=,
*/3=E7U~ U‘/*‘ﬂkfliﬁﬂ.ﬂﬁ
[FAZEHAR] [SA/3—]
201145H5~16H =E:X R
[B]) MR ORER, WWzO #. = fE3A
1. BIEEGRBTREORIIAT—420E =3
(GCPEY&E - iHl/K D4 el &t ET A Ms. Sonam Lhamo, Ms. Pema Deki, Mr.Phuntsho Tshering

2. iKY HKFAAD I RFE
GHEHRDGPSHIZELLE)
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PRISM DSM height [m]

Magnified PRISM DSM mosaic and location of
GPS measurements points (yellow: continuous
measurement in 2010; red: CPs in 2010; and

blue: CPs in 2011).
The points within +/-30 m errors compared with the

PRISM DSM were selected due to condition and
accuracy of GPS.

GOOG

PRISM DSME¥F+1 7@Fﬁﬁ=

5000

4000

3000

2000

1000

0

Total: 3,268 points
Bias=2.28m, STDEV=7.79m, RMSE=8.12m

* Acknowledge to Prof. Naito, Prof. Sawagaki, Dr. Yamaguchi, Prof Jlro Komorl and Prof FUJIta

Count

.............................................
.................................

5 :  Cont.2010  +
----------- CP 2010  x
: : CP 2011 b

a 1000 2000 3000 4000 5000 G000

GPE measurement height [m]

Comparison of height between the GPS measurements
and PRISM DSM (red: continuous measurement in 2010;
green: CPs in 2010; and blue: CPs in 2011).
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EERSe®™ PRISM DSMES1/ODBEMREH2)

4.5s+007F

4e+007
Error of PRISM DSM a52+007 |

oSl v

SRTM-3 ——1

Fe+00F |
25=+007 |
Ze+007 |
1521007
1e+007 |
5e+008 |

ﬂ = i} I |
50 40 -30 200 -1 O 10 20 20 40 50

Height differences [m]
+30m Histogram of height difference
between PRISM DSM and SRTM-3.

+/-O0m

B Void data in SRTM-3 -30m

Height difference (i.e., PRISM DSM minus SRTM-3) in the Bhutan /
Himalayas. The black colors indicate the masked areas in the PRISM
DSM, while the green indicates the void data areas in SRTM-3.

L ks pyt Y
. . Visual comparison between PRISM
Total: 738,107,875 points i
Bias=-0.44m, STDEV=20.71m, RMSE=20.72m DSM (left) and SRTM-3 (right,).

EO R C Earth Observation Research Center
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f E ALOS In\fﬁ

' : GFS measurement in 20
Metatsuf Lake - B[N\ —(CIMOD Inventory 2000

]

27°54°0°N
L]
27° 540N

Sri16'0"E So"1R'0"E

Comparison of lake polygons at Metatsota glacial lake among the ALOS-based inventory (yellow) , the ground-based
GPS measurements in 2010 (green), and ICIMOD inventory 2000 (red) at Metatsota lake. We confirmed that 9.5 m
(averaged error), and 11.9m (RMSE) accuracy of the ALOS-based inventory compared with the GPS measurement.

References: Ukita et al. (2011) Annals of Glaciology, 52(58), pp.65-71 2011;
Tadono et al. (2012) Bhutan Geology, in press?

* Acknowledge to Prof. Naito, Prof. Sawagaki, Dr. Yamaguchi, and Prof. Komori
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Karma lake
- Good geolocation
- Larger shapes

> Seasonal change

> Careful in
expansion history

The western lake
- Good geolocation
- Similar shapes

— ALOS inventory
- GPS measurements
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Comparison of polygons between the ALOS-based inventory (yellow) and
the ground-based GPS measurements (green) at two lakes in 2011.

Reference: Tadono et al. (2012) Global Environmental Research, in press E O R C
Earth Observation Research Center
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1570 1280 19240 2000 2010

year

Historical satellite data

- Hexagon (1974, purple)

- SPOT (1989, blue)

- Landsat-7/ETM+ (2000, red)
- ALOS (2011, yellow)
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Example of analysis of glacial lake expansion history using multi temporal satellite images

W in Kuri Chu. The color polygons show extracted lake areas in individual image, and time
trend of area changes (right).
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for System Sensing i@ﬁﬁn {//\/ﬁ I/

Primary
School

Potential hazards induced by GLOFs,

floods, and earthquakes
Assessment Group conducted trainings to identify

potential of dangerous landslide areas using PRISM | < : ,
stereo pair images. 1: Rock creep 2: Landslide 3: Scarp 4. Terrace
— Higaki and Sato (2012)



P an: ALOS to ALOS-2 and ALOS-3

IST, SSI, Hokkaido University

2006 2011 2013 2015 2018 2020
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ALOS
Optical imager & SAR

ALOS

(Optical imager & SAR)
2006 - 2011

ALOS-3 (Optical imager)

E O R C Earth Observation Research Center
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Orbit

Sun-Synchronous Sub-Recurrent

Altitude: Approx. 630km

LST: 12:00 in descending orbit

Design Life 5 years
Target JFY2013
Launch
Rocket H-2A
Mass Approx. 2 ton
1 Satellite :
Solar Paddle Two-wings type panel

Mission Data Transmission

Direct / via. Data Relay Satellite

ALOS-2: SAR Satellite

Mission Sensor

Synthetic Aperture Radar (SAR)

August, 2009: Project Team was established

Frequency

~December 2009: Preliminary Design Phase
~October 2010: Critical Design Phase
Now: manufacturing EM

ALOS-2 Research Announcement
(RA) will release on July 2012.

Fine

Resolution: 1-3 m, Width: 25 km

Major
Observation Basic
Mode

Resolution: 3/6/10m
Width: 50/ 50/ 70 km

Wide

Resolution: 100 m, Width: 350 km

The detail will publish on Web.

Mission Objectives

Crustal change, volcano monitoring,
surface deformation

Sea ice, river, forest and agriculture
monitoring etc.
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HISUI (Multi)

HISUI (Hyper)

ALOS-3: Optical Sensor Satellite

50km swath / 0.8m GSD = 62,500 pxls
11 bits quantization

JPEG 2000 onboard compression
Stereo function (two telescopes)

- BWD: < 2.5 m GSD (at Nadir)
50 km swath width (TBD)

Body pointing function (+/-60 deg.)

o“JStté‘nf séﬂ;; ALOS-3 Specification (TBD)

Sun-Synchronous Sub-Recurrent, 60 days

Orbit Altitude: 618 km
LST: 10:30 in descending orbit

Design Life 5 years

Target JFY 2017
Launch

Rocket H-2A

Mass Approx. 2 ton
Satellite :

Solar Paddle | Two-wings type panel

Mission Data Transmission

Direct / via. Data Relay Satellite

Mission Sensor

Optical instruments

Panchromatic

Nadir: 0.8 m resolution, 50 km width
Backward: <2.5 m, 50 km (TBD)

Multi spectral

Resolution: 5 m, Width: 90 km

Hyper spectral

Resolution: 30 m, Width: 30 km

Thermal

Compact InfraRed Camera *experimental

Mission Objectives

Land management: cartography,
agriculture, disasters monitoring, surface
change detection

Environ. monitoring: forest, glacier,
glacial lake, costal region monitoring etc.




