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Revision of the results of control points
after the 2011 off the Pacific coast of
Tohoku Earthquake
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1. Geodetic control point network in Japan o TE LR

Control Points in Japan (maintained by GSI)

to provide the reference positions for Basic Survey and Public Survey

Category # of Sub-category Average
stations Interval
GNSS-based 1,240 20 km

control stations

(GEONET)
Triangulation s 109,074 First order triangulation stations 975 25 km
stations ' Second order triangulation stations 5,060 8 km
Third order triangulation stations 32,326 4 km
Fourth order triangulation stations 70,713 1.5 km
Bench marks 18,239 Fundamental bench marks 86 150km
First order bench marks 14,682 2 km
sl y Second order bench marks 3,471 2 km
Total 128,553

(as of March 31, 2011)



2. Crustal deformation observed by GEONET *'E**=%

Horizontal Vertical
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3. Revision of survey data b/1E -+ =P

There were two important points to be considered

OWhen, and where

should we revise the survey data?

to meet two different requests simultaneously;

, — —

A:”As soon as possible” for quick recovery \/ Cong; NG
»” ”” . . \ ICtin ! \
B: "Stand by to avoid further revision due to after sllp\-\_s_g_'__/'

<OHow much error
can we allow?

Criterion: error within ~2ppm between neighboring stations

The criterion meets the Regulation of Public Survey Specification in Japan



Estimation of amount of after slip o TE LR

0.4

Logarithmic model function ..[ | B )
is adopted to estimate the IS N SN S SO B
future trend of after slip.

EHE (m)

y(t)=c+a ln{l +L]

T log

(c, aiconstant, t,,’ constant(time), t: time)

- &

— We decided that the
survey data should be
revised in the end of May,
considering the future L2 L @ 2 L] L]
amount of strain. o F e w wE e W g
Estimated after slip at the site “Yamada”(#950167)

£gHE (m)
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Amendment of ordinance on origins of control netRot

Origins of horizontal / vertical control network moved due to
Tohoku Earthquake:
eastward by ~20cm (horizontal), downward by ~5cm (vertical)

*Origin of Horizontal Gontrol Network  =Origin of Vertical Control Network

for geographical latitude and longitude for height

Order for Enforcement of the Survey Act was
revised and enforced on October 21, 2011.




Procedure of revision (horizontal origin) & L RE=R B

1. Determine the 2. GPS observation®
coordinate of %" | |was carried out

VLBI station v, | [around VLBI station
“Tsukuba” as of 47 |- “Tsukuba” and the

May 24, 2011. Orlgln respectlvely

\

\g.

I a:s&% Mﬁﬁ &3&%{1

l &Bae

> (3 J
{ L ’ /

4 / b 0 50 km
-l 2 ~ /

The metal marker of A GNSS-based
the Or|g|n ) control station

3. The coordinates of the stations

“' Marki"ﬂ were calculated under the
condition that the coordinate of

| VLBI station “Tsukuba” is fixed.




Procedure of revision (vertical origin) o [E AR

We have kept tidal observation at Aburatsubo
Tidal Station since 1894. And...

- There’s no long-term trend in sea level.

No significant vertical displacement by Tohoku Earthquake
at “Aburatsubo” according to GPS observation results.

/ T

rigin of vertiqal Leveling from Aburatsubo to the Origin was
e 3 carried out, and the height of the Origin

3 was calculated under the condition that;
(1) No long-term change in sea level
& @i, (2) No vertical co-seismic displacement at

Aburatsubo jigs

. o1 | "Aburatsubo”
Tidal Station [




Revision of survey data (GNSS-based control stafigrH&}™

West Japan

East Japan
& HokKkaido

Survey data
were closed

(Mar. 14)

1
GPS & VLBI

observations

& analyses.
)

Poor precision around
the border of revised /
non-revised area.

V !

Not revised

Revising area was extended

\

New survey data were
opened (May. 31)
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All data set is called
“Geodetic Coordinates 2011”
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Procedure of revision (Triangulation stations) * ™= ***=%

» It was impossible to operate observations o
at ~44,000 suspended triangulation stations. Py
—How to revise all data?

> GNSS observations at about 600 ;ﬁ;
selected stations R A

. B
e
T s
ook
—;&‘%’s
. .?»
) 58

» Correction parameters were T Lo ¥y

calculated using the results of AT .
observation. el
» Adapt the parameters to other S gl
non—observed triangulation stations. = "

£
»Check the results by 600 “high order control points” in

supplementary GNSS observation. Tohoku - Kanto, Koshin’ etsu areas
11



Generation & Adaptation of correction parameter

'é-@ E Xk Ld

-

(1) GNSS observation at the selected stations
(2) Each corner of 1km grid is given correction parameters
(3) The correction vector of the station is interpolated

~

1 GNSS-based ( . . . )
(2).\(‘ ) control station @ : Grid point having parameters
S
'_Ffw\,/—h-. %N . '
{ | . => : Known displacement of the station
\ I\ R
A [ 1 — :Correction vector at the grid point
\ /} = tt y r
(2 ~ 7 VAR —> :Interpolated correction vector
—M4Neﬂ%bsewed L o \ )
B ! C 'x’ b
triangfulation statioﬁ§ . W
‘. — .
e L\‘ = Correction image
] S A ot :
h TR r Before the EQ Correction After the EQ
3 /‘/ “L X=1234. 00m X=—0. 10m X=1233. 90m
.\ - - gﬁ Y=7890. 00m *  v=+0.50m = Y=7890.50m
&

12



Exception of correction parameters’ adaptation

¢ [E L RIFPT

Some areas have been
suffered from aftershocks
(or induced earthquakes)
since Mar. 11.

We checked the areas with
SAR interferometry where
the correction parameters
should not be adapted.
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Tools for revision with correction parameters

¢ TE R IEPRT

GSl is providing following tools to revise survey results

> Software “PatchJGD”
» Correction parameter files

EﬁPatchJGD Ver.1.0.0 Geoeraphical Survey Institute E:I'_jﬂg -10] I
TrEY ERTEE) —$E0IE ALIYH)
EIRBN T HEENT A7 94l touhokutaiheivoucki2011 par Wer 1.0,
2011E3E1I_EII:¥§ LE TR (2011%) RERAARTRwmE] CL5 ]
BEBE S A-ATT,
HETUPR, #E8, 238 =Re g8 LFE BAR. SRS FFE RER HIA
TR FER(E L LBMEER ). BEIE. FEE mLE. DR BHE. LHE FFA
BEFBEEMNEERET,
EEL. sAUENRCAEDA B NRE LABIHATH MRS hAELR, TRE, FEA,
EEAn-SolE sk,
ik, HESAEES—-ETAREMHAD meokmmmmf HESBSEEER ST,
HATx—R4EKB - FakzzE (201152 108
AT G e i T iid (P M re LU
BE O T ratchlh (BRI BEALTLE S,
HEH| R  UGD2000: GRSBOTEM4)
EE{ERET - EhED EEE{E -EENED EEE
CREEE #2E [ 35303604206 | # [ 353036.04327
& FHEEAEE wE [ 1a1e421791 F : mE [ 1301a4a22529
- FEEREE, T - FEEREEC,
R R TR
e RIBE RISEE 5 s
[o 360000, 1395000, v skt
* [-5tossaeog | m * [-542350545 m
i [-472694195  m ¥ [-47289283¢ m
=Sl 1210.140 BitAEA 1810.136
ERIEENI ) | fiaF{EE 99992785 TERIFEN 29992755
Tt DR S THRE L L. E L H#3IBFR
T R S T A EE(B A (— 5 AT D RELE L, er 100

[PatchJGD

EERMIEY 7T 7 “PatchJGD for Windows” D& ™ O—K
— =LA D HhER

T LS BEDOETAEMIES SIcbDY I =7 —

PatchJGDIZ, HIETIY (3 e (L L BB G LEMEIE 75 72 2 7 TT , ERNEI R B T LaY CZEBh i O Bl (AL E T .
FEADEEED, AT A Fe000=ITRFI4T) : GRSBOFEFIF (ZEEML TL B HHEHRT T,

COR—JTHI /O T2T7LEATNTEERATZ 7L TT, #o0—Uictg SN2y JUTREL TS

TR 200%06 H218

M70595 4L ($3MB) Ver1 0.0

e9PatchJGD100 EXE

MR TAE, “setupee i, A AR—ILICEBIITrNLOERER T Y,
DTS, BEBREE (S A—5T7r LIdeEhER A,

A A=) T BRE (RREH)

PatchJGD/OF 5 LD L% BT HE (057 LICABSR TLE L F7-N)LERUBD TY)

() BRI/ A2 A4 771l

Hhon—F |52 eseeooses—tam]  a@m
Ct‘ltokachiZOOS.EXE 224K B [tokachi2003 par Wer100 *’
r.i,‘lful(l nlea?NNG FXE B5KB fukuoka2003 par WVerd 00 af

PatchJGD (Main display)

Download site at GSI's HP.
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. s . ! =
Revision of survey data (bench marks) s

Leveling at ~1900 1st order
bench marks (along
~3600km leveling route) in
East Japan

!

Net adjustment fixed to the

multiple bench marks and ¢
the Origin revised. ]
New survey data were - o
published. (Oct. 31) v
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4. Revision of survey data (Summarized chrondlogyy**=

ase “Recovery & Reconstruction” phase

k 1month 6month

3h

Map. 11Oibservqién‘ion of? after sli;?) May. 31 .
GEONET |1 ad repol . Revisjon of survey data 234 days
(GNSS-based (GNSS*; sed contro;I stations) after the EQ

control stations)

_ _ L | | | Re-survey OCt_' 3_1
Triangulation || Re-survey| | (triangulation | |Revision of survey data
stations & L § (drigins) i stations & (triangulation stations
bench marks i ’ ’ | | bench marks) | /& bench marks)

' W

Ordinance |i | Government's | | Cabinet council meeting
(coordinates || g g | hearing & Enforcement of ordinance
of origins) | § § |__consultation Oct. 21
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