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Geologic Landscape

Locations of shallow earthquakes outlining the
main plate boundaries (Rangin et. al., 1999)
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Distribution of the major tectonic boundaries
and active mobile microblocks in the Philippines

(Rangin et. al., 1999)




Geodetic Landscape

Evolution of Geodetic Infrastructure

Primary Triangulation
Network of the Philippines

1901 -1927

>>D>

l Established by the US Coast and Geodetic
Surveys using optical instruments and
astronomical observations

* Datum established is local and static, with
origin located at Balanacan in Mogpog,
Marinduque

* Triangulation network used as reference in
cadastre, topographic surveys, etc.




Geodetic Landscape

Evolution of Geodetic Infrastructure

Philippine Reference
Primary Triangulation System of 1992
Network of the Philippines -
PRSO2"

1901-1927 1989 - 1992

[

Philippine Reference System of 1992

¢ Established using Global Positioning System (GPS)
technology

* Datumis still local and static, retaining its origin at Balanacan =~ | sa
—

CGY 2000

* Philippine Reference System of 1992 (PRS92) became the weu | waw

R |

— g AT standard reference for surveying and mapping as per E.O.

Z g No. 45, as amended T oo
: PEEER , : : e
i * At the time of establishment, PRS92 was the best fit Eeery

s | reference system for the Philippines

PRS92 network




Geodetic Landscape

Evolution of Geodetic Infrastructure

Philippine Reference U.N.G.A \
Primary Triangulation Svstem of 1992 L @
Network of the Philippines Y ?,9 Resolution No. 69/366 =%
PRSO2"
1901 -1927 1989 - 1992 2015

[
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United Nations Anresiesnss

l UN General Assembly Resolution No. 69/366
‘A global geodetic reference frame for sustainable development’

Dist: General
11 March 2005

Resolution adopted by the General Assembly on 26 February 2015

B * Recognizes the importance of global navigation satellite
systems (GNSS) technology in the society

* Encourages member states to adopt and contribute to the
realization of a global geodetic reference frame

* Rapotof h Workd S e Starce Development bervesorg, St Afca 26l 4 e
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Geodetic Landscape

Evolution of Geodetic Infrastructure

. . . Philippine Reference U.N. G.A. @ Modernization of the Philippine
Primary Triangulation System of 1992 Resolution No. 69/366 Geodetic Reference System
Network of the Philippines - ’ S
PRSO2 "
1901 -1927 1989 - 1992 2015 2016 — 20Xx
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The future of positioning in the Philippines

Ph-ggg-un;gfe;;;;mc i " V;;gg;,p;_:f;«g;gcm * Aims to align the country’s reference to a global
geodetic reference frame (i.e. WGS84/ITRF)

Modern PGRS 1

(PGD2020) (PGVD2020)

P At Goot

i ¢
= E * New reference system will be able to account for
il o effects of geodynamics (i.e. earthquakes, plate

o) tectonics)
Geometic i Verteal R * Takes full advantage of modern positioning
Name: PGD2020 Name: PGVD 2020
Type: Semi-dynamic and Geocentric Type: MSL-fitted geoid Realized techniq ues
inITRF2014 (reference epoch 16 January 2020) Will be connected to the IVRF (WHS)

Comes with a National Geoid, Deformation Model and Distortion Grid



Geodetic Landscape

Current Frames in Use

Vertical
e |

= Horizontal

Gravity
NAMRIA Absolute
Gravity Station

— Luzon Datum 1911

Philippine Reference *  Propagated by geodetic leveling *  Densified using gravity
System of 1992 (PRS92) * Physical realization: benchmarks observations
* Physical realization: gravity
stations

World Geodetic System

of 1984 (WGS84) or ITRF

* Propagated by GNSS observation
* Physical realization: geodetic
control points (passive & active)




Geodetic Landscape

Existing Geodetic Infrastructure

’ .
E <= £ geoportal PH Accuracy
\ Standard
E geode

Layer Name Agency WMS

Location search n

Spacing Number

AGS 1ppm 100km 57 + 1 (shared)
Active Geodetic Station Tier 1
Active Geodetic Station Tier 2 Zero ﬂfder 1 ppm 7ﬂkm 60
Active Geodetic Station Tier 3

Geodetic Control Point - 1st Order (Updated)
Geodetic Control Point - 2nd Order (Updated) 27 arder 20 ppm 20 km 2,449
Geodetic Control Point - 3rd Order (Updated)
Geodetic Control Point - 4th Order (Updated) 3"’ Qrdel‘ 50 ppm 10k|1'| 28,@2]
Geodetic Control Point - Zero Order

Proposed 200 Active Geodetic Stations (AGS) 4“1 Order Ekm

1=t order 10 ppm sokm 314

100 ppm

32,021

1t order 4K (mm) 1 km (national roads) 16,326
27 order 844K (mm) 0.5 km (city streets) 2,332

1t order Provincial
E Active Geodetic Station Tier 2
2™ order| Municipal
T
27 order 11 2-3kms
E Active Geodetic Station Tier 3 §
T
Q
g IG5 sites 4 (PIMO, PTAG, PPPC, PGEN) E}
E Geodetic Control Point - Zero Order DOR'S Sfte 1 (Mal’ll”e}
A APREF [ APRGP PTAG /[ All PAGeNet AGS
E Geodetic Control Point - 2nd Order (L MGM-Net 2{p|_uz, PMIN}

A REGINA 1(PTGG)




MOTIVATION/
DRIVERS




Limitations of Current Reference Frame

Our current geodetic reference is local

N\
Earth A\ }‘
GGRF \
(Origin at center of GNSS
the earth, (Compatible with GGRF)
best-fit globally)
PRS92
A
PRS92
@ RFPGD2020 (OI’ igin at Sta.
R A Balanacan,
best-fit here)

WGS84(NRMDP)
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Limitations of Current Reference Frame

... and does not account for geodynamics

ILN-1, 1990-2010 (PASUQUIN) Source:

E.D. Lopez ;
YEARM Migration to Geocentric Datum =

LATITUDE (¢) LONGITUDE (1) 20 May 2019

[ ) 1990  18°23'41.13460” 120°35'49.02518”
2022 18°27°41 10NRRKR7Y  19N°2E°A0 NARAKK?

= Station PLW-7 (1990-2010)
= Station | WGS 84 Coordinates
Latitude, ¢ Longitude, /

PLW-7 9° 44’ 25.33347” 118° 44’ 25.60607”
(1990.496)

PLW-7 9° 44’° 25.28000” 118° 44’ 25.58260”7
(2010.918)

o Earthquakes
o Plate motion (~30 mm/yr = 0.51m shift in 17yrs)

A= -0.0 ZGN-6, 1990-2010 (SIOCON) i
o Improvements in measurement/modelling of the . WGS84 COORDINATES |
earth No: - zom _V0=0-00iYEAR

~7.5 cm) LATITUDE (y) LONGITUDE ())
7°42'28.92679” 122°08'11.80289”

7°42°28.84885" 122°08’11.82369”
A |Ap=-0.07794” AL=+0.02080"
= 2.338m (S) = 0.624m (E)

Located in a plate boundary zone characterized by active and complex tectonics and high seismicity



Drivers for Modernization

Need to monitor
deformations and global
events

Call for “FAIR” (Findable,
Accessible, Interoperable,
Reusable) geodetic products
and services

Maximize benefits from
modern geodetic
technologies

International commitments &
standards
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MODERNIZATION
PLAN




PGRS Modernization

* NAMRIA as central mapping agency of the
government is spearheading the
implementation of the PGRS Modernization

e

~ National Mapping and Resource InformatlonAuthorlty
The central mapping agency of the Philippines

Created by virtue of Executive Order No. 192 s. 1987 to
act as the central mapping agency and provide the
public with mapmaking services...
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Mapping

Geospatial
Information
Management
and Services

Delineation
of Maritime
Boundaries

Geodetic
Reference

Environment
and Natural
Resource
Mapping

Hydrographic
Surveys and
Nautical
Charting




Modern PGRS

¢ SYSTEM
REFERENCE SYSTE

020

Modemization of the
7’;“:’1 PINE GE ODETIC
STRATEGIC PLAN 20162

Government
20088
Academe
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Private Sector
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Philippine Geodetic
<----> Vertical Datum of 2020

Philippine Geocentric
Datum of 2020

(PGD2020) (PGVD2020)
-@. mm'?fﬂ."m
it : ’ N .@.
. A EHEOTT

Geometric RF: Vertical RF:
Name: PGD2020 Name: PGVD 2020
Type: Semi-dynamic and Geocentric Type: MSL-fitted geoid
Realized in ITRF2014 (reference epoch Will be connected to the
16 January 2020) IVRF (WHS)

Comes with a National Geoid, Deformation Model and Distortion Grid




Modern PGRS

Migration to a geocentric and
dynamic datum (Philippine
Geocentric Datum 2020)
N

Development and

Maintenance of the Philippine
Geodetic Vertical Datum 2020

b

Strengthening of core
competencies, R&D and IEC
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— Establish 200 AGS

— Develop deformation model and
distortion grid

— Compute ITRF coordinates of
PAGeNet

— Re-observe 3000 GCPs (Zero, 14
and 24} for 3 cycles

— Densify gravity stations
— Re-compute PGM20xx

— Train NAMRIA staff

— Massive IEC campaigns

— Amendment of existing policies,
standards and workflows

— R&D on PGRS Modemization




STATUS OF
IMPLEMENTATIO




What has been done to date?

» PGD2020
v’ Established 58 active geodetic stations
v Computed PGD2020 reference coordinates of PAGeNet
v’ Daily coordinate monitoring of PAGeNet using Bernese (2008-
present)
v’ Developed deformation model (2020 Grid)
v Completed 15t cycle of passive GCP re-observation
v’ Distortion grids (ongoing, pilot area: NCR)

Launching of the PGRS Modernization
» PGVD2020 oo T
v Computed Philippine Geoid Model (latest version 2018.98)
v’ Troubleshooting of level network
v’ Densification of gravity stations

v’ Connection to the IVRF*

» Strengthening of competencies
v' Research and development

v’ Capacity building T R ‘1 n 7% b
v'IEC campaigns AN :_gf,-zf.*ﬂ_:._

—
I
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What has been done to date?

» Densification of the Philippine Active Geodetic
Network (PAGeNet)

= 58 stations established to date

= Daily coordinate monitoring with Bernese GNSS
software

" Provides vital support to applications beyond
surveying and mapping
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Philippine Active
g Geodetic Network (PAGeNet)
: FY 2023 Targets

Maintenance (58)
T nationwide
Reconnaissance (6)

| Lingayen, Pangasinan
T Mufioz City, Nus
"I San Carlos City, Negros Occidental
T Bais City, Negros Oriental
;f Gingoog, Misamis Oriental
"I Tiigan City, Lanao

Installation (3)

T Lingayen, Pangasinan
‘ﬁ Bago City, Negros Occidental
T Digos City, Davao
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What has been done to date?

» Computation of the PGD2020 Reference
. Apriori Orbits, poles, and Single point
CO 0) rd INna t es coordinates satellite clocks position

+ Extrapolate IGC + Convert external = Compute using

= Based on January 2020 PAGeNet data coordnates from  format | obseration (fo
reference epoch receiver clock

to epoch of synchronization)

= Combination of adjusted (40 AGS) and projected (for 10 observation
AGS with no January 2020 data) coordinates Phase

Float solution pre-processing Form baselines
» Tied to 17 (13 online) International GNSS Service (IGS) * Computeapriori = Screenphase  * Compute single
tropospheric observations for difference in
L] .
stations delays, update cycle slips and preperation
station coordinates autliers for ambiguity
and check resolution
. . . O H residuals
= Final station coordinates have repeatability RMS of
2.51mm (N), 2.94mm (E), and 6.65mm (U)
Site Latitude RMSE  Longitude  RMSE E“l:ist:::llal RMSE Ambiguity Final network Datum check
(DMS) (m) (DMS) (m) gﬂ) (m) - resolution solution
PBAS  20°26'58.20540" 0.00010 121°58'32.69172" 0.00012  79.99811 0.00038 ) :
PBAT  18°03'14.05260" 0.00010 120°32'43.78380" 0.00013  51.74248 0.00037 = Resolve + Compute final = \erify coordinates
PBAY  16°28'53.59260" 0.00009 121°08'34.55412" 0.00011 322.87643 0.00031 ambiguitieg to coordinates and and repeatability
PBGU  16°25'04.06560" 0.00010 120°37'04.23048" 0.00013 | 1545.12534 0.00040 = : ] :
dernization of 1 PBOG  11°02'46.67676" 0.00008 123°58'43.70340" 0.00011  88.53255 0.00031 their interer tropnspherlc of daily solutions
Modernization of the PCDN  17°10'16.93056" 0.00009 120°26'30.83964" 0.00013  55.33468 0.00034 values estimates
PHILIPPINE GEODETIC REFERENCE SYSTEM PCLP  13°25'39.38412" 0.00009 121°11'40.31412" 0.00013  64.05837 0.00038
PCOT = 7°11'58.57296" 0.00010 124°14'49.31736" 0.00014  86.17547 0.00042
COMPUTATION OF THE PHILIPPINE PCRT  9°42'45.87516" 0.00010 123°52'22.55772" 0.00016  76.53025 0.00041
GEOCENTRIC DATUM OF 2020 (PGD2020) PDDN  7°27'33.75684" 0.00009 125°46'59.70216" 0.00012|  90.59253 0.00036
PDUM  9°19'18.62544" 0.00008 123°18'00.28080" 0.00012  88.39192 0.00034
REFERENCE COORDINATES PGEN  6°03'53.68212" 0.00010 125°07'53.98104" 0.00016 121.08617 0.00042

PGUI 9°46'20.73216" 0.00009 124°28'15.83832" 0.00015 116.88435 0.00041
PGUM  13°55'12.66960" 0.00010 122°06'04.67820" 0.00016 64.02767 | 0.00040




What has been done to date?

» Development of the National Deformation Model
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» 2017 Prototype Deformation Model
» Developed with Newcastle University
>

T 118 1200 122° 1240 126°

118" 1200 122° 124 126°

Input data: > 2018 Deformation Model > 2019 Deformgtion Mod'el o
. PAGeNet (1 month data) > Developed with Dr. Chris Pearson (Otago University) > Developed with Dr. Chris Pearson (Otago University)
GSRM > Input data: > Input data:
* PAGeNet (1 year data) » PAGeNet (2016-2018, 33)
* Hsu, et. al. = NAMRIA/UNAVCO (21)
= Kreemer, et. al. compilation " Hsiu, et. al. (101)

* Phivolcs = Phivolcs (123)



What has been done to date?

[ ° R/
s R % O U O S S S A S
» Development of the National Deformation Model ZOI TITooIIIEEIIIIILL ‘]
. e e s -« "X % XX XYKXYXKXKKXKN¥
(ZOZOGrId) PP -‘\ﬁg‘:&h}x\\\\x\x
[‘,,.. TRSIORE § \\\\\\\\3
. . . . o A Y XXXXXXNX
* Developed in-house with guidance from Dr. Chris Pearson 15" . galughtgodialy
. . T XXX XXXYX¥X
(Otago University) E‘ S ““““EI
16° .,_‘.\.-\1“ " X X X X X XK
. - * %X X X XXX XK
" |[nput data: .5 3R ol
S ' 2 " "X X XXX
» PAGeNet (2008-2019, 43) 14{ T s \E]
[ NAM RIA/U NAVCO (21) 220160 E (m) N (m) U (m) combined ™ ik il
RMS 0.0101 0.0081 0.0083 0.0154 NEINER RN
Max 0.0261 0.0220 0.0133 0.0409 X X X
u Hsu) et‘ al’ (102) Min - 0.0122 |- 0.0233 |- 0.0212 0.0039 3 x %
. average 0.0056 0.0009 0.0021 0.0132
u PhIVOICS (141) STD::' 0.0085 0.0082 0.0082 0.0080 _ XN
. stdev mean 0.0016 0.0015 0.0015 0.0015 3 b
= External constraints: 210040 ta ]
RMS 0.0061 0.0050 0.0104 0.0130 ¢
- . . ( ) . . M?x 0.0077 0.0108 0.0222 0.0230 4
Kreemer, et. al. (E/W Validation | s so) o oo
[ Yong, et. al. (Sabah) (RMS) StDev 0.0053 0.0049 0.0106 0.0057 ]
stdev mean 0.0012 0.0011 0.0024 0.0013 -
A
Coordinate Velocity Estimation Alignment of Gridding Validation g ]
Computation + To compute velocity Velocities * To generate gridded + To validate gridded el
s To compute ITRF2014 estimates of sites + To align velocity velocity measurement velocity measurement ~ars A 2 e
coordinates of AGS/ » Matlab PTS script mesurements from for the entire using select PAGeNet
passive GCPs (Otago University) different sources archipelago sites Velocity 40mm/yr +— Imm/yr -
* Bernese GNSS + Rectify (executable) * Generic Mapping Tools * SNAP or Python script 4° — — —

Software/AusPOS (GMT) 118° 120° 122° 124° 126°




What has been done to date?

» Development of the Philippine Geoid
Model (PGM) pow o w m

= Developed through technical assistance from | »
National Space Institute of the Denmark ‘
Technical University (DTU-Space) and funding
from the U.S. National Geospatial Intelligence
Agency (NGA)

o

= Input data: P
= |and gravity surveys 4
= nationwide airborne gravity surveys

2

® marine Satelhte d ltl metry (DTU-1 O) ‘igure 3. The Preliminary Phi/?ppine Geoid Model 2014

(PGM2014).The contour interval is setat 5 m

= satellite gravity data from the Gravity Field and =
Steady-State Ocean Circulation Explorer (GOCE) e L L ¢

mission release 5 S —— ¢

Figure 2. Flight track elevations of the airborne gravity survey



CHALLENGES &
STRATEGIES




Challenges

Strengthening of geodetic infrastructure

* |[SSue

* Requires substantial resources to establish
and maintain (to date, only 58 of 200 target
AGS installed)

* Separate organizations carry out tasks needed
for successful implementation of modern
PGRS

* Strategy

* Partnered with other government agencies for
CORS establishment/data sharing

* Tapped local stakeholder organizations for
maintaining the infrastructure (i.e. Adopt-A-
Mojon program)

MEMORANDUM OF UNDERSTANDING
between

NATIONAL MAPPING AND RESOURCE INFORMATION
AUTHORITY (NAMRIA)

and

PHILIPPINE INSTITUTE OF VOLCANOLOGY AND
SEISMOLOGY (PHIVOLCS)

NAMRIA and DPWH Sign Agreement on CORS Data Sharing

News & Event(s) | | 8 April 2021 | Print

NAMRIA and the Department of Public Works and Highways (DPWH) formalized a Memorandum of
Understanding (MOU) on 24 March 2021 on sharing of data from their respective Continuously Operating
Reference Station (CORS) networks. The partnership intends to optimize government resources and
promote the use of Global Navigation 5Satellite Systems (GNSS), especially for infrastructure development.




Challenges

Technical issues with RF realization | Competency gap

* |Ssue

* Complex geodynamics make developing and updating
models difficult (i.e. inclusion of earthquake patches)

 Lack of local experts with practical experience in
modern GRF development and realization

* Strategy

* Tapped international experts to assist in the
modernization

* Partnered with academic institutions for research and

development (i.e. free access to data in exchange for
research related to GRF)

* Participated in international fora on geodesy to build
capacities and form networks




Challenges

Communication

* [Ssue

* Lack of appreciation of geodesy among
decision makers (Modernization should
have been completed last 2020)

* Strategy
* Creating champions for geodesy

* Incorporate modernization of PGRS in
the country’s Integrated Geospatial
Information Framework (IGIF) action
plan

Pambansang INisyatiba ng mga Agrimensor
sa Sabavang GNSS Campaign
(PINAS GNSS Campaign)

19 June 2019
National Geodetic Engineers’ Day

Geospatial Information Management: Implementation in the Philippines
(Baseline Assessment)
Kelm, K., Mercado, E., Arnold, L.




WAY FORWARD




Looking ahead...

» Strengthening of geodetic infrastructure
» Upgrading of PAGeNet (i.e. cloud hosting, densification)
= Densification of UGCPs, gravity stations
» Updating/refinement of geoid and deformation models (inclusion of
earthquake/volcanic events, 3D deformation) and distortion grids

» Establishment and maintenance of the Modern PGRS Geodesy Portal
» Policy revisions to update existing guidelines and standards

» Communication plan to encourage buy-in among the PGRS
stakeholders

United Nations International Meeting on the
Applications of Global Navigation Satellite Systems
05-09 December 2022 | Vienna, Austria



Looking ahead...

» Competency and capacity building gt

e.g.
DORIS, Vi8I

= Paradigm shift in how geodetic e,
. . Geodetic Earth dynamics
reference frame is realized and processng . N
maintained requires upgrading of B | Y
teChnical knOW-hOW not just for Geodetkp'msmgcms Geodetic R;’::::e datum -
Analysis Processing [
end-users, but also for people .. e it
. Analysis Small models
tasked to implement the ol
modernization o P
Analysis network il
OpenSource
Geodesy

= ‘Areference system without a
reference frame is of no practical
value’

.. dI efer ence SyStem and fr ameis A Global Survey of Reference Frame Competency in terms of Education, Training and

Capacity Building (ETCB): Results, Analysis and Update

useless W’thout people ut,“z,ng ,t Keenan, R., Craddock, A., Lilie, M., Sarib, R., Blick, G.




In closing...

“If a man does not keep pace with his companions, perhaps it is because he hears
a different drummer. Let him step to the music which he hears, however measured
or far away.”

- Henry David Thoreau




Maraming salamat po!

United Nations International Meeting on the
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05-09 December 2022 | Vienna, Austria




