I NTERNATI ONAL HYDROGRAPHI C REVI EW NOVEMBER 2020

THE
INTERNATIONAL
HYDROGRAPHIC

REVIEW

International
Hydrographic
Organization

Organisation
Hydrographique
Internationale

INTERNATIONAL HYDROGRAPHIC ORGANIZATION
MONACO

Publication P -1

No. 24




I NTERNATI ONAL

HYDROGRAPHI C REVI EW

NOVEMBER 2020

Thi s
Prot
part
expl
Or ga
part
t he

Thi
gen
pro

wor k
ection
may

i ted
i zati
and
ner .

O - O

s
e
f

cum
i n
or

w
do
r al
it

he
ri

eve
ut e

a —

b

Ma t
he
nt e
or
hen
e ¢

Thi
h e
ccu
ons

er i
per
rna
t he
tic
ons

O~ —h— ~+ 5

O -

H
a
I

~ 0 Q—

The |1 HO
per mi ssi on

E Copyright |

Logo

nternational
i s
of
be
A
on

Apart from
and Artistic
d, reproduced
written
right in so
t transl

al f
t ha
tte

mat er i
no mor e
prior wri

ent or
format.i
gain wi

parti al
on, on
t hout

h i
he

t hat
under

t
t

document
terms descri

nt
d

S or

b

al from ti

mi ssi on of t he |

tional Hydrographic
correctness of t he
t ext shall prevail

trued as constituti
d

| HO publica on

HO

mat er
The

ng an

ment/ publicat
not checke

case of

ati on] i
d this
doubt

oc S
h a

y .
e

tra
t he

u
S
I n
0

o

t
e

r identifiers
HO Secretari

or

he
from |

0
t h

Hydr ogr aphi

any

by

me
ati

rom
n a
n

parti al
above,

ed

i al

incorporati
endor sement

a
nsi

s hal

at .

use
Wor ks

permi ssi o
of
on

t

cost
agreement

[reference
Secretari
Organi zati on

trans|
ati
source

c Orga
tted
6), anc
ocess,
om t he
mat eri a
o I repr

o =

e
8
p
f
t he
and/

(
any
n 1

hi do

r €

cument
covery
of t he

S

ma|
t

5 —~+
® o
—
o o

extre
rmi ssi o
o) , wh i
roduced
on of
by 1 HC

t
(Pe
(1 H
rep

(0]
at

as

at
on an
ver di

not b e used



http://www.wipo.int/treaties/en/ip/berne/trtdocs_wo001.html
http://www.wipo.int/treaties/en/ip/berne/trtdocs_wo001.html

I NTERNATI ONAL

HYDROGRAPHI C REVI EW NOVEMBER 2020

. Contents
Editori al

by B. Connon, Editor

5
Articl es
-An overview of t He hNOA A gE NP ahe 7
by J. Nyberg, S. Peberi, S. Catoire an
-Singapore's National Marine Spatial Da
' GEOSPAER' : Enabling Hydrospati al Cont
tions in a Changing Ocean and Seas
by P Y Pang, P. Oei .

-Hydrography from Fisheries Survey§7
byWw. Bur{Clastlhter E. Meyer , A. Pl atel, C.
A . Kl e mm, J . Ri.l ey, B. Gall agher

-Evaluation of t he -nperaescuirsiinogn boaft hpyhnééster i c
scan sonar relative to multibeam echos
by LCDR V. B. Pi mentel, LCDR C. FIl oren

-El'l i psoidally Referenced Surveyings Tec
by M. R. Ma h mud, M. H. Hamden, A. H. M

-Accel erating the usage of Earth amxd Oc
Hydrographic Applications

by R. Ch®ni er, K. Omarii , E. Bl ondel , M
-Thirty years of Satellite Derivedi29Bat h
that Hydrographers can no | onger ignor
by J Laporte,amd Ool Auind. Avis

-Morphogravimetric Characterizati oms of
Regions of the Brazilian continental s
by F. Pereira Batista; G. L. Gal ve«o Te

Not es
-The Canadian Ocean Mapping Reseanmgh al
( COMREN)

byr I . Church, Dr. S. Daniel, Dr. S.
J. Lafl amme, Dr. A. Knudby, Dr. S. Bi s
-Hydrography in Remote Areas 181

by I . Davi es.



I NTERNATI ONAL HYDROGRAPHI C REVI EW NOVEMBER 2020

h

o O

<o~
.~ 0

-

no -

Survey with Autonomous Su
de

T UXI
< -

i
G
i

o o
> 0o
o cCc o

i
m t

-New Progress Report of Unmapped U205. W
by M. Westington, J. Varner, A. Armstr

-HYSPEC v2.0 published 207
by Stuart Cai e

-FI' G Commi sisHydr olgr aphy Wor-R0OP2)anal@eol
Commi ssion activities
by M. R. Ma h mud, N . Hewi tt, G. Johnsto




I NTERNATI ONAL HYDROGRAPHI C REVI EW NOVEMBER 2020

T

Edi tori al

3

)8 @

Wel come to the November 2020 edition of the
my hope that this edition woul dteeaeg &ifeofb
remain constrained and frustrated by the g
stopped the businé&swsr wdy shyarreo gbhaipimy conduct e

s88

I
u
I

¢ produced and data is being made availabl e.
embraced online meetings to ensure the | HO w
across the worl dos time zones. Significantl
Standards for Hydr®ddr Edhib6g Shmateypeci fies a
and clarifies existing orders. -4 il 6, rwltic

M can be folutntdpshérého.int/ upoladds |FEidietri/ @ b6./ G.t Gank

) M Inside this edition, we start of f with two

- 2 hydrographic offices who are contemplating ct

= M of a spatial data infrastructure. First, an |

o )] Rescheming Plan, followed by an overview of S

- W | nfrastructure highlighting the motivation a

M next two articles provide insight -anddirteicmma
M sonars for hydrographic survey, including NOA
Pha-sMeasuring Bat hymetry Sidescan Sonar. The
] shares their thoughts on the establishment an
m hydrographic surveys. The | ast three articl
satellite dat a. The Canadian Hydrographic S
satellite based earth observation dat a; ARGA|
d for greater acceptance of satellite derived &
M and the Brazilian Navy shows the potential be
satellite altimetry observations with bathyme
] The six notes in this edition cover a wide r
W surveying, survey specifications, and the cur
MW Of particular interest is a best practice gui
o hydrographli cansusruvreey you will find it informat
M of these systems. Finally, the substanti al
B FI G Commi ssion 4 (Hydrography) are presented.
‘jj hope you enjoy the articles and not es in
8 wi eeangi ng, relevant, afgd owe hhe ktniowd edfet had
W hydrographic community. Donét forget to su
MW January 31, 2021. A speci al edition of t he
fﬁ pl anned for release in April 2021, as well
works with a goal to increase accessibility
| HR. ltds a great time to be a hydrographer!

Brian Connon
Editor
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AN OVERVI EW OF THE -9NOHWRAMIENNE& HMRIEAN
By J. Nyb®er drle®er iat®di rHar mon

(]

B8 080
sseanae

| 8 8
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[ ]

1-O0f fice of Coast Survey, NOAA/ NOS
2-Center for Coastal and Ocean Mapping, UNH

%‘5
Abstract

=

- he scheme (or footprints) of NOAA El ectr

based on traditional paper/raster charts f

W modernizing current ENC coverage to impro
g digital environment, increase their | evel
M data outside of the existing bounedFsi risg 0c ¢
| W ef fortschamireg approach was devel oped t o
coverage that can easily be segmented or e
= M available data and scal e. In this new r e
= fewer than a dozen chart scal es are used
- M in the paper chasdhesméd epnegn dlhseo rai ms to I
2 WM mariners who prefer paper chart s. The un
= d create customized charts with a new onlin
- M created one production line for both ENC
W products that wildl reduce production resou

Key &Mds: El ectronic Navi g&tcihemal, Maan ne; NRe
Chart Producti on; Producti on; El ectronic C

l‘R®sum®

-
-
[ ]

Y

‘EEEENN]

Les sch®mas (ou empreintes) des cartes ®I
NOAA sont bas®s sur |l es cartes traditionn
ont ®t ® tir ®s. En cons®quence, l a moderni
afin doéam®Iliorer l a mani re dont ces dern
ment num®ri que, déaccro” tre |l eur niveau d:
l ev®s suppl ®neint adee sl iami t es exi stantes, S

|l e cadre deENG@GI ms tdieatliav eNOA A, une approche
tion a ® ® d®vel opp®e afin de fournir wune
me nt °tre segment ®e ou ®tendue en se basa
es donn®es disponibles et | 6®chel l e. Dan
| ®

I

débune couverture en ENC mail de mani |
do®chell es cartographiques sont utilis®es
| ement utilis®es dans | e sch®nmsac hdBemad & rstad g
vi se ®gal ement - am®l|l iorer l es produits

cartes papier. Lébuniformit® des ®chell es

cartes personnali s®es avec une nouvell e ar
cr®® une |l igne de production © | a fois po
navigation raster (RNC), ce qui r®duira | e

jour de deux produits cartographiques.

Mots <clc@gtes ®lectronigueaeh ®&nma tniasvaitaiaitg atni
mari time oduction ;capn odju @ipyhdtqunee de vi sual
cartes ®l ectroniques et doéinformations.
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o Articles
. Resumen

g esquema (o el bosquej o) de | as Cartas
- NOAA se basa en |l as cartas tradicionales
M Como resultado, l a modernizaci-n de | a cc¢
4 modo en el que se Vvisualizan en un entor n
M i ncorporar datos de | evantamientos adici ol
M compleja. Como parte del €sfrserzo sede dlea a |
B enfoque en materi a de restructuraci - n p a
M i nterrupciones y en forma de mosaico, gue
I ampliada bas§§ndose en |l a ubicaci-n geogr §f
M En este nuevo enfoque de cobertura ENC re
m una docena de escal as de <cartas (por de
q utilizadas en el esquema de cartas de pap
M tiene por objeto mejorar | os productos par
de papel. Las escalas uniformes permitir§n
|l izadas con una nueva aplicaci-n en | 2nea.
de producci n para ambos productos, | as
reducirg8 | os recursos de producci-n para
cartogr8ficos
Pal abrasCarltaaz®: NSuti cas El ectr -ni cas:; Re :
Mar i na; Producci -n de Cartas,; Producci - n;

de Cartas Electr - -nicas.
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1. I ntroduction

The I nternational Mariti me Organization (1 MO) re
charts and nautical publications for planning an
voyage. The | MO has adopted the use of El ectro
vector charts with a standardized content, stru

n
c
Hydrographic Organizati®n %t HOdarrddORPubIEINCast acmr
i n an Electronic Chart Di spl ay and I nf ormati on
information display system wused for nauti cal na
navigation systems, such as GPS, RADAR, and echc
adopted as part of carriage requirements for s h
ma tory for certain regulated vessels in July
st i n use, more and more mariners have switch
r Navigational Charts (RNCs) that can al so
her with an apqmoeer ipatpeerf oclhiaoo t af imp t he abs
However, RNCs only meet | MO carriage requ
y. Similar to RNCs, ENCs are produced at varl
r
r

-3

o
3~ rQ®n —3
Q3o ToO T Qa

a
I

e

t

)

t

e of RNCs, produced at various scales, for e
ore than six different scale char-a$ soocal fed
e biamdwhich only one chart at any scale can
di vision between the ECDIS scale bands is L
view (Band 1), gener al (Band 2), coast al ( Ban
hing (Band 6).
f
0
u
I
e
n
u
t

or mat , i nformati on, and intended usFds saf N (
ach, have not changed much over the past 15
ct, more than 20 years ago, the size of co
d (UNCTAD, 2017), modern navigational systen
ational boaters have joined professional m
e and coast al users of all types are expect
res, higher resolution of depth informati or
s and chart updates that are more frequent.

Oz *O P TOAHCS SSTN
P —— " O)ITSTOS TOVDDMO T IT ODSTVWOC —O
DY S OSHSO0OT DO SO0

— —+ —

digital production environment, the provisi:
reamlined into a hydrographic office (HO) [
l ine and depth information as shapefil es, p €
ids to navigation data as Excel spreadsheet :
ing production |lines that are not consi st
s -FENG t approach, it has been i mportant t o
a ze charting products within the same sc:
al so important to be aware of the technolo
y systems on marine vessels, establishment
rtal-saviagat inooon applications that only inc
S . As such, the goal of this report i's toc
of NOAAbBesmeffost ENC sBEiteE.

h 8, 2017, NOAA invited the public to pro
CP) . The NCP is a strategy to i mprove NOA
u
r

“wn o

e

® > oo

T DQA—WnwWZoo uno—
z co T-—>>"

womow

't consists of two parts: the firs
ts and their di stributi on, and secon
i mprov product s
symbol og
current

coverage

ncluding changes to <ch
ntifies and explains ke
he ENC products and car
be segmented or extende

, i

i s gua

enges with t
ca i1y
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dat a
pres
shap

scal e. Examples of NOAAOGs regional char
in this papPierstoappldoaastchat eat het &NcCar d
12

n
ted
NC cells using no more than scal es, [

and
ent e
ed E

2. Key issues resulting from ENCs derived from RN

Mo st
band
navi
of t
sour
mar i
di sp
gui d
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Tabl.e
range

commerci al ECDI'S displays allow their users
S . I n order for a mariner to manage ENCs ov
gational bdsaggui red® 8HSydrographic Offices (
heir publ:i ed ENC cells according to nav
ce material used to compile them (1 HO, 20
ner with different information based on t
| a 02 an®872&0%) PrddweverSpecthéi 6a
a appropriate scale ranges to b
| so identifiHddhei metneer atozae XD
en [

r

o
» — >

m t displayed in ECDIS7usaitng.i
0; Leder, 2007). The SCAMI N attribut
e. g., for an ECDI S presentation) and a
nd purpose. Thus, an ENC is not <clut/
hich the data was originally compiled

Do N—Tm O

|l HO recommendation for scale ranges
fter some | eading HOs had already deci
compile their ENCs accordingly (1 HO,
at t hats tainnde a( ISHOAMI N paper) strongly rec
a navigational pur pose baTsaehd)eoniWt hb ENEGO6Ss
tationship and interaction between usage b
|l arly problematic and it is difficult to
s and that are acceptable to all HOs wit
ForTabx®m@lsents the different definition o
anadi an Hydrographic Office.

DO DOQOLDy ™ OO @O
o =
~+
o

3 <

IlInt erdependence of usage band, navigati onal pur pose
(according to | HO, 2004a and b).

Usag
Band

A1

eNavigat|i oR®] Recommendg¢ RaSaal eRajngesAvail abl
Pur posie Ranges (1: ( NM) compilation|scal e:

6

Berthifng > 4,000 < 0.25

5

(0]
o

Har boulr 4, 01001, 999 0.26. 75

Approafch 22,080, 999 1. -3

ol oo| oo
ol oo| oo
ol oo| o

Coast 4 90, 0@@9, 000 6-12

C Ul © ol i d

Nl F el an| e
O O]l O.

o o] ©
[eNe] o)
[eNe] o)

Gener a 350, 0D,0499, 9p9 2448

w
[@Xé]
[eNe]
[eoNe]
o o
[eoNe]

Overvilew < 1,499,999 96200

10
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Tabl.e I12nt erdependence of usage band, navigati onal pur pose
range (according to I HO, 2004a and b).

UsagleNavi gatlinv@mmA Scal e |[RamPeScal e |[Rath@yeRecommendled Sca
Band Purpos|e (1:) (1:) Ranges (1:)

6 Berthilng > 5,000 > 2,000 > 4,000

5 Har bodr 5, 0i0510, 000 2, 0020, 009P 4, 0001, 999

4 Approalch50, 0as50, 000 20, 0®D, 00]0 22,080, 999

3 Coast 4l 150,-6@0OD, 00050, A0, 0Pp0O0 90, 0G@&9, 004

2 Genergl600, 0D1500,(0080, O®HAO, 000350, 0OD,0499, 999

1 Overvilew < 1,500,001 < 500, 002 < 1,500, 0QqQ0

ompilation scale created sever al key issues wit

As a result -FINNOAtAGApRIN€Cach and interaction betwe
c
their distribution (NOAA, 2017):

TToo many alarms on caution areas are shown in
fUncertainty values associated with HAreported, C
mat ed dangers are not well defined.

fLimited description of depth areas in key | oca
f1lrreqgularly shaped ENC cells compiled at over
di scontinuities between neighboring charts on
fCurrent attributes to NOAA chart features are
good for recreational mariners.

3. ReScheme Plan for NOAAO®GS Charting Products

3. 1Standardizing Scal es
I n order for NOAAOGs charts to comply with intern

mended usage bands with two compTiadaba)ei olloweabkes bhn
-dependent compilation scales were selected for N
that are dependenTalolne. r3daer ofamgesarfly dependent s
di splay of charts in ECSedivspgleays Adrsad, dii ft f @ rse nsti
vertex points when generalizing a l|l-dependectal eha
The only difference between the I HO recommended

the scale division between Band 5 (Harbor) and B:
scales at 1:5,000Tahbétsad®ddwsoff olir 4,c®ninon binary s
transition -betilveehsocladmgeéclharts (i . e.-162®o0 c4®26, Maps
and -502600) . Because of the | arge number of ENCs

1:10, 000, 1: 20,000, 1: 40,000, and2Q: 8¢a0@0 | scsal e
BlnarSFalbI)enSBeemed to be most apprsachreineetde EfNCr sNQ@A A
a resul t, f ewer charts wil/ need to be rescal ed =&
feature can directly transfer f rsocchheanerdr ecrhtarNGAA N
currently focusing on producing continuous cover
territories (within NOAAG6s charting responsibilit
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scal e. Principal ports (based on cargo, fisheries
1:10,000 scale or 1:20,000 scale.
Tabl.ee CdPmmon binary compilation scales divided accoirding toc
Google Map Scale (Lee et al., 2016).
Navigatli NOAA Adapt ati®map NOAA NOAA NOAA
Purgos ofn Il HO Recommemdandée¢dBi naryl Binar BRinary 3
POSI® ey scale Ralngecs1(n:l)y (1:) (1:) (1:)
. . 2,250 2,500 3,000 3,125
Berthifng > 5,000 4 500 5 000
. 9,000 10,000 6, 00040 6,250
* H ) ) )
Har boufr= 5, 0021,999 43 "90d 20,0060 12,000 12,50/
. 36, 00¢( 40,000 24,000 25, 00100
;;.) q 3 ) ) )
Approajch22, 088,999 75" 904 80.000 48,000 50,00
} 144,000 160, 00096, 00/0 100, 000
Coastdl 90,08@49,0Q90 5535 " gglo 320, 0do192, 0p0200., 060
. 76, 00]J0 640, 000384, 0po400, 0600
Ge”era'35°’on'°499'9915",152,3010,280,007&38,000800,030
. , 304, P00, 560,000536,010,0600,|000
Overvijew < 1’499’99%,608, D050, 760, [080072,/]090,0200,{000
* NOAA divides the scales between Berthing and
recommended BybldO2( see
3.2l mproving Charts Schemes
The second el ement of the plan i NOAAeahdompmiyntot
HOs built their ENCs by digitizing paper nautical
ensure that the two products mBitcéedparmnathi gmhert
to point out that ENCs do not need to follow trac
the 5 MB ENC file size restriction (I HO, 2000). A
fixed cell sizes and standardized scal es. A st at
the continental US showed that the calcul ated ce¢
linearly dependent on the scal e, i . e., progressi\
the (larger size)igmhel &hescalasooaefflos e€xcluding
State of Alaska was to avoid the introdulcatiiotnu dod
charts that contain distortion, respectivel y. A
band. -sAclhle meed ENC <cel | boundaries follow |Iines of
rectangul ar in a Mercator projection The referen
for each of the usage bands, and it i s possible
copying the footprint from the fishnet for any | o
usage band was calcul ated based on datTaabvicel ulme. r e

12
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Width Height
'gf- ok E Sx +0.0385
@ 0.8 . - 0.975 o
™ pe w
g 0 g 0
3] o @
8. .o 8- o«
_C b = 0 o
= - *
S B g
Scale (1:K) Scale (1:K)

Fi gur®calt.ter plots of average NOAA ENC width (along Il atitud
of scale.

I n the past, each ENC cel | wa s mai nt ained withi
rescheming ENCs difficult, but now al l NOAA ENCs
database called the Nautical I nformation System
enhancement s, such as the edge matching of dat a
scal es, and increasing the conformity of featur ¢

footprint di mensions are sepaRiaguerc oigdtt:o {dlreSe t @e o

48eN)-|l ami dudes (48eNl atoi UGNy @drdle Nigdr 80eN). The
t he di st otrltaitont uadte hciaguhbsed by the projection used
date this, the width of t HeatENQ@ detemltli sb uinse dd o walnlide dd
again f- ami mudelsattiaFuddiegsdhx ampl eENG@G ®Balnlddos5 wi dt h i s
| olwat i tudes , -l &t ilbgdas, ma-hdt 0t 8desat high

Width Latitude

Zone Extent

1 64'N - 80'N P

1 48°'N- 64'N Z7 TN

0" -48'N
I Equator el I:“"‘*_:I
0'-48'S Zend 1

1 48°S - 64°S

1 64'S - 80'S NZem L
Figur8chRematic illustration of the three geographic zones
NOAAds ENCs.
The United Nations Code for Trade and Transport L
each port by a unique three |l etter i1identifier in
the restsohfemede ENC cell s at the same scale band.
name in English|1&0O RBd6&r, e whleedteti eirh ei dtewiot i f i er of
us) were ignored. Thus, t he Pri nlcatptler Pmpartt EdNKCd ec
fourth, fifth and sixth characters. The |l ast two
respect to a given reference. The sout hwestern c
where the seventh and eighth character represents
tude, respgatyiev®&py n@oi ple port ENCs the U.S. stea
fifth characters, followed by an |nteger delineat

13



I NTERNATI ONAL HYDROGRAPHI C REVI EW NOVEMBER 2020

The seventh and eighth characters are the cell I
port | ist was UOUNAtBOGOUHE f CodelflbiesteaZhl tountry (cu
was publ dshgd hixd dp)::// www. unece. org/ cefactlhocadcels
where there are two or more Principle Ports next
the | argest Principle Port wildl be used for the E

Geographic location

1

Production code «= [US|[5(|SEA|EK| = Cell Location

!

Usage band
Fi gurNeanB.ng convesncthieome df oBENQG ecel | names.

3.3 Generalization
NOAAOGs generalization rules follow | egaeby8 b(elsHO,pr
2018hb) al so uses lankarl i dathoedgdeawki ch contains
Greater than O0.3mm at compilation scale. 0 As such
tion dur-sobgemhegrprocess included: 1) mi ni mum ve
scal e, 2A)i ndeo ufbelaet ur es -Ibenceo niee aat usiengdheen t he di st ar
are less than 0.3 mm/scal e, 3) and any branch 1
to the trunk feature (e.g., shoreline or rivers)
dat a. It i s i mport anbt8 troefreoatse ttoh atthet hneatliW@ S pat
ENC features, i . e.-84i.s Hoewegvrearphi ESRVGSand ot her Gl
truncation i slsawvel wdadlhc uledteirons (six digits after
potenti al GlI'S algorithms, NOAA validated and gen
or the distance between two |ine features using
(e. g., Uni versal TTraabnl 3ev e4The Meairt paittori)s (an ENC pr
coordinate system with vertex density |l ess than 0
Tabl 8OAA6s recommended vertex and |line distance density of

Scal e Vertex density dnRBerspemdiedulnaer | ine |[feature

threshold (0.4|mm/sca(@)8 mm/ scal e)

1:10, 000 4 m 8 m

1: 20,000 8 m 16 m

1:40, 00 16 m 32 m

1: 80,000 32 m 64 m

1:160,]000 64 m 128 m

1:320,(000 128 m 256 m

1:640,|000 256 m 512 m

1:1,28¢0, 000 512 m 1,024 m

1:2,560, 000 1,024 m 2,048 m

1:5,120, 000 2,048 m 4,096 m

14
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4. Resul ts

4. 1Current production effort
NOAAds Marine Chart Division ( MCheniasy wvdrak d e ntgae

a series of production steps that are -selpamaded
NOAA ENC should have an authorization | etter t ha
Following thisschemddctENCS ofhctaedes: 1) generald]
priate scal e, 2) compiling features as function
connection of contour s, shoreline, depth areas,
chart note files. Furfstchemmear e, NCa rs hbdiil tdi o mprid & rwa
vertex density rules of no more than 200 vertex
at compilation scale (1 H&,chZ2nke&b)ENCPhwaisle tiwoc | aifd
recompil ed hydrographic contour s. The recompil a
Nati onal Bat hymetric Source (NBS) dat abase, whi c
soundings and contours (currently, compiled in f
ENC production) and ensure t hsadhetnheed laarteeasst (dRaitce
2020) . The NBS will ensure that the | atest data
mai ntaining proper supersession rul es bet ween d
automated approach wil/l save countless cartograpt
gual ity of t he ENCs. Edi t i esnc htemri eng, ptrivecefcsisnalwi $
addition of topographic contours and feature pl ac
Once edition three is complete, the cell wi || be

to provide the maximum increment al benefit to tFr
rescheming process to be completed.

According t-echNeOmadpl ap ( NOAA, 2017)sciNORAAN g asf fsdr

the band 4 space in order to produce continuous
(within NOAAOG6s charting responsibilities), Two a
due to existing coverage in a corresponding scal
the new coverage, and 2) Approach sc¢csadel e hmrrd du att
use in confined bodies of watsehemand cwiveh aOALsGAR
for coast al navigati on iFn gwuhiel |dilsetcrtartoessic tNeOsARAVOIEE @ me!
for the Great Lakes. NOAA has also started worKki
intends to work on band 3 Hingutrhkea Bree awCDf U tsu rweo.r KA <
di fferent geographic arsabemeothd thartsunt Thet me
is to ensure that ehabedfcaheogi aphiegi o@mams ybui |
ously while working to demonstrate the benefits t
Fi gurdOMAOGs cheme plan for the Great Lakes (Band 4). Red poly

the blue rectangl eschepreals €ENIC tcled | mew r e
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N/ Status of New NOAA ENCs

+ [a
Regina

eI -~ v
frece

This interactive map shows progress in gridding the
NOAA ENC product suite, as described

in Transforming the NOAA ENCE®: Implementing the
National Charting Plan.

Minneapclis

The layer list shows each usage band's status as:

« Completed = ENCs released to the public Kanzas City
.« Final Quality Check = ENCs undergoing final
quality checks at IC-ENC
- In Work = ENCs actively being created
. Planned = new ENCs planned to be made

Cklahoma City

e ]

Ottawa

i

-
Boson)
Prontence

MNew York
Fhiladelptis

Fittsburgh
clumbus

Washingion

Hashville Greensboro

Raleigh

¥

Enaxville
Memphis Charlotte
Greenwille

Tgdana Tucsan T Datas
FigurCnlbi.ne GI'S used to displsaeyhepmreadg E&l€scoVvecagating r e
4. 2Challenges in production

Coordinating the produstcheoemednadharetl ewlsiel eof e ras urrei |
has access to a accuhrermeendt cthhaer tpries akin to changi ng
movi ng. Large amounts of data must be applied tc
charts are being built; the old chart must be r et
new ENC release, or overlap errors wild/l occur .

(rather than individual cel l) communication with
production are as foll ows:

Bat hyméeApplying bathymetry is one of tmwmehmmstihgch
project NOAAds aim to apply the most accurate

metric requires complete recompilation -tshmaay a
coverage that is deemed acceptable to support n
requires additional dat-araditiechabnmeadheofusgatle
Airborne Li DAR Bat HDyemeitvreyd aBnad hSanteetlrlyi,t ear e empl oy
of data are only wuseful when the waters are opti
than 6 m (Pederi et al ., 2014) This issue of ¢
chall enge of <creating | argesschembéd pladuthsat asop
exi st Creating approxi mat e, dashed |ine, contour
chart production (exampl e: 1: 40,000 data <creatin
but is possible The same approach cannot be use:-
accuracy for soundings on | arger scale charts. A
the mariner was cBHMC.di N@AARAdI wi eht h&@€si astically v
Nati onal Bat hymetry Source database (Rice et al
expedite the compilation process by automating da
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z l'ine and Agpolmeqdn ohedt abev e, mo s t ENCs
oduct s, resulting in severe over compi |l
e vertices are closer than 0. 3mm/scale
that represent only a single feature. TEF
proper zoom | evel and requires more effor
many charts can recei ve -5n8u nwlarrendisn gosr deuvreinn gt
tion process. I n addition, there might be
n the depth and | and areas. Al t hough there
is a need for manual editing to reduce th
gy of all the Group 1 bounding features 't h:
(e. g., shoreline). As a result, production t
oduct s. Several possible solutions are being
ocess, but a final solution has not yet been in

[ I N(e]
—_ -
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e
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—oo0Q- gc w0~
D QD o
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(@)

mmuni cafAi bhough communication with the public
all enge, it has been met through a series of
rough NOAAGOG6s regional navigation managers. NOA
NOAA ENCsoO wvhetht pmap / @i stribution. chartlathoahogsyvl/a
wherascthemi ng i | nned, i n wor k, in final gual it
pl ans for the NC scheme are subject to chancg¢
The coverage a the scale may end up being s
map wi l |l refl e anges to the planned | ayout as

00 DT~~~ o<0® O -

>3S0

5. Discussion

5. 1Rasterization HD Charts

Despitesdctheme epl an described here, raster f or mat
mariners. With NOAAOGs new plan to standardize a
for digital di spl ays, the question is what s th
used n navigation systemdaseéd madeatenancae | Dyws tae

i
ble to translate encoding attributes of vec
S

possi

| abel , and therefore simplifying workflow proces
2019). One of the gr esadhemidreg bprnejfd dats ios tthhaet riet
anot her charting service that NOAA is providing,
(https:// devgis.chart tTdhiel SN.CCo aaal .l goows/ pwsdedr s t o def i
for a paper chart and includes customizable set
contour to name a few. Since the NCC uses the N
greatly improved when the ENC suite is wuniform in
chart at 1:40, 000, but half of the area covered
the paper output wild/l only show half the | evel C
data available. Al so, features |ike depth contour
end. The use of only one or two scal-&schdma efafcdr
should resolve these issues.

5. 2Reschemed products Dissemination
NOAA is a member of the I nternational -EMQ)X.reTHios

is a Regional ENC Coordinating Centre (RENC), w h
Navigational Chart Databa€dC(WENDdapeisn ®NOAIAe ENCTSh
the [I-H®O Sheck | ist and distrBENQtiess acdwet elhyaritn wolow
resecheming process for a number of reasons: 1.)
considerably mor e effort than wvalidating new ec

17


https://distribution.charts.noaa.gov/ENC/rescheme/
https://devgis.charttools.noaa.gov/pod/

I NTERNATI ONAL

reschemed ENC i s
wor kl oad
been subject
coding to
e exchange
tion chain
ovided with a
heme dramatically
creases safety,
mpl exity of
pply and user
sources and
cure production |

a

t o a
refl ect

w - o T unuT O T
O Dd®cC OSSO " Q9 IS5

6 .
NOAAOGSs

Concl usi

-RIiErNsCt © i
seaml es s, grid
|l ocati on, avail
cell s, retiring
rescheming the
tories (within
ts wild/ be
regi onal
NOAA |
wor k
bat h
ef f
ma
t h
at a

ons

DO D= —
-

er al

try
i n

nw o Qo "

S
n
e
t

—0OT S T —h=
o

ge

y m
e or
o] ny a
t roug
t hr
st
nti

o

ug
nd

ng

031""—x3

-+ O

u
h

0
a

OCTCTYPPQ@3IT O
TS0 TS OO RO

Q@ =
-0 —*"n O
n ==
o mw oy —
-

©

-

\‘

Ref erences

- Ence, Cc. ,
Product s.

-l nternatio
Hydrographi

-1 HO (2002) .
wWwWw. i ho. sh

-1 HO (2003) . Mi nut
Bur eau, Monaco,

-1 HO (2004a). RecoO
COMMI TTEES/ CHRI S

-1 HO
-1 HO
-1 HO

(2068afFacétb
(2018b) .

ab

HYDROGRAPHI C REVI EW

bet ween
-slahéemgna.
s eaml

among
accountii
per mit
personnel

conducted in
areas
wor ki
due
t omat ed

t he
h
a

(2004b) .-ENRpECoOmbBnNngt EG€cCcY,

ENC VALI

NOVEMBER 2020

firsthemdingoworckfalrow hENC recr
considerably.
new

Additionally, these new ¢
edition for some time, and
t heENQG tceasrtr ifiebse sotu tp raa cvtiitcael 0 ;f uZ
new and old cell s. This REN
cEhils rensures that mariner
ess coverage, and the 6ol dé
increases theFimwmeerdVhdfl eEN
ot her t hings, it al so i
(i .e., storage space, Co
g e rserhetmeo nwar kKAd owar tNOAA
to cooEMNCnhndtoe mahent @d® mmuan
that can reliably deliver

ng

ne

t i-yveea r-6 nrbek md a g t hat '
coverage that
data and scal e.
ol d nbaarseesd aBEN® cd altled. WNOAA t
4 space in order to produce
NOAAOGs <charting resplemirmg]l i
key U. S. ports, but
in all usage bands, as it W (
ng through multiple challen
zing line and poly featur
tsc at ke pcompick-sc¢ me & unlad d
conducting validatdi for nev
cartograph cesses t
scales in a aster t|
t US waters t wi || i mpr c
scales whil e greatly
ng ENC data as source.

pr anud ati
can easily be
A BeWwemadi nc

gon
doe
on
: or

i C o]
much f
hat

(0]
r
u

, 209 .r sEromepariamgd Ria
-B1loxi, MS, U.S.A., M

¢ Organization (1 HO)
ition, | HB, Monaco.
h TSMADWG meeting,
05.)

th TSMADWG meet i

Oc

es 0]

ng,

mmendation for Consi stent ENC

(1. 6. 2005.)
cL

ectroni c

47/ 2004, WWW. i
charts Car
6P.ulb.10i ,c aS e pot

el and

DAT I &N8 EaH E A KoSn,

out

18



I NTERNATI ONAL HYDROGRAPHI C REVI EW NOVEMBER 2020

- I nternational 1 | MO amendment to Safety of Lif

- Leder, 2007. Specificity of ENC Data iRepresent
Example of the East Coast of the Middle Adri at

- Lee, Y., Kwon, P. , Yu, K., and Par k, W. , 2016 .
Clustering Cr iSeenrsiian go fDaltoac,atlinotner #h atf ioo mbalt | bour n
(9):1510.BO®PO/ijgibo090151

- NOAA, 2017. Nati onal Charting Plan: A Strategy
Coast Survey technical memo f or Iptutbps:c/ comment
nautical charts. noaa. gdv/amsloirenat ii @ms /pdlédcs/ ENC

- NOAA, 2020 TransforE:miInrgpItdﬁmerNtOiADAg EtNlcCe Nati onal
Of fice of Coast Survey implementation plan for

- United Nations Conference on Trade and Devel op

a
ownership and registration of the world fleeto
New Ybrkps:// doi.orglelnD.. 18356/ 56ee8449
S

- Pe'eri, C Parri sh, c., Azui ke, c., Al exander
Remote Sensing as a Reconnaissance Tool for As
Compl eteness, Mari n€8l@eodesy, 37: 3, 293

- Phar aoh, T. , The Present Status of Smal | Scal e
Al l ocation of cells to Usage Bands 1 (Overview
59 November 2008, 1EHRI S19

- Ri ce, G. , Wyl lie, K., Brennan, R. , Koprowski,
Nati onal Bat hymetric Source, Canadian Hydrogr a
Canada27 2Mebhutpy:// nautical chart s. noacah agrotvi/ mpgu b
-pl an. pdf

8. Authors Biographies

John Nyiberghe Deputy National Hydr ogr apher at

Nybergbés previous positions at NOAA include chi ef
from 2010 to 2020, where he directed Coast Sur ve
changing the operati-masded foltarst focompiplaapteiron t o ¢

charts Prior to his work in the Marine Chart Di
Navigation Services Division, mcEyv icnagr tforgomplbreirt & d
division chief where he managed t BaypmHydurogmearpth e
and initiated the modernization of the Coast Pilo
Nyberg has a bachel ords degree from the Universi
masterdés in international management from the Uni
a PhD in geographic science at George Mason Uni v
Fl ori da.

Dr . Shachaiks Ptetber currrent Di vi si on Chi ef of Co
NOAA. Dr . Peberi's previous positions at NOAA, i
Group and Chief of the Cartographic Support Bran
earned his PhD in Geophysics from Tel Aviv Unive
Center of Coast al and Ocean Mapping (CCOM), uni v

and George Mason University, VA, USA.

19


https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.3390%2Fijgi5090151
https://nauticalcharts.noaa.gov/publications/docs/ENC-Transformation.pdf
https://nauticalcharts.noaa.gov/publications/docs/ENC-Transformation.pdf
https://doi.org/10.18356/56ee8449-en
https://nauticalcharts.noaa.gov/publications/docs/national-charting-plan.pdf
https://nauticalcharts.noaa.gov/publications/docs/national-charting-plan.pdf

I NTERNATI ONAL HYDROGRAPHI C REVI EW NOVEMBER 2020

Col by Harsmoan st aff cartographer and project ma n
At mospheric Administrationbs Office of Coast Sul

Geospaniaelli gence Agency and its predecessor or
devel oping and maintaining specifications for s e
symbolization throughout his career. He received
the University of Connecticut and a Masters of &
Joint Military Intelligence Coll ege. Prior to o
served in the U.S. Air Force as a geodetic survey

LTJG Sydneys&€rnvesraeas the Project Manager and T
Of fice of Coast Survey, Marine Chart Division ( M
appointed to the NOAA Commissioned Corps in July

Ship Thomas Jefferson prior to working in MCD.
Catoire serves as the U.S. representative on thi
Group for the South West Pacific Hydr&g€Capédgor \C
B, |l HO Certification in Cartography.

20



I NTERNATI ONAL HYDROGRAPHI C REVI EW NOVEMBER 2020

e —— T

SI NGAPOREGS NATI ONAL MARI NE
SPATI AL DATA I NFRASTRUCTIURAO N:GEOSI
Enabling Hydrospatial Context

Applications in a Changing Ocean
By P. Y.AanRlarPd ? Oei

'Maritime and Port Authority of Slngapore
Member of the Hydr osphlastiiaalNoMioev ement Cl ub

N7
%\“'Abst ract

The establishment of nati onal Marine Spat
been geographically uneven due to challen
human <capital. Further more, actualising M
hydrospati al applications, poses another

nati onal MSD-BEeg, Gebbpapaper wuncovers- four
Seabs devel opment and describes three ¢c¢ha

confronts when actualising its envisaged
over ti me, space and the MSDIG6s maturity.
geospatial management , MSDI s would foresee
the value of spati al data and in revealing

l‘R®sum®

mi s e en pl ace déinfrastructures de d
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natlonales a ®t ® in®gale sur | e plan g®og
financement, l a volont® politique et | es
M tion des avantages des MSDI, la facilitat
M tiales, repr®sentent un autre do®&fi. En wut
M GeoSp-Sea, cet article d®voile quatre-cata
B SpaSea et d®crit trois d®f i s auxquel s es
M ®mergente lors de | dactualisation de ses
varier dans |l e temps, |l 6espace et selon |
gestion hydrospatiale et g®ospatiale int®
ment ~ °tre essentielles en vue de | i b®re
r ev®l er des perspectives pass®es, pr®sente
.Resumen

estableci miento de | as I nfraestructur
Mar|nos (MSDIs) ha sido geogr8ficamente d
financiaci-n, la voluntad pol2tica y el ce¢
| os beneficios de | as MSDIs; |l a activaci - -n
cial es, pl antean otra serie d desaf-?2o0s. ;

e
GeoSp-&8ea este documento revela cuatro cat
GeoSp-&%ee¢g describe tres retos a | os que st

emergente a | a hora de actualizar sus be
podr2an variar con el ti empo, el espacio

gesti-n hidroespacial y geoespaci al i ntegr
siendo fundamentales para desentra€far el

desbl oquear el val or de |l os datos espaci
pasado, el presente y el futuro.
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1. Introducti on

At Singaporeb6és World Hydrography Day <cel ebrati
Aut hority of Singapore (MPA) of ficially announce
Data I nfrastructure (MSDI )Se a(dMatriiattiinvee, ancdal Pedt 6/
Singapor e, RWilYLa) nitiative compl elmasned Spagiaplor
infrastructure (SDI). The MPA <coll aborated with
representatives to deliver the marine component
| a+adh-dea i nformati on gap t hrough dat a har moni s at
particular those that are Open Geospatial Consort
At the national l evel it was agreed that a conti
ment al to addressing issues such as sea | evel roi
GeoSp-&ea aimed to establish partnerships, i mpl em
(GI'S) infrastructure and provide access to goverr
to create access for institutesseoef dgighes, |eaha

repository wi t h t he -4 nmegrdaattiao,n aonfd neenaarbulseeerahly dr
applications.

MSDI s are an embodi ment and enabler of hydrospat:i
marine and coast al spati al data and information
safety and efficiency of navigation, such as mar
research and devel opment, climate change researc
new proposed branch of applied science to study t
in the ocean and sea space, and how they are app
EconoMonce, 2019;. Hai key aodeantage of geospati a
geographical context to observations, l i kewi s e, h
the oceans and seas in the marine and coastal dat

Using Singaporeo6s nat-Semal yMSRIs aj caGeoSpady, t h
uncover the catalysts for the development of a né
key chall enges an emerging nati onal MS DI woul
benefit of enabling andusappappl hgahiydnespatial e

2. Why the need fSQeaa GemrSplicregapor e?

Mariti me, marine and coastadlecaabimvict iienp altav & 0s iSg
mari time industry alone <contributes 7% of Singa
empl oys over 1(7Ma r0i0tOi npee ogpnde Port Authobotgted &St |
crossroads of major shipping routes, Singaporeds
one ti me, t here are about 1,000 vessel s in the S
arrives or | eaves Singapore.

Despite the busy waters, Singaporeofs sea space
her matypic cor al species and atChewstet9o9adl mar2mhEe?2
2020)In 2014, southern islands Small Sisterdés | s
reefs of St JBbhés Tehkwekroer orfd i ci ally designated
Par(kkoh, .2O0Rle5c)ent | vy, Singapore also announced it
sout hern ( Wwan er.2 0Qt0Oher uses and needs of Singap
recreational activities and coast al devel opment .
[

i ving in f 1l (&taiungp a&p dratkme M2t0sl 9)
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Singapore is not spared from the potenti al i mpac
frequent and extreme rainfall event s, storm sur
continue beyond 2100, even if gl obal warmiagly i s
confidefbdlati onal Environment Agency, 2018,; -1 PCC,
l' ying, smadlt at el avnd hcil i ywited resources, -Baseadina
climate change adaptation and mitigation strateg
story

3. Catalysts of a national MS DI

While the benefits of MSDI s are endlleeds sMSDlhse hi anmv

been geographically uneven due to challenges suc!
However, countries and government al bodi es have
especially in recent year s. This is evident fro
member ship from 2008 to 2020 which has grown fr ol
i nclusive of Me mber St at es, | HO secretari at and
from 14 in 2008, to 35 in 2019, and 58 in 2020.
Due to increased interests in the marine domai n,
Working Group (OGC Marine DWG). With support frol
Gl obal Geospati al I nformati on Management Wor ki ng
(UBGI M MGI WG) was also establishedtdac@0m@etinng
Busan, Republic of Korea, in 2019. Singaporebs ti
with these positive international trends.

Thi s section describes four catalysts -Stelmat tlhed
changing ocean and seascape, regional and gl obal
of fice, and the advancements and availability of

3.1 Changing ocean and seascape

The changing | ocal seascape coupled with threats
Singapor e6sSeGe oiSmpiatcieat i ve. OQur seascape involves
categorised to government, i ndustry, academia an
di ver sceasuesse and Fagtuidwei tAletsholugh most of Singapore
waters, with its expanding users and uses, polic
port pl anning and to produce a more comprehensiyv
coast al zone management . Mr Khoo Teng Chye, Exec
highlighted that planning requires an inventory o
Lui Pao Chuen, adviser to the Mi nistry of Nat i
Foundati on, supporSea wdhuwmltd fibGe otSlpeaceour cebdsoed i nt
pl anning and devel opment of Singapor e, and the i
various ap(pMairciatiinbensaond Port Aut horTihtey | ofc a$i mgd Ea
community have also recommended, through 6The Sir
marine database for Singapore is required for th
spatéaafar, et al., 2018)
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Hydrospatial

Environmental
Marine Spatial Management Shipping
Planning and
Navigation

Integrated
Urban Coastal
Management

Infrastructure
(e.g. laying of
pipelines)

Government Industry

Coastal

Development Tourism
(e.g.

reclaimation

and dredging) Transport

Singapore
Sea space
Stakeholders

Aquaculture Ecosystem
Services

research

Marine Academia Marine
Conservation Engineering

Climate change
research

Citizen Science

Marine Science
research and
development

Recreational
users

FigurSi nlgapore's sea space stakehol der s

e threat and experience of cl-f mater shbhogedse nfpe
ol onged sea surface warming caused major <cor al
ereby 60% to 90% of sury¢y€hWed, cet,ahandvetel By tesaecrt
ral reefs could consequently have dire i mpact
cuniFry ess., RWrlt7her mor e, sea l evel rise and t !
i ntahtaenge extreme events are expected to be a

ngapor eo6s( Cheoswi,|.i2hlo&)t he wor st case scenario o
aptation strategies (construction and maintenart
$ 16.8 million by 20%50gaikd M2hade].s olkastpae QIOD Brpe e d
udy how | ocal extreme asweantes cdrnenat el athadhgep o
decloi mate phenomena (e.g. ocean acidification,

cal geographical changes (e. g. tidal height s
derstandi ng tclei matsek sh aAdarhdysd,r osuch as storm sur
t he knowl edge producti on chai nbasred mrdadudaad i
tigation and response strategies.

IJ"CToSLUCY WO VWO S TH

—TOoOoc oK *T(UHWQ T TmMOoO T T T
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3.2 Regional and gl obal agendas

Singaporebs commitment to gl obal agendas, such a
Nations (UN) 2030 Agenda, including the UN Decad:¢
The Nippon -Geomnerdalti @8at hymetric Chart of the Oce
Project, and member ship t o regi onal and i ntern
Hydrographic Commi ssion (EAHC) and International
catalysts to the estSebal.i shment of GeoSpace
S

ocean i one giant conveyor belt of dynamic
refore, gl obal and regional action and data i
ment , especially for confined and busy waterw
apore and Mal ace€a aStirsaietny.i s@GgeSpdamome ul ti mat el
ne and coast al data ecosystem for sustainabl
ge under the Paris Agreement and reaffirmed
ugh a voluntary nationdleveéviPOowitepatt Fatr utnh
| op(mdininti stry of Foreign Af fairs, 2018; Mi ni

al

N

>S9 TTQ T
< =® =3 m®Dm®

O—"ToSs0nY -
OO0 Mo a—Q

ces BOL1LOYN 2030 Agenda is a glohb develop

cluding Singapor e, at the U Sustaina
enda comprises 17 Sustainable Devel pr
[ I information i iL

G 6 (Ensure ava

al o others 1like S

I
and SDG 5 (Life on | and).

Regionally, Singapore is also an active member of
10 Member States and 1 observer from the region:
l ndonesi a, Mal aysi a, Philippines, Republic of Ko
EAHC MSDI WG6s key tasks i to I mpl ement a regi
exchange marine spatial dat

o
i's explzted $DGcbat fLi
ilability and sustai

DG 13 (Climate actior

s34Hdr o
DY OO
= 0O 9 W0

u
e
2
n
r

~ o —
~ Do o= =

(o3

p
n
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p
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a.

A national MS DI is now al most necessary for coun

gi onal and gl obal commitment s 0 S t ai bl e dev
r

for ustaina
have been growing and as of 31 March 2020, 66 M!
been report ed(llynteesrtnaabtliiosnhaeld Hydr ogr.aphic Organi za

3.3 The role of Singaporebés hydrographic divis

Hydrographic offices (HO) pl ay an i mportant rol e

and in being national custodians of marine and
Singaporebs marine and <coast al spati al data | if
spearheading this national initiative. Over the
3D marine data processing and enabling marine G
advancements in technology and digitalisation of
HOs Il i ke Singaporeds which have been acquiring,
products have become valuabl g@esomyr dausndaimemti gh o
coast al spati al data such as batlhnytmeetnrayt,i om@d s tHyid
Organi zati on, 20178pi Pognceast @OILAN s of mo st of t h
coast al data and having the experience of handl:]i

t he GeoSegacieni tiati ve.

Before 2018, Singapore Hydrographic Di vi sionds
remained | argely to support safety of 1life at se:
publication of nauti cal chart s; ( 3) ptO@ei d&991)n:
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However, the changing local, regional and gl obal
the Singaporeds Hydrographic Division to expand i

In July 2018,S¢eae $&eobSpacef Singaporeds Hydrogr a
dedicate resources to th®&eaevahidppodnii20dfd, Gea h&p dHoy
Division was wupgraded to a Division. Presentl vy,
four department s: Survey, Cartogr apSheiac., I|Aisdsr otloe
encompasses serving a wider range of application
mariners. I t s additional functions include mai r
Singaporebs Il ntegrated Hydrographic Ma 182 @ e mebyt
supporting safe navigation, and preventing col |
Division has been protecting the marine environm
step to enable more to contribute to this mission
I n May 20 2Q,t htome asna@ aut hor accepted to join the
Club and Community (HMCC) o0, as the Asian Node;
f oundati on of any activity in t he oceans, seas,
Economy for Sustainable Development.

3.4 Advancements and availability of standards
The advancements and availability of MS DI standa
timely establ i shkSienag tThhee G eHOS pMSlel WG, OGGGMMr i ne
MG I WG have been providing technical gui dance an
devel opment of innovative solutions to MSDI <challl
Frameworks are useful to establish and periodical
mu st be reliable i n order to enable and suppor
applications. Two complementary conceptuadSehr amew
The first, is the | HO MSDI WG recommended O6Four
(Peopl e); (2) Technical Standards (Standards) ;
I nformation $Figuegms PoeCipuf¢ pillars of MSDI have
resources required to establish-Send monitor the p

Policy &
Governance

Technical
Standards

(Standards)

(People)

Information
Systems

(ICT)

Geographic
Content

(Data)

FigurTehe2 :Four Pi I(llanrtse ronfatMSaoDn a | Hydrographic Organi zat
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The second framewor{GGatMopmeadgr at etde Gdgraphic I n
(1 GI F) and its nine strategic pat hwaytser mvhsitcrhat ceq
pl aksgye Bhe four pillars of MSDI is complementa
strategicTahblt)dawalyts i(s noteworthy that the O6innova
to be applied across all other pieces.

Knowledge = Decisions *= Development

Policy
Governance — and
Legal
Technology ‘ Innovation

S§§S320y = SUIZIJID = S13Sf)

People -

Technology * Applications = Value

Society = Economy = Environment

Fi gurleNGx:!I M | GIF Nine St(rUatGlgM,c 2Ralt8h,wapy.s 2 1)

Tabl elow: t he four pillars of MSDI and I GIF nine stratec

gic Pat'l

Technical Standar dsSt@atdamdar ds)
Geographic Content|D@bat a)
I nformation Systemd$d nhlb@&)Yion (particularly flor 1 CT)

Governance and Institution|s
Policy and Legal

. Financi al

Policy and Governance (Peopl e)
Partnership’s

Capacity and Education

Communication and Engagemegnt

Open standards that MSDIs could adopt are also av

bility, for instance those approved by OGC. The
working towards producing and i mplementing a sui
standardi sation and interoperabiidiavy gt&itaibd)ey RADSs p
present, it appears that MSDIs <could be both at
products. The adoption of these advancing common
mi ssion of MSDIs in enabling a wider range of hyd
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Product

Speci fications

(I

I nternational Hoyldxrxo gr ap hi ¢ S-101 El ectronic Navijgati on
Organization (|l HO) S-102 Bathymetric Sur|face
S-103 Subface Navigat|i on
S-104 Water Level I nflor mat i
Navigati on
S-111 Surface Current|s
S-112 Ofeéeree Decision|HSSC9/
S-121 Maritime Limits| and B
S-122 Marine Protecteld Area
S-123 Marine Radio Services
S-124 Navigational Walrnings
S-125 Marine Navigatilonal S
S-126 Marine Physical Envir
S-127 Marine Traffic |[Manage
S-128 Catalogue of Najutical
S-129 Under Keel Cl ealrance
(UKCM)
I nternational ASs2sxoxc i at i on o0fS-201 Aids to Navigatf{ion In
Light Authoritfies (1 ALA) S-210 VMtSerExchange For mat
S-211 Port Calll Message For
S-230 Application Specific
S-240 DGNSS Station Al manac
S-245 eLoran ASF Dat a
S-246 elLoran Station |[Al mana
S247 Differential eljor an R
Station Al manac
I ntergover nmen|tSa3dlx xOceano - None proposed yet
graphic Commisfsi on (1 0OC)
I nl and ENC Har |n%s4n0ilz atlt6i 20Sn S401 | EHG I nl and ENGC
Group (I EHG) S-402 | EHG Bathymetrijc | nl a
Joint Techni callS-4Clolmn#i@s1sS o n S-411 JCOMM Il ce I nforlmation
for Oceanography and Marineg S-412 JCOMM Weather Qverl ay
Met eorol ogy (WMO/ 1 OC S-413 Weather and Wavie Cond
J COMM) S-414 Weather and Wavle Obse
I nternational ES-4e2clt roB8t0eSc hnj c421 Rout Exchange Hor mat
Commi ssTieaccrhni c 4l
CommitteeT@880)|l EC
Number s
4. MSDIs enabling hydrospati al context and apfy
The MSDI road map does not stop at i mplementing
consolidation, har moni sati on and access. The proc
enabling and supporting t her amygder oosfp aatp palli ccaotnitoenxst,
set of chall enges MSDI s have to address. Thi s
chall enges-Séao®masceand would continue to confront
hydrospati al context and applications such as cl
coast al zone management, environment al i mpact ass
management, or maritime automated surface ships.
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4.1 Partnerships

MS DI is a coordinated effor-tis¢eé omawnilhecandiaoagtal
I n order to establish and sustain the data | ake
securing data sources and channels. Arguabl-y, th
Sea was neither a technical one nor about data av
sharing of common goal s. These partnerships ext
international scal es. However, i n order t o ena
applications, these partnerships would need to be
At the nati onadntsrciad egp par ausscelr was adopt ed-Siema.t he
A governance structure involving a steering comr
commi ttees were set up to support decisiounmseand p
application exercise was conducted between the g
user needs andigammi tRegntesent ati ves from gevernm
user applications and the data or resources requ
sources they <could offer to the rest of the st
out puts of the exercise were: (1) a base data i
accessibl e, and (2) a wish 1ist of data that W €
Ulti mately, MSDI is a balancing act between wuser
sharing, and its role is to maximise each user gr
i nterest of am®eé hera.pplAinc aetnido n exer emaskei nma kperso ¢ & E
transparent

DRIVE

Marine Spatial Planning
Sustainable Development
Address the Blue Economy

Marine Conservation
Marine Science R&D
Climate Change
Disaster Response

Stakeholders input:

Stakeholders’ End-user

NEED

Data interoperability, availability,
accessibility, discoverability,

quality

£

Reduce duplication of efforts
Geo-referenced data and
information

Common standards

Stakeholders input:

Stakeholders’ user needs and
data required for end-user
application(s)
Stakeholders’ Commitment

o Datasets stakeholders can offer

SOLUTION

GeoSpace-Sea

Exercise output:

Stakeholders’ user needs and
data required for end-user
application(s)
Stakeholders’ Commitment

o Datasets stakeholders can offer

application(s) to share to share
o Available resources (e.g. skilled o Available resources (e.g. skilled
human resource, hardware, human resource, hardware,
software, funding) software, funding)
o Timeline o Timeline
Fi gurGeodSp-bea -easdr application exercise overview
Apart from the technological infrastrucSaaehddat
also formed a network of | ocal sea space stakeho
become more diverSseea ason®d mIIpasce ngagi ng various g
hydrospati al applic@eaonemmiThteeeGeosptaael vy incl ud:

academi
create

a too,
access

the stakehol
acadeei a gr

and
for
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partnerships have notable benefits of i mproving
devel opment , increasing the effi cireenady otfe d rmamlsd n
products, and potentially bridging the science an
Partnerships beyond national scale are also requ
coastal data ecosystem. I'n its mission to promot e
cooperation and exchange of best practices -has b
phic community. Since 2007, these principles hav
MS DI WG and regional MS DI working groups, such
meetings to build these partnerships. At the meet
on common standards foster these connections.

4 Ruthoritative data and metadat a

Wi t h dat a fl ows secured, anot her chall enge i s
Afaut horitativenesso and quality of data for the
it intends to enable and supSmeart .aiMSDIos ,priomooltueditn
-use of Aaut horitativeo marine and coast al dat a.
obtained with Afor mal gual ity assurance procedur
reputabl e mapping compani es h(aDwue, beete nals.o Pr2edalssn o fipy
GeoSp-&8eabs base data inventory includes authorit
environmental, species distribution and habitat,

gover nment sources.

A datasetds quality can be assessed for either it
6fitness for wused6 (i.e. external guality). Typic
assessments that consists of five to eight par ame
if the data is {Devfoblteuse et plUrpo2605)

T Lineage/ Source

9 Spatial/ Positional Accuracy

T Attribute Accuracy

1T Semantic Accuracy

T Thematic Accuracy

T Compl eteness

1 Logical Consistency

1T Tempor al I nf ormati on/ Accuracy.
HOs wi | | be familiar with the production and di
t hrough Electronic Navigational Charts (ENCs) an
these product s, mo st mar i ne -5&8 Sv aalried ad¢ g winp pteodo | @i
cartographers are trained to ensure data qualit
navigation. There are acceptable inaccuracies of
depth contours on the fAsafe sideo. For effective
representations of real ity, and are only as acc!
However, assessing data quality and o6fit for purg
t he -cusssees and users are intentionally broad and d
I nstead of ensuring data is fit for purpose, MSDI
to dat e. I f the MSDI policynesng ashoultd alie ddid taddrsmic
MSDI s have the responsibilitydat epmeviadiang ¢goodug
i n t hi s-madlkicngi @mr oces-SeadeoBipaadat a i s aligned
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count e tems adopt a national 0 G

r a
based o

part nd bo
n I SO 19100
I'n the near futur e, MSDI s may al so havesotuo ceansi
dat a The data collected through volpumtdaert @IfS,0t
processes could enaktmMm@bad ehitlod,po20 @%; FDu, ientstaaln.c,
a -product of shippingsandceadavbgbhyomatryroada are
The Ni ppon -GEBOGOdatSeabed 2030 Project. -ahleirdeat &rde
crowdurced biodiversity records, such as those in
t he Il nternational Union f or Cesnosuerrcvea t d oia boafs e Nat
Ramirez & Pan@eoSHeaa8)xx oul d al so in future c-onside
validated citizen science biodiversity records.

authoritative data, could meet a data quality cri
4 Bunding and operational sustainability

A MSDI
funded

guestionnaire completed by | HO Member St ¢
b
of the b
|
a
na

y O6task of an organisationd. The owner shi
enefits of MSDI s, however, it i s importa
t analysis so-tasmtbundisng fgndteperoatgiedn :
nd support the hydrospatial context and v
bl e and reliable.

codbtenef
enabl e
sust ai

rect costs of MSDI s and, fundament al
ive pottehnbsah, behedqailamnst i 20taYi on of pot el
a challenge to over comes aVvlihnegsse, bseuncehf
n duplication of dnmaka ncgo,l | aencd hsoawi ieondn d
ent al benefits both in the short term a
ITQ9und that di
is predicted that 2 to 18 US dollars would be
at these are projected figures and the evaluat.i
ow

|l edge gap.

rect costs of MSDI s could result

Data being the currency of MS DI has value and MS
Val-aéded data could be produced in the process o
Encouragi ugget lod rdeata al so serves to maximise tF
enhances its value when a wider range of applicat
eventually asserts the mandate of( Ghrawaltlai Tdeuld Ic
Uni te Kingdom (UK) Hydrographic Office Admiralt)
servi s6 which currently includes five data | a
Ref er ce Frames ( VORF) 6, oOwr ecks and obstructi
Astro mi c al and C@UkKndwpdr ogif @apmiacli @oh&®r der 2618%D
me c h a sms and models are required to quantify a
by th 6agebd of the dataset or the 6demandd for i

OS> >SDODOOocCOo
—TOoO S

5. Conclusion: Looking ahead

Thi s paper has described the four catalysts th
GeoSp-&ea. I't has also identified three key chall
confront in the process of actwualising its envi sz
nati onal MS DI could vary over time and space dep
the spatial data policies enacted. For instance,
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or with restricted funding opportunities may hav
This is especially so with the economic i mpacts
surface as a more I mmediate challenge in the esta
Similarly, MSDI s could face additional chall enge
tions depending on its maturity. For exampl e, ma t
kept up to dat e-1 W0 21098 t3h0® laadt@0sF stSandar ds. Ther e
challenges in implementing these standards that
producing these standards, the industry transl at
producti on, and the HOs which must seek an oppor
the specifications d fedt hMeSIiDrl s MSpla.rt Rer s HHIOp s reme
i mpl ement ati o-f O®Tf prtchderseet Sst andar ds too because
transforming data and workflows beyond the hydro
MSDiH el evant product specifications, an i mpl ement
exchange of tangible benefits from MSDIs to just.i
I n an increasingly digital hydrospace, MSDI s wou
unl ocking the value of hydrospatial data, and rev
analysis and applications. To sustain MSDIs and e
wi deange of applications rrunt reeguiede umnt@agr alt er
(geospatial) i nformati on management t hat strate
(partnerships and capacity building), governance
present crises and disrupti-vec Hnmadluagi ctad ¢ htnrod nodys ,c
Artificial I ntelligence (Al) and the demand for
regional MSDI s and ot her domain SDIs agree to be
sharing and exchange, we could develop and visual
and i mpact on our earth. This would enable funct.i
where users can dynamically and more accurately
wor ds, we could be more proactive than reactive i
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HYDROGRAPHY FRBRNRI EESSURVEYS
Filling coverage gaps with bathym
from Simrad EK60 water col umn d

ByR. BuriCaaltrex. ‘Meer,PlQ.t eSchr®eXRirce
A. Kltemm %2 RiBLeyal |l agher

1. Earth Resources Technol ogies
2.NOAA Hydrographic Sytems and Technol ogies Br ¢
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» mapping potential. We estimate that in thi
- data from the NOAA Fisheries fleet coul d
o much as nine percent. This article descr
= techniques used to: extract the seafloor
o coll ected with NOAA Fisheries vessels, obt
- to realize the seafloor relative to chart
= gualified bathymetry.
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d Loensemble disponible de donn®es acousti gl
M potentiel significatif pour |l a cartographi
W norest dedJnEsat $es donn®es Simrad EK60 iss
M I a NOAA pourraient accro tre |l a couvertur
M Le pr®sent article d®crit |l es processus e
pour extraire |l es donn®es relatives au fo
colonne dbéeau Simrad EK6O0 qui sont coll ec
NOAA, obtenir et appliquer |l es meill eures
cartographie du fond marin par rapport au
avec |l es donn®es bathym®triques homol ogu®e
mResumen
La recopilaci-n de | os dat os ac¥%sticos C
i mportante potenci al de cartografza de | o
Noreste de | os Estados Uni dos, | os datos ¢
l a NOAA podr2an aumentar | a cobertura bat
describe | os procesos y t®cnicas automat.i z
fondo marino desde | o0os datos de Il a col um
recogi dos con | os barcos de pesca de | a
informaci-n disponible para reconocer el
de | a carta y verificar el resultado con
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1. Introduction

As of January 2020, t he National Oceanic and At mc
54% of the United States coastal, ocean, and Gr e:
Survey, 2020) . Wor | dwi de, bathymetry is used for
zone management purposes. GIlobal bat hymetric cove
applications which are highl i ght-eclanbgyi ntgh eo cneeaend ftl
2011, Nati onal Centers for Environment al I nf or ma
Marine Fisheries Service (NMFS) and the Joint H
water column data collected by government, acade
data is the full acoustic time seriesN®AA aWa tuenrd e
Column SoparinbAudes data from various areas arc
Economic Zone (EEZ) and provides RAW data file
Environment al I nformati on, 2011) . NMFS often use:
during fisheries surveys to observe biological
populations in the water col umn. Fortunately, t h
and can be used to increase the overall mapped
Environment al I nformati on, 2011)

I n 2019, NOAA Office of Coast Survey (0OCS) and Cc
an interest in using the NMFS water column dat a
Nati onal Bat hymetric Source (NBS) project has be
Engl and region and is motivated to fill these gaj
Ri ce, 2020). The EK60 data from fisheries surveys
these gaps thanks to previous coll aboration with
( PMEL) , NMFS, and Saildrone in the Bering Sea ( Of
to the NBS project, Northeast United States water
Ooft en, hydrographic acoustic survey data is proc
i nformation and to derive depths. While supervi s
dat aset s, a procedure for automating the process
needed. The NOAA Hydrographic Syst ems and Techi
contractors from Earth Resources Technologies (ET
batch processing the water column data for deri ve
goal was to develop a way for the EK60 data to
consumable by the OCS External Source Data team
nati onal bat hymetry and the chart. This paper il
results of these efforts.

The Simrad EK60 is a scientific split beam echos
water column with multiple frequencies. A split D
which is to say an acoustic transducer with a be
but is capable of determining the angle to a tar
is possible to observe awadt edri sncarriimmien aotreg abneitswiese, n sr
fish and plankton, or map for gas seeps and oi
I nformati on, 2011) . For this study we wuse the EK
maj ority of hydrographic surveys use a swath son
coverage, single beam sonars are stild!l capable of
columngye The majority of the data processed inc
wi t h di screte frequenci es: 18k Hz, 38 k Hz , 70 k H
frequencies allow for duplicate observations of
available to a seafloor detection algorithm. The
20 year s, making it particularly wuseful for wupda
survey may have been over 100 years ago. There a
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with avail able EK60 dat a,

spanning a total of 1.
EK60 crui ses, NMFS vessels have collected 222 cr
Centers for Environment al |l nf or mati on, 2011) . T
surveys makes them particul arlFyi gwyef 21 for hydrog

Single Bea h Syste

-

Swat

Credit NOAA Office of Coast Survey

sounder compared to swath

cho echo sound
e EK60 echosounder i s i

represented by the si
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© Avallable NMFS

n (NCEI

Figuréava&i | able NMFS EK60 data for the enti r-201US (EMetliucsn avle
Centers for Environment al I nformati on, 2011)

As demonstrated i n our t est area of t he Northea
surveys has the potential to contFiguxe 3 0 unmapp

[l 3 or more soundings per ~100 m cell
[ 1-2 soundings per ~100 m cell

&

NS

Fi gurBat3hymetric data coverage for the Northeast US EEZ (1| e
the same region (right). Notice how the EK60 data covers
Figure credit: Meredith Westington, NOAA Office of Coast Su
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Based on the January 2020 analysis of US bathyme:
Progress Report of Unmapped US Waters (Office of
that the EK60 data could increase bathymetric da
percent, bringing the coverage of the area from ¢
goals (Westington, 2020) . The mapped statistic i
constitutes a density of at | east one soundings

2019) . This | ar geberaars eercvhoosrounfdes i mdgpltea has the p
boost US bathymetric records, especially in 1|light
around 177 years for a single survey platform rur
of US waters to meet modern survey standards (Gr
mor e, a majority of the Northeast US covered by |
of 200 m. Thi s i s considered a fAhigh effortodo zon
narrower at these depths than in deeper zones &
compl ete coverage.

We i mpl ement the following steps to extract batt
col umn: seafl oor detection, sound speed applicat
ment s The Python scripts described in this art
Mi crosoftbaseddowsft ware suite developed by HSTB.

and information that support the processing and
seafl oor detections into depths (Gallagher et al
environment, it is able to access tools for estin
the World Ocean Atlas (WOA) database (Boyer et al
i ng, Validation, and Interpretation of Satellite
El ement Solution (FES) global tide model, 2014 (A
Ultimately, the purpose of the described wor kfl
adjust ment of acoustic data from the EK60 survey
previously, the geographic expanse of the EK60 s
gaps in hydrographic maps. This data also has t
projects such as Seabed 2030, which aims to map

2019) . This style of wor kfl ow may also have i mp
datasets. Additionally, this project highlights
be used to process other bathymetric datasets and
2. Met hods

The overall wor kfl ow for obtaining and processi ng
EK60 RAW files are queried and downloaded from t
Environment al I nformati on, 2017) . Once the files
extracts the ti me, navigation, and water col umn r
then extracted from the water column dat a, and t
and sound speed to create a best estimate of de
preval ent features within the water col umn, i de
calcul at-way fr a wel time (TWTT) for the selected f
the seafl oor to remove heave artifacts, and dr af
processing all/l survey files are completed, t he

comparison to existing data. A resolution of eig
existing data at the ENC Band 3 region.
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Seafl oor Detections

Seafl oor detections are based on image processing
floor is the | argest and strongest target in the
water column amplitude ti medismemn®isorfalr ararcehy fwilte
corresponding to the number of samples and the n
frequency, a Scipy (Virtanen et al., 2020) i mage
detection by applying an eight standard deviati o
filter i-minde(wdrotnigcal ) direction to find signifi
cant gradients as greater than one standard devi ¢
and we selected positive gradients since the seaf
ground noise. A region of interest for the featur
significant positive gradient to include when the
gradient since this corresponds to a decrease in
(Figuye 4

FigurA dubsection of the Sobel gradient and power ti me s
raw power and Gaussian filtered power illustrate change re
detected feature as extended to the minimum gradient, and
power amplitude.

These regions of interest are then grouped by cl
python | ibrary) (Heinisuo, 2020) to create featu
tracked with a start and stop ping index, the ind
feature, the average signal to noise computed bet
the sum of the maxi mum amplitudes within the feat
sum of the maximum amplitudes for t he veadarpapti en gf €
ping index) features are selected. Features witt
di scarded. This series of steps is repeated for
file.
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