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1.0 INTRODUCTION

Geographi ¢ visudization and geo-spatid andysis of fish, fishery and environmenta data are increasingly more
important components of fisheri es research. Papers incorporating these techniques are becoming more common in
the work of Scientific Coundil, this proliferation aided by the avalability of GIS software. Such application tools
provide mapping functions, and in addition, many aso have moddling and geostatistica functiondity.

In marine environments, fish and invertebrat es are not distributed a random but are organi zed in space and fisheries
and research data are often associated with a geo-reference, usudly latitude and longitude. Th's organization results
in the redization of avariable such as fish abundance being proximdly reaed, i.e, geographicaly referenced data
aespaidly corrdaed. Classicd (non-spatid) andyses used to compute confidence limits of a variable assume that
error terms of samples are stochasticaly independent of one another. This condition is often not met with spatia
data. Geostatistics were deve oped to ded with estimation problemsin spatidly-corrd ated data

T o address the recommendation of Scientific Council a Spedid Session, “ W orkshop on Mapping and Geostetisticd
Methods for Fisheries Stock Assessment”, was hdd a the Holiday Inn in Datmouth, Nova Scotia during 10-12
September 2003 convened by David Kulka (Canadd) and Lisa Hendrickson (USA). Instructors induded: Dr.
Nicolas Bez (Centre de Géostatistique, Fontanebleau, France), Dr. Reiner Schlitzer (Al fred Wegener Institute for
Pola and Maine Research, Bremerhaven, Germany), and Jerry Black, Dr. Mak Simpson, and David Kulka
(Department of Fisheries and Oceans, Canada). There were 28 paticipants from Canada, Denmark (Faroe Islands
and Greenland), Estonia, the European Union (France, Germany, Portugd, and Span), the Russian Federation, and
the United States of America Rdph Mayo (USA), Char of Sdentific Council, opened the workshop by wel coming
the participants and thanking the co-conveners.

2.0 WORKSHOP OBJECTIVESAND OVERVIEW

L. Hendrickson presented an overvi ew of the agendaand objectives of the workshop, induding an introduction of
the instructors and their technicd backgrounds. T he objective of the workshop was to provide paticipants with a
basic understanding of geostatistica concepts and methods, as wel as the tools to goply this knowledge to fisheries
stock assessment through the use of hands-on exercises tha incorporate, using freeware mapping and geostatistica

software. Two data sets centered on the Grand Banks, Canadian spring bottom trawl survey sets from 1996-2002
(hereafter referred to as the survey datad) and information from the ydlowtal flounder fishery (hereafter referred to
as the commercid fisheri es data), were used for the lessons and demonstrations. The Canadian bottom trawl surveys
constitute a stratified random design.

The first day of the workshop focused on the visudization and andysis of spatid data using GIS (Geographic
Information Systems) software packages. Participants viewed demonstrations of the software and completed hands-
on exerdses. Geostdisticd concepts and methods, particulaly rdated to kriging, were presented during the
following two days. Paticipants learned the basics of using the “ R” software package (freeware) to conduct
geostatisticd andyses using routines prepared by programmers a the Centre de Géostatistique as wdl as those
developed during the workshop. The agenda, rdevant literaure citations and links to the software utilized in the
workshop can be found in App. 1

3.0 SPATIAL VISUALIZATION AND ANALYSIS

D. Kulka highlighted the long ganding need for geographic referencing of information and spatid visudization and
andysis of fisheries resources and fisheries daa For example, the 1921 Proceedings of NACFI (North Ameri can
Council on Fishery Investigations), aprecursor of NAFO, wrote about “ the need to represent the naure of grounds,
to make evident a first sight the distinctive characters of the region in question from a sedimentary viewpoint,
because in fishery matters the importance of sediments cannot be denied and to represent by conventiond signs the
bottom fauna; determine the location of whelk and shell fish beds that are sometimes utilized for the production of
bat...”. They further indicated tha “ maps which have been published are gpprecia ed by the fishermen, to whom
they bring much informaion”. Geographicd representation, then and now, is perhaps even more important to
fishery scientists.



Background on the spaid structure of data was presented: geographic features are represented as point, vector or
raster (described as area, polygon or surface) data Points on a map represent locations for geographic entities such
as sampling sites and can be used to spatidly present measured v ariabl es such as average temperature or cach rate
Usudly in the case of fishery andyses, the rav data comprise points (fishing or sampling sets) with latitude and
longitude as the geo-reference plus various atributes describing various biologicd and physicd components. Vector
data consist of a set of connected points (lines and arcs are synonymous when used in this context), normaly used to
represent physica geographic features. Raster data are used to represent a region encdosed within aboundary. An
area or series of rdated areas can be used to represent such features as a stock distribution or atemperature surface.
T hese various geographi c components can be overlan in various combinations in a mgp composition then andysed
to determine the rd aionships among layers.

3.1 Mapping Sdftware and Techniques

Data visudization and andysis was demonstrated using various types of GlS/geostatisticd software induding R
(freeware), Ocean Data View (freeware), and SPANS. Attributes such as acatch rate or environmentd vaiablesin
space (referred to as Z vadues) may be represented in their simplest state by dassified points (such as expanding
symbols) but for the purpose of andyses, surfaces (rasters covering the entire area of interest) provide added vdue
through enhanced visudization and by fadlitaing further andysis of spatid rdationships in the data Severa
surface generating techniques were described and demonstrated using various softwar e pack ages.

3.1.1 ACON

ACON (A CONtouring packege) freeware (Black, 2002), an goplication deveoped to transform and visudize
survey and commercid fisheries data was demonstrated by J. Black. The software can generate two and three-
dimensionad graphics and contains routines for generating maps in a number of projections. An internd scripting
language (with an embedded compiler based on Extak, Betz, 1988) is used to generate and execute virtud machine
code. T he language supports vector and matrix math in up to three dimensions.

Input datamay be read from ASCII files, ODBC (Open Daabase Connectivity) data sources, or from Orade SQL
(Structured Query Language) databases. Output may be generated in graphics windows, as output files (eg. PNG,
[llustrator, PDF, PostScript, JPEG, SVG), or as moviesin AVI or QuickTime format. The world vector coastlineis
provided as a Regiondly Accessible Nested Globa Shordine structure a five levds of resolution (eg. 0.1, 0.2, 1.0,
5.0 and 25 km). Bathymetry polygons are provided for the east coast of Canada, as are the NAFO convention area
boundaries.

The transformation and visudization of point paterns to surface distributions was demonstrated using ACON
through the Voronoi polygons and Ddaunay tri angulaion tessdlaion methods. Voronoi polygons are generated
from the drcumcenters of naurd neighbour circdes formed beween adjacent sampling points. Each Voronoi
polygon edgeis a perpendicular bisector of the maching Delaunay triangle (Fig. 1).

Fig 1 Ddaunay Triangles (grey) and the matching Voronoi Pdygons (black) with 2 circumscribing cirdes.



Ddaunay triangl es sub-divide the dataregion into triangles that are as equila erd as possible. Voronoi polygons are
unique, as are Deaunay triangles except in the case of regulaly gridded data T he re aionship between Dd aunay
triangles and VVoronoi polygons for the surveys was demonstrated (Fig. 2).
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Fig. 2. Rdaionship between Dd aunay triangles and Voronoi polygons for the research surveys. Left pand

shows the Ddaunay triangles formed from the 519 sets in the 1996 survey data, and the right pand
shows the matching Voronoi polygors.

T he pros and cons of interpolation methods for shaded surface contour generation such as moving averages, inverse
distance weighting, and Voronoi andysis were presented. For example, the moving average method does not
account for ether the distance between neighbouring samples or between the samples and the target. In other words,
dl samples in a paticular neighbourhood receive the same weght. With respect to a Voronoi andysis, dl of the
weight assigned to apaticular datapoint is placed on its singlemost, proximate neighbour. As aresult, the spaid
arangement of the resulting Voronoi diagram is more areflection of the location of the sampling stations rather than
the values of the daa at those stations. In addition, the limits of border samples may be questionabl e The inverse
distance wei ghting method assumes that the weighting factor is a function of the distances between data points and
the target within a particular nel ghbourhood.

As an example of how custom output can be produced, a script was provided that generaed a number of
presentation graphics. T he script demonstrated scded symbol output of the number of Atlantic cod caught per std.
(standard) tow (0.8 n. mi.) from the survey and surface contouring using inverse distance weighted gradient
interpolation of the bottom temperature measured a each station (Fig. 3). Bathymetry contours were rendered as
shaded contours and then overlaid with the observed bottom temperature as a shaded surface. Bahymetry contour
lines were drawn over eaech surface to dlow the user to infer the bottom topography in the region where the
bathymetry contours were obscured by the bottom temperaure surface The inverse distance weighted gradient
surface interpolation provides avisudly similar shaded surface to potentid mapping, in this case where the sampling
density is high and a corresponding smal scde map is used. In this example both the bottom temperature
observations and Cod catch were aggregaed to simple mean va ues per 15 minute square of longitude, latitude. The
shaded coastline which overlays the bottom temperature surface was generaed from the world vector shordine
stored in the RANGS file formet. The Cod catches were plotted using a constant log ratio scding (Bertin 1981) and
rendered so tha secant symbols remain diginct through ordered rendering white “ hal os” surrounding each symbol.

The script dso demonstrated scded symbol output of the catch of ydlowtal flounder per std. tow using asimilar
graphic style (Fig. 4). This graphic was demonstrated through interactive browsing of the data set with Data_Dialog
windows (Fig. 4). Using this technique the data set was browsed interactively, by sd ection of the survey year,
species of interest, and sampling metric (number or we ght caught). The map included a Variogram as an annotation,
and was automaticaly cdculaed for the sdected cat ch.
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Fig. 3. Scaled symbol output (black dots) showing the distribution of Atlantic cod (number per tow) from 1996
to 2002 overlain on a surface contour of bottom temperaure created using inverse distance weighted
gradient interpolation of bottom temperature messurements.
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Fig. 4. Enlarged Vaiogram (of the plot located to right of mgp), generated through the Data_Dialog window for
the bottom temperature surface, for 1996 survey data Catches of ydlowtal flounder (number per tow) are
overlad as scded symbols.

The plotting of multigde species on a single map using scded symbol pie chats was demonstrated for the survey
data to determine locations of cod and yelowtal flounder bycatch in the American place fishey (Fig. 5). This
technique demonstrated one gpproach to illustrating the co-occurrence of species, and genera es a synoptic view of
the overdl (and generdly disparate) distribution, species speci fic abundance and combined abundance. Alterndive
levds of precision in the choice of data aggregation leve generate variabl e leves of detal in the spatid distribution



plot tha provide atrade off between a synoptic view and more precise detal in location informaion a the expense
of incressed information complexity.
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Fig. 5. Map of cod and ydlowtail flounder bycatch, denoted by scaded symbol pie chats, in the American plaice
fishery. Coloured surface represents bottom temperature created using inverse distance weighting of
bottom temperature measurements.

The use of ACON as an interactive web mgpping tool was dso demonstrated. The web site:

http://gmbis.marinebiodiversity.ca

utilizes ACON as a CGIl (Common Gateway Interface) program that dlows the user to interactively generate maps
of data from the Gul f of Mane groundfish surveys and the Atlantic Reference Centre (ARC) specimen collection.
The am of the Gulf of Mane Biogeographic Information System project (GMBIS) is to deveop, test, and
demonstrate data dissemination and visudization tool sinvolving overlaying numerous environmentd and ecosystem
daalayesinthe Gul f of Maneregion. The project explores how aGIS and Internet technologies can be used to
access datebases and display their products for addressing speci fic questions reaing to the biogeography and status
of marine populétions.

As part of this web site, the browsing of the “ Electronic Atlas of Specimens from the Atlantic R eference Centre of
the Huntsman Maine Science Centre’ was presented (Fig. 6). In this page, 124000 specimens from the Reference
Centre can be browsed a the Order, Family, or Genus level, providing a synopsis of the significant species retri eved
for a speci fic mapped region.

A significant feature of the GMBIS web siteis a“ Mg your own Datd’ web page, in which users can map their own
data by uploading ASCII daa fil es containing data fidds such as longitude, latitude, and the mapping variable
vaues to the web site. Scientists wanting to visudize ther own data without investingin ther own GIS technol ogy,
are able to generate their own maps of the NAFO region by uploading their own datato thissite A vaiety of output

formats are provided.



3 Electranie Allas of Specimens from the stlaniic Reference Centra of 1he Huntiman Marine Schence - Microsofi Ininnﬂ...ﬁﬁ
Fie BT Yew FasriEs Took Heip

Qe = O - 2] (& G| P serch rravcis @ien @) S L Ed)

Echelress S e g, Monneeodhearsiny o oW S acorenip s ARG S meriiaps, heml

Electronic Atlas of ‘ Tho

- progecy's goals are o
Specimens from the develop, test and demorstrate
Atlantic Reference Centre  infomation d=semination src @

of the Huntsman Marine wpwabzation fooh, .. n ke Gulf
e Carlra of Mana regon.® L

Dato Retrieval = dease chovmes the dite ot wodd K fo plod o e map)
T Order {F ar mored T Famity 2 on moee)

vt s bt Mg rae
[antoraity

™ Geriss Soscies (7 o moved

-

Ld|

Sxart End aroup oy

Daka Gt nes
1310 = | [2002 = | [0 =] yoars [Aramatic =

™ Show data i a ® fomatted tabia 7 tele debmited ik
Graphlc Pressnbation - [y sy gnons here onhony, a7 thap fave resronsbss delealt vabes |

™ Categonze by specks  Oocumence 7 Kumber of Specimans

¥ Show Locatos Map

¥ Shom map Diata Windos
5 Colur © pw | Gefotbiane =

FE Projaction

|Morcaioe fsmpls) x|

Output format
Opbans [1 ar mors FHG -

Cieiplpd doph Cosloures

Flot bype Cats Soale  aggmgation  [EEZGre " | stylm s
[Sraled smbals = hmulcﬂrj!w =ijE il [Feme =]
LFa, s T.|

“Euomi | tares; This technbeal cemortration page i part of the GHIS

-~
wab sa6. The masdts ane gralivinary. Hsin with interacting with %
the maps 5 avalablke, Bast viewod with & racant varskon of -
:‘:H Intmmat Explorer. If you haee probkems, or woadd bls b0 provide I*I;‘_"’_,_"""‘“"’"“ :";_:‘“‘"" T
feedback, pkass contact us, Dt Bedfocd Jnatiile of td_._h_r-:-:
previded  Grpanipnajily eIy

Byt

gical SERUOn  Cerled

o Inkemet

Fle BAE vew Pavotes Took e
sk« 03 - o] (2] (0 T seaeh ol Favontes il ecs )

P I.é;:&-_.-'r\;nl-m:h;- = _:;:;-c"_ = -;u-l:-.lj.P 5 G — ==n

Nk

| By Lk
Bt Fefere e Deme Specinen Catecrion 1 0.0003
. 15 Specnr
i 14747 Aecarde visids
G0eher Spacar 14737
()
Ll CodHaddock Klch (44400
ok reTun {2574
| Mslsrogramres segiefirus (1 500
PiTis chactes (70}
Polatis voerm (1301
gwrﬁrm(imﬁ
| HUropiToly B (VR
AT -..
Chocni 131 rectidn point
Ehanus 2nd retarels
Chaar ractangia poincs
Zoam £o restanga
CTA Qwarall
2024 hits: Wad Sen L0 0315 2003
Tirea: 2,08 ser.
i8] st Pork selected, Biow ok on the 2rd pont D internes 3

Fig. 6. (Upper pand) GMBIS sdection page for interactive mapping of specimens from the Atlantic R eference

Centre of the Huntsman Marine Science Centre. (Lower pand) GMBIS web page for the interactive
eectronic atlas showing output map.



3.1.2 SPANS

D. Kulkaillustrated some of the capabilities of SPANS, GlIS/geostatidicd software with import and export routines
that facilitate compatibility with other GIS and graphics software. Although not freeware, it contains paint to surface
functions indluding potentid mapping routines plus overlay modding capabilities that are particulaly wel-suited
for fisheri es data andysis. Vaious point to surface results were reviewed incuding point aggregaion, Voronoi,
Contour (TIN) and Potentid Map (Fig. 7). Refer to Anon (1999) for further details on the gpplication of each of the
techniques.

Fig. 7. From left to right, an example of the same survey data displayed as a point aggregation, Voronoi
polygons, Contour (TIN) and a potentid map derived from point dataindicating survey catches (kg per
tow) of Ameri can plaice on the Grand Banks.

T he advantages and short comings of each technique was discussed. The potentid mgp has a number of advant ages
over the interpolaion methods. It does not extrgpolate beyond the influence of the point data upon which it is based
as is the case for the Voronoi and Contour (TIN) surfaces. It dso has an array of functions that dlow the user to
control the output.

Potentid mapping (far right pand, Fig. 7) is most appropriate for intervd or ratio point datatha represents anon-
continuous vaiable, typified by a high degree of variance and contagious distribution, such as fish and fishery
distribution data. Potentid mapping converts point data, such as fishing sets, to asurface representdive of a sd ected
mapping vaiable or dtribute (Z-vdue). Functions incdude density of points (number of sets per kmz), wel ghted
average of an atribute such as catch rete or environmentd vari ables, standard error of the mean, plus other messures
of variance. Potentid mgpping uses an averaging technique and does not result in the cregtion of any new vdues
outside the range of the input data and does not result in extrapolation beyond the influence of the origind data The
mode for weighted vaues of Z is defined by the equation in Fig 8
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Fig. 8. Potentid mapping modd for the weighted vaue of Z (attribute associated with a geo-reference) (from
Anon 1999).
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The potentid mapping derivative function generates a surface by applying a sampling radius to each point in the
datalayer (Fig. 9, left pand).
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Fig. 9. Creation of a potentid map from points using a cirde of influence (left pand after Anon, 1999). The
right pand shows. 1) the data points; 2) the resulting crescents, each with aunique vaue, formed by the
overlap of cird es; and 3) the user-dassi fied surface derived from the crescent ve ues.

This process is peformed on dl of the points and effectivdy creates a very large number of crescents or circle
fragments. The vaue of these crescents are assigned to an underlying grid. No output vaues are cdculated for aress

lying outsideof any sampling radius.

When creating a surface, the user can control the effect of distance on the resulting output va ues by speci fying the
size of the sampling radius and arate of decay for decreasing the influence of points from the center. A dassification
schemeis goplied to the output. Each of these areas has aunique vaduethat is assigned to the underlying grid and
these entities can then be dassi fied by the user into a continuous surface describing an atribute such as a catch rae

or environmentd variable.
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Practicd gpplications of this method were presented using the results from previous studies. For example, the
density function was used to create a series of annud maps depicting intensity of trawling represented as percent of
areatrawled (Fig. 10). This yidded a precise spatid definition of where the affects of travling would be greatest.

In order to illustrate how a point to surface overlay can be used to solve apracticd fisheries problem, the trawling
intensity surface was overlain on points indicating juvenile cod distribution. This spatid gpproach effectivdy
indicated that the overlap between 0-3 year-olds and moderate to heavily-trawled areas was minima (Fig 11).
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To further demonstrate andyticd capabilities of the software, survey catches of American place, ydlowtal
flounder and cod were overl an on a temperature surface, creaed by potentid mapping, to define environmentd
relaionships (Fig. 12). An advantage is tha data from multiple sources can be andysed together in a spatid
environment.

A second example demonstrated how potentid mapping can be employed to estimate biomass and abundance using
ether survey or commercid fisheries data (Kulka and Pitcher1998). Using the example of thorny skae, potentia
mapping was used to post-stretify the data based on the distribution of the species. Ared expansion was then applied
within the density strata crested by potentid mapping (T able 1), and because the strata correspond to the distribution
of the species, the result is fewer strata with more stations per straaum. Data from any type of survey or even
commercid fisheri es data can be anaysed in thismanner.

Tablel. Cdculaion of thorny skae biomass based on density dasses (straa) crested using potentid mapping
(refer to Kulka and Pitcher 2001 for detals).

Density Set ALHOP Mean Kg Biomass Biomass

Class  Count Area  per tow ki it Stdew
1 21 25,051 0o 0 0 0o

2 2B 24,750 01 105,924 106 02

3 24 25,256 04 421 5458 a2 04

G| 28 27 236 1.0 1,142,318 1,142 1.0

5 26 23ETL 049 943 943 St 1.1

5 ey 23519 1.4 1419235 14139 1.7

7 35 23879 258 2 BOE BA7 2 ko7 28

=] 21 22 BE0 348 3,384 565 3,385 15

g 33 19,122 58 4,713,823 4,714 8.1

10 28 19,138 78 B 437 737 6,438 75

1 L] 18,356 =N = AN 7l 8.3

12 31 18,781 155 12,458 561 12458 178

13 24 21 FER 235 21 762527 21,763 199

14 3o 22070 0.0 25,364 501 28365 222

15 26 16,402 53 4 37 A8k 753 AR 435

Sum 425 331960 103 128759791 128760 om

3.1.3 Ocean Data View

R. Schlitzer demonstraied the cgpabilities of Ocean Daa View (ODV), freaware avalable on the Internet a
http://www. awi-bremerhaven.de/ GEO/ODV/, which was designed for the interactive exploraion and graphicd
display of multi-parameter profile or sequence data The software is run on PCs under Windows and Linux, on
Macintosh under OS X and on UNIX workstaions under SUN Solais, SGI IRIX, and IBM AlX. The software
indudes coastline and topographi c daa as well as various datdbases with officid names for a lage number of
topographic features (gazetteers). Although origindly deveoped for oceanographic observaions, the underlying
concept is more generd and dataor mode output from other disciplines such as fisheries research can be achi eved
with ODV. The dataformat is designed for compact storage as wel as direct data access and dlows the construction
of very large datasets. ODV supports the display of point data as either colored cirdes or numeric daavaues. In
addition, variableresolution gridding dgorithms dlow color shading and contouring of gridded fidds dong sections
and on generd three-dimensiona surfaces. A large number of derived variables can dso be sdected, cdcul aed and
displayed on-line

3.1.3.1 Operational Modes

ODV can opede in five different modes (MAP, STATION, SCATTER, SECTION and SURFACE), thereby
providing different andysis methods and display types commonly used in the scientific community. MAP mode can
be used to produce high qudity station or cruise maps of speci fic regions or the entire globe. ODV dlows a choice
between five map projections and provides bathymetry and land topography information as well as the boundaries of
rivers, lakes, seaice extent and nationa borders. This information is avalable a different leves of resolution and
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can be used to compose vaious types of context maps. Specific stations can be highlighted and annotated. ODV
magps can be produced as GIF, EMF, or PostScript files.

STATION mode (and dl of the following modes) provides a station mgp and one or more data plot windows. This
mode is gppropriate for producing X/Y property/property plots for one or more sd ected stations or profiles and for
studying differences between stations. The staiions to be plotted can be sdected using different methods, the
simplest method is to dick on a station with the mouse. In SCATTER mode, data from dl stations shown on the
mgp are displayed in the data plots. This provides an overview of dl data from a given region, aspecdi fic cruise, or a
sdected station subsat and is particularly useful for data qudity checking. SCATTER mode (and dl of the following
modes) supports Z vaiables in addition to X and Y variables. The vaue of a Z vaiale & a given X/Y point is
displayed as either the actuad numericd vaue or by vaue-dependent color coding. Plots with Z-variables (similar to
SECTION and SURFACE plots described below) can be displayed in two ways: (1) as colored cirdes a the X/Y
locations or (2) as continuous, gridded fidds estimated on the basis of the observed data Gridded fidds (see bd ow
for a description of the gridding d gorithms) can be col or-shaded and/or contoured.

SECTION mode dso supports Z variables on data plotsand dlows dl pot types of the SCATTER mode, but the set
of stations used for the plotsis restricted to a section band usudly following given cruise tracks. Section bands can
be defined arbitrarily and their width can be adjusted in order to properly sdect a set of stations. SECTION modeis
gopropriate for presenting property distributions and property/property plots for dl stations dong entire cruises and
to cdculae and investigate geostrophic vel ocities perpendicul ar to the cross-section of a cruise track.

SURFACE mode dlows the specification of surfaces in three-dimensiond space which are defined as points of
constant vaue for a given varieble. For example, depth, density, or temperaure surfaces can be displayed and
overlan on property distributions of other variabl es. Fig. 13 shows an example of SURFACE plots produced from
fish catch datain the Grand Banks region.

Fig. 13. Distribution of American plaice based on 1997-1999 survey catches (kg per tow) in the Grand Banks
region as examples of ODV map displays. The back dots represent the positions of the origind data

3.1.3.2 Gridding Algorithms

In addition to displaying data points as numericd vaues or colored circdes, ODV can produce color-shaded and/or
contoured, gridded property distributions (Fig. 13). For the gridding process, ODV has two built-in gridding
dgorithms: Quick Gridding and VG Griddng. Quick Gridding is a fast method suitable for cases with good data
coverage and yidds results in amaiter of seconds, even for | arge daasets that indude as many as severa hundred
thousand points. T he underlying method is a wei ghted-aver age scheme with separat e user-supplied averaging length
scdes in X and Y directions. To achieve fast performance, the daa are tile-sorted prior to the averaging process
then, for the estimation a& agiven X/Y position, only the data vaues within asmadl neighborhood of the point are
actudly used in the averaging process.

For poor or heterogeneous daa coverage, VG Gridding is to be preferred over the Quick Gridding method. In
contrast to Quick Gridding, which uses an equidistant, rectangular grid for the estimation, VG Gridding andyzes the
distribution of the deta points and constructs a variabl eresolution, rectangular grid, where grid spacing dong the X



14

and Y axes vay according to data density. High resolution (smdl grid spacing) is provided in regions with good
data coverage, wheress in aress of sparse sampling the grid is coarse and resolution is limited. For typica
hydrographic sections, this procedure leads to higher spatid resolution in the upper water column and in boundary
current regions (data coverage is usudly very good inthese aress) as compared to the degp, open ocean regions.

After construction of the grid, the property under consideraion (e.g., temperature, sdinity) isestimated & every grid
point by goplying a weighted-average scheme using data va ues from the grid point neighborhood. Weights decrease
with incressing distance from the grid point, and user-specified length scades in X and Y directions are gpplied.
Averaging length scdes are proportiond to the grid spacing. For example, in aress of higher grid-resolution such as
the upper water column and boundary currents, smdler averaging length-scdes are used automaticdly. Thisoverdl
goproach dlows the resolution of smdl-scde features in areas of dense data coverage and provides smooth and
stable fidds in areas with sparse data coverage. Once aproperty fiedd has been estimated, the results are passed to
shading and contouring routines output as a screen display or as aprintablefile.

3.1.4 Generalizd Additive Modds

Modeling of the spaid distribution of fish populations using non-parametric Generdized Additive Modds
(GAM's) was presented by M. Simpson. It was noted tha while trend surface andysis could be used to modd the
spatid distribution of catches, higher-order polynomid regressions provide poor fits dong the edge of the spatia
distribution and only capture globd patterns of the distribution. In contrast, GAM's extend the range of Generdized
Linear Modds by dlowing non-parametric smoothers. Employing GAM’ s, spatid trends in catch in rdaion to
environmentd can be investigated using the R software pack age.

Two smoothing functions are availablein R: s (cubic B-spline) and o (loess), which can be used on their own, or
mixed with parametric functions. GAM's permit specification of the error distribution, such as binomid, gammaor
Poisson. The later type of error distribution is gppropriate for data collected during research surveys (Swartzman e
al.,1992; O'Brien and Rago, 1996). The modd is fitted by iteratively by smoothing partid residuds. The syntax
involved in running the GAM in S-plus, a detailed S-plus code outlining a similar gpplication of the GAM to
fisheries data, avalable in O'Brien and Rago (1996, NAFO Sc. Coun. Studies 28:79-95), was followed in the
presentation.

A step-wise GAM that incorporated yelowtal flounder survey catches (kg per tow) was used to determine the best
fit based on the Akake Information Criterion (AIC) test statistic. The lowest AIC stdistic gives the best
combination of paameters for indusion in the find modd. To define the test criteria the GAM equation was
speci fied as:

gameq < formulay d num~s(DEPT H)+s(BT EMP)+LAT +LONG)
where ydlowtal flounder catch, (yelnum), was moddled as a function of depth, bottom temperature, laitude and

longitude T he step-wise criteria, in which the form of the smoother (i.e., 10 or s) can be specified in a scope list for
eech environmentd variable, was defined as follows:

"DEPTH"= ~ 1 + DEPTH +I0o(DEPTH) +gDEPTH),
"BTEMP"=~1 +BTEMP +|0o(BTEMP) +(BTEMP),

T he step-wise routine generated an AIC statistic for each iteration to evd uate the modd.
Stat: yednum ~ s(DEPT H) + S(BTEMP) + LAT + LONG; AlC= 13960.87

Trid: ydnum ~ Io(DEPTH) + s(BTEMP) + LAT + LONG; AIC=15791.23

Trid: yelnum ~ S(DEPTH) + [o(BTEMP) + LAT +LONG; AIC= 14469.87
Trid: yenum ~ S(DEPTH) + S(BTEMP) + 1+ LONG; AIC= 14729.04
Trid: ydnum ~ S(DEPTH) + S(BTEMP) + LAT + 1; AIC= 16656.19

An evauation of the modd results demonstrated that the cubic B-spline smoother provided the best fit. Following
mode verifi cation, the GAM produced a plot of the interpolated va ues in the survey area by using the commands:
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yellowtail GAM< -gam( gameg,family= poi sson,data= yd | owtail )
i<-interp(LONG,LAT,yd lowtail GAM$fitted)
image(i,Xab="Longitude"',yiab="Latitude",{im=-55,-47))
contour (i,add=T,Nevd s=15)

zcat<-(yellowtai | GAM%fitted)

T he commands shown above will produce aplot of the fitted output from the GAM which can then be annotated
with additiona commands to spedi fy the title, legend, coast, depth contours, and NAFO Division boundari es (Fig.

14).

1996 Yellowtail GAM Fit

Latitude

Longitude

Fig. 14. Map of ydlowtal flounder distribution onthe Grand Banks based on spring survey datafit usinga GAM.

To evduae the modd, the modd summary can be produced by issuing the commands summary(ye lowtail GAM) to
display the Deviance Residuds:

Null Deviance: 86140.62 on 503 degrees of freedom
Residud Deviance 13938.91 on 493.022 degrees of freedom

Number of Locd Scoring Iterations: 6
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from which a Pseudo-R? (O'Brien and Rago, 1996) can be cdculaed using the formula (1-residud deviance/Null
deviance). Inthisexample, the Pseudo-R? is 0.8381 and provides an indication of the modd fit.

GAMSs, in contrast to some andyticd procedures, do not make a priori assumptions about underlying daa
relaionships. As aresult, the data drive the fit of the modd. The GAM dso permitsthe user to visudize the additive
contribution of each variable to the respective response using smoothed functions (Fig. 15).
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Fig. 15. Scaterplot smooths and patid fits, with 95% confidence limits (dashed lines), of depth (top le&ft), bottom
temperature (top right), latitude (bottom left) and longitude (bottom right) for a Generdized Additive

Modd (GAM) of ydlowtal flounder spring survey cat ches (kg per tow) on the Grand Banks.

GAMss constitute a powerful exploratory tool for detecting simple and complex reaionships in survey distributions
Unlike tessd aion methods, in which exterior polygons/triangles are undefined and no varianceis assod ated with
the interpolated points, or trend surface andysis, which only shows globa scae trends and has di ffi culty fitting the
surface near edge of the distribution. Generdized additive modds are better suited to handle the nonlinear
relaionships between fishery catch distributions and associated environmentd variables (eg., depth, temperature,
sediment type, and sdinty).

3.2 Demonstration - Solving a Spatial Q uestion
Practicd examples of how spatid andysis can be used to solve a fisheries question were demonstrated in ODV, R,

ACON and SPANS using the Grand Banks data. T he objective of the andysis was to define the overlap of two
species in terms of their geographic distributions.



17

3.2.1 Ocean Data View

To determine the geographicad regions, where the two species American place and ydlowtal flounder overl ap,
ODV was used to generate the distribution maps for the two speci es based on the multi-year Grand Banks dataset
(Fig. 16aand b).

(ﬂ}_ American plaice numbers o (b) Yellowtail flounder numbers

Fig.16. Distribution of (8) American plaice and (b) yelowtail flounder in the Grand Banks region for the years
between 1996 and 2003

It is evident that American pla ce has its highest abundance in a northwest-southeastward oriented band in the
southern Grand Banks area, whereass ydlowtal flounder is most abundant in a meridiondly stretched region
somewha to the east of the American place pach. There gopears to be overlap of the two species, however, the
precise locaion and extent of the overlgp areais difficult to determine from Fig. 16 done.

For a quantitative treetment of the problem the American plaice daa are plotted versus ydlowtal flounder (Fig.
173a), and the data points in the parameter range that indicates overlap (simultaneous high yidd for both species;
marked by ared polygon in Fig. 173) are highlighted in green. When plotted in amap (Fig. 17b), one finds that the
green points form a well defined area of overlgp in the southern Grand Banks region. Note tha the definition and
highlighting of overlgp points was implemented by using ODV's Petch derived vari ébles. Refinements that dso
show the degree of overlgp would be possible by specifying more than one patch.

(@ - (b)

Yeffowtail flounder numbers

American plaice numbers

Fig.17. (a) Plot of ydlowtal flounder versus American place and specification of a parameter range that
indicates overlap (red polygon and green data points); and (b) map of the Grand Banks region showing
the geographicd distribution of overlgp points.
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3.2.2 R-Geostatistics

R-geostatistica routines were gpplied to quantify the spatid overlap between yelow tal flounder and the Ameri can
place Following Bez and Rivoirard (2000), each populaion is represented by an dlipse centered a the center of
mass of the population. As noted laer in this report, the inertia of the mass of fish aound their centrd location, i.e
the fish dispersd, can be decomposed into the directions in which fish are most and least dispersed, which resultsin
defining a fish distribution as an dlipse The surfaces of the dlipses are equd to the equiva ent surface (Bez and
Rivoirard, 2001) of each popul aion (Fig. 18). Findly, the spatid overlgp between the two can be quantified by a
Globa Index of Collocation which ranges from 0 when the overlap is null to 1 for complete overlgp. In the present
case, the overlap gppears to below as le GIC remains below 0.8. In the meantime, atrend is observed indicating that
the spatid overlgp between the two species increased during the study time window (Fig 18).
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Fig. 18. Evduation of the spatid overl gp between ydlowtal flounder (black dlipses) and the American plaice
(red dlipses) for the different surveys. (@ Summary spatid distributions using centres of mass and
inetia (b) Evolution of the Globd Index of Collocaion (GIC) with time

3.23 ACON

A geo-referenced pie chat grgphic of the co-occurrence of both ydlowtal flounder and American plaice was
generaed to define both the distribution and co-occurrence of these spedies and their rd aive abundance (Fig. 19). In
this example, aggregation by 10 minute square provides a description of fine scd e structure dong the shd f edgein
areas of high sampling intensity. Although in this gpproach there is no eror introduced as may me the cese for
dternaive contouring methodol ogy assumptions, no globa estimateis avalable for ether the frequency, magnitude
or variance of co-occurrence. Bottom temperature observations are contoured in this graphic, as it is traditionaly
considered a continuous vari able for which one assumes interpolaion between adjacent observaions produces a
ressonable representation. However, this script induded a parameter tha limits the spaid extent of contour
interpolation, so tha the Dd aunay tri angulated bottom temperature data in the upper right corner of the map were
determined to extent the interpolation beyond an acceptable (abitrary) sampling distance. As a result a “ holée’
gppears in the contour surface.
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Fig.19. ACON generated map of Ydlowtal Flounder and American Place, denoted by scded symbol pie charts,

in the American place fishery in 2000. Coloured surface represents bottom temperature created using
inverse distance weighted gradient interpolation of bottom temperature messurements.

3.2.4 SPANS

Matrix modeing was gpplied to spatidly define overlgp of the distributions, potentid maps of American plaice and
yelowtal flounder were created from the survey daa (kg per tow). The two maps were then overlaid using a matrix
modd to produce amatrix of zeroes where columns defined ydlowtall density (kg per tow) and the rows defined
American place density. The matrix was then revised using a numericd dassification scheme thet reflected the
degree of spatid overl g between the two species (table in Fig. 20). This matrix dassification was then used to
produce a map showing the degree of overlap between the two species (map in Fig. 20).
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Fig.20. Matrix ovelay andysis of American place and yelowtal flounder. T he table above the map shows the
matrix used to red assify the overlay of two potentid magps. The map resulting from the matrix overlay
shows the degree of overlgp between the two species (1-no overlgp, 5 greatest overl gp). These aress of
overlap can then be compared to fishing grounds (red lines overlaying the areq).

4.0 UTILIZATION OF GEOSTATISTICSFOR MAPPING

N. Bez presented a lecture on the utilization of geostaistics for mapping. Lectures pertaining to geostatistica
concepts and methods were followed by hands-on exercises tha incorporaed survey and fisheries data from the

Grand Banks.

4.1 History, theory and concepts

A brief introduction was given on the origin of geostaisticd techniques in the mining industry to solve systematic
over-estimation of gold reserves. T he use of geostatisticd tools infisheries has gradudly increased since 1977 when
Laurec (1977) first used geostatistics to estimate fishing power. T hereafter, Conan (1985), Ldoé (1985), and Gohin
(1985) utilized geostatistics to andyze fisheries data Since 1985, fisheries gpplications of geostatisticd methods
have focused primarily on the andysis of acoustic survey daa in part, because its use was recommended as an
outcome of a 1991 ICES workshop on thetopic (ICES, 1993).
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4.2 Consideration o the gatial aspects of fish distributions

The dassicd method of estimating the qudity of estimations is to compute the estimation variance by using the
formula

2

S

O'ZE:_
N

where N represents the number of samples, s represents the experimentd variance of the dataand O'2E represents

the estimation variance. However, the eguation is based on the assumption tha the number of samples can be
considered as N outcomes of N vaiables tha ae independent and identicdly-distributed in space (spatid
homogendty of the distribution). Independence can be atained in practice i f the samples are locaed a random or i f
the underlying fish distribution hasno spatid structure, but this is sd dom the case.

When the objective of a survey sampling scheme is dther to target a paticular populaion or to sample the
distribution of multiple species, the area of occupancy of a given species is often bounded by stations with no catch
of the given species. These zeros represent vauabl e informaion because they indicae whether the area of
occupancy of the target species has been adequatdy sampled. However, for the same reason, zero catches dso
impact the dassic tools used for the andysis of survey daa, such as histograms, means, variances, and regressions.
The dternatives are either to utilize tools that are robust with respect to zero caches (e.g. transitive geostatistics) or
to ddinegte the area occupied by a species or vaiable then to statisticdly describe the characteristics that are
intrinsic to each population. This latter goproach, intrinsic geostatistics, consigs of the use of variograms and the
production of kriging maps.

4.3 Identification of spatid structure usingvariograms and kriging

The variogram is atool for describing the spatid structure of a variable The variogram was presented as the
decomposition of the overdl variance into distance classes. The vaiogram dlows for the determination of which
spatid scdes (smdl or large-scae) are most responsible for the overdl variance An example of a one-dimensiond
vaiogran was presented and paticipants computed the variogram, by hand, in order to better understand
goplicaion of the dgorithm. Practicd considerations for the estimation of two-dimensiond (bi-directiond)
variograms were aso presented. Experimenta variograms are sensitive to: distance lag, fidd size and shape, outliers
and their location in thefidd, and the homogenety of the popul aion.

The effects of adjusting the distance and direction lags on the variogram were considered. The possible use of
tolerance vaues, when samples are not regularly spaced, was discussed and the avoidance of overlgoping distance
and direction dasses was recommended to avoid double counting.

An example based on the piezometric leves of an aquifer a various geologicd depths was presented in order to
illustrate the interpretation of experimenta variograms. The example demonstrated that the evolution of the
experimentd vaiogram was dealy assod ated with the evolution from a pure nugget effect to a strong, smdl-scde
spatid structure that increased with depth.

The variogram dlows for the computation of the estimation vari ance. As a result, variogram modes that preclude
negative variance estimates must be chosen. Possible functions for use in fitting an experimentd variogram were
presented. Fitting rules avalable in the software indude manud, semi-automatic and completdy automatic. The
decision for sdecting a speci fic type of variogram modd should be based on both the spatid distribution of the
sample data and on biologicd knowledge of the smdl-scde spatid structure, as wel asthelevd of measurement
error associated with the survey gear.

The variogram modd is used in kriging. Kriging dlows for estimation of the density a an unknown point and uses
an dgorithm that defines the we ghts to goply to sample datawhen interpolaing between known points in order to
minimize the estimation variance The mathematicd basis of kriging was explaned and the impact of the modd
parameters (type of modd, range, or sill) on the krigng outputs was demonstrated using various examples.
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4.4 Methods for summarizng spatial distributions

In some cases, paticulaly when the number of surveys and/or the number of species being studied is large, spdtid
distributions may be summarized using quick and more robust tools. For example, the center of mass and theinettia
of sample vaues can be used to represent the mean location of a population and its dispersd around the mean
position. Similar to aPCA andysis, theinertiacan be decomposed into the directions in which fish are most and
lesst dispersed, which results indefining a fish distribution as an dlipse

4.5 Other geostatistical methods

Geostatisticad methods other than kriging were only covered in bri ef. For example, particul ar atention was devoted
to the di fference between alocd estimaion (i.e a kriging mgp) and agloba estimation (i.e the estimation of the
fish densities over a given straum, multiple strata, or a given aregd). In the case of a stratified, random survey, a
kriging mgp can be used to estimate the biomass within astraum by summing the kriging vaues estimated a the
grid nodes that fdl within the particular stratum multiplied by the area of agrid cdl. However, aglobd estimation
vaiance for each straum must be computed using adi fferent method (Rivoirard & d., 2001) and then the stratum
variances can be summed across dl stratato compute a we ghted average.

Multivariate geostatistics and the use of cross variograms for co-kriging was mentioned briefly, as were the
guestions of species-spedi fic survey design and the impact of the size of the area swept by the trawl.

4.6 Geostatistical analyses of Grand Banks data sats

Geostatisticd andyses incorporating data sets from the Grand Banks were conducted using R software (freeware)
and geostatisticd routines devedoped by the Centre de Géostatistique. This dlowed the participants to use and test
the geostatistica tools presented.

In the case of multi-species surveys, the most likdy Stuation istha themodds have to be species and year-speci fi c,
but thisis dependent on the objective of the andysis. Species present on the Grand Bank do not have the same aress
of occupancy, so due totimelimitations, andyses were focused on ydlowtal flounder.

The spatid structure of ydlowtail flounder was dso compared to that of environmentd variables, such as depth and
bottom temperature, and biologicd variables such as Greenland hdibut. The potentid use of CPUE datato describe
the spatid structure of targeted species was d so examined.

4.6.1 Ydlowtail flounder

Ydlowtal flounder were concentrated in the southern portion of the Grand Banks during 1996-2002 (Fig 21).
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Fig.21. Ydlowtal flounder distribution (number per tow) during spring, based on the Canadian bottom trawl

surveys conducted on the Grand Banks during 1996-2002, and the habitat polygon utilized in akriging

andysis. Thediameter of the red cird es increases with flounder density and the black crosses represent
stations with no flounder catch.

Figures 22-24 illustrate the steps required to prepare akriging map of ydlowtal flounder abundance, during spring
of 2000 (N = 101 staions), using the area of occupancy shown in Fig. 21. The sdection of a particular area of
occupancy affects the variance leve and re aive shape of the variogram (Fig. 22). Asis often the case with fisheries
data, the spatid structure of ydlowtal flounder during spring of 2000 exhibited a strong random component (nugget
effect). The nugget effect quantifi es the amount of spatid structure tha is unknown because it iséattributable tointer-
sample distance (the average distance between nearest neighbors) and measurement error. For the ydlowtal
flounder example presented, the nugget effect represents hd f of the overdl vaiability. Therest of the variability is
explained by aspaid structure with arange of 80 nauticd miles, which impies that fish densities & stations greater
than 80 nmi gpart are no longer corrd ated.
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Fig. 22. Experimentd variograms, presented in raw (top) and normdized vari ance scdes (bottom), of ydlowtall
flounder abundance (number per tow) on the Grand Banks during 2000 based on Canadian spring bottom
travl surveys. Vaiograms are presented with (black line) and without (red line) the ind usion of stations
with no ydlowtail flounder catch and which lie beyond the boundary of the habitat polygon (refer to Fig.
X1).
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Fig. 23. An expeimentd vaiogram (left), computed for al directions, and variogran modd (red line) for

ydlowtal flounder abundance (humber per tow) on the Grand Banks based on data from the 2000 spring
Canadian bottom trawl survey. The variogram and modd are based on the habita areaddineated in Fig.
X1. A kriging map (right) based on the variogram mode is shown with iso-density contours (highest
densities are shown in red) and the 200 m and 400 m isobaths are shown in green.
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After amodd was fitted to the experimentd vaiogram (Fig. 23), akrigingmap and akriging variance map (Fig. 24)
were prepared for the area of occupancy. The raw vaues for ydlowtal flounder abundance were superimposed on

both maps to check the accuracy of the interpolations.
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Fig.24. Kriging map (left) showing the estimated distribution of yelowtal flounder on the Grand Banks,
incuding the raw data points, and the associaed kringing variance map (right). The highest densities and
vaiance vaues are shown in red and the 200 m and 400 m isobaths are shown in green.

4.6.2 Depth

An expaimentd vaiogram for depth, avaiabl e with, apriori, astrong spatid structure, can be compared with that
of ydlowtal flounder. The depth expeimentd vaiogram is more stable (Fig. 25) than the one obtained for
yelowtal flounder. Nevertheess, depth exhibits some nugget effect, indicating that either depth is nat accuratdy
measured and/or that depth can change quite quickly with respect to the inter-sampl e distance.
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Fig.25. Vaiogram (left), computed for dl directions, of depths (m) sampled during the 1996-2002 Canadian
spring bottom trawl surveys of the Grand Banks. The variogram modd (red lin€) is superimposed on the
experimenta variogram. Kriging map of depth (with a unique neighborhood) shown a 50-m depth
contour intervas (right).
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4.6.3 Greenland hdibut

Greenl and haibut were distributed dong the she f edge during 1996-2002 (Fig. 26). Thisspatid characteristic must
be taken into account in a spatid interpolation. Therefore, a transformation of the sampling coordinates, into a
reference system with an axis across the she f edge and another one dong the shd f edge, was conducted (Fig. 26).
Then, a complete geostatisticd andysis induding the vaiogram and the kriging was conducted using the new
reference system. However, kriging has been back-transformed into a geogrgphicd reference system (Fig. 27).

Latifude
45 46 47 48 49
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longitude
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Fig. 26. Spatid distribution of Greenland hdibut during spring of 1996-2002 based on Canadi an bottom trawl
surveys. Red cirdes incresse in size with increasing hdibut density and black crosses indicate staions
with no hdibut catch. The polygon indicates the sdected area of occupancy (left) and the location of the
sdected points within this area are shown across (x axis, in nmi.) the shdf edge and dong (y axis, in
nmi.) theshef edge (right).
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Fig. 27. Vaiogram (left) of Greenl and hadibut density dong the shel f edge of the Grand Banks during spring of
1996-2002, based on Canadian bottom trawl survey data The vaiogran modd (red line) is
superimposed on the experimentd variogram. Kriging map (with aunique ne ghborhood) of Greenland
hdibut density in rdation to the 200 m and 400 m isobaths (right).

4.6.4 CPUE

The potentid use of CPUE (catch per unit effort) data to describe the spaid structure of ydlowtal flounder was
aso assessed. Given the very dense concentration of the daa points in space and time, a short distance lag wes
required (0.5 nmi.). T o avoid the comparison between CPUE data collected too far goart in time, atime lag was dso
used. Theleved of locd heterogeneity is still high (the nugget effect accounts for ha f of the vari aility) and a spaid
structure of severd nauticd miles is goparent (Fig. 28).
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Fig.28. Vaiogram of ydlowtal flounder weekly CPUE on the Grand Banks during 2000, based on a dstance lag
of 0.5 nmi. The variogram modd (red line) is superimposed on the experimenta variogram.
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5.0 CONCLUSIONS

The impetus for the workshop was an unfamiliaity of many Scientific Council members with a geostatistica
presentation, GAM and kriging andyses of ydlowtal flounder distribution on the Grand Banks (Wdsh et al. 2001).
As aresult of this workshop, the participants now have a better understanding basic geostatisticad concepts and
methods, paticularly kriging. In addition, the workshop provided members with freewar e software tools and hands-
on exercises that can be gopplied to geo-referenced data from the NAFO region in the future.

Participants discussed how they might apply the knowledge gained a the workshop. A recommendation was made
to investigate efficient ways of incorporating mapping and geostatistica andyses into NAFO stock assessments,
possibly by accessing these tools via an internet site, such as the GMBIS website, which dready provides a
mechanism for mgpping user-defined geo-referenced data However, it was dso noted that the time commitment and

programming knowledge required for this task represent potentid obstad es to implementation. Multiple partic pants
expressed positive feedback about the workshop, paticularly with respect to covering such a complex topic, in a
short time span, in an understandable way and with the use of NAFO da a sets. Participants aso noted tha they fdt
that the knowledge gained a the workshop would now alow them to apply geostatistica andyses to their NAFO
stock assessments.
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0800-0900

0900-0930

0930-1000
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APPENDIX 1. WORKSHOP AGENDA

Establish LAN connections and download software

Introduction

Workshop Objectives, Agenda and Introduction of Instructors (D. Kulka/L. Hendrickson)
Oveview

Workshop overview and brief history of geostatistics use in fisheries stock assessment (N. Bez)

e Daavisudizaion (mapping techniques)

e Interpolation techniques - Point to Surface Transformetion (i.e Contouring, Voronoi,
Potentid Mapping, Kriging)

e Overlay modding

o Geostdistics

Data Visualization

1000-1015

1015-1035

1035-1200

1200-1330

1330-1430

1430-1500

1500-1520

1520-1830

Overview of mapping (D. Kulka)

The vaue of visudization of biologicd and environmentd data in the marine context will be
reviewed. Spatid data structure will be described and illudrated.

Break

Use of ACON software (G. Black)

Participants will use ACON software (freaware) to mgp and andyze survey data Transformation
and visudization of point paterns to surface distributions will be examined. T essdation methods
such as plotting Voronoi polygons and the use of Ddaunay triangulaion will be described.

Lunch

SPANS software demonstration (D. Kulka)

Key functions in SPANS (Spatid Andysis System), a GIS, will be demonstrated. Potentid
mapping, apoint to surface transformation will be demonstrated. Potentiad mapping provides an
optima interpolated estimate for locations that were not sampled. T he resulting dassified surface
(rester) fadilitates andyses not possible with the origina point data

Generdized Additive Modd's (M. Smpson)

Break

Use of Ocean Data View software (R. Schlitzer)

Participants will use Ocean Daa View software to map and andyze NAFO survey daa This

exercise will involve exploraion and visudizaion of oceanographi ¢ and other geo-referenced
profile or sequence daa
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DAY 2
Geostatistics
830-1030 Surface Overlay and DataModdling (D. Kulka)

Demonstration of overlaying surfaces and modding to examine spaid rdaionships or to
cdculaespatid statistics. Examples will indude speci es co-occurrence, habita preferences and
biomass cdculaions using NAFO data

1030-1050 Break

1050-1200 Why should we use geostatistics? (N. Bez)

e Sampling Theory (Cochran, 1977) is based on the assumption that the sample vaues can be
mode ed as independent and identicaly distributed random variabl es. Each of these concepts
will be discussed. When thisframework is not consistent with the characteristics of ether the
sampling or the data, one dternetive method isto use geostatistics.

e Modding and use the use of autocorreation present in the sample vaues of agiven vaigbl e
Kriging will be presented as a method to dlow weighting of the data according to &) spaid
structure, b) rdative location in space, and c) position rdative to the point or the polygon to
be estimated.

o Andysis of spatidly-corrdated (multivariae geostatistics)
1200-1330 Lunch

1330-1530 The vaiogram (N. Bez)
e Background on vaiance
e Decomposition of the variance into distance bins
Random Functions
Variogram definition
Estimation of the variogram in practice
Modes
Properties
Interpretation of the spatid structure

1530- 1550 Break

1550- 1730 Estimation and irnterpretation of experimentd variograms (N. Bez)
e Exeadsesusing R (freaware version of Splus) and geostatistica routines.

DAY 3

0830- 1030 The variogram, continued (N. Bez)
e Thevaiogram as atool to compute variances
e Nugge effect and the reduction of variance
Cases where statistics is rdevant (pure nugget effects)
We ghted variograms

Kriging

e Principles

e Equations

e Kriging properties
e lllustraions

e Difference between the variable and its kriging



1030- 1050

1050-1200

1200- 1330

1330-1530

1530-1550

1550-1700
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e Kriging weights
e Locd estimation as opposed to globd estimations

Break
Kriging exercises (N. Bez)

Objectives indude modding the variograms and using them for kriging. Changes in the output
maps by varying the variogram parameters will be examined.

Lunch

Elements of the transitive geostatisticd approach (N. Bez)
e Center of Gravity and Inertia to summarize survey maps and to describe a series of
survey daa
e Elements of globd estimation (estimation variances, survey design, ec.)
e Presentation of dternaive software (EVA, Isdis)

Break

W rgp-up discussion
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