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Abstract — This research is a part of the Project entitled
“Creating of hydrogeological model of Latvia to be sed for
management of groundwater resources and for evaluian of
their recovery measures”. It is supported by the Etppean
Regional Development Fund. Important task of this Poject is
data preparation for the hydrographical network (HN) that must
be incorporated into the ground surface relief. Therelief will be
used as the boundary condition in hydrogeological odel (HM).
In this article, problems and their solutions are @scribed for
getting and exporting ESRI shapefile data into the GI BLN
format. It is the Golden Software BLN format extendel version
for obtaining X, Y and Z data for isolines, elevaibn marks, lakes
and rivers that are needed for making of HN.

Keywords — initial hydrographical data, middleware, ArcGIS,
shapefile, interpolation.

|I. INTRODUCTION

Il. THE GDI PROGRAM AND ESRI

The GDI program is applied for creating digital raapy
using pointwise and line data. This is the softwdegeloped
by the EMC team. For prepare line data for GDI, ghegram
CRP is used. The program CRP is used for interipglatata
for line in a vector form. The scheme involving B&I| and
CRP programs is shown on Fig. 1. More informatitou
these programs was in [3] and [6].

The ESRI Company is the owner of the Shapefile &rm
and the Company known as the ArcGIS software deeelo
ArcGIS Desktop performs advanced spatial analysigdel
operational processes, and visualizes results ofegsional-
quality maps. ArcGIS Desktop has four main software
versions — ArcReader, ArcView, ArcEditor and Arad?].

For initial data getting and preparing, the Arc@li®gram

For creating 3D hydrogeological models, the team ofrcview was used [8].

Environment Modelling centre (EMC) of Riga Technica

University is using the ground surface elevationpnaa the
piezometric boundary condition for the top horizdiHM.

This approach was used for creating HM in Latvig [1

Lithuania [2], Russia [3] and Germany [4]. To ube telief
for this specific purpose, it is essential to ofbtahe
hydrographical network (HN) (rivers and lakes)eaactly as
possible, and to match it with the terrestrialakli

Up to now, the digital relief map was created byngs
initial data that were created by manual digitizin§o
automate this process, software has been develdped
processing and changing data structure accordinghéo
standards for input data of the GDI and CRP progrggh To
evaluate a work that will be needed for automatitial data
preparation, the relief data sources availablgtochase were
considered. The Latvian Geospatial Information Agen
(LGIA) [5] relief map set was obtained, which indkd three
packages: two digital reliefs for the 20m and 70ndg
respectively, as ASCIl *.txt data (format <X Y Zxyith
identification corresponding to all *.jpg map pagkafor
Latvia and “the analog relief”. Unfortunately, bothgital
relief maps do not account for presence of HN. Othe
analog relief” contains data regarding HN. Thesta dare
defined in a continuous environment in the *.shapstiile

format. These shapefiles contain information about teriastr

elevation isolines, lakes, rivers, ground elevatiomarks.

Algorithms and software were developed to prepaesd data
and to change their formats in order to create HiN

incorporate it in the digital relief map.

Digital topographic maps are presented in the ESRI
Shapefile [9] format. The format includes seveiial fypes in
the binary format:

1. *.shp file stores geometrical data;

2. *.dbf file stores attributes of geometries;

3. *.shx file stores index for both above files.

DIFFERENCES IN THEDATA FORMATS

To create the relief map, the GDI software is u3da: GDI
program had its specific data format for initialtala points
and lines. The point format ASCII file has four wains - X
coordinate, Y coordinate, field for additional infeation and
Z value, see Fig. 2.

The line format ASCII file has an extra row (hegder
containing information about number of nodes irelifine
name and line type (see Fig. 3.). The line formas @xtended
from the Golden Software [10] BLN format. It is massary to
match the ESRI Shapefile format with the GDI format
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Description of GD| programme step results: [END]
- 1st result uses all geographical initial data for creating basic relief surface E
- 2nd result accounts for influence of roadbeds on relief surface &
- 3rd result corrects possible disturbance of river data during 2nd step ki

Programmes:

GDI -for geological data interpolation
CRP - for finding crosspoints with grid
GRD - for converting ".hin -->". grd codes
SURFER - SURFER for Windows graphics

Inputs of GD| programme:

(3 - pointwise data
(%) - crosspoint data

(T} - logical information: yes or no for data priority

Abbreviations:

*.grd - grid file for SURFER programme
*.daw - pointwise data file

*krp - crosspoint data file

*bln - vectored line data file

*.msk - logical data: yes, no

*.ram - file with data on shell
no_mask.msk - no masking of data applied
r1, r2,r3 - results of 1st, 2nd, 3rd step
(xxx) - record number in file
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Fig. 1. A scheme for generating the digital refrefp by the GDI program

V. CHANGING SHAPEFILE DATA FORMAT

The Shapefile data format change includes thregesta
binary data export to ASCII for geometries, binasport to
ASCIl for attributes and consolidation of geometayd
attribute data into the GDI format. In the firsage of data
export, the Golden Software BLN additional programs
Surfer [10] and ArcGIS plug-in TypeConvert [11] ansed.
Different programs are needed, because the plugaimot
export big size files. In the second stage, thegranmming
script in the VBScript language is used to open DigF
format file with the MS Excel program and to gee tHata
from target columns. In that way, the GDI post fdecreated
for pointwise data. The third stage depends ortytpe of the
initial data - for rivers, lakes, isolines, elewatimarks or for
the borderline of Latvia, different algorithms aeeded.

For each type of initial data, a distinct prograas tbeen
developed in the FORTRAN language.
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Eile Edit Options Encoding  Help 0%

21 1 1 8.8 ' 228873° 4 intersection X y
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5024933453 315881.9358 a 999 09
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5025285645 315115.3189 a 999 99
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SA2546.6047 315123.9288 a 999 _09 )(>
502551.2953 315125.6948 a 999 09
5}]_]2558.6258 315128 5488 a c.88 =
L ]
— Fig. 4. Endpoints of an interrupted isoline

Fig. 3. GDI BLN file with isoline data

The data format change was performed for all ihtiata
types. Special methods and algorithms were usedtter
further data processing.

V. ISOLINE DATA

Isolines have suitable geometries and attributes fi
changing them to the GDI BLN format. Processingtlué
isolines includes export of the geometries anchefdttributes
and then merging both of them with the middlewaiegpam.
Isolines were used for the analog relief generadia as extra
initial data for the river profile (Z values). Rétsuof relief Part of Krievupe River
generation were not good enough when lakes, riaed Isoline
unchanged isolines were included. Terrestrial m&dialways
are above (in intersections of a river with anirsg) the river
long profile. To repair this situation, isolinesathintersect
rivers are interrupted there. The corrected isolalees (value
decreased by a difference between the ground wedlevels,
in the intersection points) are incorporated itite tiver long
profile values. The circular interruption zone figsorigin in
the intersection point with the river. To interrupt isoline, it r> \/(X0 %)+ (Yo —Y)? (1)
is divided into two segments. Isoline data that mmeated
within the circle of the given radiusare deleted. Two new
end points of the intersected isoline are obtaifsed Fig. 4,

Fig. 5).

The isoline nodes were deleted with the conditidd, (
where M(%,Yo)- the intersection point, M{¥/,)- the current Xoow = X4 + directx
isoline point. The new end point coordinate is chted by
the formulas (2) and (3) wheM(x3,y;) andM(x,,y,) are two
points on isoline - one inside the circle, the secone —
outside it. M(XewYnew — the new end node coordinate, see
Fig. 4. The multipliedirect changes the expression sign when
X=Xz Yo— W

Yoew= Y1t X, x (Xnew - Xl) 3

Intersection point

Fig. 5. Interrupted isolines

)
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The calculations (1), (2), (3) were based on trenddrd digital terrestrial relief node. Each nearest nbds its altitude
formulas (4), (5). h. A lowest value from all nearest nodes of terraknelief

with the fall (distance between ground and lakeslgvwas
assigned as the lake altitude. The nearest rebele nwas

Xnew = %1 _ Yrew ™ Y1 (4) found by formula (5), where M{xy,) - the lake node,
X, — % Y, =V, M(xz, ¥2) - the relief node, d - the distance.
Every isoline that cross a river was interruptezk Fig. 5. d= \/(xz -x)°+(Y, - Y,)? (5)

These interrupted isolines take part in creatimgréhief map.

Several software components were used for pro@ssin cajculations involving each lake node and reliefle®
i_solines, as shown in Fig. 6. They were includedhia batch g tside the lake are rather time consuming. Optition was
file. accomplished that performed calculations along remsl

In the first stage, attributes were derived from shapefile. colymns, until the distancel started to grow. The first
For this operation, the VBScript program with th&SNExcel  gjrection was the relief first row. The second diien was the
program call, to operate with DBF file columns, weed. T relief column that had smallest with the first row. In the
derive geometry from the shapefile, the ArcGIS esien example (see Fig.7, 8), the relief has 81 nodesaguatt of the
TypeConvert was used. In the second stage, for mgakimasked lake area included.
intersection points, the ArcGIS extension Hawthd$daz] Initially, 69 calculations must be done to find thearest
procedure "Intersect Lines" was used. The program @ajief node for the lake node. After optimizatioogly 10
interrupting isolines using algorithm, was writtem  cajcylations are necessary. The components thaisee for
FORTRAN. processing lakes are depicted in Fig. 9. The prograre

included in the batch file.
VI. LAKE DATA The first stage of the lake processing is descrimethe

Some lakes had islands that are represented ishtqgefile section “Changing data format”. In the second stahe
geometrically, as the compound polygon - the lakbygon program written in FORTRAN gets all elevation mafksm
included the island polygon. In the BLN file, itri®t possible. the model area. Then the node nearest to the ¢wieration
For this reason, a compounded area was manuakyedeln mark for every lake is found. If a node closesth® elevation
the Arcview program. The GDI BLN format requestdada mark had the distance that is below the given Jithien this
about the lake altitude. Large lakes have altitdd&, but the elevation mark was used as the altitude (Z valaepfcurrent
smaller ones don't. For this reason, these data deaived lake. All the other lakes obtained their altitudenfi the relief,
from the digital relief. Every lake node has thesamearest as described above.

1. Obtain GDI format | |3. Werification of results

Get attributes fromthe Shapefile

Get gearmetry fromthe Shapsfile Shonir the rme e of fver and

Merge geormetry and attributes interrupted Eolires

inGON BLM forrmat

The iz olines with Z value and
w interrupted accross river
in GDI BLN format

Irterrupt izolines LEing algoritm
Corwert the intersection poirts to a post file

Fet the inte resction points withthe dver

2. Interrupt isolines

Fig. 6. Scheme for processing isolines
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calculations 6 7 8 9 1 2 3 4 5 6
1s 7
nearest % .
relief node 27 8
current . 9
lake point = ] 36 e
[lakearea || = *~ = L g3
masked P 1 ¢ . . L " |
relief node | 51 \ \
in the lake j 57 ‘jf .
area ““ \ \
63
69 10
Fig. 7. Calculation cycle for one lake node withoptimization Fig. 8. Calculation cycle for one lake node withioyization
1. Obtain GDI format
Getattributesfromthe
Shapefile =
Gt geormetny from the Shapefilz !
Merge geometny and attributes inthe GOl BLMformat ..\ The lakes in GDI format
+ with Z value
Apply =lief data 1o the B kes in each node
Cakuate Zdata forthe other lakes fromthe relisf
Apphy elevationdata to the Bhes
Get all lakes, that Fave the elzvation mads
5et the elevation marks data
2. Include initial 2 value data
Fig. 9. Scheme for processing lakes
VIl. RELIEF DATA X —
] ) ) ] A = ﬂ (6)
Altitude data for the river outset (the first rivende) can be h
derived only from the relief. It is interpolatecbiin the four
nearest relief nodes by the following calculati¢®s (7), (8),
(9), (20), whereM(x, v, 2) is X, Y, z of the first river nodeM(x;. z,=AxZ+ - AI.) A (7)
4 Y14 Z1.4) @rex, y, z of the nearest four nodels,- the plane
approximation step, see Fig. 10. The calculation tioé
altitudeszy, (7) andz, (8) was based on the ratio (6) of line _
12 (7) 54 (8) _ (6) of z,=Axz,+1-A)xz (8)
segments betweerx;(X) and §, x). Proportion (9) of line
segments was calculated betwesn, §) and §, ). This
proportion was used to obtain tlkzevalue (10). The same (y-v,)
algorithm was applied to get the relief profileradaa river. A= ‘& (9)
h
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Fig. 10. Node of river on relief grid cell

====== Borderline of Latvia

Baftic Sea

% B

& Crosspoint with isoline,

I:l Baftic Sea

====== Borderline of Latvia

z2=Ax27,+ (- A)xz, (10)

VIIl. BORDERLINE OFLATVIA

The initial shapefile data didn’t have the closextderline
of Latvia. The data included only the terrestriarderline
part. Latvia has the borderline with the Baltic $ea. In the
initial data for the borderline there were manytpasf the
terrestrial borderline as polylines and severaltgpaf the
Baltic Sea as polygons, see Fig. 11.

To derive the closed borderline of Latvia (see ER),
sequential steps were made by using the ArcViewsoé:

1. Join geometry of all Baltic Sea parts into ong/gon.

2. Use TypeConvert to convert polygon from step tme
polyline.

Fig. 12. Full borderline of Latvia
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3. Change column types and data for the Baltic Sé# ESR_/'/ WArcView /Oéervie\/N“ ‘Oclt_oger,h 2|01§es [ch)_nlige]-b -
shapefile attributes file to make them compatiblighwthe zgp'z(ﬁ"(‘)’i’v'esr"com software/arcview/index.html - [essed: - October
borderline attributes data. [9] ESRI “ESRI Shapefile Technical Description” 1998 n[@e]. -
4. Merge shapefiles of the Baltic Sea ponIine ahd http:/éwww.esri.co]mllibrary/whitepapers/pdfs/shalmqbdf [Accessed:

; ; : u ” ; October 20, 2010
borderline polyllne with the Merge subroutine fro the [10] Golden Software “Golden Software: Makers of Sur@mpher, Voxler,
Toolbox Management. _ MapViewer, Didger, and Strater Software” Octobetl@(Online]. -
5. Merge needed geometry parts for the whole btnger http://www.goldensoftware.com/ [Accessed: Octolzr2D10]

[11] Valery Hronusov “Typeconvert” 2009 [Online]. -

The borderline is used with the Z data in each nddeget
borderline data, borderline intersection pointshwigblines are
found. The intersection points are incorporatedo ihe
borderline by the interpolation [6]. In the bordee, all z
values from terrestrial isolines and zero value,emwtthe
boundary is the sea coastline, are used. In Fig.tHe full
borderlie is shown.

IX. CONCLUSIONS

Technical solution that prepares initial data fbe tGDI
software has been obtained. The algorithms and adstfor
exporting initial data for creating digital relighaps are
described. Different types of initial data have tgemns that
must to be solved before their exporting to the @iigram is
possible.

This research is a part of the Project entitledea@ing of
hydrogeological model of Latvia to be used for ngeraent
of groundwater resources and for evaluation ofrtregovery

measures”. It is supported by the European Region%

Development Fund.

This work has been supported by the European SBaiadi
within the project «Support for the implementatafrdoctoral
studies at Riga Technical University».
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Janis Slangens, Kaspars Krauklis, lina Eglite, Viesturs ibelis, Antons Matans. ESRI Shapefile fornata saskaio$ana ar GDI programmatiru
Apskattas probémas un to risigjumi ir tieSi saistti ar ERAF un Rgas Tehnisks universilites projekta ,Hidrgeolasiska modda izveidoSana Latvijas pazemes
adeyu apsaimniekoSanai un vides atdeSanai” izstadi Vides ModetSanas cendar Apskalta automatizta ieejas datu sagatavoSanas mrobl digigla reljefa ar
taja ieklautu hidrog&fisko tiklu izveidei, kas kalposakpjezometriskie robeznotekumi mddeugs§jam horizontam. Dia no reljefam nepiecieSamo datu gtab
ESRI Shapefile forata, tadi ka izolnijas, upju nogroSanas poste u. c. Citi dati — divi digiilie reljefi ASCIl formata. No Siem datiem bijaajegust
nepiecieSamo inforatiju GDI BLN un GDI punktveida datu failu izveideBija nepiecieSams rast rigiomu diviem uzdevumiem — datu konija no
shapefile biara formata uz uzdota veida ASCII foratu, nepiecieSamoertibu izgiSana interp@jot pieejamos datus. Ir aprakstveids & ieguti attieagie dati,
ka af apraksti vairaki algoritmi un metodes: izoliju partraukumu izveides algoritms, reljefa interfimjas algoritms, metode akinu samaziaSanai regi,
metode Latvijas robeza®ijas iediSanai. Izahiju partraukums tiek realis s krustpunkt ar upesthiju, likvidgjot izoliniju punktus uzdat radiusa un
izveidojot jaunus beigu punktus inofjai uz apga ar uzdotoadiusu maim. Reljefa interpaicijas algoritms linari izskaifo \ertibu nocetriem reljefa mezgliem.
Metode apgkinu samaziaSanai regi samazina apkinu skaitu tudka mezgla atraSanai uzdotam punktam. Metode LatvgheZasthijas iediSanai izmanto
vairakus setgus stus ArcView programii

Suuc Ulnanren, Kacnap Kpaykiuc, MUpuna Jrimte, Buectyp Illkn6enuc, Anton Mauanc. CornacoBanne popmara ESRI Shapefilec nporpammubiv
obecrieuenuem GDI

PaccMoTpeHHBIC TPOOIEMBI M WX PEIICHHSA NPSMO CBA3aHBI C BBHIIOJHEHHEM MpoekTa EBpomeiickoro (onma pernoHanbHOro pasBuths u Pinkckoro
Texuuueckoro ynusepcurera ,, Co3naHie IHAPOreoI0rnueckoi Mosienu JIaTBUu [uIst yHpaBlIeHHs TPYHTOBBIMH BOJAMH U O3[0POBIICHHS OKpYKatoleil cpebl” B
Llentpe Monenupoaust Oxkpyxaroeii cpensl. Paccmorpena npo6ieMa aBTOMaTH3aLMH TOATOTOBKY N3HAYAIBHBIX JAHHBIX UL CO3AAHMS L(POBOro pembeda ¢
BKJIIOYEHHOW B HErO THAPOrpaUuecKoil CEThbI0, KOTOPBIH B MOJENH OyAeT HCIONB30BATHCS KaK IBE30METPUYECKOE IPAHUYHOC YCIOBHE IS BEPXHETO
ropuzoHTa. YacTh HEOOXOIMMBIX AaHHBIX Haxoawiock B (opmare ESRI Shapefilerakue xak: M301MHHHM, OTMETKH BBICOTBI U Ap. Takxke AOCTYIHBI JBa
mudpossix penbeda B Gopmare ASCII. W3 3Tux maHHBIX OBLIO HEOOXOAUMO IOIYYHTh HEOOXOAUMYIO HMH(OPMaNUIo A ImocTpoeHus daitnos dopmara GDI
BLN u GDI s Tode4HBIX AaHHBIX. PacCMOTpPEHBI apXHTCKTYphl PEIICHHI CBS3aHHBIX C OKCIIOPTOM IaHHBIX, a TAK)XKC. alIrOPUTM CO3NAHUS MpPEPHIBAHUI
U30JIMHUH, AITOPUTM HHTEPIOSALUU penbeda, METOJ YMEHBIICHHS PacueToB B CETKE, METOJ IMOJYYCHMS JIMHUHM TpaHulbl JIaTBHU. ANrOpuUTM CcO31MaHMSA
HPEPHIBAHNH M30JMHUI pealn3yeTcss Ha IEPECCUYeHHN C JMHHUEH PEeKH, BCe TOYKH M30JIMHHM B YKAa3aHHOM pajJuyce yHaJIOTCS, Ha IEPECCUeHHH Kpyra C
YKa3aHHBIM PAJHyCOM M H3OJMHHU CO3[AIOTCS HOBBIC TOYKHM H30JMHHH. B OCHOBE aaropuTMa HHTEPIOILUK peibeda JMHEHHOE BBIYMCICHHE 3HAYCHUS B
YKa3aHHOH TOYKE C MCCIIONb30BaHMEM 3Ha4deHWH 4 y3noB penbeda. MeToj yMEHBIICHHS PacyeTOB B CETKE YMEHBIIACT KOJIMYECTBO BBIYMCICHUH JUIS
HaxOXAeHHUs ONvkailero ysia penbeda MO OTHOIICHHIO K 3a/laHHOI Touke. B Meroxe moiydeHWs JMHHMHM TpaHulbl JIaTBUM MCCIONB3YIOTCS MOIIArOBbIC
neiicTBus B mporpamme ArcView.
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