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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 evalu@in of
their recovery measures”. It is supported by the Etopean
Regional Development Fund. In the hydrogeological odel (HM)
the ground relief will be used as the boundary corition. In this
article, problems and solutions are described of irorporation of
hydrographic network (HN) into the digital relief map. The
software that automatizes the process of incorporan is
described. The algorithm for creating new points ofiver profile
line is described.

Keywords — initial hydrographic data, hydrographic network,
shapefile, relief, river.

|. INTRODUCTION

For creating 3D hydrogeological models, the Enwinent
Modelling centre (EMC) team of Riga Technical Unisity is
using the ground surface elevation map (relief) the
piezometric boundary condition for the top horizHM.

This approach has been used for creating moddlstiia
[1], Lithuania [2], Russia [3], Germany [4]. To ude relief
for this specific purpose, it's essential to in&@udhe
hydrographical network (HN) into the relief as ethacas
possible.

The topographic maps contain the following inidaka:

a) the ground surface elevation marks, river taice
levels at observation points (pointwise data) y(xz);
b) isohypses, isobaths, lake shore lines(lin@rea in a
vector form) : 0%, 2)
(Xis1s Yj+1s 2)

@)

form)

(an Ym Z)!
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X Yi» 22)
(2&-11 Yi+1, ’))

c) profiles  of rivers
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The most difficult task is obtaining the (1c) datad their
incorporation into the relief, because only a srpalt of thez,
values are known at the observation posts on Hee.ri

In Fig. 1 the full HN of Latvia is shown [5], [6]For
regional HM, only the main elements of HN are actted for.

I1... / Latvija_Topo250_LKS /WatrersL.shp ...

Baltic sea

Lat\na has 12400 'riVéré énd '
5175 lakes M1 : 5000000 |

Fig. 1. The full hydrographic network of Latvia

For example, to include a river into HN of HM, adi¥i of
the river must exceed 10m.

To automate preparation of data (1), software hesnb
developed for
according to the standards for input data of thd @izl CRP
programs [7], [8].

As the source of data (1), digital relief sets wased [9].
Unfortunately, these digital maps included faultstad By
using the GDI program, one can replace them byctreect
data.

[I. COHERENCE OHNITIAL DATA

The initial data for long profiles of rivers andréds of lakes
are elevation marks of these objects. The miniratd that are
needed for a river are the Z-values for the origimd the

: mouth of ariver.

Every river has its drainage basin, which contairsystem
of connected water streams (tributaries). The cctiore point
of a river with its tributary has the same Z valag the
tributary mouth. Any tributary can have tributariek lower
order and so on. Obtaining right long profiles floe drainage
basin is possible only iteratively. Firstly, thentp profile of
the main stem is found, and then for tributarieshef next
level and so on. To obtain Z data for each pointhef long
profile, linear interpolation between two known rest
altitude Z values on the river (the program CRP3 wsed.

The altitude of the river issue is mostly unknoviin.obtain
this Z value for a river and the Z value for thkds, it lacking
elevation data, interpolated data from the reliefevused and
the algorithm described in the article [9] was &bl The long
profile of the river can be compared with the digitelief
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along the river. The drainage basin of the Krievuger was
used for testing methods of creating long profdes of their
including into the relief map (Fig. 2). In Fig. 8diFig. 4, long
profiles of the Krievupe river are shown, accordingvithout
and with using information obtained from isolinéstt cross
the river.
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In Fig. 3, the river long profile somewhere is abahe
ground level. The long profile of Fig.4 is muchttbe
However, in some parts, the profile is still abdke ground
level.

It means that extra measures are necessary, tindh&a
right long profiles of rivers.

wewsnavss - ChOSE riiers for creating AN of mader
- average water level i elevation mark for riser

‘“ﬁ = 'a:zo.".-ms,es Intersectivns withe the nvers
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Fig. 2. The fragment of Krievupe drainage basin
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Fig. 3. Long profile of the Krievupe river, elevati marks accounted for
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Fig. 4. Long profile of the Krievupe river, updateith isoline data
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The algorithm was created for solving this problémFig. 9,

[ll.  INCORPORATION OFHN INTO THE RELIEF the pointM(xy,y;) of a river is nearest to the poilt(xs,Ys)

To explain operations needed for HN incorporatiato ithe Wh'iCh data may be.used for adjusting the profile.find the
relief, the drainage basin of the Krievupe rivethwall initial ~ POint, the minimal distance (3) must be found.
data types is shown (Fig. 2). This picture is thedhcopy of
“the analog relief’, defined in a continuous enwinwent. d= \/(X3—><1)2 +(Ys—Y)? 3
The full model of the Krievupe drainage basin wtdached
to the grid hx=hy=70m, which includedxnxyk=428x188 =

80464 nodes. The grid location was the same dseiigital In Fig. 9, the pointM(xo,Yo) is shown where the data from
relief of the Latvian Geospatial Information agen@GlA) the nearest poi¥l(xs,ys) must be obtained.
[9],[10]. Equations of the lines W1, and MMy, which are mutually

The initial data package included shapefiles ofkhevupe perpendicular § L i) are, as follows:
drainage basin:

1)36 water courses — the river Krievupe and its large X=X Y-y . @)
tributaries, 1-3 level (see Fig. 2, marked with the X, — X, B Yo -y,
dark blue interrupted line);
2)observed water levels with 6 elevation marks (marke
with the blue circle); X—X3 Y=Y
3)additional information was obtained from 65 Vv, —y T —x. ®)
2 3 1 2

intersections of the water courses and isohypses
(20m - vyellow interrupted line, 25m - white
interrupted line);

4)the model of basin included 122 ground surface yy _y )+ y(x, —%,)+y,(X, %) =X (Y, -y,)=0 (6)
elevation marks and 4739 isohypses.

or rewriting them in the general form:

As the first try, “the analog reliefA rell (see Fig. 5. a) XX = X) + V(Y = ¥o) + Yo (Yo = V1) =X, (X, = X,) =0 (7)
was created, using data which did not contain arly H
information. Then HN data of drainage basin wasedddnd

the reliefA_relZ (See F|g 5. b) was created. The rdm;frell Coordinates(o' Yo of the pointMo can be found by 50|Ving

(Fig. 5. c) represents the LGIA digital map. If th&N data the system of equations (6)-(7) by using the Cramate:
areaccounted for, the reliBf rel2 (Fig. 5. d) is obtained.

‘To evaluate quality of HN incorporation into thdieg the (X = %) — €, (Y, — V)
differencesA_rell - A_rel2 andD_rell - D_rel2 were found X = e EVEYEL (8)
(see Fig. 6. a, b). Blue color indicates that HNsvedbove (4 =%;)" +(¥1 = ¥2)
ground level. To correct the faulty fragments of Hhey must _ Co(X =X) +Ci(Yr = ¥a2) )
be changed as follows: O (X =%,) 2+ (Y~ Y,)?

. ) where
ZX’Y :Zx,y —‘Ax’y _ﬂ“’ O0<i=1 (2) G =X X3 = X2X3 = Yo Y3 + V1V, (10)
Co=XY, = XY — XY+ XY, (11)

where Z)':’y, Z)(("‘y_l) are new and old values of the line profile,
respectively;
Ayy- the fault of HN,

L\ — parameter that is adjusted experimentally. V. TECHNICAL SOLUTION

In Fig. 10, the diagram for creating a river longfpe is

In Fig. 7 the digital reliefD_rel2 is shown, where the shown. Some of initial data, such as geometry ef rikier,
corrected HN is used. The corrected long profile thé attributes of the river, elevation marks and irget®n points
Krievupe river is shown in Fig. 8. The profile iglbw the of isolines and the rivers were prepared with the\Aew [15]

ground surface. program. To generate the initial relief, the progr&DI was
used. Most of the needed functions were realizedifigrent
IV. EXTRA DATA FOR LINE PROFILE programs, which were written in the FORTRAN langeliag

Their union was realized in a batch file with diffat

Extra information from intersection points of rigeand . .
parameters for each river basin.

isolines of the digital relief were obtained. Howevmost of
the extra points of long profile values have cooatis, which
are different from the coordinates of points ofveer (Fig. 9).
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Fig. 5. Relief models of the Krievupe drainage basi
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Fig. 7. The relief of Krievupe river drainage baBinrel2 with corrected HN data
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Fig. 9. Place for incorporated point into the river

Fig. 8. Long profile of the Krievupe river, corraut values included

1. Obtain GDI format | |3. Get first profile of river | |5. Verification of results

Interpolate Z data
for each node of river

Get attributes from Shapefile Repeat third stage

Get full GDI BLN
Get geometry from Shapefile Getjﬁf;;;ﬂsh:;yxd& .
Show relief and river
Iteratively interpolate Z data basin maps
Merge geometry and attributes for each node of affiluent rivers

in GDI BLN Calculate the profile

of each basin river

River in GDI format
with Z value
in each node

Calculate and include crosspoints Correct Z data of river,
with contour lines values when river is above relief

Get and include elevation marks from Shapefile Compare relief and rivers profile

Calculate relief profile
Calculate and include Z value for rise for river basin

node of river from Relief

2. Include initial Z value data | 4. Include data of correction

Fig. 10. Diagram for creating long profile of agiv
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The first stage included getting attribute datathad river
basin from the shapefile, such as identificatothef river. For
this operation, the VBScript script was used, inolitwas call
to the program MS Excel, in order to operate with target
columns from the shapefile of attributes. The A8JIL3]
extension TypeConvert [12] was used for getting ngetoy
from shapefile. For getting intersection points #dension

HawthsTools [14] is used, procedure "Intersect &ine

Additional attributes, as the intersection poirnt and y
coordinates were added. Data from the shapefitdate file
— x-coordinate, y-coordinate and the elevation &aluas
exported to the GDI post file [9]. Altitudes of thiver were
interpolated using the program CRP. The Z-valu¢hefriver
basin was interpolated iteratively. The long pefilof the
river basin were created by the program CRP. Insthge 4,
the relief data were interpolated to each rivempdly using
algorithm, which was described in [9]. The datadorrection

of line profile were obtained. In the stage 5, shage 3 was

repeated and river basin long profiles were obthin€or
visual verification of results in the last staghe tprogram
Surfer [11] can be used.

VI. CONCLUSIONS

1. Digital ground relief maps must be corrected beftrey
are used.

[4] Spalvins A., J. Slangens, R. Janbickis, |. LaceH&in. “Modelling of
Groundwater Flow Dynamics and Contaminant Transpastesses for
the Bernau Area”, Germany / Scientific ProceediofjRiga Technical
University in series "Computer Science", vol.7,ig& 2001, P.143-154

[5] R. Avotina, Z. Goba “Latvijas upes” /Latvijas Univefes ziratniski
petnieciska dda geogifijas nodda, Latvijas Universiite, 1993.g.

[6] “Latvijas ezeru datuize Internet” 2010 [Online]. - http://www.ezeri.lv/
[Accessed: October 20, 2010]

[7] A.Spalvins, J.Slangens, R.Janbickis, |.Lace, L.liantchikova, E.Gosk.
"The Noginsk District (Russia) Case as an lllusbrat of Novel
Simulation Technologies Developed for Creating Hygsological
Models” Journal of Applied Computer Science, VolurBe No.2,
Technical University Press, Lodz, Poland, 20016989.

[8] A.Spalvins. “Modeling as a Powerful Tool for Preting
Hydrogeological Change in Urban and Industrial AfeaProceedings
of the NATO Advanced Research Workshop on Currenblems of
Hydrogeology in Urban Areas, Urban Agglomerates andustrial
Centres, Baku, Azerbaijan 29 May-1 June 2001;(Bditey Ken
W.F.Howard and Rauf G.lIsrafilov), 2002, Kluwer Aeadgc Publishers,
NATO Science Series IV. Earth and EnvironmentaleSog, Vol.8,
pp.57-76., ISBN 1-4020-0600-4(HB), ISBN 1-4020-06X{PB)

[9] J.Slangens, K.Krauklis, I.Eglite, V.Skibelis, A.Mats ,Matching of the
ESRI Shapefile format with the GDI software” In &diific Proceedings
of Riga Technical University in series “Computelie®ce”, Boundary
Field Problems and Computer Simulation, 2010, V@8, Riga

[10] Latvian Geospatial Information agency “Latvian gestfal information
agency  customers page” October, 2010 [Online]. -
http://map.lgia.gov.Iv/ [Accessed: October 20, 2010

[11] Golden Software “Golden Software: Makers of Surf@rapher, Voxler,
MapViewer, Didger, and Strater Software” Octobed@QOnline]. -
http://www.goldensoftware.com/ [Accessed: Octohzr2010]

[12] Vvalery Hronusov “Typeconvert” 2009 [Online]. -
http://typeconvert.geoblogspot.com/ [Accessed: Bet@0, 2010]

2.Some information about HN can be obtained from ,thf3] ESRI “Esri Products | A Complete GIS and Mapping\@are System”

analog relief”. For obtaining and using extra mmation,
special software and algorithms must be created.

October, 2010 [Online]. - http://www.esri.com/prati/index.html
[Accessed: October 20, 2010]
] Spatialecology.com “Hawths Analysis Tools for Ar&31 2009

3.The software package, based on the GDI progrant, tha  [onlne]. -  http://www.spatialecology.com/htoolsstdesc.php

automates incorporation of HN into ,the analoge&liand
into the digital relief, was created.

4. The algorithm for obtaining coordinates for addiexfra
data points to the line profile of the river wasciébed.

5. lterative approach of incorporating of HN into theound
relief map gives better results in comparison it direct
method that has been used before.

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

[Accessed: October 20, 2010]

[15] ESRI  ,ArcView overview* October, 2010 [Online]. -
http://lwww.esri.com/software/arcview/index.html [dessed: October
20, 2010]
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Janis Slangens, Kaspars Krauklis, Irina Egite. Hidrografiska tikla iestrade reljefa digitalaja karte

Apskattas probémas un to risigjumi ir tieSi saistti ar ERAF un Rgas Tehnisks universilites projekta ,Hidrgeolasiska modda izveidoSana Latvijas pazemes
adeyu apsaimniekoSanai un vides atJeSanai” izstidi Vides ModetSanas cendr Apskatta hidrogéfiska tikla iestides probima zemes virsmas digig
reljefa, kas kalpos & pjezometriskie robeznotekumi higieplaziska modéa aug8jam horizontam. Ir aprakishs probtmas un to risifjumi saistba ar upju un
ezera imeyu iegiSanu, korekciju no pieejamiem datiend, &t ieklauSanu upju un ezerimeyu datos. Ir pieglats iteratvs risirajums hidroggfiska tikla
iestiadei, kui, lai ieditu saskaotus upesimeyus ar reljefa augstumu, tiek veikta upesehu korekcija tajos upes punktos, kas atrodas vijefage kua nav
ieklauts hidrogifiskais tkls. Rec &das upesiinepu saskaoSanas ir iesiiams iecirst hidrogifisko tiklu reljefa, saglaBjot ta drergjosas ipadbas attietha pret
zemes virsmas reljefu. Ir apraitat programmairas arhitekira, kas nepiecieSama augsetinprocesa automatizijai. Pamad tika izmantotas sekojoSas
programmas: ArcView, ArcView papladiomma programmas TypeConvert un HawthsTools, S@&f&MC izstadata programmatra - CRP, GDI un vaikas
papildus programmas, kas realimepiecieSamos algoritmus vadsdVBScript, Fortran, X an *.bat vadbas programmas. Ir apraftstupesimeypa \ertibu
ieklauSanas algoritms jauna punkta weighes inija, kaslauj apekinat ievietoSanas koordites punktam uz upetljas, gadiuma, kad iekaujarmis \ertibas
koordirate ir arpus upesihijas.

SAnuc Hlinanren, Kacnap Kpaykiaunc, Hpuna Jrimre. Bpe3ka ruaporpaguyeckoii cetun B uugposyio kapty peiabeda semiu

PaccMoTpeHHBIC TPOOIEMBI M WX PEIICHHSA NPSMO CBA3aHBI C BBHIIOJHEHHEM MpoekTa EBpormeiickoro (onma pernoHanbHOro pasBuths u Pikckoro
Texuuueckoro ynusepcurera ,, Co3naHie IHAPOreoIornieckoi Mosienu JlaTBUu [uIst yHpaBleHHs TPYHTOBBIMH BOJAMH U O3[0POBIICHHS OKpYKatoleil cpebl” B
Llentpe Moaenuposanus Oxpyxatorueit cpeasl (EMC). Paccmorpena npobiema Bpesku ruaporpaduaeckoii cetr B tU(poByro KapTy penbeda 3emin, KoTopast B
TUJIPOTCOIOTNYECKOH MOJienn OyAeT MCHONb30BaThCsl KAaK MbE30METPUYECKOE T'PAHWYHOE YCIOBUE JUIS BEPXHEr0 ropu3oHTa. OmnucaHbl MPOOIEMBI U HX
pelICHHMS, CBA3aHHBIC C BBHIOOPKOH, KOPPEKLHEH ypoBHEH pek M 03Ep Ha OCHOBE JOCTYIHBIX IAHHBIX, a TAKXKe 3aHECEHHE 3HAUCHMIl B YPOBHH peK M 03Ep.
IpeanoxeHo UTEepaTHBHOE PELICHNE TS BPE3KH THAPOrpauuecKoil CETH, B KOTOPOM, U TOTO, YTOOBI IIOTYYHUTh COTNIACOBAHHBIC YPOBHH PEK IO OTHOLICHHIO
K penbedy, HCIOIB3YeTCsi KOPPEKLHs 3HAYCHHH B TEX TOYKAX JIMHUM PEKH, KOTOpbIE Bblmle HU(POBOH KapThl penbeda 3eMiM, Ie HE yYUTHIBANACh
ruzaporpadudeckas cets. [Tocne Takoro cormacoBaHus 3HAYEHUH, CTAHOBUTCSI BO3MOXKHON Bpe3Ka T'HporpadMuecKoi ceTi B IU(POBYIO KapTy peibeda 3eMiH,
C COXpaHEHHEM APCHAXHBIX CBOICTB. ONMcaHa apXUTEKTypa IPOrPaMMHOI0 oOecedeH s, He0OX0UMOro ISl aBTOMATH3AlNH BBIMICYTOMSHYTHIX IIPOLECCOB, a
TaK)Ke aJrOPUTM [UIsl BKIIFOYCHHUS 3HAYCHHS YPOBHS PEKH B BH/C HOBOI TOYKH Ha JIMHUM PeKU. B OCHOBE HCIOJIB30BANKCH CIEAyONIMe mporpaMMsr. ArcView,
wiarnesl ArcView - TypeConvern HawthsTools, Surfer 8porpammHoe obecnieuenue, paspaborantioe B EMC - CRP, GDli HecKoibKO JOMOIHUTEIBHBIX
HPOrpaMM, KOTOpbIC Pean3yloT He0OX0oIMMbIe alropuTMbl Ha si3bikax VBScript, Fortranu komananbie ¢aiinsr *.bat. Omvcan anroput™ BBIMHCICHHsS. HOBBIX
TOYCK Ha JINHUH PEKH, KOTOPBIil UCIIOIB3YETCs IS BKIIFOUYCHHS B JTMHHIO PEKH TOMOIHHTEIBHBIX 3HAYCHUH YPOBHS PEKH, H3HAYAIBHO KOOPNHATHI KOTOPHIX HE
HaXOAATCS HAa JIMHUH PEKH.
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