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Creating of Digital Relief Map for Regional
Hydrogeological Model of Latvia
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Abstract - This paper describes creating of the digital relief of
Latvia. Its plane approximation step is 500 m, with the
hydrographical network included. As the initial data for creating
the relief, two data sets provided by the Latvian Geospatial
Information Agency (LGIA) were used. This work is targeted on
preparing and checking of these initial data. Problems of
acquiring elevation data for rivers and lakes are considered. The
geospatial data of LGIA, which were used for creation of the
digital relief by the Environment Modelling Centre (EMC) of
Riga Technical University (RTU), are reviewed. The methods for
identifying of faulty geospatial data are considered. Two reliefs —
the LGIA provided digital relief and the EMC created digital
relief are compared. The comparison shows that both reliefs are
not perfect, due to faulty initial data and the large plane
approximation step used.
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I. INTRODUCTION

The digital relief of Latvia was created by EMC as a part of
RTU project that was supported by the European Regional
Development Fund. This relief will be used as a piezometric
boundary condition and as the upper surface for the regional
hydrogeological model (HM) of Latvia.
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The EMC created digital relief (further — EMC relief) has
951x601=571551 grid nodes. The HM hydrographical
network containing largest rivers and lakes was incorporated
into it. The EMC relief was obtained by using the GDI
software set [1] [2].

As sources of the initial data, two LGIA data sets were
used. The first data set (further D1) is a matrix with elevation
data that cover territory of Latvia on the grid with the 70 m
plane step. However, these data were not used, due to reasons
considered in the next section. The second data set (further
D2) includes vector-type data about the isolines, rivers, lakes,
ground and water surface elevation marks. The data are stored
as the ESRI Shapefiles [3]. The D2 set was used for creating
of the EMC relief.

I1. INTERPOLATION OF THE RELIEF FROM THE D1 SET

The D1 data include grid nodes with elevation values,
which are independent from each other. To glance over, the
LGIA digital relief (further - LGIA relief) seems to be close to
the ground surface of Latvia, see Fig. 1.

The LGIA relief was created by using on D1 the Nearest
Neighbour method included into the Surfer 10 software.
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Fig. 1 The LGIA digital relief interpolated with the approximation step 500 m
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In an early stage of the project, it was believed that the D1
data set was the best source for the EMC relief. Unfortunately,
D1 set does not contain information regarding hydrographical
network and elevation data are absent in some places near the
eastern border zone of Latvia. The D1 data are obtained from
orthophotographs.

For obtaining long line profiles of rivers, D1 was
unproductive. As it is shown in Fig. 2, the long-line profile of
the Lielupe River obtained from the LGIA relief, does not
match the real profile. The LGIA long-line profile error is up
to 15.19 m. The second example is the elevation data for the
Kishezers Lake (see Fig. 3) where the lake surface is far from
being flat. These both examples show that D1 cannot provide
reliable information for the hydrographical network elements.

Firstly, there was an attempt to incorporate the
hydrographical network into the LGIA relief. After several
attempts, obviously faulty D1 data were found, such as 0 m asl
in the places where the elevation must be above 100 m asl. In
Fig. 3, the real ground elevation mark with altitude 18 m asl
differs from the D1 data up to 7 m. Unfortunately, it is
difficult to correct these errors, because the current value of
the initial data does not depend on any other value in D1. Two
scenarios of improving D1 are possible: by excluding
interpretation faults of orthophotos or by comparing this data
set with the other, more reliable data set.
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I11. PREPARING OF THE VECTOR-TYPE DATA

The D2 data contain vector-type data that can be used for
obtaining a digital relief. It is large — more than 1 million
isolines, several thousands of ground and water level marks.

D2 also contains errors. Fortunately, most of these errors
can be detected and corrected.

Elevation values can be checked and compared with the
nearest data of D2 or with the data from other topographical
maps. The ground relief of Latvia is rather flat, and it is not so
hard to assign the right value if the initial data are not correct.

The altitude of the ground surface of Latvia is in the
interval from 0 m asl (Baltic Sea level) to 311.5 m asl (Gaizins
Mountain level). This information was used for the first search
of faulty isolines data. 2926 isolines were outside the interval
(0.28% of isolines data set). For the second search of errors,
within the real ground elevation interval, a semi-automatic
approach was used and the special software developed.

Two rules were used for searching isoline errors:

1. The isoline subset with the right altitude in the area of
the given radius (100 m), mostly not exceeds
constant amplitude of values (35 m).

2. When the endpoint of one isoline is equal to the other
isoline endpoint, their altitude values must be equal.
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Fig. 2. Long line profiles for the Lielupe River
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Fig. 3. The part of a map with the Kishezers Lake, the D1 data values are exposed



Scientific Journal of Riga Technical University
Computer Science. Boundary Field Problems and Computer Simulation

2011
Volume 50

Searching of errors was done for each isoline point using
these two rules. Approximately 4000 isoline pairs have been
found which do not match the rules. These data were checked
manually. Crude errors were found for 1172 isolines (0.11%
of isoline data) and they were eliminated. The next search step
was based on considering the difference between the EMC and
LGIA reliefs. It turned out that faults mostly had been found
for the LGIA relief (see the section “Comparison of the
Reliefs™).

To obtain data for the hydrographical network, the D2 data
have been applied. Unfortunately, geometry of rivers and
lakes was too complex. As an example, the Memele River was
presented by polygons (coastlines) and polylines, which were
impossible to join or merge. The only way of overcoming this
obstacle was digitizing the river middle line manually through
the coastlines of a river. The Memele River length in the
territory of Latvia is approximately 122 km. Only 20 water
elevation marks of the river are given. They represent only
0.68% of the needed data for 2914 points along the river line.

Some water elevation marks of D2 have wrong values. To
correct them, all water level marks values for rivers and lakes
have been compared with data of topographic maps and
isoline data.

IVV. PREPARING OF THE HYDROGRAPHICAL NETWORK

The territory of Latvia is rich in surface waters; there are
12400 rivers and 5175 lakes [4].

Most of them are small. The hydrographical network of HM
includes only large rivers and lakes (192 rivers and 67 lakes),
see Fig. 4.
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Fig. 4 Rivers and lakes of the hydrographical network

The water levels of lakes were based on their elevation
marks. The water level is constant for a lake. Assigning the
level values for rivers was more difficult, because each point
of the river must have its water level value. Rivers in the
catchment area are cross-linked. The tributary mouth must
match the water level value of the river into which it flows.

Water levels for the river profile line were obtained by the
CRP software [1], [2]. The minimum data needed for CRP
were the river water levels of its entry and mouth. The entry
level was mostly unknown. This value was interpolated from
the EMC relief [4]. The river mouth levels are often known:
they are the Baltic Sea level or the lake level in which the river

inflows. Some rivers flow out from the territory of Latvia.
Then a last water elevation mark outside the boundary was
used as a river mouth value. Most of the smaller rivers flow
into the larger rivers. The only way, how their mouth value
can be obtained, is to use a water level value of the larger river
in the junction point. To obtain the water level data for every
river in the hydrographical network, the iterative approach was
used. To get the right set for river levels, four iterations were
necessary.

Some rivers have their mouth point in a place where the
other river has its entry. Then it is difficult to obtain coherent
water level values for both rivers, except the case when the
junction point water level is known. To solve this problem,
joining of river geometries was used. As an example, the case
of the Lielupe River that begins from the Musa River and
Memele River is considered. To obtain right water levels for
these three rivers, the Lielupe River was merged with the
Memele River. Another problem was caused by rivers which
flow through lakes. The river must run from higher to the
lower level, but a lake has its constant level. To overcome this
contradiction, the river was divided into the parts — the first
part before the lake, the second part after the lake. As an
example of this situation is the Dubna River which flows
through the Visku Lake and the Carmins Lake.

Only descending water level values from the entry to the
mouth of a river were accepted. However, the levels
interpolated only from water elevation marks, happen to be
above the EMC relief. To improve the initial data, the data
from points where isolines intersect river were added.

Methods and algorithms for obtaining water levels of rivers
are described in [4] and [5].

V. OBTAINED RESULT

The EMC relief (see Fig. 5) of Latvia was developed
iteratively. In the first stage, the geometry of isolines was
interpolated. In the second stage, the areas of lakes and the
lines of the rivers were incorporated into the relief. The initial
data D2 were improved by using methods described above.

V1. COMPARISON OF THE RELIEFS

The LGIA relief and the EMC relief were compared. To
compare the reliefs, the EMC relief was subtracted from the
LGIA digital relief by using the Surfer 10 software. Both
digital reliefs are equal only in 382 nodes. In the location
where the LGIA relief was below the EMC relief (see Fig. 6),
the maximal difference was 134.54 m. It was in the node with
the coordinate X: 425000 Y: 300000. Large difference values
form a rectangle near this coordinate. There D1 contains
wrong initial data with the zero value. The nearest right
elevation mark on the topographic map is 136.7 m asl. In
places where the EMC relief is below the LGIA relief, the
difference is mostly due to the influence of the hydrographical
network that is included into the EMC relief. The maximum
difference 69.98 m was in the node with the coordinates
X:550000 Y:335500. It was due to the Gauja National Park
hilly landscape. The average difference value was 0.98 m
above the EMC relief.
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Fig. 5 The EMC relief of Latvia
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VII. CONCLUSIONS

The relief of Latvia has been created. Its main application
will be the regional hydrogeological model of Latvia.

Methods for evaluating and improving the initial data were
described. The methods of creating long line profiles of rivers
were proposed and the software for running these methods
was created.

The digital relief to be used by the model was compared
with the digital LGIA relief. Mistakes and faults have been
found. The difference of two reliefs may be used for
improving and correcting of the initial data.

This research is a part of RTU project "Creating of
hydrogeological model of Latvia to be used for management
of groundwater resources and for evaluation of their recovery
measures" (the contract Nr. 2010/0220/2DP/2.1.1.1.0/10
APIA/VIAA/011), which is supported by the European
Regional Development Fund.
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Janis Slangens, Kaspars Krauklis. Reljefa digitalas kartes izveidosana Latvijas regionalajam hidrogeologiskam modelim

Raksta ir apskatiti Latvijas reljefa kartes galvenie izstrades etapi. Reljefs ietver 951x601=571551 mezglu ar rezga soli 500 m, ar iestradatu hidrografisko tiklu ar
Latvijas lielakajiem ezeriem un upém (192 upes un 67 ezeri). Reljefs kalpos par pjezometrisko robeZnoteikumu un aug$gjo slani Latvijas regionalam
hidrogeologiskam modelim, kas top Rigas Tehniska universitates Vides ModeleSanas centrd projekta "Hidrogeologiska modela izveidoSana Latvijas pazemes
tdenskrajumu apsaimniekoSanai un vides atveselo$anai" ietvaros, ar Eiropas Rekonstrukcijas un Attistibas fonda atbalstu. Ka ieejas dati veicamajam darbam tika
izmantoti Latvijas Geotelpiskas Informacijas agenturas (LGIA) piedavatie datu komplekti, kuros ietilpst ar ortofoto pieeju iegiita mezglu kopa ar reljefa
augstuma datiem, ka ar vektorizéti dati, kas apraksta Zemes virsmas un fidenste¢u Iimenus. IpaSa uzmaniba pievérsta ieejas datu sagatavosanai un parbaudei.
Apskatita vienkarsa metode klidu identific€Sanai reljefa virsmas izoliniju komplektam, ka arT kliidu identificéSanas metode, kas balstita uz divu reljefa virsmu,
kas interpolétas izmantojot atskirigas ieejas datu kopas, starpibu. Realiz&ta un aprakstita pieeja upju un ezeru geometrijas un to tdens limenu iegtisanai ikviena
tidensteces punkta un to iestradei Zemes virsmas reljefa. Tika izvertéti LGIA geotelpiskie dati, kuri izmantoti reljefa izstradé vai ari izvértéta to izmantoSana
reljefa interpolacijai. Ir salidzinati RTU Vides Modelé$anas Centra (VMC) izstradatais reljefs, kas interpoléts no labota LGIA vektorizéto datu komplekta, ar
LGIA reljefu, kas interpoléts no ortofoto datiem. Salidzinajuma rezultata atklatas klidas vai neprecizitates abos apskatamajos reljefos. Galvena probléma
izstrades gaita — nepilnigi un klGdaini ieejas dati.

SIanc Hlnanrenc, Kacnape Kpaykiance. Pazpa6oTka kapThl HOBEPXHOCTH 3eMJIH /151 PETHOHAILHOM T'HAporeoJornyeckoii Mmoaenn Jlarsuu

B crartbe paccMoTpeHO co3ianne penbeda MOBepXHOCTH 3emir JlaTBuM, mpeaHa3sHAueHHOTO JUIs pa3pabOTKH PETMOHANBHONW THAPOTEOIOTHIECKOH MOJIEN B
Ka4ecTBe BEPXHETO IUIACTA, a TAKXKE B Ka4ecTBE IbEe30METPUUECKOro rpaHHYHOro ycnoBus. CosmaHue MOJENH CBA3aHO C BBHINOMHEHHEM HpoekTa ,,Co3maHue
THAPOTEOTOTHIeCKOH Mozaeny JIaTBuu AyIs ympaBieHHs IPYHTOBBIMH BOJAMH H O30POBIEHHUS OKpYXKaromleil cpensl” HeHTpoM MonenupoBaHus OKpysKarommeH
cpensl (VMC) Pmxckoro TexHudeckoro yHuBepcuTera mnpu nomuepixkke Epomeiickoro @®onpma PermonamsHoro Passutums. Penped cocrapiser
951x601=571551 y3en ¢ marom 500 M, ¢ BKIIOYEHHO# rHaAporpaduuecKkoil ceThio - ypoBHaME 192 pek u 67 03ép B Kax0ii Touke Bomoéma. [IpoBenen anamms
npuoOpeTéHHbIX y JlaTBHiiCKOro areHTcTBa reomnpocTpaHcTBeHHOW Mudopmanuu (LGIA) BXOOHBIX MaHHBIX — YPOBHH 3E€MHOW IOBEPXHOCTH Ha OCHOBE
oprodoTo ¢ marom 70 M, BEKTOpHBIE JaHHbIEC M30JIMHMIL, 03Ep, PEK, a Tak)Ke OTMETKH YpOBHEH BoJoéMoB. [Ipemnoxken MeTox oOHapyeHns ommboK B Habope
JIAHHBIX M30JMHUI Ha OCHOBE CPaBHEHHs YPOBHEH M30IMHUH B 33JaHHOM paJdyce PacCTOSHUS U JHana3oHe 3HaueHuH. ONMHcaH METOA NPUCBOCHUS 3HAUCHUS
YPOBHS UL PeK M 03€p B KakJOil TOYKe, TAe Haubojee CIOKHOM OKa3anach NpoOjeMa MPUCBOCHUS YPOBHS [UIS PEK, COSNUHEHHBIX B €IMHBIA OaccerH.
IpennoxeH MOTyaBTOMaTH3MPOBAHHBI METOX Ul HCIPABJICHHUs OMHNOOK B penbede Ha OCHOBE PA3HOCTH peibedoB, HHTEPIOIMPOBAHHBIX HCIIOJNB3YS
pasnuuaronrecst BXoaHsle 1aHHble. CpaBHEH penbed Ha ocHOBE opTodoTo ¢ penbehom VMC, B KOTOPOM HCIIOIB30BAHBI UCTIPABIICHHBIE BEKTOPHBIC TaHHBIE. B
oboux penbedax oOHapyKEeHbI OMUOKKA M HETOYHOCTH. OCHOBHBIE PUYUHBI — OUIMOKH B Ha0OpEe BXOJHBIX JAHHBIX W OOJNBIIOH pa3Mep WHTEPHOIAIMOHHOTO
mrara B XOJIMHCTOH MecTHOCTH. OCHOBHasl Ipo0ieMa, BO3HHKINAs B NPOLECCE CO3MaHMs penbeda MOBEPXHOCTH 3eMiH JIaTBHM — HENOJHBIE M OLIMOOYHBIC
BXO/IHBIC TaHHBIC.
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