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Creating of Digital Relief Map for Regional
Hydrogeological Model of Latvia

Janis Slangens, Riga Technical University, Kaspars Krauklis, Riga Technical University

Abstract. This paper describes creating of the digital relief of
Latvia. Its plane approximation step is 500 m, with the
hydrographical network included. As initial data for creating of
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 the
Riga Technical University (RTU), were 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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|. 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.

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 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.

Il. 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 by
being flat. These both examples show that D1 cannot provide
reliable information for the hydrographical network elements.

Firstly, it was tried to incorporate the hydrographical
network into the LGIA relief. After several attempts,
obviously faulty D1 data were found, such as 0 masl 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 initial data
does not depend from 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 other, more
reliable data set.

[am

I1l. PREPARING OF THE VECTOR-TYPE DATA

The D2 data contain vector-type data that can be used for
obtaining of 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 Latvia ground surface is in the interval
from Omasl (Baltic Sea level) to 311.5 masl (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
a 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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Legend:
Long-line profile of Lielupe River

———— Long-line profile

of EMC relief on Lielupe River

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
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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 was 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 were found for
the LGIA relief (see the section “Comparison of the Reliefs”).

To obtain data for the hydrographical network, the D2 data
were applied. Unfortunately, there 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 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
were compared with data of topographic maps and isoline
data.

IV. PREPARING OF THE HYDROGRAPHICAL
NETWORK

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

Most of these objects 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 lake, the second part after 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 initial data, 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.

VI. 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. 6 The difference of reliefs

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 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 were found.
The difference of two reliefs may be used for improving and
correcting of initial data.

This research is a part of the 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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J. Slangens, K. Krauklis. Reljefa digitalas kartes izveido§ana Latvijas regionalajam hidrogeologiskam modelim

Raksta ir apskatiti Latvijas digitala reljefa ar rezga soli 500 m, kura iestradats hidrografiskais tikls ar Latvijas lielakajiem ezeriem un upém, galvenie izstrades
etapi. Reljefs kalpos par pjezometrisko robeznoteikumu un augsgjo slani Latvijas regionalam hidrogeologiskam modelim, kas top Rigas Tehniska universitates
projekta "Hidrogeologiska modela izveidosana Latvijas pazemes tdenskrajumu apsaimnieko$anai un vides atveseloSanai" ar Eiropas Rekonstrukcijas un
Attistibas fonda atbalstu. Ka ieejas dati veicamajam darbam tika izmantoti Latvijas Geotelpiskas Informacijas agentiiras (LGIA) piedavatie datu komplekti. Ipasa
uzmaniba pieversta ieejas datu sagatavoSanai un parbaudei. Apskatitas upju un ezeru geometrijas un to dens limenu iegasanas un iestrades problémas reljefa.
Tiek izverteti LGIA geotelpiskie dati, kuri izmantoti reljefa izstrade vai arT izvertéta to izmantoSana reljefa digitala reljefa interpolacijai. Izskaidrotas nekorekto
geotelpisko datu identificesanas metodes, kas tika izmantotas vai arl tiek piedavatas kludu izskausanai. Ir salidzinati RTU Vides Modelé$anas Centra (VMC)
izstradatais digitalais reljefs ar LGIA digitalo reljefu, interpol&tu uz 500 m rezgi. Salidzinajuma rezultata atklatas kladas vai neprecizitates abos apskatamajos
reljefos. Galvena probléma izstrades gaita — nepilnigi un klidaini ieejas dati.

5. lllaanrenc, K. Kpaykanc. Pazpa6oTka kapThl HOBEPXHOCTH 3eMJIH LISl PETHOHAJILHON IrHIporeosornyeckoii Mogesau Jlarsuu

B craTthe paccMoTpeH penbed MOBepXHOCTH 3emin JlaTBuu, mpeqHa3HAUYSHHBIH Uil pa3pabOTKH PErHOHAIBHON THIPOTreOJOrHYECKO MOJAETH B KauecTBe
BEpXHEro IIacTa, a TAaKKe B KayecTBE Ibe30METPUYECKOro IpaHHMYHOro yciaoBHs. Co3laHMe MOJEIM CBA3aHO C BBINOJHEHHEM IpoekTa ,,Co3naHue
THAPOTeOIOTHIeCKOi Mozieny JIaTBUM 11 ynpaBiIeHHs! TPYHTOBBIMU BOJAaMU M 03JOPOBIICHUSI OKpy»xkatomeit cpensl” Llentpom Monemnposanust Okpyskarormei
cpemst  (VMC) Pmxckoro TexHudeckoro yHuBepcutera mnpu momaepkke Epomeiickoro @®onma Permonamsroro Passutus. Pemped cocrtaisier
950x600=570000 y3m0B ¢ marom 500 M, BKJIIOYEHBI YPOBHH BONOEMOB — HaHHble O 192 pekax u 67 o3épax. IlomBepikeHbI KPUTHYECKOMY AaHAIH3Y,
npuodperénusle y JlatBuiickoro ArenrcrBa I'eompoctpanctBenHoi WMupopmarmu (LGIA) Bxoxuble nanHble — penbed JlatBum ¢ marom 70 M, BEKTOpHBIE
JIaHHBIE U30JIMHUM, 03D, PEK, a TAK)Ke OTMETKU YPOBHEH BOJ10EMOB. [Ipenoxkenbl MeTo/1bl 0OHAPYKEHUS OIIMOOK B BBIILICYIIOMSHYTHIX JaHHBIX. OMUcaH METo]
IPUCBOEHUS 3HAUYEHUs YPOBHs U1 PeK U 03€p B Ka)kAOU TOYKe, Iie Haubojee CIOKHON OKa3anach MpoOiieMa IPHCBOCHHS YPOBHS UL PEK, COCAUHEHHBIX B
enuublil O6acceitn. CpaBHen penbed LGIA ¢ penbedom VMC, oOHapyKeHbI OIIMOKKA U HETOYHOCTH. [Ipe/yioxKeH MOoTyaBTOMAaTH3MPOBAHHBIA METOJ] HA OCHOBE
CpaBHEHUS pesbe(OB IS HCIIPABIICHHS OMIHOOK B penbede, CO3MaHHOM Ha OCHOBE OPTO(HOTO.
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