
INTRODUCTION

During the last centuries, many human management actions
have been carried out in different watersheds all over the
world. In fact, for the purposes of water resource assess-
ment, design of engineered channels, flood forecasting, as-
sessing impact of pollution sources on water quality, and
many others, the availability of hydrological measurement
data is limited in both temporal and spatial terms. One of
the explanations for this is that not all parameters of hydro-
logical processes and regimes can be measured. Therefore,
in order to solve practical problems, extension of existing
data is an important task in hydrology. One available
method is the use of conceptual rainfall-runoff (also called
precipitation-runoff or water balance) models which are
widely used tools in hydrology (Seibert, 1999; Uhlenbrook
et al., 1999; Beven, 2001; Zîverts and Apsîte, 2001). Con-
trary to more complex, physically-based, distributed models
such as the SHE model (Abbott et al., 1986), the required
input data are readily available for most applications. Fur-
thermore, conceptual models are usually simple and rela-
tively easy to use (Bergström, 1991; Bergström et al., 1996;
Uhlenbrook et al., 1999; Merz and Blöschl, 2004). How-
ever, Bergström (1991) has pointed out that there should not
be a conflict between the uses of physically based process-
oriented and the simpler conceptual based basin-oriented
models because they are developed for different purposes
and should be applied accordingly.

Since the 1960s, when computers started to become more
widely available, conceptual storage models are still widely
used today. One of the first and most successful of these
models was the Stanford Watershed model developed by
Norman Crawford and Ray Linsley (1966) at Stanford Uni-
versity. A number of conceptual rainfall-runoff models have
been published in the hydrological literature. The most
comprehensive overview for the period between 1958 and
1973 was given by Fleming (1975). The spatial scales of
runoff process investigations vary from the plot scale deal-
ing for example with the role of macropores up to a conti-
nental scale, when developing a water balance model to
study the relationship between climate and water resources
(Braun and Renner, 1992). A review of computer-based
rainfall-runoff model examples, which are still in current
use, may be found in the publication of Singh (1995). Ex-
amples of such models are the Sacramentio, HSPF and
SSARR models from the USA, the HBV model from Swe-
den, the UBC model from Canada, the Tank model from Ja-
pan and the RORM model from Australia. However, the re-
cently published monograph by Keith J. Beven (2001) is the
first comprehensive introduction and survey of rainfall-
runoff modelling since 1975, where the author has also
shared the modeller’s experience in the development and
testing of many different hydrological models.

In Latvia, during the last twenty years, several versions of
mathematical models of hydrological processes have been
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developed: METUL (Krams and Ziverts, 1993), METQ96
(Ziverts and Jauja 1996), METQ98 (Ziverts and Jauja,
1999), METQ2005 and METQ2006. In this paper the mod-
elling results of the latest version METQ2007BDOPT are
presented. The METQ is a conceptual rainfall-runoff model
of catchment hydrology, originally developed using Latvian
catchments. The model has been successfully applied to
small and relatively large catchments, the Brook Vien-
ziemîte (A=5.92 km2) and the River Daugava (A=81 000
km2 at the Pïaviòas HPP) respectively. Furthermore, the
METQ model has been used for different hydrological
tasks, i.e. to evaluate model performance before and after
drainage construction and to estimate the eventual maxi-
mum flood (Ziverts and Jauja, 1999), to study eutrophica-
tion and hydrotehnical problems of lakes, including climate
change effects (Zîverts and Apsîte, 2001; Bilaletdin et al.,
2004; Ziverts and Apsite, 2005), to test model parameter
sets for ungauged catchments from measurable variables
and to simulate nutrients runoff in agricultural basins (Jan-
sons et al., 2002; Apsîte et al., 2005).

The aim of this study was to apply a conceptual rainfall-
runoff METQ model, the latest version METQ2007B-
DOPT, to the Lake Burtnieks watershed for simulation of
daily runoff and water level, and to find relationships be-
tween model parameter values and physiographic character-
istic of the sub-catchment.

MATERIALS AND METHODS

The conceptual rainfall-runoff METQ model. The
METQ model is a conceptual rainfall-runoff model of
catchment hydrology which simulates daily discharge and
evapotranspiration as input using the following variables:
daily air temperature, precipitation and vapour pressure
deficit observations. The model consists of different rou-
tines representing snow accumulation and ablation, water
balance in root zone, water balance in groundwater and cap-
illary water zone and runoff routing (Fig. 1). Runoff routing
can be simulated by simple hydrological methods, such as
modifications of the unit hydrograph approach. However, if
there is a lake in the river basin, which considerably influ-
ences the hydrological regime of the river, hydraulic runoff
routing is necessary. More detailed description of the model
(METQ96 and METQ98) can be found in other sources
(Ziverts un Jauja, 1996; Ziverts and Jauja, 1999). In general,
the structure and simulation of hydrological processes of the
METQ98 model are similar to the HBV (Bergström, 1976;
1992) model developed in Sweden. The main difference be-
tween the METQ98 and HBV models is that the degree-day
ratio in METQ98 does not have a constant value, but rather
a temporal difference, depending on the daily potential inso-
lation of each particular day (Ziverts and Jauja, 1999).

The latest version of METQ2007BDOPT and its appli-

cation. In this study, the mathematical model of the Lake
Burtnieks watershed is based on the specific hydraulic rout-
ing model of the lake and the conceptual rainfall-runoff
METQ model. Similarly to previous versions of the METQ

model, the latest version of the applied METQ2007BDOPT
is used for the simulation of daily runoff and evapotranspi-
ration for rivers with different catchment areas.

The model parameters are basically the same as for
the METQ98 (Ziverts and Jauja, 1999). However,
METQ2007BDOPT has one additional Beta parameter, pro-
viding twenty three parameters in total. Snow accumulation
and melting is characterised by the following parameters:
T1 – daily mean temperature oC, at which snow accumula-
tion starts; T2 – daily mean temperature at which snow
melting starts; CMELT – degree-day ratio and characterises
intensity of snow melting; AMELT – conversion factor
which increases the degree-day ratio based on the daily po-
tential insolation of each particular day; KS – evaporation
coefficient from snow; WHC and CFR characterise snow
accumulation and melting processes. The water balance
from root zone is characterised by: WMAX – threshold
value of water storage in root zone (mm); KU and KL – co-
efficients characterising intensity of evaporation from root
zone; RCHR (mm/d), RCHRZ (mm/d), RCHR2 (mm/d),
RCHR2Z (mm/d) and ROBK – characterise the infiltration
capacity of soil. The water balance of groundwater storage
and runoff is characterised by the following parameters:
ALFA – fillabale porosity of the aquifer; ZCAP – height of
capillary rise (cm); DZ – depth of upper level drain from the
surface (cm); A2 and Beta characterise daily subsurface
runoff Q2 of upper level „drain”; PZ characterises depth of
the lower level “drain” (cm); A3 – daily runoff Q3 of the
lower level “drain”; DPERC is intensity of deep percolation
to the aquifers (mm/d). Most of the parameters in the model
are physically based and the rest of parameters usually can
be estimated by the calibration. The METQ2007BDOPT
has semi-automatic calibration performance for the follow-

Fig. 1. General structure of the model for each hydrological response unit
(Ziverts and Jauja, 1999). P, precipitation; ES, evaporation from snow; EA,
evapotranspiration from root zone; RS, rain and snowmelt water; RCH, re-
charge to groundwater; CAP, capillary flow.
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ing parameters—A2, DZ, A3, PZ, CMELT, AMELT,
DPERC, Beta, RCHR, RCHR2, RCHRZ, and RCHRZ2. A
number of parameter sets are sampled using the Monte-
Carlo technique from the prior parameter distributions. The
model is run using these parameter sets and the model out-
come of each run is compared to the observed values using
the selected objective function: Nash-Sutcliffe efficiency R2

(Nash and Sutcliffe, 1970). Finally, those parameter sets
giving the highest values of R2 and realistic likelihood were
tested. In this study the used optimal parameter values for
the conceptual rainfall-runoff METQ2007BDOPT model
are shown in Table 1 and Table 2.

Daily meteorological data were used as input data for the
METQ2007BDOPT model. Measurements of air tempera-
ture, precipitation and vapour pressure deficit at five mete-
orological stations were used for preparing the climatic data
series. For the model calibration time, series of at least five
year period of daily river discharge and water level of the
lake (in this study, Lake Burtnieks) of five hydrological
gauging stations were applied. The locations of meteoro-
logical and gauging stations are showed in Figure 2. Cali-
bration of the model was made for different periods of
available hydrological observation records from 1990 to
1999. A statistical criterion R2 (Nash and Sutcliffe, 1970), a
correlation coefficient r, mean values and graphical repre-

sentation were used in the analyses of model calibration re-
sults.

The lake watershed was divided into four sub-basins (the
Rûja, the Seda, the Briede and Lake Burtnieks (small rivers
entering the lake) and one additional sub-basin between the
outlet of the lake and the runoff gauging station Mazsalaca
at the River Salaca (Fig. 2). The modelling of Lake
Burtnieks watershed sub-basins was done using the
METQ2007BDOPT version, by testing the following up-
dates: (1) calculation of daily average discharge and water
level in Lake Burtnieks based on daily average temperature
and precipitation data from the nearest meteorological sta-
tions; calculation of evapotranspiration from the drainage
basin by using climatic parameters of the corresponding cal-
endar days; (2) optimisation of parameters (fitting to larger
sub-basin) was performed using the observed data from
three river runoff gauges: Rûja – Vilnîði A = 729 km2,
Seda – Oleri A = 431 km2, Briede – Dravnieki A = 369
km2; (3) runoff routing of the Lake Burtnieks simulated on
the basis of common hydraulic methods of reservoirs and
open channels: the relation between water level and volume
was estimated from geometrical dimensions of the lake, and
discharge rating curve Q = f(H) at the outlet of the Lake
Burtnieks for the River Salaca was calculated as for a para-
bolic river bed with a parabolic parameter, defined by the
simulated average daily discharge and the given water sur-

T a b l e 1

OPTIMAL PARAMETER VALUES OF THE METQ2007BDOPT
MODEL FOR THE RIVER SUB-BASINS WITH GAUGING STATIONS
OF LAKE BURTNIEKS WATERSHED

Parameter* River basin and hydrological gauging station
Briede –

Dravnieki
Seda – Oleri Rûja – Vilnîði

WMAX, mm 62 64 60
ALFA 0.163 0.170 0.150
ZCAP, cm 143 140 140
A2 0.00063 0.00058 0.00060
DZ, cm 84 81 72
A3 0.00075 0.00074 0.00072
PZ, cm 260 240 260
BETA 2.1 2.1 2.1
KU 0.62 0.63 0.63
KL 0.24 0.28 0.28
KS 0.05 0.05 0.05
CMELT 2.5 2.5 2.5
AMELTK 0.05 0.08 0.08
T1,0C 0.5 0.5 0.5
T2,0C –0.1 –0.1 –0.1
RCHR, mm/d 18 16 16
RCHRZ, mm/d 25 25 25
RCHR2, mm/d 26 25 25
RCHR2Z, mm/d 20 20 20
ROBK 1.5 1.5 1.5
WHC 0.1 0.1 0.1
CFR 1.2 1.2 1.2
DPERC, mm/d 0.0 0.0 0.0

* See parameter abbreviations in Materials and Methods.

T a b l e 2

OPTIMAL PARAMETER VALUES OF THE METQ2007BDOPT
MODEL FOR THE RIVER SUB-BASINS OF LAKE BURTNIEKS WA-
TERSHED

Parameter* Sub-basin
Briede Seda Rûja Burtnieks Mazsalaca

WMAX, mm 62 64 63 62 62
ALFA 0.163 0.170 0.150 0.163 0.163
ZCAP, cm 143 140 140 143 143
A2 0.00063 0.00058 0.00060 0.00063 0.00063
DZ,cm 84 81 72 84 84
A3 0.00075 0.00074 0.00075 0.00075 0.00075
PZ,cm 260 240 260 260 260
BETA 2.1 2.1 2.1 2.1 2.1
KU 0.58 0.59 0.63 0.58 0.58
KL 0.20 0.20 0.23 0.20 0.20
KS 0.05 0.05 0.05 0.05 0.05
CMELT 2.5 2.5 2.5 2.5 2.5
AMELTK 0.05 0.08 0.08 0.05 0.05
T1,0C 0.5 0.5 0.5 0.5 0.5
T2,0C –0.1 –0.1 –0.1 –0.1 –0.1
RCHR, mm/d 18 16 16 18 18
RCHRZ, mm/d 25 25 25 25 15
RCHR2, mm/d 26 25 25 26 16
RCHR2Z, mm/d 20 20 20 20 20
ROBK 1.5 1.5 1.5 1.5 1.5
WHC 0.1 0.1 0.1 0.1 0.1
CFR 1.2 1.2 1.2 1.2 1.2
DPERC, mm/d 0.0 0.0 0.0 0.0 0.0

* See parameter abbreviations in Materials and Methods

49Proc. Latvian Acad. Sci., Section B, Vol. 62 (2008), No. 1/2.



face slope. There was a lack of channel measurements at the
outlet of the lake and Q = f(H) was obtained on the basis of
typical parameters for river channels in Latvia (Golu-
bovskis, 1993).

To consider the runoff heterogeneity in the runoff pro-
cesses, the studied catchment was divided into hydrological
response units (HRU) characterised by a relative homogene-
ity with respect to the most important parameters, which
include slope, vegetation and soil characteristics. The catch-
ment area was divided into six HRUs: agricultural low-
lands, hilly agricultural lands, forests, swamps, lakes, and
sandy lowlands. The last one was introduced into the
METQ2005, the METQ2006 and METQ2007BDOPT ver-
sions as an additional geomorphologically important HRU
(sandy lowlands) and it has improved the modelling results
of runoff in likely sandy catchments.

The water balance and runoff of each HRU has been simu-
lated in three storages: snow (water content in snow cover),
soil moisture (water in the root zone) and groundwater (Fig.
1). The total runoff from each of HRU consists of three run-
off components: Q1 – surface runoff, Q2 – subsurface runoff
(runoff from the groundwater upper zone) and Q3 – base
flow (runoff from the groundwater lower zone).

Study site. Lake Burtnieks (before 1366 called Lake Ast-
jervs), the fourth largest lake in Latvia, is located in the
north-east of Latvia, 39.5 m above the sea level. The lake is
the source of the River Salaca and The North Vidzeme Bio-
sphere Reserve—one of the largest nature reserves in Latvia
is located in its valley.

The surface area of the lake is 40.06 km2. Lake Burtnieks is
shallow, with average depth 2.2 m and maximum depth 3.3

Fig. 2. Sub-basins, gauging and meteoro-
logical stations in Lake Burtnieks Water-
shed.
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m; the length from SE to NW 13.3 km and coast line 33 km.
Water renewal occurs 6–7 times per year. Short retention
times were observed in spring (water renewal once in 2–3
weeks) while in summer water renewal occurs in three
months (Rodinovs un Kïaviòð, 1993).

The inflowing rivers of Lake Burtnieks are River Rûja (992
km2), River Seda (543 km2), the River Briede (444 km2)
and 27 smaller rivers. The three largest rivers contribute
73–75% of the total discharge into the lake. The only out-
flow is the River Salaca which runs into the Baltic Sea. The
total drainage area of the lake is 2215 km2 which occupies
62% of the River Salaca catchment.

The climate is temperate, cool and humid. The average tem-
perature of year ranges from +5.0 to +5.5 oC. The mean
temperature is –6.5 oC in January and +17 oC in July. The
average amount of precipitation ranges from 650 to 760 mm
per year.

The study area is located in the Burtnieks Plain which can
be considered as a constituent part of the North Vidzeme
Lowland. Lake Burtnieks is situated in the lowest central
part of the bedrock macrodepression. The bedrock (sub-
quaternary) surface mainly consists of weakly cemented
Middle Devonian sandstone of the Burtnieks Formation, in
some places inter-bedded with thin siltstone and shale. The
bedrock macrodepression widens in the direction of re-
gional glacier movement. This caused a divergent flow in
the North-Vidzeme glacier tongue (Zelès and Dreimanis,
1997). The bedrock is covered by Quaternary deposits. The
thickness of the Quaternary cover varies from 10 to 20 me-
tres and reaches up to 40 metres in the highest parts of the
topography. The deposits are mainly glacial sediments such
as sand, gravel and pebble mixture, clayey sandy till and
sandy clayey till as well as glaciotectonically deformed and
non-deformed sand, silt and clay. The eolian sediments are
located in the lower reaches of the watersheds of the rivers
Rûja and Seda. In the depressions between the drumlins,
glacial sediments are covered by peat, but in river valleys
by alluvial sediments (Zelès, 1995). The surface of the Burt-
nieks Plain is sligtly undulating with a typical drumlin land-
scape.

Lake Burtnieks is located in the deepest part of the shallow
depression shaped by glacial erosion in the central part of
the Burtnieks drumlin field (Zelès, 1995). The bottom of the
lake slopes towards the ice movement as well as to the
crests of the drumlins. In former times the water body of
Lake Burtnieks originating from melting ice was 4–5 times
larger than now and covered mainly the lower reaches of
the rivers Rûja and Seda. Ever since that time the area has
become swampy and covered with forest (Tidriíis, 1995).
The main types of the soil are sod-podzolic, sod-pseudogley
and typical podzols in the highest parts of the landscape.
There is sod-gleysolic, podzolic-gley, humus-podzolic gley
and bog humus soil in depressions and alluvial soils in the
river valleys and around lakes (Bilaletdin et al., 2004). Ag-
ricultural land covers 30–40% of the Lake Burtnieks water-
shed and the largest areas are located in the vicinity of

populated areas Rûjiena and Burtnieki. Wetlands cover
about 10%, forests (mostly mixed and coniferous) about
40–50% and waters less than 3% of the lake drainage basin.
The largest bog areas are located in the drainage basins of
the rivers Rûja and Seda.

During the last centuries, different management actions
have been carried out in the Lake Burtnieks watershed. The
water level of the lake dropped by 1 m after the regulation
measures of the River Salaca carried out in 1929. The sur-
face area of the lake was changed from 35.49 km2 in 1932
to 40.06 km2 in 1992. In the 1980s, the lake was highly
eutrophic. The overgrown surface area of the lake changed
from 5% in 1952 to 20–25% in 1992 (Bilaletdin et al.,
2004).

RESULTS

In the present study the mathematical model of Lake
Burtnieks watershed was calibrated in two ways: (1) three
river sub-basins of the Lake Burtnieks watershed were cali-
brated using river gauging stations (Briede–Dravnieki,
Rûja–Vilnîði and Seda–Oleri) and (2) the whole watershed
of the Lake Burtnieks was calibrated for the Salaca–
Mazsalaca river gauging station and the Burtnieks–
Burtnieki lake gauging station.

In the first case, the results of model calibration showed suf-
ficient or even good correlation between the observed and
simulated daily discharges (Fig. 3: A, B, C). Correlation co-
efficient r was 0.92 and efficiency criterion R2 = 0.83 for
the River Briede at Dravnieki (calibration period 1990–
1997), r = 0.87 and R2 = 0.68 for the River Seda at Oleri
(calibration period 1994–1999). A slightly weaker correla-
tion between observed and simulated hydrographs was
found for the River Rûja at Vilnîði (r = 0.82 and R2 = 0.66,
calibration period 1994–1999). Optimised parameters of the
METQ2007BDOPT model for the river sub-basins with
runoff gauging stations of the Lake Burtnieks watershed are
presented in the Table 1. The numerical values of the model
parameters for each sub-basin reflect some geomorphologic
conditions of the studied drainage area.

In the second case, the model calibration shows sufficient
fluctuations between simulated and observed water levels of
Lake Burtnieks for a seven-year period from 1993 to 1999:
the Nash-Sutcliffe efficiency R2 was 0.58 and the correla-
tion coefficient r = 0.83 (Fig. 4). However, a very good co-
incidence between the observed and simulated daily dis-
charges was obtained for the River Salaca basin at
Mazsalaca (Fig. 5): the efficiency criterion R2 was 0.90 and
correlation coefficient r = 0.95 (calibration period
1994–1998). Table 2 shows the used values of model pa-
rameters for the river sub-basins of the whole Lake
Burtnieks watershed (the METQ2007BDOPT model was
calibrated at the Salaca–Mazsalaca and Burtnieks–Burtnieki
gauging stations).
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DISCUSSION

Hydrology conceptual rainfall-runoff models are widely
used tools today. One of the advantages is that models are
usually simple and relatively easy to use. The required input
data are readily available for most applications (Uhlenbrook
et al., 1999). In this investigation, the data series of at least
a five-year period of four river (the River Briede – Drav-
nieki, the River Rûja – Vilnîði, the River Seda – Oleri and
the River Salaca – Mazsalaca) and one lake (Burtnieki)
gauging stations were used for the calibration of the concep-
tual rainfall-runoff METQ2007BDOPT model for the Lake
Burtnieks watershed. For such a drainage area, the number
of observation points and the calibration periods is suffi-
cient.

The results of calibration showed good coincidence between
the measured and simulated daily discharges (Fig. 3: A, B,
C, Fig. 4 and Fig. 5). The Nash-Sutcliffe efficiency R2 var-
ied from 0.90 to 0.58 and correlation coefficient r from 0.95
to 0.83. The highest R2 and r was acquired for the River Sa-
laca. The lowest statistical criterions were found for the
River Rûja and Lake Burtnieks. One of the main sources of
difference between the simulated and observed runoff val-
ues is the quality of precipitation input data and location of
the available meteorological stations to characterise the spa-
tial and temporal distribution of precipitation in the studied
drainage area. For example, the meteorological station Rûji-
ena is located in the middle part of the River Rûja basin. We
suppose that the model METQ2007BDOPT calibration re-
sults could be improved by better quality of precipitation
data.

Another explanation of the above mentioned calibration dif-
ferences could be a broad palufied flood plain and a high
percentage of wetlands in the rivers Seda and Rûja drainage
basins. Thus, there may be a specific hydrological regime
which differs from the other studied rivers (e.g., the River
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Fig. 5. Observed and simulated daily discharge at the river gauging station
Salaca–Mazsalaca.
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Fig. 3. Observed and simulated daily discharge at the river gauging sta-
tions: A, Briede–Dravnieki, B, Seda–Oleri, and C, Rûja–Vilnîði.
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Briede) and it is difficult to simulate the rainfall-runoff pro-
cesses without additional riverbed measurements. As men-
tioned before, runoff routing of Lake Burtnieks was simu-
lated on the basis of common hydraulic methods of
reservoirs and open channels. If channel measurements
were available at the outlet of the lake we could obtain bet-
ter correlation between simulated and observed water level
(Fig. 4). Singh (1995) found that all rainfall-runoff models
can only be approximate descriptions of rainfall-runoff pro-
cesses and, as such, must be considered to be uncertain in
their predictions. However, for many practical purposes, we
do not need to include all details in developing a predictive
model. Indeed, many successful rainfall-runoff models are
essentially very simple. In such models most parameters are
not measurable but have to be estimated by calibration us-
ing at least some observed runoff data (Seibert, 1999).

The extension of runoff series in time by the use of models
is rather straightforward. On the other hand, extension in
space, e.g., regionalisation of conceptual rainfall-runoff
models, is more difficult. The typical approach is to look for
relationships between optimised parameter values and
catchment characteristics. Then parameter sets can be com-
piled for ungauged catchments from measurable variables.
During the past decades this approach has been tested by
several scientists with varying success (Hughes, 1989;
Servat and Dezetter, 1993; Braun and Renner, 1992;
Ibrahim and Cordery, 1995, Seibert, 1999; Merz and
Blöschl, 2004; Parajka et al., 2005; Götzinger and Bárdossy,
2007). Seibert (1999) concluded that the general problem in
the regionalisation of model parameters is the limited num-
ber of catchments usually available and that model parame-
ters often are badly defined. Also there is a risk for bias in
the model calibration. This risk is obvious for manual cali-
bration, because the modeller may search the optimal pa-
rameters influenced by what he/she expects. Using auto-
matic calibration procedures different parameter sets may
be found depending on, e.g., start values of the parameter
search (Kite and Kouwen, 1992).

The regionalisation of the METQ2007BDOPT model pa-
rameters for river basins in Latvia could be another interest-
ing issue for further research. In this study we tried to
find the relationships between the model parameter values
with semi-automatic calibration performance and physio-
graphic sub-catchment characteristics. The analysis of
METQ2007BDOPT optimised parameters in Table 1 and 2
shows that the numerical values of the model parameters
obtained for each sub-basin reflected some physiographic
conditions. The studied river sub-basins could be divided
into two groups: (1) Rûja and Seda, and (2) Briede, Burt-
nieks and Mazsalaca. The river basins of Rûja and Seda are
located in the Burtnieks Plain and are characterised by a
lower hypsometry, sandy and moraine areas, a high cover-
age of bogs and flood plain in lower reaches. The River
Briede basin is characterised by the moraine hilly topogra-
phy and bog areas. The geomorphologic conditions of the
sub-basins Burtnieks and Mazsalaca are more similar to the
River Briede basin. Some of the optimised model parame-

ters were estimated from previous experience, e.g., water
storage in root zone (WMAX) based on the previous studies
of irrigation regime in Latvia (Sauka, 1970). Determination
of fillabale porosity (ALFA) and height of capillary rise
(ZCAP) depend on the hydrophysical characteristics of
most common types of soils. Both parameters depend on
soil texture. In this case, the sub-basins Rûja and Seda are
characterised by the sandy areas and the value of parameters
ALFA and ZCAP is lower (Table 1 and 2). The second
group of sub-basins has higher average values of parameters
which are semi-automatically calibrated and describe the
subsurface drainage (A2, DZ) and the drainage capacity of
deeper layers (A3, PZ). These drainage areas are character-
ised by hilly agricultural lands with deeper infiltration effi-
ciency. Also, the similarity of physiographic conditions (cli-
mate, topography, soil, land-use, and geomorphology) of
the studied sub-basins was found for the group of parame-
ters describing the process of surface runoff generation.

The obtained results of model calibration show that the
model METQ2007BDOPT for the Lake Burtnieks is widely
applicable, including simulation of different hydrological
processes in the watershed—daily runoff of rivers and water
level fluctuations of the lake.
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KONCEPTUÂLÂ NOKRIÐÒU–NOTECES METQ LIETOÐANA IKDIENAS NOTECES UN ÛDENS LÎMEÒA SIMULÇÐANÂ:
BURTNIEKU EZERA BASEINA PIEMÇRS

Pçtîjuma mçríis bija izmantot konceptuâlo nokriðòu–noteces METQ modeïa pçdçjo versiju METQ2007BDOPT Burtnieku ezera baseina
ikdienas noteces un ûdens lîmeòa simulçðanâ un atrast likumsakarîbas starp modeïa parametriem un kalibrçjamo apakðbaseinu
fizioìeogrâfiskajiem apstâkïiem. METQ modelis un vairâkas tâ versijas (METQ96, METQ98, METQ2005 un METQ2006) izstrâdâtas
Latvijas Lauksaimniecîbas universitâtes profesora A. Zîverta (1935–2007) vadîbâ 20. gadsimta deviòdesmitajos gados un lietotas daþâda
lieluma Latvijas upju un ezeru baseinu modelçðanâ. Pçdçjâ versijâ METQ2007BDOPT papildinâta ar vienu kalibrçjamo parametru beta un
modeïa parametru pusautomâtiskâs kalibrâcijas iespçju. Burtnieku ezera baseins bija sadalîts èetros upju apakðbaseinos un kalibrçts uz
hidroloìisko novçroðanas staciju Salaca–Mazsalaca. Modeïa kalibrâcijas rezultâti parâdîja labu sakritîbu starp novçrotajiem un
modelçtajiem upju ikdienas caurplûdumiem un ezera ûdens lîmeòiem: statistiskais kritçrijs R2 bija no 0.90 lîdz 0.58 un korelâcijas
koeficients r – no 0.95 lîdz 0.83.
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