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Original scientific paper
Paper deals with the modelling of hydrological processes in the catchment area of Lake Skadar in Montenegro. This lake and its catchment area is one of
the most important natural resources of Montenegro. We used an existing model (Mike SHE (DHI)) to simulate the hydrological processes. Its
implementation has shown some limitations that are primarily related to insufficient funds of available input data. A particular problem is the lack of data
on groundwater regime as one of the key model and water balance factors. However, calibration of the model showed that the results obtained were
sufficiently acceptable and that the model can be a good basis for future hydrological forecasts of the basin size. Also, the model can still be upgraded
with the new data and results, as soon as the conditions call for it.
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Modeliranje hidroloskih procesa u slivnom podrucju Skadarskog jezera

Izvorni znanstveni ¢lanak
Rad se bavi modeliranjem hidroloskih procesa u slivu Skadarskog jezera koji pripada prostoru Crne Gore. Ovo jezero i njegov sliv predstavljaju jedan od
najznacajnijih prirodnih resursa u Croj Gori. Koris¢en je postoje¢i model (MIKE SHE (DHI)) za simulaciju hidroloskih procesa na slivu. Njegova
primjena je pokazala neke limite koji se primarno odnose na nedostatak dovoljnog fonda raspolozivih ulaznih podataka. Poseban problem koji se pokazao
jeste nedostatak podataka o rezimu podzemnih voda kao jednog od klju¢nih faktora u modeliranju ukupnog vodnog bilansa na slivu. Ipak kalibracija
modela je pokazala zadovoljavajuce rezultate i dovoljnu prihvatljivost modela tako da on moze biti dobra osnova za buduce prognoze hidroloskih veli¢ina

na slivnom podrucju. Takoder, model je moguce i dalje nadogradivati s novim podacima i rezultatima, ¢im se za to steknu uvjeti.

Kljuéne rijeci: hidroloski procesi; modeliranje; Skadarsko jezero; slivno podrucje

1 Introduction

Hydrological models are important for a wide range
of applications, including water resources planning,
development and management, flood prediction and
design, and coupled systems modelling including, for
example, water quality, hydro-ecology and climate.
However, due to resource constraints and the limited
range of available measurement techniques, there are
limitations to the availability of spatial-temporal data;
hence a need exists to extrapolate information from the
available measurements in space and time; in addition
there is a need to assess the likely hydrological impact of
future system response, for example to climate and land
management change. In this paper hydrological modelling
is applied to wverify the hydrological process
understanding developed during the study period.

Several problems arise when working with
hydrological models, such as data availability (especially
when working with physically based models), spatial
diversity between observed parameters and model
parameters, differences between hydrological process
scales and modelling scales.

The choice of a model is determined by the purpose
of the model and the availability of data [1]. There are
numerous watershed-scale hydrologic models. The choice
of models should be based on the objectives of use.
Literature reviews suggest that the MIKE SHEMIKE 11
modelling package (DHI, Hersholm, Denmark) [1] has
several advantages over other hydrologic models for
estimating watershed runoff:

(1) it is a distributed model and most of the
algorithms in describing the water movements are based
on physical processes,

(2) it simulates the overland flow processes
commonly found in dry regions, and

(3) it has been commercialized and a GIS user
interface was built in the system that can directly use
spatial GIS databases for model inputs. Also, the model
has a strong visualization utility that makes interpretation
of modelling outputs much easier.

MIKE SHE covers the major processes in the
hydrologic cycle and includes process models for
evapotranspiration, overland flow, unsaturated flow,
groundwater flow, and channel flow and their
interactions. [2, 3]

Each of these processes can be represented at
different levels of spatial distribution and complexity,
according to the goals of the modelling study, the
availability of field data and the modeller’s choices. The
MIKE SHE user interface allows the user to intuitively
build the model description based on the user's conceptual
model of the watershed. The model data is specified in a
variety of formats independent of the model domain and
grid, including native GIS formats. At run time, the
spatial data is mapped onto the numerical grid, which
makes it easy to change the spatial discretization.

MIKE SHE, in its original formulation, could be
characterized as a deterministic, physics-based,
distributed model code [2]. It was developed as a fully
integrated alternative to the more traditional lumped,
conceptual rainfall-runoff models. A physics-based code
is one that solves the partial differential equations
describing mass flow and momentum transfer. The
parameters in these equations can be obtained from
measurements and used in the model. For example, the St.
Venant equations (open channel flow) and the Darcy
equation (saturated flow in porous media) are physics-
based equations.
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There are, however, important limitations to the
applicability of such physics based models. For example:

+ it is widely recognized that such models require a
significant amount of data and the cost of data
acquisition may be high;

+ the relative complexity of the physics-based solution
requires substantial execution time;

+ the relative complexity may lead to over-
parameterized descriptions for simple applications;
and

* a physics-based model attempts to represent flow
processes at the grid scale with mathematical
descriptions that, at best, are valid for small-scale
experimental conditions.

Catchments typically have a high level of spatial
heterogeneity which can be prohibitively expensive to
observe or comprehensively represent in the model. This
is most obvious in the representation of subsurface
processes because of the difficulty of observation and the
high degree of soil/aquifer heterogeneity which often
exists. In principle the parameters of physics-based
models are measurable, but in practice this cannot be
achieved at the scale of modelling application, because
such measurements are essentially made at a point.
Therefore, these models use averaged variables and
parameters at grid or element scales which are greater
than the scale of variation of the processes. Even under a
"full" physics representation, parameterization (including
spatial variability of parameters) of material properties
does not represent catchment heterogeneity. [4]

2 Catchment properties and hydrometeorological data
of the Skadar lake basin
2.1 Catchment characteristics

The Moraca river basin is located in the central part
of Montenegro. The river originates in northern
Montenegro, under Rzac mountain at an altitude of 975
masl. In the upper and middle part of its flow, the Moraca
river is a highly mountainous river that has cut a canyon
with steep slopes. Its length is 113.4 km, and the area of
the river basin to the hydrological station Podgorica is
2628 km” [5].

The Zeta is a right tributary of the river Moraca. It
appears as a stream Surduk, which in NikSi¢ko polje, after
having received two small tributaries, becomes the SuSica
river. Downstream of the river Rastovac confluence, the
river changes its name to Zeta. During the low water
period the river delves and continues to flow underground
in a straight line, for about 5 km, and reemerges from the
cave on the southern slope of the Planinica, at an altitude
of 100 masl. At the village Tvorila the river creates the
Slap waterfall. Through Bjelopavli¢i plain the Zeta
meanders quietly. At the debris of the ancient city of
Duklja, the river flows into the Moraca river as its main
tributary. Its length is 85 km, and the river basin area to
the most downstream hydrological station Danilovgrad is
1216 km®. After the merge with its largest tributary, the
river Zeta, the Moraca enters the Zeta plain and flows to
its confluence to the Lake Skadar. The Moraca river is the
largest tributary of the Skadar Lake (Fig. 1).

The steepest hillside slopes are located in the
upstream and middle part of the Moraca river flow. The
inclinations are up to 69 degrees. The slopes of the Zeta
river basin are significantly milder and they vary between
0 and 30 degrees. Some smaller areas of the basin have
also high terrain slopes exceeding 45 degrees.

Flow Accumulation
Value

= Hight: 245556
Low: 0
Figure 1 Flow Accumulation derived from DEM with Arc Hydro Tools

The spatial distribution of the height on the Moraca
catchment is given by the Digital. The watershed
elevation ranges from 22 to 2217 masl. The mean
catchment elevation is 981.53 masl.

2.2 Climate data

The precipitation data on the Moraca river basin are
available on Danilovgrad, Kolasin, Niks$i¢, Podgorica,
Savnik, Andrijevo, Bioce, Bogeti¢i, Dragovi¢a Polje,
Gornje Polje, Jasenovo Polje, Kupine, Lijeva Rijeka,
Lukovo, Manastir Moraca, Presjeka and Vasiljevi¢i
stations. Temperature time series exist for Danilovgrad,
Kolagin, Niksi¢, Podgorica and Savnik stations (Fig.2)
[5].
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Figure 2 Review of stations with available meteorological data

Precipitation stations are evenly distributed with
altitude on the catchment area, but the temperature data
are available only for the stations under 1000 masl. Since
the catchment has a complex relief; it is necessary to have
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more precipitation and temperature data at all altitudes for
the adequate simulation of the hydrological processes.
The precipitation distribution by months and seasons
indicates that here a long rainy period with a humid
climate and a shorter summer period with an extremely
arid climate can be separated (Fig. 3). In the period from
October till December the mean monthly precipitation is
873.08 mm, which is 40.16 % of the annual total and from
January to April the average precipitation is 796.43 mm
or 36.56 % of the total annual precipitation. The largest
amounts of precipitation are measured at Andrijevo
station, followed by Danilovgrad and Kolasin stations.
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Figure 3 Mean multiannual monthly precipitation amounts
2.3 Hydrological data

The Moraca river catchment area for the purpose of
this study is determined by hydrological profile of
Podgorica. Monthly mean discharge values available for
this study are those recorded from January 1948 till
December 2012. Mean multiannual discharges for
Podgorica profile are 158.05 m’/s and 189.66 mm
respectively.

The seasonal cycle of monthly mean discharge at
Podgorica station exhibits a high discharge of 184 m’/sto
284 m’/s from November till May and a relatively low
discharge of 26 m®/s to 56 m*/s from June to October with
maximum discharge usually in December and in August.
The interannual variation of monthly mean discharge is
generally small in the dry season and large in the wet
season (Fig. 4).
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Figure 4 Multiannual monthly mean discharge distribution

3 MIKE SHE model
3.1 Model description

MIKE SHE is a deterministic - distributed hydrologic
model that has been used in a wide range of applications).

MIKE SHE model integrates the entire land phase of the

hydrologic cycle and can model interception, actual

evapotranspiration, overland flow, channel flow, flow in
the unsaturated zone, flow in the saturated zone and
exchange between aquifers and rivers. MIKE SHE
applied at a catchment scale implies the assumption that
smaller scale equations are valid also at the larger scale;
thus, it performs an upscaling operation using effective
parameter values.

MIKE SHE consists of the following model
components:

*  Precipitation (rain or snow),

» Evapotranspiration, including canopy interception,
which is calculated according to the principles of
Kristensen and Jensen,

* Overland flow, which is calculated with a 2D finite
difference diffusive wave approximation of the Saint-
Venant equations, using the same 2D mesh as the
groundwater component. Overland flow interacts
with rivers, the unsaturated zone, and the saturated
(groundwater) zone,

*  Channel flow, which is described through the river
modelling component, MIKE 11, which is a
modelling system for river hydraulics. MIKE 11 is a
dynamic, 1D modelling tool for the design,
management and operation of river and channel
systems. MIKE 11 supports any level of complexity
and offers simulation tools that cover the entire range
from simple Muskingum routing to high-order
dynamic wave formulations of the Saint-Venant
equations [6],

e Unsaturated water flow, which in MIKE SHE is
described as a vertical soil profile model that interacts
with both the overland flow (through ponding) and
the groundwater model (the groundwater table is the
lower boundary condition for the unsaturated zone).
MIKE SHE offers three different modelling
approaches, including a simple 2-layer root-zone
mass balance approach, a gravity flow model, and a
full Richards’s equation model,

* Saturated (groundwater) flow, which allows for 3D
flow in a heterogeneous aquifer, with conditions
shifting between unconfined and confined. The
spatial and temporal variations of the dependent
variable (the hydraulic head) are described
mathematically by the 3D Darcy equation and solved
numerically by an iterative implicit finite difference
technique.

For integrated process-oriented catchment modelling
MIKE SHE has different numerical methods from simple
conceptual approaches to advanced, physics-based
methods. That possibility enables modelling in situations
when some model parameters are not available, therefore
some processes could be conceptualized. All modules for
hydrologic processes can be linked or unlinked with each
other easily. For the best simulation of the hydrological
processes of the Moraca river basin all available spatial
and temporal data are included in the MIKE SHE Flow
model.

The model for the Moraca river basin was built with
modules for Overland Flow, Unsaturated Flow and
Evapotranspiration. Modelling of the Saturated Flow
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needed information and data that were not at the disposal
at the moment. Simulated data were then used as input to
the Water Balance Module, where the components of the
water balance were calculated.

3.2 Model setup

In most watershed problems one or two hydrologic
processes dominate the watershed behaviour. Thus, a
complete, physics-based flow description for all processes
in one model is rarely necessary. A sensible way forward
is to use physics-based flow descriptions for only the
processes that are important, and simpler, faster, less data
demanding methods for the less important processes. The
downside is that the parameters in the simpler methods
are usually no longer physically meaningful, but must be
calibrated — based on experience.

Water flow on the ground surface is calculated using
a finite-difference, diffusive wave approximation of the
Saint - Venant equations. Due to spring snow melt
discharge it was necessary to include the Snow Melt
module and have adequate annual discharge distribution.
The Snow Melt module uses a Degree-day melting
algorithm. The melting of snow and ice is assumed to be
related to air temperature as long as air temperature is
above a critical threshold. The amount of snow or ice
melted at a certain place, during a certain period, is
assumed proportional to the sum of positive temperatures
(on the Celsius scale) at the same place and in the same
period. The amount of melt is linked to this positive
degree-day sum by the degree-day factor.

The main purpose of the Two-Layer Water Balance
ET method is to provide an estimate of the Actual
evapotranspiration and the amount of water that recharges
the saturated zone. The model divides the unsaturated
zone into a root zone, from which evapotranspiration can
be extracted, and a zone below the root zone, where
evapotranspiration does not occur. Evapotranspiration is
extracted first from intercepted water (based on the leaf
area index), then ponded water and finally via
transpiration from the root zone, based on an average
water content in the root zone.

However, evapotranspiration reduces the water
content in the root zone, creating unsaturated zone
storage. The minimum water content in the root zone is
the wilting point water content, but this can only occur
when the water table is below the root zone. The Two-
Layer Water Balance evapotranspiration method requires
time series for the root depth and the leaf area index, as
well as the Reference evapotranspiration.

Some components of hydrological circle were not
possible to be modelled. The river network (MIKE 11)
with the chainage locations and cross-section points is
necessary for the flow exchange with Groundwater Flow
Module and for simulation of the lateral flow. The input
data to the MIKE SHE model include data on topography,
land use, geology, hydrogeology and meteorology.
Preparation of the input data in suitable format was the
first step needed to be done for the model setup. With
MIKE Zero and MIKE SHE Tools standard file formats
were converted to a format readable by the model.

3.3 Model domain and grid

Global Digital Elevation Model (GDEM) released by
NASA and the Ministry of Economy, Trade, and Industry
(METI) of Japan were used for geomorphological
analyses. The GDEM data are posted on a 1 arc - second
(approximately 30 m at the equator) grid and referenced
to the 1984 World Geodetic System (WGS84)/1996 Earth
Gravitational Model (EGM96) geoid. For the Moraca
river basin, tiles ASTGM2 N42E18, ASTGM2 N42E19,
ASTGM2 N43E18 and ASTGM2 N43E19  were
downloaded from http://earthexplorer.usgs.gov/.

Generation of catchment area was carried out using
the basin command inside of the hydrology toolset in Arc
GIS. Polygon with the catchment area information defines
the model domain. All other spatial data, such as
topography, are interpolated during pre-processing to that
domain.

3.4 Topography

In MIKE SHE, the topography defines the upper
boundary of the model and the top elevation of both the
Unsaturated and the Saturated Zone model. It also defines
the drainage surface for overland flow. Since the MIKE
SHE has limitations regarding the number of
computational cells, the finest topography grid resolution
that was possible to use is 100x100 m. The Bilinear
Interpolation method was applied for interpolation of the
gridded DEM data (Fig. 5) [7].

Legend Topomap
P Hight:2217.28

B Low2183
Figure 5 Topography map for the Moraca river basin (100x100 m)

3.5 Climate data

The daily accumulated precipitation amounts were
used for modelling of the climate data. Since the Snow
Accumulation and Melting Model are included daily
mean temperatures were also imported. Most synoptic and
climatic stations have complete data sets for the period
from January 2000 to December 2010. For that period
lack of precipitation data is quite present in time series
obtained from precipitation stations. In order to fill these
gaps, correlation analysis was performed

Time series with serious data deficiency or poor
correlation with neighbouring stations were excluded
from further work. As opposite to precipitations,
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temperatures show strong correlation; therefore missing
data were replaced and used for further modelling.

In mountainous areas, precipitation and temperature
can vary significantly with altitude. However, there are
rarely enough gauging stations to measure their spatial
variability. Since the station-based rainfall data were
used, choosing to correct the precipitation and
temperature for elevation allows us to define a spatially
variable correction factor.

When snow melt is included, various snow melt
parameters should be specified to present that process:
threshold melting temperature, degree-day coefficient that
defines the amount of the snowmelt runoff, melting
coefficient for solar radiation, minimum snow thickness
that covers the entire cell with snow, maximum wet snow
fraction in snow storage, initial total snow storage and
initial wet snow fraction.

Snow accumulates until mean daily temperature is
lower than threshold melting temperature defined in the
model, otherwise the snow melts. That process involves
conversion from dry snow to wet snow, and then to
overland flow when the parameter that represents
maximum wet snow fraction in snow storage is exceeded.
Spatial distribution of the precipitation and temperature is
done using the Thiessen polygons method. Two different
dispositions were constructed, one for the precipitation
and the other for temperature stations (Fig. 6).
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Figure 6 Thiessen polygon for precipitation stations

The Snowmelt module in the model requires
definition of the reference evapotranspiration, the rate of
evapotranspiration from a reference surface with an
unlimited amount of water. The Reference
evapotranspiration is multiplied by the Crop Coefficient
to obtain the Crop Reference Evapotranspiration. An
assumption that evapotranspiration is uniformly
distributed over the catchment was made because the
spatial ~distribution of evapotranspiration was not
available.

The distribution of the vegetation over the catchment
area is necessary for the simulation of canopy interception
and the process of evapotranspiration (Fig. 7). It can be
defined over the model with the Leaf Area Index (LAI)
and Root Depth (RD). The spatial distribution of the
forest, shrub/trees and crops/grass is obtained from Global

Land Cover 2000 Project (GLC 2000). The time series of
the root depth and leaf area index for defined vegetation
types, for either one year or for the growing season, are
taken from Vegetation Database included in the model

[8].

y:
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Figure 7 Vegetation distribution
3.6 Model calibration and validation

Since MIKE SHE is not coupled with any river flow
model it was not possible to simulate river discharge and
compare it with discharge registered at the Podgorica
hydrological station. Thus, validation of the model was
possible by comparison between the simulated annual
evapotranspiration and the one obtained from similar
studies. The expected value of total annual
evapotranspiration, expressed as precipitation ratio should
be around 30 %.

It is also expected that inter annual distribution
corresponds to the one in the nature. In case of reaching
accumulation of the snow from October till the end of
April, that will also be an indicator that the water balance
is correct. The model was initially run for a ten year
period. The initial run was done to achieve the
approximate  expected  actual  evapotranspiration
percentage, the proper annual snow distribution and the
minimal water balance error. Ten years of data were split
into two halves for calibration and validation. The period
from October 2000 till October 2005 was used for
calibration, and the period from October 2005 till October
2010 for wvalidation period. The model parameters
represent the physical or hydrologic characteristics of a
watershed. To adequately represent the system being
modelled, during calibration, an iterative process, model
parameters are set within an appropriate range. During
that process, each model parameter is varied following a
trial and error procedure, with all other parameters being
constant (Tab. 1).

Using parameters fine-tuned in the calibration
process, the model was validated with the data from the
first five years. The final parameter list is presented in
Tab. 2.
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Table 1 Model parameters subjected to calibration

Model parameters Initial simulation Calibrated parameters Final calibration
Degree-dayfactor (mm snow/day/°C) 4;5;6 6
Threshold melting temperature (°C) -1;0;1 0
Manning’s Mcoefficient 10; 20; 30 30

Table 2 Final parameter list

Module:
Climate Precipitation Lapse Rate 10 %/100 m
Reference Evapotranspiration 6 mm/day
Temperature Lapse Rate —0.4 °C/100 m
Snow Melt Melting Temperature 0°C
Degreeday Coefficient 6 mm/°C/day
Min Snow Storage 3 mm
Max Wet Snow Fraction 0.5
Initial Total Snow Storage 0
Initial Wet Snow Fraction 0
Overland Flow Manning Number 30 m"¥ss
Detention Storage 0 mm
Initial Water Depth Om
Unsaturated Flow Water contentat saturation 0.2
Water content at field capacity 0.05
Water content at wilting point 0.01
Saturated hydraulic conductivity 1.4le* m/s
Soil suction at wetting front —0.1 m
ET Surface Depth 0.25m
Ground Water Table for lower UZ boundary Im

4  Water balance analysis

The purpose of the water balance component of this
assessment is to characterize the climatic, surface water,
and groundwater components of the watershed. The water
balance is intended for use as a screening tool to further
evaluate water resources allocations within the watershed
and to identify water balance components that may
require further analysis during the next levels of
watershed planning. The main analytical formulation of
annual water balance for large areas is:

P=ET+RO+AS (1)

Where: P -  represents
evapotranspiration, RO - runoff.
AS change of water resources, which can be
neglected if we analyze water balance for a long time
period. But if we need to analyze the water budget on
catchment scale, the equation becomes more complex:

precipitation, ET -

P=ET+1+RO+AS+UxL 2)

Where: [ - plant interception, U - base flow, L - leakage to
or from the catchment.

Since the river flow module is not included, the
validation of the model was done comparing simulated
annual evapotranspiration with the value obtained in
earlier studies. In case of reaching accumulation of the
snow from October till the end of April, that will be also
an indicator that the water balance is correct.

The annual water balance summaries for the
calibration and validation periods are presented in Tab. 3
and Tab. 4. The runoff (RO) is presented as the discharge
observed at the Podgorica station. The year in the table
represents a water year, the period of 12 months, the
period between October 1* of one year and September 30
of the next. The water year is designated by the calendar
year in which it ends.

In the calibration period, the annual precipitation
varies between 2480 and 4194 mm and from 1814 to 3519
mm in verification period. The discharge in the
calibration period is in the interval from 1502 to 2988
mm, making the runoff coefficient within 60 to 86 %
(Tabs. 5 and 6). The runoff coefficient in the verification
period is around 74 %. Unfortunately, some of the very
important rainfall stations on the catchment have
significant data gaps and they are excluded from this
study. The existing data point to conclusion that there is
much more precipitation fell over the catchment than the
one calculated by the model, so we can assume that the
runoff coefficient could be lower. The total calculated
error is less than 0.3 %. Infiltration varies both spatially
and temporally but in general it depends on soil moisture
condition, soil type and type of vegetation. Earlier studies
indicate that infiltration over the Moraca catchment is
large and can be up to 80 % of falling rain [9]. The model
indicates that the infiltration accounts for 71.12 % of the
total precipitation amount for the period 2001-2005. Plant
transpiration, evaporation from intercepted water, ponded
water and evaporation from snow are included in the
calculation of evapotranspiration. The loss of rain water
through evapotranspiration is 28.88 %. Those figures are
71.98 % and 28.02 % for the verification period.
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Although adequate snow accumulation needs
temperature data on higher altitudes, the model indicates
that the formation of the snow cover on the Moraca
catchment mostly starts in November, when temperatures
fall under the threshold value of 0°C for snow
accumulation. The model includes melting due to solar
radiation and energy in rain besides melting due to air
temperature. The biggest snow accumulation is in January

and February. With increase in temperature during the
spring the process of snowmelt starts and can last till the
end of May.

Snow cover on the highest peaks melts till June and
July.

The seasonal water balances for calibration and
verification period are given in Tabs. 5 and 6.

Table 3 Annual water balance summaries for calibration period

Year RO (mm) P (mm) ET (mm) Change instorage AS (mm) Infiltration (mm) Error (mm)
2001 2632.52 3583 993 -17 2614 7
2002 1502.26 2480 907 7 1569 8
2003 1920.88 2526 810 =7 1737 9
2004 2988.34 4194 993 3 3208 10
2005 2735.23 3169 904 11 2259 7
Table 4 Annual water balance summaries for verification period
Year RO (mm) P (mm) ET (mm) Change in storage AS (mm) Infiltration (mm) Error (mm)
2006 2015.39 2877 899 -23 2010 5
2007 1814.86 2046 753 12 1287 6
2008 2050.76 3211 933 -7 2295 2
2009 2326.55 3383 925 —8 2472 7
2010 3519.87 4411 953 11 3458 5
Table 5 Seasonal water balance summaries for calibration period
Winter Spring
Snow Storage Snow Storage
Year P (mm) change | ET (mm) chanﬁe Infiltr P (mm) change | ET (mm) changge [nfiltr
(mm) (mm)
(mm) (mm) (mm) (mm)
2001 1495 190 199 4 1103 610 —198 300 —-10 522
2002 473 67 148 7 254 490 —209 287 =5 420
2003 946 328 120 -9 509 333 -397 231 13 490
2004 1229 415 159 4 653 1164 —416 383 -2 1204
2005 870 420 103 —-16 364 446 —481 293 3 635
Summer Autumn
Snow Storage Snow Storage
Year P (mm) change | ET (mm) chanﬁe [nfiltr P (mm) change ET (mm) chanﬁe Infiltr
(mm) (mm) | ™™ (mm) (mm) | ™™
2001 486 —-16 203 7 294 938 23 252 —14 678
2002 421 0 261 -2 163 787 134 193 —13 474
2003 344 0 170 -12 187 1226 69 333 0 826
2004 192 -33 152 -2 77 1458 50 270 7 1132
2005 500 -3 255 15 235 1473 64 267 13 1130
Table 6 Seasonal water balance summaries for verification period
Winter Spring
Snow Storage Snow Storage
Year P (mm) change | ET (mm) chanﬁe [nfiltr P (mm) change | ET (mm) changge [nfiltr
(mm) (mm) | (™™ (mm) (mm) | ™™
2006 1155 453 138 0 565 463 -592 338 -4 725
2007 732 124 166 2 444 502 -168 275 -15 414
2008 883 266 153 9 456 1015 -435 336 -8 1127
2009 931 163 167 -16 598 527 -353 269 9 604
2010 1913 365 185 -1 1368 779 -463 304 16 926
Summer Autumn
Snow Storage Snow Storage
Year P (mm) change | ET (mm) chanﬁe Infiltr P (mm) change ET (mm) change Infiltr
(mm) (mm)
(mm) (mm) (mm) (mm)
2006 408 —22 211 11 210 839 161 190 —20 509
2007 223 0 126 12 86 530 94 172 2 266
2008 307 -5 165 4 143 1139 174 292 -7 681
2009 461 0 243 =5 223 1492 170 266 8 1049
2010 350 —20 178 -16 210 1245 119 256 2 871
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Seasonal distributions of the water balance
components for both periods are respectively presented in
Figs. 8 and 9. Soil type and soil moisture condition define
the percentage of precipitation that will infiltrate to the
ground. As we noticed before 70 % of the precipitation
goes to infiltration, thereby the smallest amounts infiltrate
to the ground in summer. Significant amounts of water
infiltrate during the rest of the year.

1400

1200

1000 -

800
H 3P (mun)

EHET (mm)
B3 Inf (mm)

600

mm/season

400

200

0] Harmm
Autumn  Winter  Spring  Summer

Figure 8 Seasonal distribution of the water balance components
for period 2001-2005
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Figure 9 Seasonal distribution of the water balance components
for period 2005-2010

5 Conclusion

Uncertainties in the estimation of the water balance
components depend on the accuracy of the measured
input data into the model: the one with temporal
variability (e.g. rainfall) and the one with spatial
variability (e.g. rainfall, vegetation, groundwater levels,
soil hydraulic properties etc.). Developing a water balance
or water budget for the Skadar lake basin was difficult
due to the absence of adequate data and information.
MIKE SHE model for the Skadar lake catchment area
shows satisfactory results and could be improved in the
future with new input data, if they become available
meanwhile.

It is no longer acceptable to manage groundwater and
surface water independently of one another. Advances in
data collection and availability, as well as computer
resources, have now made distributed, physics-based
watershed modelling feasible in a wide range of
applications. MIKE SHE is one of the few commercially
available codes that has been widely used for integrated
hydrologic modelling. MIKE SHE's process based

framework allows each hydrologic process to be
represented according to the problem needs at different
spatial and temporal scales. This flexibility has allowed
MIKE SHE to be applied at spatial scales ranging from
single soil profiles, to the field scale, and up to the
watershed scale. Furthermore, each process can be
represented at different levels of complexity. MIKE SHE
has a modern, windows-based user interface that includes
advanced tools for water quality, parameter estimation
and water budget analysis.
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