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The Lake Skadar Basin faces increpgiressures on its water resources due to a combination of
factors including rapid urbanisation, population growth, and the exacerbating impacts of climate
change. A comprehensive understanding of the basin water balance is essential for effective water
resource management and sustainable development. This study aims to develop a robust water

balance model that provides a scientific foundation for informed decigiaking.

HOM® CdzA f 2FGSNI . FEFyOS h@OSNIASS
This study will adopt an integrated approach to asséssdomplete water balance of Lake Skadar
Basin, aiming to provide a comprehensive understanding of the basin's water resources. By simulating
surface water and groundwater, the methodology will capture the complex interactions between
these components, caidering current climate scenarios.
HOMPRY OSLIidzZl £ CNI YSg2N]
The water balance concept is grounded in the principle of mass conservation, which states that the
change in water storage within a defined system is equal to the difference between water inputs and
outputs. In this study, the water balance will be assessed for the entire Lake Skadar Basin water
NE&A2dz2NOS aeaidsSyz SyO2YLIl aaay3da GKS f11S5SQa 4 G§SNEK
HOMOHAG@SNI . fFyOS 9ljdzr a2y YR [/ 2YLRYSyld 5SUyAs2

The water balance for the Lake Skadar Basin systerhecarpressed using the following equation:

P+QirrRgwE+QoutEgw-QgwinS



Where:

1 P (Precipitation): This represents the total amount of atmospheric water deposited onto the
watershed, including rainfall, snow, and other forms of precipitation. It is a primary input to
the hydrological system and a kdsiver of surface runoff and groundwater recharge.

1 Qin(Water input from other sources): This term accounts for any water entering the system
from external sources, such as ieasin transfers or artificial diversions. In the context of
Lake Skadar Ban, this may include water imported from other watersheds or water released
from upstream reservoirs. This parameter is important for accounting formade changes
to the natural water system.

1 Rgw(Groundwater recharge): This represents the amount atiewvthat infiltrates the soil and
recharges the groundwater aquifers. It is a critical component of the water balance, as it
influences groundwater availability and baseflow in streams. Factors affecting groundwater
recharge include soil type, land covand precipitation patterns.

1 E (Evapotranspiration): This encompasses the combined processes of evaporation (water loss
from soil and water surfaces) and transpiration (water loss from vegetation).
Evapotranspiration rates are influenced by temperaturelasaadiation, humidity, and
vegetation cover.

1 Qout (Surface runoff): This represents the water that flows over the land surface and into
streams, rivers, and other surface water bodies. It is a primary component of the streamflow
and is influenced by poipitation, land cover, and topography. Surface runoff is how water is
transported out of the watershed.

1 Egw(Groundwater evapotranspiration): This is the water lost from the groundwater system
through evapotranspiration. It occurs where the water talslshallow enough for plant roots
to reach it, or for direct evaporation to occur.

1 Qgw(Groundwater discharge): This represents the outflow of groundwater from the system,
including baseflow to streams and groundwater extraction. It is a critical comparfent
streamflow during dry periods and is influenced by groundwater levels and aquifer properties.

9 n{ o6/ KFIy3aS Ay &d0G2N}3IS0Y ¢KA&a NBLINBaSyda GKS
including changes in soil moisture, groundwater storage, and surfader vetorage. It
accounts for the temporal variability of water availability and is influenced by seasonal and
long-term climate patterns. This term is important for understanding the overall health of the

water system.



Through the quantification of each tifiese components, the water balance model will provide a
comprehensive assessment of Lake Skadar Basin's water resources, supporting the development of

sustainable water management strategies.

HOPHD { 2DGI NB { St SOaz2y
The selection of appropriate modelling teads crucial for the success of any water balance study. This
project suggests the Soil and Water Assessment Tool (SWAT) for hydrological process simulation. The
rationale behind this selection is rooted in the proven capabilities of this model to adthespecific

challenges and objectives of this study, as well as their widespread acceptance and robust

documentation.

Lake Skadar Basin's watershed is characterised by complex topography, diverse land cover, and
varying climatic conditions. SWAT is desei) to handle such complexities by discretising the

watershed into sufbasins and Hydrological Response Units (HRUS). This spatial disaggregation allows
for the representation of heterogeneous hydrological processes across the watershed. SWAT excels

at large scale hydrological modelling, such as the Lake Skadar Basin watershed.

SWAT's ability to model a wide range of hydrological processes, including surface runoff, groundwater
recharge, baseflow, and evapotranspiration, is essential for capturing theletanpater balance. It
provides a procesbased simulation, allowing for a detailed understanding of the interactions

between different hydrological components.

SWAT's opeource hature promotes transparency and accessibility, facilitating model custamiza
and adaptation. Its compatibility with GIS tools, such as ArcGIS and QGIS, streamlines data preparation

and visualisation, allowing for better collaboration, and model sharing.

HPo® { dzNFI OS YR DNRdzyRgl GSNJ 21 GSNJ . FflFyOS
The primary objective of this segh is to develop a robust SWAT model capable of accurately
simulating surface and groundwater processes within the Lake Skadar Basin watershed. The goal is to

provide a reliable representation of the hydrological cycle, enabling accurate assessmenenf wat

availability and its response to climate variability and change.

Hoo@@®RSE /2y U3dNI a2y

In order to configure the SWAT model to represent the water resources and the hydrological cycle in

Lake Skadar Basin, the following activities will be undertaken:



1. Watershed DelineationA highresolution Digital Elevation Model (DEM) will be used to
delineate the watershed boundaries. In order to represent the watershed as accurately as
possible, an assessment of several ogenrce (and global) DEMs will be undertaken,
considering the SRTi\the ASTERInd the FabDERMsources. The DEM will be ppeocessed
to remove sinks and pits, ensuring accurate flow accumulation.

As noted above, the Aol of the study, and that will be used in SWAT is shdavrorh
Reference source not foundlIn a second stage, the watershed will be divided into- sub
basins based on topographic characteristics, facilitating the representation of spatial
variability in hydrological processes. A stream netwoilk be generated based on flow
accumulation thresholds, accurately representing the drainage patterns within the
watershed. Outlet points will be defined at strategic locations, to facilitate model calibration
and validation. The size and number of sutiba will be determined based on the size of
the watershed, the resolution of the DEM, and the location of the gauging stations.

2. Input Data Preparation: the following data will be required for the implementation of SWAT:

a. Climate Data: climate data will lmne of the key inputs for the modelling. Data from
meteorological stations within and surrounding the watershed, remote sensing data
(CHIRPS), and meteorological reanalysis data (ERA5) will be used.

The variables that will initially be used are:

- Daily/manthly precipitation

- Maximum and minimum temperature

- Solar radiation

- Relative humidity

- Wind speed.
Data quality control, gap filling using statistical methods, spatial interpolation using
techniques will be undertaken. The SWAT weather generator will @scséd to fill

in missing data, or to create longer time series.

b. Land Use and Soil Data: Land cover maps from remote sensing imagery, soil maps
from national or international databases (Soil Gfjdwill be used in the SWAT

modelling. The variables to besed will be the land cover classification, the soil

4 https://lwww.earthdata.nasa.gov/data/instruments/srtm

5 https://catalog.data.gov/dataset/asteglobatdem

8 https://data.bris.ac.uk/data/dataset/s5hgmjcdj8yo2i@h4ew3sn
7 https://soilgrids.org/



texture, hydraulic conductivity, the bulk density, and the organic carbon content. The

data will be reclassified to SWAT categories.

HOPoPRA®NRBE 23AO0LE {AYdAf o2y

The hydrological simulation in SWAT will cdasithe following:

1. Surface Runoff Calculation: initially the SCS Curve Number method will be used to estimate
surface runoff, considering land use, soil type, and antecedent moisture conditions. The main
parameter to consider in this parametrisation andrithg the calibration will be the Curve
Number (CN2), to be calibrated with the existing streamflow data. It should be added that
most studies find this parameter the most sensitive within SWAT implementations.

2. Groundwater Recharge Estimation: Groundwatecharge will be estimated through
percolation processes, considering soil hydraulic properties and water balance calculations. In
order to address this, the baseflow will be separated from streamflow using digital filtering
techniques, providing an estirteof groundwater contribution to streamflow, and SWAT will

be calibrated, mainly considering the ALPHA_BF parameter.

HPODPID®AONI a2y | YR I fARIFa2Yy
During the calibration of the SWAT model, model parameters will be adjusted iteratively to match
simulated steamflow and groundwater recharge with observed data. Also, as noted above, a
Sensitivity analysis will be conducted to identify key parameters, and calibration will be performed
using automated calibration tools (e.g., SWaIP).
Regarding the validationsimulated outputs will be compared with independent data, such as
groundwater levels and streamflow data from a different time period.
Considering the existing data at the moment of submitting this report, the following calibration and
validation periodsare proposed:

{1 Calibration: from 1970 to 2000

1 Validation: from 2000 to 2005.
It should be noted that it would be desirable that more (and recent) data is acquired, in order to
undertake the calibration for a longer and more recent period.
In order to unetrtake the calibration and validation, the NaShtcliffe Efficiency (NSE), Root Mean

Square Error (RMSE), and Coefficient of Determination (R2) will be used.

The following outputs are expected based on the calibrated and validated model:



a. Streamflow at sukbasin outlets.
b. Groundwater recharge rates.
c. Evapotranspiration rates.

d. Baseflow contributions.

e. Soil moisture content.
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As noted above, in addition to tHeaselineassessmety for the period from 2005 to 2020the model

will be usedo assess climate changenditions.This will be undertaken from the period from 2020

to 2050, using projection data for tHRCP8.5cenario.
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In the Figurel below the Area of Interest (Aol) for this study can be observed. This area of interest
has been selected considering the watershed area as identified by the DEM, and also considering the

hydrological features and the hydrological modellingliementation.
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| DlLatitude)lLongi tude)
1 41.68 18. 75
2 41.68 19. 06
3 41.68 19. 38
4 41.68 19.69
5 41.68 20

6 41.99 18. 414
7 41.99 1875
8 41.99 19. 06
9 41.99 19. 38
10 41.99 19.69
11 41.99 20
12 42.31 18. 44
13 42.31 18. 75




14 42.31 19.06
15 42.31 19. 38
16 42.31 19.69
17 42.31 20

18 42.62 18. 44
19 42.62 18. 75
20 42.62 19.06
21 42.62 19. 38
22 42.62 19.69
23 42.62 20

24 423 18. 44
25 42.93 18. 75
26 42.93 19. 06
27 42.93 19. 38
238 42.93 19. 69
29 42.93 20

30 43. 24 18. 44
31 43. 24 18. 75
32 43. 24 19. 06
33 43. 24 19. 38
34 43. 24 19. 69
35 43. 24 20
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Resoluti
Climate Model | Origin | Run by on
CMCC-CM2- Fondazione Centro Euro-Mediterraneo sui
VHR4 Italy Cambiamenti Climatici, Lecce (CMCC) 30 km
FGOALS f3 H |China |Chinese Academy of Sciences, Beijing (CAS) 28 km
HIRAM_SIT_H Research Center for Environmental Changes,
R Taiwan | Academia Sinica, Nankang, Taipei (AS-RCEC) 25 km
MRI_AGCMS3_ Meteorological Research Institute, Tsukuba, Ibaraki
2 S Japan | (MRI) 20 km




EC-Earth consortium, Rossby Center, Swedish

EC_Earth3P_H Meteorological and Hydrological Institute/SMHI,
R Europe | Norrkoping, Sweden 29 km
MPI_ESM1 2 |Germa |Max Planck Institute for Meteorology, Hamburg
XR ny 20146, Germany 51 km

Japan Agency for Marine-Earth Science and
NICAM16_8S |Japan |Technology, Kanagawa 236-0001, Japan (MIROC) 31 km
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Aquifer Reclarge (mm/a) Aquifer Type

25 Very high (>300) Complex hydrogeological structure
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60132 | Susica 1948 2004 42.848 18.922
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60113 | Mrtvica 1948 2005 42.719 19.37
60155 | Zeta - Danilovgrad 1948 2001 42.554 19.106
60135 | Zeta - Duklov Most 1955 2005 42.66 19
60115 | Moraca - Pernica 1956 2005 42.713 19.371
60160 | Moraca - Podgorica 1948 2005 42.453 19.262
60128 | Moraca - Zlatica 1983 2005 42.484 19.307
60058 | Rij. Crnojevica 1987 2002 42.356 19.021
60168 | Cijevna 1949 1986 42.395 19.383
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wet w |Wetl ands or Water
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. Legend
Subbasins
[_] SWAT subbasin |
] Lake
Channel reaches
~— Channel

Landuse

Landuses Classes
Code
[ URMD
Il CrDY
[ CRIR
] CRGR
[ crRWO
[] GRAS
[l SHRB
I MIGS
[ ] SAvA
[l FODB
[] FOEN
[ FOMI
[ WATR

C A JpeNBdzy/ Ra

¢l opS5A&GNK GRSy 2F {1 YR

id Category Area (m?) | Percetange
crdy | Cropland/Arable Land/Cultivated Land 347905.4 71.7%
crwo | Forest/Woodland 42258.9 8.7%
fodb | Floodplain/Wetlands/Water Bodies 82099.2 16.9%
migs | Pasture/Grassland 3713.1 0.8%
urmd | Urban/Residential/Developed Areas 393.9 0.1%
wetw | Wetlands or Water 9104.7 1.9%

Total 485475.2 100.0%
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Legend

Subbasins
[_] SWAT subbasin
[ Lake
Channel reaches
—— Channel
Soil
Soils Classes

Codes
I E24-2c-6496
[ Bc27-2-3b-6400
I Jc49-1-3a-3139
[ I-Bc-Lc-2-3086
[ WATER-6997
I Bd66-1-2b-3007
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Period Period SWAT
River Start end Latitude |Longitude | Channel
SUSICA 1948 2004 42.848 18.922 11
MRTVICA 1948 2005 42.719 19.37 15
ZETA
DANILOVGRAD 1948 2001 42.554 19.106 37




MORACA -

PODGORICA 1948 2005| 42.453|  19.262 66
MORACA i ZLATICA 1983 2005| 42.484|  19.307 73
RI1J. CRNOJEVICA 1987 2002| 42.356|  19.021 119
CIJEVNA 1949 1986| 42.395|  19.383 120
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Change
Code Parameters Type Best Fit
Initial SCS runoff curve number for moisture

cn2 condition Il Percf -5.009

esco Soil Evaporation Compensation Factor Repl 0.2014

epco Plant Uptake Compensation Factor Percl 0.98¢9

canmx Maximum Canopy Storage Repl 70. 36

perco Percolation Coefficient Repl 0.968




lat_ttime Lateral Flow Travel Time Perc| 3.170¢
cn3_swf Soil Water Factor for CN3 Repl 0.914
Groundwater alpha factor (baseflow recession
alpha constant) Repl 0.511
flo_min Minimum Aquifer Storage to Allow Return Flow Perc| 11. 96§
revap_co Groundwater Revap Coefficient Repl 0. 033
revap_min | Minimum Water Table Depth for Revap Repl 20. 4Q¢
bf _max Maximum Baseflow Alpha Factor Repl 0. 817
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Calibration . .
. Baseline Climate Change
Water Balance Unit |(1971- (2006-2020) | (2021-2049)
2005)

Precipitation mm 1830 1810 1900.00

Snowfall mm 481 476 404.00

Snowmelt mm 470 471 403.00

Surface Runoff Generated mm 898 876 965.00

Lateral Flow mm 40 38.9 53.40

Water Yield mm 938 915 1020.00

Percolation mm 177 170 227.00
Evapotranspiration mm 723 725 658.00

Evaporation from canopy mm 4.42 4.01 8.88

Plant uptake/transpiration mm 2.71 2.88 2.62

Soil evaporation mm 716 718 647.00

Surface Runoff Contribution mm 898 876 965.00

Initial Soil Water Content mm 322 318 326.00

Final Soil Water Content mm 319 320 325.00

Average Soil Water Content mm 251 243 295.00

Soil Water Content at 300 mm mm 735 714 91.10

depth

Initial Snow Water Equivalent mm 0 0 51.90

Final Snow Water Equivalent mm 0 48.7 0.00

Snow Water Equivalent mm 23.1 21.3 5.74

Potential Evapotranspiration mm 876 934 719.00

Surface Runoff to Channel mm 835 818 896.00




Surface Runoff to Reservoir mm 63.6 58.7 69.30
Lateral Flow to Channel mm 39.1 38.1 52.20
Lateral Flow to Reservoir mm 0.934 0.795 1.15
gﬁ;&”ﬁ;ﬁ;‘;"dl Reservolr mm 6.69 7.14 291
Wetland/Pond/Reservoir Overflow | mm 32.8 32.1 35.00
Wetland/Pond/Reservoir Storage | mm 0.663 0.648 0.79
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Legend

Locations for Assessment

* Basin-wide

@® Inflow Lake Skadar
Watershed

Subbasins
[] SWAT subbasin
] Lakes (lake)
Channel reaches

—— Channel
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¢l ogfpS5A 40K NBS GNBYRa
Calibration Baseline Climate Change
: : Std . . Std : . Std .

Channel River Mean | Median Dev Min Max | Mean | Median Dev Min Max | Mean | Median Dev Min Max
(Flow) | (Flow) (Flow) (Flow) | (Flow) | (Flow) | (Flow) (Flow) (Flow) | (Flow) | (Flow) | (Flow) (Flow) (Flow) | (Flow)

6 Susica 8.16 3.61 11.5 0 79.65| 15.18 | 10.24 | 16,91 | 0.05 | 87.97| 8.12 3.78 11.56 0 77.29
37 Zeta 48.82 | 42.87 | 38.24 | 0.39 | 172.7| 55.45 445 47.33 | 0.46 | 177.5| 48.69 | 40.49 | 3857 | 0.36 | 174.4
43 '\g?arrerl:(?a 728 | 312 | 10.25| 001 | 90.6 | 13.44| 858 | 1484 | 023 | 6432| 732 | 29 | 1038| 002 | 91.75

Moraca-

66 Podgorica 103.28| 92.87 | 81.4 0.69 | 441.1| 105.57| 91.96 90.6 0.77 358 | 103.19| 91.63 | 82.06 | 0.68 | 453.3
120 Civejna | 10.78 8.04 10.97 0 54.26 | 10.83 5.43 11.54 0 52.86 | 10.78 7.86 11.09 0 53.33
159 gjt?l?;\: 170.92| 187.3 | 148.18 0 662.9 | 167.44| 96.91 | 149.55 0 569.5]1170.64| 187.4 | 147.81 0 663.8
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Change Change %Change 0
. WYLD WYLD | WYLD /oChangen
. I .| Climate . . . YLD (Climate
unit | Calibration | Baseline (Climate (Climate | (Climate
Change Change
Change Change | Change Baseline)
Calibration) | Baseline) | Calibration)
175 9.26 9.26 -0.71 -9.97 -9.97 -107.67% -107.67%
177 10.9 10.9 0.92 -9.98 -9.98 -91.56% -91.56%
154 7.28 7.28 0.34 -6.94 -6.94 -95.33% -95.33%
126 7.27 7.27 0.35 -6.92 -6.92 -95.19% -95.19%
130 7.22 7.22 0.35 -6.87 -6.87 -95.15% -95.15%
80 7.2 7.2 0.62 -6.58 -6.58 -91.39% -91.39%
90 7.82 7.82 0.91 -6.91 -6.91 -88.36% -88.36%
89 7.56 7.56 0.95 -6.61 -6.61 -87.43% -87.43%
21 907.4 870.6 543.59 -363.81 -327.01 -40.09% -37.56%
26 915.54| 877.53 558.14 -357.4 -319.39 -39.04% -36.40%
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RSONBIaAy3a GNBYR FNBY /FfAO0ONr a2y (2 I & AYS | yF
LISNA2R® ¢KAA AYyRRGH 63 a& SIN mmwmmﬁzﬁgmawma”@
CKSEoGStINGBAaASYda GKS | SN IS | yyddiK 8 @ISLIKA MIKGENLIA Ny,
I ONRP&a GKS (GKNBS LISNA2Ra® LYONBlFaAy3a @ fdzSa &dz3:z
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ChangeET CE:_rIlange %ChangeET | % Change
. Lo . Climate (Climate . (Climate ET (Climate
unit | Calibration | Baseline (Climate
Change | Change Change Change
LY Change L .
Calibration) - Calibration) | Baseline)
Baseline)
66 320.11| 320.87 525.52 205.41| 204.65 64.17% 63.78%
107 765.31| 764.27 874.95 109.64| 110.68 14.33% 14.48%
173 810.11| 812.67 926.29 116.18| 113.62 14.34% 13.98%
109 780.57| 779.33 884.57 104 105.24 13.32% 13.50%
108 778.14| 776.93 879.21 101.07| 102.28 12.99% 13.16%
168 750.66| 753.33 852.31 101.65 98.98 13.54% 13.14%
172 809.89| 812.13 918.31 108.42| 106.18 13.39% 13.07%
170 815.26| 816.93 920.76 105.5| 103.83 12.94% 12.71%
76 872.23| 866.13 976.13 103.9 110 11.91% 12.70%
88 859.53| 859.53 960.84 101.31| 101.31 11.79% 11.P%
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Change Change %Change % Change
_ o | climate De!taSW De!taSW De!taSW De!taSW
unit | Calibration | Baseline Change (Climate (Climate | (Climate (Climate

Change Change Change Change

Calibration) | Baseline) | Calibration) Baseline)
21 9074 870.6 543.59 -363.81 -327.01 -40.09% -37.56%
26 915.54| 877.53| 558.14 -357.4 -319.39 -39.04% -36.40%
14 1395.63| 1336.07| 1183.14 -212.49 -152.93 -15.23% -11.45%




13 1385.74 1327| 1176.69 -209.05 -150.31 -15.09% -11.33%
33 1386.71| 1329.07| 1179.34 -207.37 -149.73 -14.95% -11.27%
169 1124.91| 1121.53 1008.1 -116.81 -113.43 -10.38% -10.11%
174 1124.8| 1121.67| 1009.55 -115.25 -112.12 -10.25% -10.00%
15 1117.57| 1076.8 982.69 -134.88 -94.11 -12.07% -8.74%
31 1089.66| 1040.73| 979.41 -110.25 -61.32 -10.12% -5.89%
34 1083.91| 1035.27| 976.14 -107.77 -59.13 -9.94% -5.71%
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