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Danube Water Balance

Basin-wide hydrological modelling
of the Danube River Basin

The Danube Water Balance project, funded by the Interreg Danube Region Pro-
gramme and implemented by a transnational consortium of research institutions,
water authorities and NGOs from 12 countries, develops a harmonised water bal- . , , ,
ance model for the entire Danube River Basin. The project applies the open-source ooy Calibration was performed using discharge

Calibration Climate Change

Community Water Model (CWatM) developed by International Institute for Applied - ’*'/  pperoane | OPSETVAtIONS from 645 gauging stations. An Scenario building & Energy  “ndonielerons
Systems Analysis (Austria) and extended together with the project partners to meet = Morava upstream'—do.vvns.tream .ca.llbr.atlon schgme Future 140
basin-specifi d Drava and multi-objective optimisation (modified $5P5-8.5
peCI IC needas. Middle Danube . . . . 120
Tisa Kling-Gupta Efficiency, KGE) were applied. annual emissions of CO, (IPCC,
The Danube River Basin (DRB) is the second largest river basin in Europe, covering —__o»  Themodelachieves an average KGE of 0.79, 2021: Climate Change 2021: The
801,463 km? across 14 countries. The Danube flows 2,857 km from Germany to the demonstrating high reliability in reproduc- Physical Science Basis) _sseae
Black Sea. Mean annual precipitation within the basin ranges from 500 to 2,500 e ing historical streamflow.
mm/year, generating approximately 210 km?/year of renewable water resources. Relative number of basins (%)
The long-term average discharge at the river mouth is around 6,500 m3/s, making .
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CWATM model efficiency at selected gauging stations along the Danube River Basin
in the calibration period. The line plots show the long-term mean monthly simulated o L
(solid red line) and observed (solid blue line) flow. The dotted lines show the differ- - .
ence between the long-term mean annual observed (dotted blue line) and simulated
(dotted red lines) river flow.
Community Water Model (CWatM) '
r ) Hydrology Analysis
. . . . j Using CWatM for modeling snow/soil/runoff/discharge Statistics (e.g. average, percentiles, return periods) on different
CWatM operates at 1 arc-minute (~1 km) spatial resolution and daily temporal resolu- j = variables (e.g. soil moisture, groundwater, runoff, discharge)
tion, combining global and regional datasets (precipitation, temperature, land cover,
digital elevation). The model simulates all major components of the water cycle: pre- A A A AT e i N
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Cipitation, evapotranspiration, soil moisture, snowpack, runoff and river discharge. AN VA e — L — .
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1) Glacier 2)Snow 3)Interception 4)Lake 5)Transpiration 6)Evaporation 7)Reservoir 8)De- 'v‘e = —_
salination 9)Industry 10)Agriculture 11)Livestock 12)Households 13)Rainfall 14)Soil 15) : -
Surface runoff 16)interflow 17)Baseflow 18)infiltration 19)Percolation 20)Capillary rise ST |
21)Groundwater 22)Pumping —
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Outputs are available as gridded time series and are further linked to basin-wide g

water management models (RIBASIM, MONERIS/MoRE), enabling consistent deci-
sion-making across countries and sectors.
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Precipita‘tion in [m3] inside an AU _new of AU_final

year/AU_new,AU_1,AU 2,AU 3,AU_18,AU 11,AU 12,AU 16@,AU 101,AU 182,AU 1@3,Al
199@,96989224.@,158564830. 8, 24873156.@8,2388770208.8,8998624.8, 356834300.8, 28 SSP8 Z 8 5
1991,13491291@.8, 147040460.8, 29885375.8, 232909460, 0, 8065212.0,343343680.8,1
1992,99828172.@,16538501@.2,27633970.0, 287024000, 8, 9966165.6,355223360.8, 2¢
1993,121883780.9,155271490.8,25755760. 8, 200040060, 9,9387363.0,3244099540.8,1

1994,131682860.8, 145244340, 8, 28431266.8, 257716450, 9, 53060584, 5, 303410080, 0, &
e 1995,178875790.8, 131847896, 8, 48018188, 8, 224366248, 8, 8914233, 8, 264433660, 0, =
13 o 1996,157632380.8, 168764820.8,36731596.8, 270197250 .8, 9633598.8, 3911080260.0, =
Precipitation: annual sum (m) 1997,121518420.8,145765250.8,33369874.8,238827710.09, 79651225, 2587014486, % @
. <] : . ; 7 _P 1998,166891330.8, 162660370.8,36350484.8, 235647520, 9, 8283691.8,387255160.0, - 5
i o = o - 1999,176815520.8, 168178550, 8, 34596904, 8, 314260640, 8, 11604963 , 8, 333492908, 0, 4
The hyd rOIOglcaI mOdE| CwatM L 14 '_5 3 ?_‘ L o 2068,165846260.8, 208990038, 8, 20341865.0,374141470. 8, 12056068, 8, 413427600, 9, G
: °g* + - ' ' . . 2002, 174411250, 6, 195921210, 6, 46646216 0, 315245040 0, 207508045, 142815100. 5, o
can be used g|0ba”y (0'5 ’5 ) and DanLIbe CwatM Coupllng Wlth Transferrlng the gl’lddEd resultsfrom CWatM (eg water balance runoﬁ? to 2&83:2&1453?1&B:14-45838%,B:383&14?2‘B:18?28?589,916564&83‘8,;221?58%,3,; £
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regionally (5°,30” 1km) . Open Global Glacier Model node based models in the projects RIBASIM and MONERIS/MORE e e o e e o 5 °
* is open source in python « MODFLOW Model
* it uses globally freely available data 0
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* itincludes the major hydrological CWatM2MORE |
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processes

Change of number of dry month (5th percentile) of soil moisture (non-irrigated)
from 1990-2100 in different SSPs for areas in the Morava basin which are currently irrigated

Water Cycle :
Interpretation

This is one (draft) result for CC at the example of the Morava basin: CWatM results-
here we look in detail:
- Soil moisture (0-30 cm soil layer)

Precipitation [mm] - Non-irrigated crop- and grassland soil moisture

[ ] <600

[ 600-800 - Only cells withs are currently irrigated
— kol - Only month from June- September
B > 1400 - Evaluating dry month (5th percentile)

Transferring the gridded results from CWatM (e.g. water balance . ) ) . . )
runoff) to node based models in the projects RIBASIM and During the mid-century, SSP126 shows a peak in the moving average and a bigger

MONERIS/MoRE range of single GCM results. By the end of the century, it reaches almost the same
status as the reference period. It seems this can be called a stable soil-moisture pat-
tern with some (random) dry and wet periods.

In contrast, SSP245 and, even more so, SSP585, exhibit a clear trend in the moving
average and in the range of the GCMs. Between 1990 and 2020, all SSPs have, on
average, 6 (of 120 June-Sept. months altogether in 30 years) dry months (< P5). By
the end of the century, according to SSP585, there will be 20 dry months, which
means a higher need for irrigation.

AU_final_SK_Vistul |,

runoff_mm The Danube Water Balance project supports evidence-based water governance and
'D o contributes to a shared understanding of water availability in the Danube River Basin.
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Average total runoff (inside each region) 1990-2022 for 1723 More |n.format|on: )
regions of the Danube from CWatM https://interreg-danube.eu/projects/danube-water-balance
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