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The assessment of the change and seasonal variability in river flow and general 
distribution within a year for different timeframes in Bulgaria

• First future period: 2013 to 2042, centered around 2027
• Second future period: 2021 to 2050, centered around 2035
• Third future period: 2071 to 2100, centered around 2085

is made with Reference period - 1976 to 2005  because of data availability.

Set for Calibration: 1976-1982
T,P,Q - from ground data

Set for Validation: 2000-2005
P,Q - from ground data

T- from ERA Interim 

7yrs +5yrs
Daily time series
Precipitation‐runoff modelling 
with TUWmodel
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The analyses have been carried out on a solid methodological 
foundation, studying each problem from multiple angles, using 
different data and hypotheses, Bloeschl et all –
Anpassungsstrategien an den Klimawandel für Österreichs
Wasserwirtschaft, 2011

Three methods have been used : 
• Trend analysis 
• Scenario analysis
• “Trading Space for Time” method 
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(-) Scenario analysis introduces uncertainty in two major ways –through the climate scenario, 
and in transferring modelling data into the surface flow model. 

(-) Trend analysis brings into question the projection (extrapolation) of trends onto a future 
period, since the derived trend is inherently dependent on the reference timeframe.

These uncertainties, as well as the task of analyzing regional sensitivities to climate changes, 
motivated the use of the “Trading Space for Time” method, which is based on the spatial 
characteristics of a river basin. 

Trend analysis “Trading Space for Time” method Scenario analysis 

Trend analysis is based 
on data

Scenario analysis is concentrated 
on the modelling process
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The scope of the study develops consistently in several stages
(data entry, correction, preparation) covering 83 catchments 
adjacent to HMS
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1.Trend Analysis Marino Pole station (Struma river)

Handbook of the National Institute 
of Meteorology and Hydrology, 
2015:
a growing trend (0.01% yearly) 
period between 1980 and 2012 
(32 years)

National Institute of Meteorology 
and Hydrology,2012, 
the flow trend is decreasing,
timeframe from 1960 to 2010 
(50 years)

limited information?
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2. Scenario Analysis
The scenario analysis of climate impact consists of 3 steps:

1. Global Circulation Model simulations, IPCC
2. Down scaling the temperature, precipitation and other

results to 12km raster cells for hydrological modelling.
3. with TUWmodel, using the results from the 

downscalingPrecipitation-runoff modelling .
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The TUWmodel parameters
are calibrated, using runoff data.
The model is tested in regards to
the magnitude and distribution
of the runoff. Parajka, 2005, 06,
07.

Runoff simulations are
carried out with calibrated
TUWmodels using ERA INTERIM
reanalysis data in the Reference
period period 1976‐2005, to be
compared with the trend data,
based on measurements,
published by the NIMH 2015.

a growing trend (0.01% yearly) 
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No Station
Number

Station
Name

River
Increase %/year.

Measured data Simulated
runoff

1 14450 Фалковец Стакевска
река

0.44 0.92

4 16800 с. Кобиляк Огоста 0.88 1.20

12 18850 с.
Ореховица

Искър 0.55 0.84

13 21750 с.
Крушовица

Вит 2.00 1.30

18 22800 с. Изгрев Осъм 1.31 1.75

20 23400 Джулюница Джулюница 2.69 0.40

24 23850 с. Каранци Янтра 2.13 0.77

25 31450 с. Кардам Черни Лом 1.50 1.74

31 51700 Ръждавица Струма 0.50 1.05

32 51750 Бобошево Струма 2.00 0.76

Similarly, the following table shows the annual average long term runoff trends for 
several HMS for the 1976 – 2005 period. The simulated runoff using the TUW model
confirms the tendencies.

From the Trend Analysis 
it can be concluded 
that the calibrated 
TUW models simulate 
the trends of changes 
in the annual average 
long term runoff 
in the historical period 
with satisfactory 
accuracy.
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3. Trading space for time
The Trading space for time approach was applied on the basis of the Turc model 

1954,1961, which deals with the long term runoff averages, based on the potential 
evaporation index EPI

In Bulgaria, the calibration of the Turc model was based on data for 11
catchments, and produced the following parameter values:

c=0.9, n=2, a1 = 400, a2 = 25, a3 = 0.05.
Comparing the average long term runoff from the Turc model with the average
long term runoff, based on the measurements shows that the results are overall
satisfactory
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Sensitivity analysis of the modeled catchments
• independently from the climatic scenario analysis
• Turc’s model.

The decrease of annual average runoff as a result of temperature increasing by 10 

and precipitation by 0% (Т=+1; Р=0) demonstrates the sensitivity of the catchments:

• in plains, in catchments with average elevation above 650 meters, in the
(Т=+1; Р=0) scenario, runoff decreases are significant and reach 8.50%.

• Conversely, in the (Т=+1; Р=+5) scenario (5% precipitation increase)
shows the least amount of increased runoff in plains – up to 3.00%, more
in mountainous regions – exceeding 4.50%.

• Greater changes in the temperatures and reductions in precipitation, for
example a (Т= +2; Р= ‐10) scenario also confirm the trends in plain
sensitivity – up to 650 meters elevation, the runoff reduction exceeds
35%, less so in mountainous regions.
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X axis: runoff deltaChange in%; Y axis: elevation above sea level in meters

Sensitivity analysis of the runoff deltaChange
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X axis: runoff deltaChange in%; Y axis: elevation above sea level in meters

Sensitivity analysis of the runoff deltaChange
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X axis: runoff deltaChange in%; Y axis: elevation above sea level in meters

Sensitivity analysis of the runoff deltaChange
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Climate signal and prognosis quality verification
Before analyzing the changes in the yearly runoff distribution, 

it stands to reason to check for a climate signal and examine the quality of the 
prognoses.

For the river basins with sufficient data quality following the results of model
calibration and validation of TUW model (Nash efficiency), the prognosis confirmation
was checked by Turc method.
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Comparison the predicted change of the mean annual runoff,
derived from Scenario analysis (TUW model) and the Trading space
for time (Turc model):

The trends in runoff change, in the RCP4.5 and RCP8.5  for three future periods
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Conclusions

The results are based on regional specifics and account for the 
uncertainty of the climate scenarios themselves. For example many 
stations about 500m above sea level in the Danube Basin have no 
prognosis confirmation in the far future period (2071 – 2100) of RCP4.5 
scenario etc.

The Trading space for time approach is used to assess the climate 
signal for Climate signal and prognosis quality verification- the 
approach allows detection of stations with significant uncertainty in the 
forecast despite the good statistical estimates of the model.

This makes us more confident in dealing with climate change 
projections under conditions of limited information.
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