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Challenges connected to the runoff 

Water supply, crop productionBridge, roads, piers Hydropower generation
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Maximal runoff Minimal runoff Annual runoff
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In evaluation of the runoff extremes following steps are required:

Stage I:
Observed timeseries 
data screening using 
statistical tests for 
absence of trends 
and stability of the 
variance and mean.

Stage II:
Estimation of the 
mean values, the 
coefficient of 
variation and 
coefficient of 
skewness using the 
observed timeseries. 

Stage III: Evaluation of runoff with 
required probability of exceedance 
basing on the past statistics within 
analytical distributions. 

Climate changes are not accounted
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The basics of the modelling approach 
allowing long-term assessment of runoff 
statistical characteristics in changing climate. 

The extreme flooding events on the territory 
of the Russian Arctic as one of the important 
region with essential economical potential.
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Theoretical basis is considering runoff as stochastic value within Markov chain type.
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,    x1=Q; x2=E ; x3=ΔU (1)

where, A and B are the drift and diffusion coefficients, P is the probability.

Two steps to simplify the core model:

 The estimation of the PDFs’ dimension using the Takens' theorem

The approximation of the Eq. 1 by the system of equations for 
the statistical moments
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The estimation of the PDFs’ dimension using the Takens' theorem: 
diagnosis of the dimension of the Eq. 1 

According to Kovalenko, 2011

ζ  =  ln C (r )/ ln r

Q (t )  = f (Q ( t+τ ));Q (t ) = f (Q ( t+2τ )); . . .
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(7)

(8)

(9)

(10)

dm2/dt  = −2(c̄  −  Gc̃)m2  + 2 N̄ m1  − 3G c̃ Ñ m1  + G Ñ

dm1/dt    = −(c̄  − 0.5G c̃)m1  − 0.5Gc̃ Ñ  + N̄

dm3/dt  = −3(c̄  −  1.5Gc̃)m3  + 3 N̄ m2  − 7.5G c̃ Ñ m2  + 3GÑ m1

dm4 /dt  =  −4 (c̄  − 2G c̃)m4  + 4 N̄ m3  − 4⋅3.5G c̃ Ñ m3  + 3GÑ m2

∂ p(Q;t )
∂ t

=− ∂
∂Q

(A (Q;t ) p(Q;t )) + 0.5 ∂2

∂
Q2

(B (Q;t ) p(Q;t ))

A (Q;t )=−( c̄+0.5Gc̄ )Q−0.5Gc̃ Ñ+ N̄ B (Q;t )=Gc̄Q
2−2G c̃ Ñ+G Ñ

dQ=[−( c̄+ c̃ )Q+( N̄+ Ñ )]dtdQ /dt=−(1 /kτ )Q+ Ẋ /τ

(2)

(3) (4)

(5) (6)

P(Q;t) is a probability; Q  is a runoff characteristic (e.g. flood flow depth in [mm]); A(Q;t), B(Q;t) are diffusion 
and drifting coefficients;          and            are  structural and random components of the parameter of 
watershed physiography and meteorological input;                     are noise intensities.G~c , G~N G~c ~N

~c , ~Nc̄ , N̄

The approximation of the one-dimensional Eq. 1 by the system of equations for the 
statistical moments.
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Historical timeseries: observations 

Sampled statistical moments (runoff) and
mean values of precipitation and 

air temperature 

Model parameterization

Forcing: climate projections

Projected mean values of precipitation 
and air temperature

Model parameterization

Projected statistical moments (runoff)

The probabilistic hydrological model MARC: structure, principles and data
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Datasets: the NOAA, the Global Runoff Data Center and Roshydromet 

Historical timeseries (runoff) Historical timeseries 
(meteo) 

* Gridded datasets of air 
temperature and 
precipitation by NOAA;
* In-situ observations at 
137 meteorological 
stations located over the 
territory of the Russian 
Arctic.

Data screening to 
the absence of trend and 

stability of variance and mean
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Historical runoff:
 mean values and CV/CS

Case of the study: the spring flood runoff over the Russian Arctic

The correlation dimension for the spring flood 
runoff timeseries does not exceed 1 
for most part of the Russian Arctic 

(7)
(8)
(9)
(10)

dm2/dt  = −2(c̄  −  Gc̃)m2  + 2 N̄ m1  − 3G c̃ Ñ m1  + G Ñ

dm1/dt    = −(c̄  − 0.5G c̃)m1  − 0.5Gc̃ Ñ  + N̄

dm3/dt  = −3(c̄  −  1.5Gc̃)m3  + 3 N̄ m2  − 7.5G c̃ Ñ m2  + 3GÑ m1

dm4 /dt  =  −4(c̄  − 2G c̃)m4  + 4 N̄ m3  − 4⋅3.5G c̃ Ñ m3  + 3GÑ m2

Mean values

CV

Correlation dimension
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Mean value of  air temperature

Mean value of precipitation
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Historical climatology: 1961-1990 Projected climatology: 2010-2039
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Projected runoff: 2010-2039

δСV  ≈  1,75δm1 pr  + 0,5 δ c̄ pr  + 0,25δ N̄ pr

δm1 pr  ≈  
15δСV   + 42,5δ N̄ pr  + 2,5 δ N̄  + 42,5δ c̄ pr

40

Errors 
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RCP2.6 RCP8.5

Risk zones: the projected extreme floods change frequency and magnitude (2010-39)  
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Comparison with the results by S. Koirala et al., 2014
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1950–80 CGCM GFDL HAD3 ECHAM5

Mean of precipitation, mm 431 466 474 535 609

Mean of air temperature, С -5.6 -6.3 -6.1 -7.1 -6.3

Mean of spring flood runoff, mm 160 173 176 199 226

CV 0.28 0.26 0.25 0.23 0.20

Runoff with probability of 
exceedance of 1%, mm

277 290 290 317 341

River discharge with probability of 
exceedance of 1% , m3s-1

8572 8970 8970 9801 10544
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Results, conclusion and further issues
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● The probabilistic modelling approach provides the simple and powerful tools to  
estimate the hydrological extremes with requred probability of exceedance, and it is 
directed to support the engineering calculations for building construction and risks 
assessment.

● In performing the regional scale assessment of statistical characteristics of the 
multi-year spring flood runoff for the Russian Arctic region, the one-dimentional 
probability density functions can be apply, This concept is traditionally used in the 
hydrological engeeniring practice.

● The comparison of the results obtained with physically-based and probabilistic 
modelling approaches can be done only for the mean values of runoff. For the 
territory of the Russian Arctic the general agreement of our results with results of 
AOCMs was obtained for the Eastern Siberia and North West regions.

● The question connected with possible increase the dimention of PDF under the 
expected climate changes should be clarify further.
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* Adaptation of the mathematical model to predict statistical characteristics of multi-
year river runoffs to account the physical and geographical specifics over the territory 
of Russia, in providing the sustainable solutions in modeling and forecasting (contract 
01 2014 58678) funded by Ministry of Science and Education of the Russian 
Federation.

* Towards better tailored weather and marine forecasts in the Arctic to serve 
sustainable economic activities and infrastructure (TWASE) funded by Academy of 
Finland.

* Arctic Freshwater Synthesis (AFS) funded by World Climate Research Program 
(WCRP).  
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Thank you for attention!
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