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An advanced of frequency analysis (AFA) method adopts the theory
of stochastic systems to be applied in hydrological engineering.

Introduction: The AFA method has been suggested more then 20 years, however, the
full description of this approach is still unpublished In English. The paper formulated
“step-by-step” the theory and assumptions of the AFA method behind a code of
probabilistic hydrological model MARCS (MARkov Chain System).

Model theory: MARCS model is based on the theory of stochastic systems, specifically,
the Fokker-Plank-Kolmogorov equation (FPK), which is simplified to a system for three
statistical moments (Fig. 1). The time series of multi-year runoff are considered as
realization of random process Markov chain type.

Results: New parametrization scheme of the probabillistic hydrological model MARCS is
Implemented to be able simulation the location parameter of the Pearson Type |lI
distribution previously assumed to be constant (Shevnina et al., 2017; Kovalenko et al.,
2010). Fig. 2 shows the new parametrization scheme of the MARCS model in a nut-shell.
This scheme is used in the model set-up in (Shevnina E., PIilli-Sihvola, K., Haavisto, R.
and Vinma, T., 2017: probabilistic hydrological scenarios for Scandinavia and Northern
Russia: the perspectives in economical applications, IASC meeting Umea, Sweden).

Core Model: Linear filter with stochastic component
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Simple “Black Box” Model, WMO: 20009.
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where, Q is model output (runoff), P is model input (precipitation), an
and bn are parameters connceted to catchment physiograpy and
meteology.

“Linear filter with stochastic component” Model,
Pugachev et al.: 1974.
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“Pearson Distributions” Model (System),
Pearson: 1895.
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where: a, b,, b, and b, are parameters of Pearson System.
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Figure 1. The MARCS model basic theory in a nut-shell.
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Figure 2. The MARCS model set-up for Scandinavia in a nut-shell.

Discussions: the parameterization scheme of the MARCS model was developed to simulate
three statistical moments for the projected period based on climate projections. However, the
model is still adopted to be forced by the projections coming from global climate models. The
global model have coarse resolutions and this circumstance Is crucial for the physically-
based-hydrological models.

Conclusion: The-probabilistic hydrological MARCS model should be tested for a sensitivity
to the climate forcing coming from global and regional scales climate models.

Code availability: the code of current version of the probabilistic hydrological model MARCS can
downloaded from (github.com/ElenaShe0O00/MARCS) and used under the GNU3.O0.
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