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Abstract

The book is devoted to original author’s studies on development of 1) watershed models and their applications to the short-term forecasting, 2) parameterization of the main processes of river runoff formation, 3) identification of lumped and distributed parameter models, and 4) updating techniques in real-time forecasting.

The lumped parameter model describing water balance components has been developed for headwater sub-basins. Unlike many models of such a type, this model includes parameterizations of main thermo physical processes in the unsaturated zone. It can be used for continuous simulations of snowmelt, rainfall, and snowmelt-rainfall runoff in watersheds affected by a seasonal freezing. The model has four main components: a water inflow into a basin and soil surface; soil freezing and thawing; infiltration into frozen and thawing soil and moisture redistribution; routing of the surface and sub-surface components of the water inflow. When calculating moisture dynamics, the following processes are included: evapotranspiration, infiltration, losses into deep soil layers, and sub-surface flow. These processes are calculated separately for snow-covered and snow-free parts of a basin. The specific equation that accounts for a freezing depth distribution has been derived to estimate time-variable impermeable areas. 

A linear routing model has been developed for sub-basins where upstream lateral inflow influence considerably on output. The model can perform simulations with lumped or distributed lateral inflows. A one-dimensional hydro dynamical model has been applied to sub-basins with regulated river flow.

Parameter identification problem is considered in chapter 4. The technique based on optimization methods and physic-geographic analysis has been developed for the lumped parameter watershed model and linear routing model. Selection of calibration criteria, multi-criteria optimization, and parameter constraints are evaluated. Another original approach has been developed for distributed parameter models. It is based on the regularization method that can provide approximate solutions for incorrect problems. The approach has been applied to the St. Venant equations. Morphometric and hydraulic channel characteristics has been approximated by the orthogonal Chebyshev polynoms.

Developed models and identification techniques have been tested for a number of different ecological and climatological regions. Analysis of these experiments has resulted in formulation of relationships for evapotranspiration and infiltration model parameters as functions of forest structure and stand.

Specific problems related to model applications to the short-term prediction are discussed in the last chapter. An objective updating technique for real-time forecasting that is based on modeling of input data uncertainties has been developed. Application of this technique resulted in a substantial improvement of short-range forecast skill. The potential from the use of radar data is also analyzed in this chapter. A probabilistic approach has been developed to account for rainfall distribution in the lumped parameter models. The approach reduces spatial scale dependency of the model.
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