CHAPTER 33

STOCHASTIC SIMULATION OF
PRECIPITATION AND STREAMFLOW
PROCESSES

JOSE D. SALAS, JORGE A. RAMIREZ, PAOLO BURLANDO,
AND ROGER A. PIELKE, Sr.

Stochastic simulations of hydroclimatic processes such as precipitation and stream-
flow have become standard tools for analyzing many water-related problems. Simu-
lation signifies “mimicking” the behavior of the underlying process so that realistic
representations of it can be made. For this purpose a number of empirical, mathe-
matically/physically based, mathematically/stochastically based, analog/physically
based, and physical/laboratory-scale based models and approaches have been
proposed and developed in the literature. This chapter emphasizes simulation
based on stochastic and probabilistic techniques. Also, the emphasis will be on
precipitation and streamflow processes, although many of the methods and models
included herein are equally applicable for other hydroclimatic processes as well such
as evapotranspiration, soil moisture, surface and groundwater levels, and sea surface
temperature.

Stochastic simulation enables one to obtain equally likely sequences of hydrocli-
matic processes that may occur in the future. They are useful for many water
resources problems such as (a) estimating the design capacity of a reservoir
system under uncertain streamflows, (b) evaluating the performance of a water
resources system in meeting projected water demands under uncertain system’s
inputs, (c) estimating drought properties, such as drought length and magnitude
based on simulated streamflows at key points in the water supply system under
consideration, (d) deriving the distribution of the underlying output variable of a
groundwater flow equation (e.g., the hydraulic head), given the distribution of the
parameters (e.g., the hydraulic conductivity) and boundary conditions, (e) establish-
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