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1. Introduction

Macro scale hydrological models, due to their physically based structure and consideration of most
important process in energy and water balances, have high potential for illustrating the spatial distribution of
soil moisture, soil temperature, evapotranspiration and stream flow. One of the most popular models that
have been considered in recent decades is VIC-3L (Variable Infiltration Capacity) which is a semi distributed
and macro scale model. This paper addresses the VIC-3L model in the Callous river basin which is located in
the north of Iran. As a semi-distributed macroscale hydrological model, VIC-3L calculates the water and
surface energy balances within each grid cell while captures the sub-grid variations statistically.
Distinguished characteristics of this model include: subgrid variability in land surface vegetation classes;
subgrid variability in soil moisture storage capacity; drainage from the lower soil moisture zone (base flow)
as a nonlinear recession (Gao et al., 2009). VIC uses a separate routing model based on a linear transfer
function to simulate the streamflow (Lohmann et al., 1996 and 1998). Since its existence, VIC has been well
calibrated and validated in a number of large river basins over the continental US and other parts of the
world. Applications using the VIC model cover a variety of research areas. The VIC-3L model, with a variety of
updates, has been widely used in studies which ranging from water resources management to land-
atmosphere interactions and climate change (Cherkauer et al., 2003).

2. Methodology
2.1. Model (VIC-3L) Structure

Details of VIC model structure have been fully described by Liang et al (Liang et al,, 1994). The main
characteristics of the grid-based VIC are the representation of vegetation heterogeneity, multiple soil layers
with variable infiltration, and non-linear base flow. Figure 1 shows the schematic of the VIC-3L model with a
mosaic representation of vegetation coverage and three soil layers. The surface of each grid cell is described
by N+1 land cover tiles, where n = 1, 2, ..., N represents different tiles of vegetation, and n = N+1 represents
bare soil. For each vegetation tile, the vegetation characteristics, such as LAI, albedo, minimum stomatal
resistance, architectural resistance, roughness length, relative fraction of roots in each soil layer, and
displacement length should be assigned. Evapotranspiration is calculated according to the Penman-Monteith
equation, in which the evapotranspiration is a function of net radiation and vapor pressure deficit. Total
actual evapotranspiration is the sum of canopy evaporation and transpiration from each vegetation tile and
bare soil evaporation from the bare soil tile. Associated with each land cover type are a single canopy layer,
and multiple soil layers. The canopy layer intercepts rainfall according to a Biosphere-atmosphere transfer
scheme (BATS) parameterization as a function of LAI (Gao et al,, 2009). The top two soil layers are designed
to represent the dynamic response of soil to the infiltrated rainfall. The bottom soil layer receives moisture
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from the middle layer through gravity drainage, which is regulated by a Brooks-Corey relationship for the
unsaturated hydraulic conductivity (Gao et al., 2009). The bottom soil layer characterizes seasonal soil
moisture behavior and it only responses to short-term rainfall when the top soil layers are saturated. The
runoff from the bottom soil layer is according to the drainage described by the Arno model (Gao et al., 2009).
Moisture can also be transported upward from roots through evapotranspiration. The VIC-3L model can be
run in either a water balance mode or a water-and-energy balance mode. The water balance mode does not
solve the surface energy balance. Instead, it assumes that the soil surface temperature is equal to the air
temperature for the current time step. By eliminating the ground heat flux solution and the iterative
processes required to close the surface energy balance, the water balance mode requires significantly less
computational time than other model modes. In the VIC-3L model, each grid cell is modeled independently
without horizontal water flow. The grid-based VIC model simulates the time series of runoff only for each grid
cell, which is non-uniformly distributed within the cell. Therefore, a routing model (Lohmann et al.,, 1996 and
1998) is employed to transport grid cell surface runoff and base flow to the outlet of that grid cell then into
the river system. In the routing model, water is never allowed to flow from the channel back into the grid cell.
Figure 2 shows the schematic of the routing model.
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Fig. 1. Schematic of the VIC-3L model Fig. 2. Schematic of VIC network routing models.

3. Results and discussion

As noted in introduction section, this research addresses the applicability of VIC-3L model for simulation
of stream flow in the Callous river basin at different time scales and performing sensitivity analysis on model
parameters. The results of calibration (Nash- Sutcliffe efficiency=84%) and validation (Nash- Sutcliffe
efficiency=74%) phases show that the model has considerable ability to simulate the stream flow’s
hydrograph. Sensitivity analysis of model’s parameters indicates that the importance of effective parameters
at different time scales (daily, monthly and yearly) are different but generally it can be stated that the most
important and effective parameters with respect to the performance of VIC-3L model are d2 (depth of the
second soil layer), Ws (the fraction of the maximum soil moisture) and Ds (the fraction of maximum
subsurface flow), respectively. Moreover, the parameters of the routing model have no important effect on
the model performance and therefore can be omitted in calibration processes by using the default values of
the parameters.
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