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CANOPY STORAGE. Canopy storage is the water intercepted by vegetative
surfaces (the canopy) where it is held and made available for evaporation.  When
using the curve number method to compute surface runoff, canopy storage is
taken into account in the surface runoff calculations. However, if methods such as
Green & Ampt are used to model infiltration and runoff, canopy storage must be
modeled separately. SWAT allows the user to input the maximum amount of
water that can be stored in the canopy at the maximum leaf area index for the land
cover. This value and the leaf area index are used by the model to compute the
maximum storage at any time in the growth cycle of the land cover/crop. When
evaporation is computed, water is first removed from canopy storage.

INFILTRATION. Infiltration refers to the entry of water into a soil profile
from the soil surface. As infiltration continues, the soil becomes increasingly wet,
causing the rate of infiltration to decrease with time until it reaches a steady value.
The initial rate of infiltration depends on the moisture content of the soil prior to
the introduction of water at the soil surface. The final rate of infiltration is
equivalent to the saturated hydraulic conductivity of the soil. Because the curve
number method used to calculate surface runoff operates on a daily time-step, it is
unable to directly model infiltration. The amount of water entering the soil profile
is calculated as the difference between the amount of rainfall and the amount of
surface runoff. The Green & Ampt infiltration method does directly model
infiltration, but it requires precipitation data in smaller time increments.

REDISTRIBUTION. Redistribution refers to the continued movement of water
through a soil profile after input of water (via precipitation or irrigation) has
ceased at the soil surface. Redistribution is caused by differences in water content
in the profile. Once the water content throughout the entire profile is uniform,
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redistribution will cease. The redistribution component of SWAT uses a storage
routing technique to predict flow through each soil layer in the root zone.
Downward flow, or percolation, occurs when field capacity of a soil layer is
exceeded and the layer below is not saturated. The flow rate is governed by
the saturated conductivity of the soil layer. Redistribution is affected by soil
temperature. If the temperature in a particular layer is 0°C or below, no
redistribution is allowed from that layer.

EVAPOTRANSPIRATION. Evapotranspiration is a collective term for all
processes by which water in the liquid or solid phase at or near the earth's surface
becomes atmospheric water vapor. Evapotranspiration includes evaporation from
rivers and lakes, bare soil, and vegetative surfaces; evaporation from within the
leaves of plants (transpiration); and sublimation from ice and snow surfaces. The
model computes evaporation from soils and plants separately as described by
Ritchie (1972). Potential soil water evaporation is estimated as a function of
potential evapotranspiration and leaf area index (area of plant leaves relative to
the area of the HRU). Actual soil water evaporation is estimated by using
exponential functions of soil depth and water content. Plant transpiration is
simulated as a linear function of potential evapotranspiration and leaf area index.

POTENTIAL EVAPOTRANSPIRATION. Potential evapotranspiration is the
rate at which evapotranspiration would occur from a large area completely
and uniformly covered with growing vegetation which has access to an
unlimited supply of soil water. This rate is assumed to be unaffected by
micro-climatic processes such as advection or heat-storage effects. The
model offers three options for estimating potential evapotranspiration:
Hargreaves (Hargreaves et al., 1985), Priestley-Taylor (Priestley and
Taylor, 1972), and Penman-Monteith (Monteith, 1965).

LATERAL SUBSURFACE FLOW. Lateral subsurface flow, or interflow, is
streamflow contribution which originates below the surface but above the zone
where rocks are saturated with water. Lateral subsurface flow in the soil profile
(0-2m) is calculated simultaneously with redistribution. A kinematic storage
model is used to predict lateral flow in each soil layer. The model accounts for
variation in conductivity, slope and soil water content.

SURFACE RUNOFF. Surface runoff, or overland flow, is flow that occurs along a
sloping surface. Using daily or subdaily rainfall amounts, SWAT simulates
surface runoff volumes and peak runoff rates for each HRU.

SURFACE RUNOFF VOLUME is computed using a modification of the SCS
curve number method (USDA Soil Conservation Service, 1972) or the
Green & Ampt infiltration method (Green and Ampt, 1911). In the curve
number method, the curve number varies non-linearly with the moisture
content of the soil. The curve number drops as the soil approaches the
wilting point and increases to near 100 as the soil approaches saturation.
The Green & Ampt method requires sub-daily precipitation data and
calculates infiltration as a function of the wetting front matric potential
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and effective hydraulic conductivity. Water that does not infiltrate
becomes surface runoff. SWAT includes a provision for estimating runoff
from frozen soil where a soil is defined as frozen if the temperature in the
first soil layer is less than 0°C. The model increases runoff for frozen soils
but still allows significant infiltration when the frozen soils are dry.

PEAK RUNOFF RATE predictions are made with a modification of the
rational method. In brief, the rational method is based on the idea that if a
rainfall of intensity i begins instantaneously and continues indefinitely, the
rate of runoff will increase until the time of concentration, tc, when all of
the subbasin is contributing to flow at the outlet. In the modified Rational
Formula, the peak runoff rate is a function of the proportion of daily
precipitation that falls during the subbasin tc, the daily surface runoff
volume, and the subbasin time of concentration. The proportion of rainfall
occurring during the subbasin tc is estimated as a function of total daily
rainfall using a stochastic technique. The subbasin time of concentration is
estimated using Manning’s Formula considering both overland and
channel flow.

PONDS. Ponds are water storage structures located within a subbasin which
intercept surface runoff. The catchment area of a pond is defined as a fraction of
the total area of the subbasin. Ponds are assumed to be located off the main
channel in a subbasin and will never receive water from upstream subbasins. Pond
water storage is a function of pond capacity, daily inflows and outflows, seepage
and evaporation. Required inputs are the storage capacity and surface area of the
pond when filled to capacity. Surface area below capacity is estimated as a non-
linear function of storage.

TRIBUTARY CHANNELS. Two types of channels are defined within a
subbasin: the main channel and tributary channels. Tributary channels are minor
or lower order channels branching off the main channel within the subbasin. Each
tributary channel within a subbasin drains only a portion of the subbasin and does
not receive groundwater contribution to its flow. All flow in the tributary channels
is released and routed through the main channel of the subbasin. SWAT uses the
attributes of tributary channels to determine the time of concentration for the
subbasin.

TRANSMISSION LOSSES. Transmission losses are losses of surface
flow via leaching through the streambed. This type of loss occurs in
ephemeral or intermittent streams where groundwater contribution occurs
only at certain times of the year, or not at all. SWAT uses Lane’s method
described in Chapter 19 of the SCS Hydrology Handbook (USDA Soil
Conservation Service, 1983) to estimate transmission losses. Water losses
from the channel are a function of channel width and length and flow
duration. Both runoff volume and peak rate are adjusted when
transmission losses occur in tributary channels.
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RETURN FLOW. Return flow, or base flow, is the volume of streamflow
originating from groundwater. SWAT partitions groundwater into two aquifer
systems: a shallow, unconfined aquifer which contributes return flow to streams
within the watershed and a deep, confined aquifer which contributes return flow
to streams outside the watershed (Arnold et al., 1993). Water percolating past the
bottom of the root zone is partitioned into two fractions—each fraction becomes
recharge for one of the aquifers. In addition to return flow, water stored in the
shallow aquifer may replenish moisture in the soil profile in very dry conditions or
be directly removed by plant. Water in the shallow or deep aquifer may be
removed by pumping.


