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Abstract. Increased urban development is taking place in and
below watersheds covered by chaparral and other types of shrubs
in California and other Western states. The management policy
for these areas has been to suppress fire to the greatest extent
possible. However, fire is a natural feature of the shrubland
ecosystems, and fire suppression results in a build-up of fuels
that produces larger and lore intense fires when they eventually

accur.

The immediate direct effect of fire is to substantially
increase storm runoff, to accelerate watershed erosion, and te
greatly increase sediment transport to downstream urban areas.
This paper reviews procedures for hydrologic analysis of these
watersheds and 1ists research needs to provide additional
information to allow the hydrologic effects of fires on
watersheds in and adjacent to urban areas to be accurately

assessed. :

Introduction

Large areas of the western United States have
rainfall that is sufficient to support only grass
and shrub species. .During the dry seascn in these
arid areas fires are a major problem. Urban
development in California and other Western states
in these shrubland areas is being affected to an
increasing degree due to damage and destruction of
property resulting from high sterm runoff and
sedimentation. Increased storm runoff and
accalerated erosion can be directly linked to
processes resulting from fires on the watersheds
above the developed areas. The problems are due in
part to the increased human use of shrubland
watershed areas, and in part to the effects of
long-term fire suppression policies in these areas.

This paper gives a description of this problem
and summarizes some of the current knowledge of the
effects of fire on the watershed on its hydrologic
response., Research needs for dealing adequately
with this problem are listed also.

Effects of Fire on Shrubland Watersheds

In the arid West large areas are covered by
vegetation types known as "chaparral,” “brushland,”
or "shrubland." The ¢limate in these areas is
usually characterized by winters with sufficient
precipitation to develop extensive vegetation
growth, but with extremely little or no
precipitation in the summer. The high stand
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oroductivity and relatively short plant tife
combine to produce large volumes of potential fuel
on shrubland watersheds. 1In addition many of the
shrubs have ofils or resins which add to their
flammibility. The shrub species are adapted to
fire, and in many cases depend on it for
reproduction.

Under natural conditions shrubland stands
become extremely flammable within 30 tc 60 years
following a fire, and before fire control was
begqun in the Tast century, the natural fire process
was continually recuring. From historical records
and by observation of uncontrolled areas®?, it is
noted that natural burns, usually ignitad by
lightning strikes, tend to burn limited areas
hecause the fires are extinguished when they reach
a more recently burned area where sufficient fuel
to sustain the fire is not available.

In many areas {especially Southern California}
fire suppression has been a public policy for
nearly 100 years. Concern over damage to property
nas lead to a philosophy of watershed management
which regards all fire as something to he
completely avoided. Complete fire suppression has
produced a different set of problems, however. The
absence of fire has resulted in a buildup of fuels
over very large areas. The natural mechanism
controlling the spread of fire to the edge of a
recent burn is no longer present. As a consequence
the fires which occur usually burn with very high
intensity and spread over very large areas because



Rowe's approach is based on six factors, three
of which relate to runoff and three to erosjon and
sediment production. Rowe determined these factors
for specific storm zones to account for
meteorological effects on watershed hydrology.
then selected key watersheds in each storm zone
assuming that the characteristics of these
watersheds could be used to describe the other
watersheds in the region. He also used
physiographical, geological, and fire-history data
for the individual watersheds to develop watershed
parameters for the determination of watershed
response to fire. The six factors are:

1} frequency and magnitude of "normal® runoff,

2} effect of fire on changing magnitude of normal
and peak discharges, 3) residual effects of past
fires on runoff, 4} norma) annual erosion rates,
5) effect of fire on the erosion rates, and

6} residual effects of past fires on srosion.

He

Research Needs

The basic hydrolegic mechanisms of the
processes fnvolved in the response of watersheds to
fire are adequately understood. Some data are
available for specific watersheds for various types
of fire conditions. Techniques do not exist,
however, for applying the existing data base to the
prediction of the long term effects of fire on
individual watersheds, taking into account specific
responses of the watershed to such variables as
fire temperatures, size and season of burn, and
variations in vegetation and prefire conditions in
the watershed.

There is a need for models of the hydrologic
behavior of watersheds which accurately reflect the
response of the basin to changes produced by fire.
The models must account for changes in hydrologic
processes such as surface runoff, infiltration, and
movement of water through the soil in ways that
permit the changing response of the basin with time
to be analyzed as vegetation is regenerated and
changes in character.
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