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Figure 1. Upland Junquillar watershed
after recent felling and burning of native
hardwood vegetation. Edge of burn is seen
at center -left.

by Mikeal E. Jones,

Peter F. F f olliott,

and William O. Rasmussen*

Precipitation & Streamflow
on 3

Small
Chilean

Watersheds
This report presents preliminary re-

sults of a small watershed project initi-
ated by Chile's Ministry of Agriculture
in 1970. The project was designed to
provide precipitation and streamflow
data for single land -use and vegetation

types. A conservation -oriented Divi-
sion of the Agriculture and Livestock
Service contemplates using this infor-
mation in evaluating design methods
for small dams, recommending land -
use procedures, and describing ex-

treme hydrologic events. Data pre-
sented herein are from three water-

Graduate Assistant, Associate and Assistant
Professors, respectively, Department of
Watershed Management.
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Figure 2. Stream gaging station installed on Piragua experimental watershed.

sheds instrumented and measured by
the senior author and others from May
1970 through August 1972. These
three watersheds form part of a more
extensive small basin network cover-
ing diverse climatic, vegetation, and
land -use conditions in Chile.
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Description of the Investigation

Objectives of the project were to
( a ) establish "base -line" precipitation
and streamf low information for a zone
where water is subject to management,
and ( b ) evaluate the effects of estab-

lished land -use patterns on water
yield.

Within the first objective, empha-
sis was placed on obtaining measure-
ments of precipitation, peak flows, and
runoff volumes. These data, eventual-
ly, are to be used to develop predic-
tion equations to quantify peak flows
and runoff volumes for proportioning
small dam spillways and storage capa-
cities. Inspection of the rainfall -runoff
relationships may also help to identify
land -use patterns associated with run-
off- related problems, i.e., erosion rates,
decreased soil productivity, water sup-
ply failures, etc.

The second objective deals with the
evaluation of widespread clearing and
planting practices which have brought
about serious runoff problems on
water yield source areas. As during
colonization, steep forest land is
cleared of native hardwood vegetation
( both trees and shrubs ) by felling and
burning in the autumn; the cleared
areas are then planted to wheat after
winter rains begin. Chilean farmers
plow during the rainy season, often
downslope, and may leave land fallow
for an extra year to accumulate soil
moisture. While such planting is us-
ually done on small blocks of land in
20 -year rotation periods, recent gov-
ernment reform in the agricultural
sector has increased burning to areas
approaching 2,500 acres ( Fig. 1) for
subsequent planting of a fast -growing
exotic conifer. As accelerated runoff is
of concern, and might be aggravated
in the short run by this clearing tech-
nique, a control ( second-growth hard-
wood ) and two burned watersheds
were established and instrumented to
characterize water yield from this
typical use -type, and to evaluate burn-
ing effects. The two burned water-
sheds, subsequently planted to Mon-
terey pine ( Pinus radiata D. Don ),
will also serve to examine silvicultural
influences on runoff in the future.



The Study Area
The three watersheds selected for

study are located in the Junquillar
Basin on the west slope of Chile's
coastal mountain range, about 150
miles south of Santiago. Water flow
from the 25,400 acre project area is
directly into the Pacific Ocean, be-
tween the Maule and Mataquito
Rivers.

Climate is a temperate maritime
regime with a 20 -year annual average
precipitation of 37.8 inches, 75 per-
cent of which falls from May through
August. Precipitation occurs as rain.
Mean annual temperature is 57.2° F.,
with a wet season average of 50° F.

Vegetation on the upland Junquillar
watershed is comprised mainly of
small trees and shrubs, with few
grasses; all vegetation is subject to
heavy browsing and grazing by live-
stock. Tree species include roble
(Norotho f agus obliqua Mirb.) and
roble maulino (Northo f agus glauca
Mirb. ); while boldo (Peumus boldus
Mol.) and litre ( Lithrea caustica
Mol. ) are representative of the shrubs.
Grasses include Aristida, Koeleria and
Avena spp.

Accelerated erosion, especially sheet
erosion, characterizes all but isolated
draws with 20- to 50- year -old stands
of second -growth timber. The gray-
ish- brown, sandy clay loam ( Consti-
tucion soil) comprising most of the
upper watershed is of metamorphic
origin, and is considered highly erod-
able.

The three instrumented watersheds
lie between 780 feet and 1280 feet ele-
vations at latitude 35° 17' South and
longitude 72° 14' West. Slopes average
30 percent and maximum slopes ex-
ceed 100 percent.

The 71.4 acre Piragua watershed,
the control, represents the project area
in current land -use, vegetation state,
and orientation. The basin drains west
(M0° Az), with a mean channel slope
of 19 percent; it is roughly rectangular
in shape.

Two miles from the control are the
treated watersheds, La Puente Nos. 1
and 2, which possessed similar land
histories to that of Piragua until
burned in March of 1971. These water-
sheds are 18.8 and 8.4 acres, respec-
tively; both drain southwest ( 195 °
Az), with mean channel slopes of 22

and 25 percent; their shapes are ellip-
tical.

Methods
Quantitative measurements of pre-

cipitation and streamflow were ob-
tained by recording instruments on
the Piragua and La Puente water-
sheds. A 120 ° V -notch weir ( capacity
8.5 cfs ) monitors Piragua's perennial
stream ( Fig. 2), recording on eight -
day charts. A siphon -type rain gage
records for the same time period.

The treated La Puente watersheds
are equipped with 3 -foot H flumes
( capacity 30 cfs ) and four -day chart
recorders. A standard rain gage was
checked periodically with the record-
ing Piragua gage. Only La Puente
No. 1 is characterized by continuous
streamflow.
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season precipitation measured as run-
off ( Fig. 4) . Individual storms yielded
from 0 to 23 percent runoff as direct
flow. Maximum ten -minute rainfall in-
tensities for most storms ranged from
0.20 to 8.80 inches per hour, with
storms of 0.12 to 3.50 inches produc-
ing runoff.

Antecedent moisture conditions
caused differences in percent of rain-
fall appearing as stormflow before
and after three days of soil drying.

Baseflow sustained by delayed run-
off was constant at about 0.01 inch
per day, with diurnal fluctuations ac-
counting for as much as 8 percent of
that value in basin evapotranspiration
losses.

Water quality, in terms of sediment
concentration, was high. Sand and silt
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Figure 3. Hyeto -hydrograph for the storm of July 26, 1971, on
the Piragua experimental watershed.

Resulting precipitation and stream-
flow data were plotted for each storm
on hyeto -hydrographs for volume and
time -distribution comp arisons ( Fig.
3).

Results and Discussion
Data available for 1971 showed a

total annual rainfall of 36.42 inches,
close to the 20 -year mean of 37.8
inches for the nearby town of Consti-
tucion. Seventeen percent of that
value appeared as annual runoff on
the Piragua watershed, with 13.3 per-
cent of the May through August wet

particles deposited in the weir pond
necessitated maintenance once each
season.

Greatest peak flow response was
associated with large storms falling on
wet soil, and was always delayed at
least two hours from the beginning of
direct runoff. Hydrographs were gen-
erally single peaked on this sparsely
forested watershed. The maximum
flow recorded was 0.09 inch per hour
from 3.56 inch storm which reached
a ten -minute intensity of 1.42 inches
per hour.

Recommendations given to land
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managers as a result of this study,
and until prediction equations can be
developed, were 0.15 cfs per acre for
a one -year return period, and 0.35 cfs
per acre for a ten -year return period.

In general, peak flow values cor-
related better with total storm rain -
fall than did flow volumes. A statis-
tically significant (a = 0.05) multi-
ple relationship was found between
peak runoff and storm depth plus
antecedent precipitation. Time -of-
peak comparisons with gaging station
7.3 miles downstream showed an av-
erage 6.5 hour lag from the second -
growth rotation use type.

In addition to the 1971 wet season
data, a major storm occurring from
May 5 -10, 1972 provided an oppor-
tunity to examine the Piragua water-
shed rainfall- runoff relationship dur-
ing an extreme event. At that time,
14.89 inches of rain fell, with 12.60
inches occurring in 36 hours. Ten -
minute intensities reached 1.6 and 2.4
inches per hour. Rainfall was four
times that previously measured, and
was estimated as a 20 -year storm or
greater.

The Piragua watershed, which had
one -half of its surface burned in the
1971 -72 dry season, still yielded only
17.5 percent of rainfall as streamflow.
However, the runoff peak of 0.27 inch
per hour was three times that pre-
viously recorded. Sediment yield and
multiple hydrograph peaks appeared
to increase as a result of storm size
as well as from burning. Downstream
basin peak lag for Junguillar de-
creased to only 21/2 hours.

Some casual observations at La
Puente on the effects of burning as
a land use in central Chile are pos-
sible. When data from the two burned
catchments were compared to those
for the control, runoff volumes did not
differ noticeably. Volume of direct
flow varied from 0 to 28 percent of
rainfall for individual storms, while
baseflow from La Puente No. 1 was
apparently unaltered after the first
year of treatment. Sediment load was
greater than that of the control, requir-
ing sand and silt particle removal
from self- cleaning flumes after each
large storm. Particle sizes increased
from the fine sand and silt noted on
the unburned basin, to coarse sand,
cobbles, and stones.

Peak flows were as much as 90 per-
cent higher from the burned water-
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sheds, with multiple-peak hydro-
graphs characteristic of disturbed sur-
faces. Time -to -peak decreased, and an
early season large storm produced a
burned watershed peak of 160 per-
cent of the control peak, compared to
130 percent for a similar storm later in
the winter. The same early season
storm, after generalized burning in
the Junquillar area, produced a 51/2
hour peak lag downstream.

It is expected that a longer data
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record will eventually better define
relationships between precipitation
and streamflow in Chile, since pre-
liminary data tend to compare favor-
ably with results in other areas. The
area studied is perhaps unique in its
low annual runoff efficiency, relative-
ly unaffected by drastic vegetation
manipulation. Peak runoff and sedi-
ment loads, however, are more sensi-
tive to both climatic and treatment
changes, and may be more important
in a region of high rainfall.
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Figure 4. Monthly precipitation-streamflow histogram for 1971 on
the Piragua experimental watershed.
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