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Introduction

Materials & Methods

Hydrologic processes in tropical pre-montane
transitional forests are largely understudied. As climatic
changes raise the orographic cloud bank, these
transitional swatches, which have characteristics of
both cloud forests and rainforests, are increasing in
number and subsequently changing the hydrology of
mountainous watersheds in the tropics. In this study,
we focus on the connection between groundwater flow
and surface runoff in a small, transitional forest
watershed in Costa Rica.

• Daily depth to water table was measured manually in three
observation wells
• One piezometer on the hill slope next to the stream was equipped
with a pressure transducer that recorded the elevation of the
water table every 10 minutes for two weeks
• Streamflow was measured over 13 weeks every five minutes, with a
pressure transducer equipped V-notch weir
• Precipitation data was collected every five minutes by two tipping
bucket rain gages and averaged
• Precipitation and streamflow were analyzed on a seven-day time
scale to get a sense of rainfall-runuoff relationships, with a minimum
antecedent dry period of 4 hours to minimize interference from
previous rainfall. Hydrographs were examined to ensure return to
initial conditions. Flow at the start of each 7-day increment before the
start of rainfall was averaged and taken as linear baseflow
• The area under the hydrograph, subtracting out baseflow, was
calculated for each increment to obtain total direct runoff. Runoff
coefficients were calculated by dividing direct runoff by cumulative
precipitation during each 7-day period

Site Description

• The study watershed is a 2.2-hectare catchment in
transitional forest on the Caribbean slope of the
Cordillera Tilarán in Costa Rica
• The watershed lies within Texas A&M property at the
Soltis Center for Research and Education
• Mean annual precipitation at the Center is ~4500
mm/year, with the lowest amount of rainfall in April
and the highest in July
• Soils are silty clay loam
Andisols with 40 – 50%
clay content with
horizons O, A, Bw, and
CR found at varying
depths, where CR is
saprolitic tuff
• The study stream is
approximately 180 m in
length
• The stream flows through
an elevation gradient of
68.6 m

Figure 6: Hydrograph with Linear Baseflow Approximation & Hyetograph,
July 26 – August 1

• Runoff coefficients ranged from 0.04 to 0.26
• Rainfall-runoff relationships followed a pattern similar to Soil
Conservation Service Curves. A Curve Number (CN) of 58 predicted
the data with an R2 of 0.70 (See Figure 7: SCS Curve 58 in maroon)

Discussion & Conclusions
• The slope of the water table indicates that the stream
is gaining
• Streamflow increases rapidly in response to rain
events, while the height of the saturated zone
increases more gradually
• Immediately following rain events, the height of the
saturated zone decreases at a rapid, roughly
exponential rate
• These results show that precipitation and streamflow
are tightly coupled, and that overland runoff is
important in the watershed’s response to rainfall
• Rapid drainage of groundwater combined with the
low permeability of the site’s silty clay loam suggest
that the majority of groundwater transport is due to
macropore flow and horizontal fractures
• Rainfall-runoff relationships indicate that the
watershed behaves similarly to a forest with
moderate infiltration rates (Soil Classification B) by
the SCS Curve Number Method (study watershed
CN: 58, SCS forest with Soil B CN: 55)
• Baseflow is relatively constant in the study
watershed
• Linear baseflow is a good approximation for most
storms save very large ones
Suggestions for Future Work

Figure 3: Measuring depth to
groundwater

Figure 4: V-notch
Streamgaging Weir
Figure 7: Rainfall-Runoff Relationship for Study Watershed

Figure 1: Rough
contour map of the
study watershed, with
units of meters above
the weir site

• Visible seepage was
observed at the toes of
slopes and in seams of
streambed rock faces
• The stream is fed by
several headwater
springs and tributaries
Figure 2: Downstream
view of the study stream

• Data on streamflow and precipitation were graphed and analyzed
in 7-day increments (e.g. Figure 6) to obtain rainfall-runoff
relationships (Figure 7)

Results

• Peaks in runoff generally returned to a similar baseflow of ~3.0 L/s,
even in the cases of largest stormflow (Figure 8. Streamflow graphed
from 1 hour before rainfall start to 2 hours after rainfall end)

• Hydrograph separation using isotopes could allow
development of more accurate rainfall-runoff
relationships
• Dissolved organic carbon measurements during
rainfall events could indicate the importance of
interflow
• Soil moisture analysis could compliment rainfallrunoff relationships in understanding the local
hydrology

• On July 20 - 21, rain events caused dramatic increases in
streamflow and water table levels (Figure 5)
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Figure 5: Hydrologic response to storm events July 20-21

• Groundwater table slopes toward the stream at a gradient of 0.049,
and slopes downstream at a gradient of 0.113

Figure 8: Events of Maximum Peak Flow in Study Watershed
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