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Problem and Research Objectives

As populations increase and the demand for water rises, so does the need for informed sustainable
resource management. In Hawai‘i, one particular concern is that land use and vegetation change are
adversely affecting groundwater recharge and thus freshwater supplies. While parcels of native forest are
protected through the designation of water catchment areas, non-native plants threatening these forest
parcels are believed to transpire more than their native counterparts or alter forest structure in a way that
reduces groundwater recharge. However, these hypotheses have not been rigorously tested, and the
hydrology of the typical Hawai‘i watershed accounting for plant water uptake and growth has yet to be
modeled.

Our current research objective is to test the specific hypothesis that vegetation change alters
groundwater recharge by affecting the evapotranspiration (ET) term of the fundamental water balance
equation. This is based on the hypothesis that many non-native invasive plant species are faster-growing
and thus have higher transpiration rates than native species in Hawai‘i, as suggested indirectly by
physiological studies (Z. Baruch and G. Goldstein, 1999, Leaf construction cost, nutrient concentration, and
net CO2 assimilation of native and invasive species in Hawaii, Oecologia 121:183–92; R. Pattison, G.
Goldstein, and A. Ares, 1998, Growth, biomass allocation and photosynthesis of invasive and native
Hawaiian rainforest species, Oecologia 117:449–459; S. Cordell, R.J. Cabin, and L.J. Hadway, 2002,
Physiological ecology of native and alien dry forest shrubs in Hawaii, Biological Invasions 4:387–396).
However, scaling up these physiological rates to estimate native and non-native stand water use has not
been performed in Hawai‘i, and how these contribute to large-scale water balance is unclear. Architectural
differences are also thought to affect ET within the forests, since it has been observed that disturbed non-
native forest communities often have decreased understory and aerodynamic roughness, resulting in
increased evaporation due to increased wind speed.

Since the inception of this project in 2004, focus has shifted from water balance modeling to the
modeling of plant transpiration for dominant canopy and understory species in native and non-native
forests. The objective is to generate species-specific transpiration models based on meteorological
variables, soil water potential, and leaf area. These models can then be combined with vegetation data to
estimate transpiration for any given stand.

Methodology

To address the question of how different forest communities affect the local water balance, we began
by collecting meteorological data at two forested sites in South Kona, Hawai‘i. One site, located in
Kahauloa, is dominated by native canopy trees and tree ferns. The other site, which is less than 5 km away
at Hōnaunau, has a canopy dominated by non-native timber trees including Eucalyptus and tropical ash.
The understory of this non-native forest is relatively open and consists of the same native tree ferns as at
the Kahauloa site. These two sites were selected to minimize environmental variation between sites and
thus isolate ecohydrological effects due to vegetation differences. They were also chosen for their relatively
flat grade and lack of observed surface runoff. Both are located at the same elevation of 1,000 m and are on
substrate of the same age and type. Meteorological data was initially collected to verify that the two sites
experience the same climate and rainfall events. Future work includes using meteorological data to estimate
understory evapotranspiration at both sites.

The focus of this study is to determine the effects of vegetation on ET. Both ecological,
physiological, and hydrological methods and equipment are used to this end. Primary tasks are summarized
as follows:

1. Choose paired plots representing average native and non-native forests, and survey the
vegetation.

2. Set up and monitor evapotranspiration stations at each of the two sites to measure solar radiation,
air temperature, relative humidity, rainfall, wind speed, wind direction, and soil moisture.
Evaluate ET with the Penman–Monteith equation, a well-known and established equation in
hydrology.

3. Install pairs of soil-matric-potential blocks and TDR soil-moisture-content probes at each station,
and use the data to define a soil moisture retention curve for estimating infiltration rates.



4. Estimate transpiration using xylem sap flow and leaf gas exchange methods.
5. Compute net infiltration by subtracting ET from rainfall and by using the physiological methods

described in task 4.
6. Perform statistical analyses to determine uncertainty in the measurements, and compare native

forest and non-native forest ET and infiltration.

Principal Findings and Significance

Results of meteorological data collected between June 2004 and April 2005 suggest that the two
study sites have similar climates but their evaporative conditions may be quite different. Statistics have
been run on a full year’s worth of data with findings presented below.

Precipitation does not differ significantly between the two forested sites. Comparative analysis of
rainfall and soil-moisture response indicates that the two sites are responding to the same climate regime.
This result supports our assumption that forest-scale climate and elevation differences are minimal between
the two sites. This allows us to focus our attention on how vegetation differences affect local soil moisture
and infiltration conditions.

Data from the stations suggest that ET (of the understory) varies between the two forests. Mean wind
speeds are over eight times higher in the non-native forest than in the native forest, implying that, all other
parameters held constant, ET within the non-native forest should be much higher.

Compared to the non-native forest, humidity was slightly higher in the native forest. This may be
related to the denser understory contributing to increased understory transpiration and reduced air flow.
However, sampling from many more paired native and non-native sites needs to be performed to test this
hypothesis.

Due to problems with the ET station equipment, complete soil moisture data and meteorological data
from May 2005 to present is unavailable. The transition of this project in 2005 from one graduate student to
another also delayed progress in ET modeling, and designing and building equipment for the transpiration
measurements has taken up the last six months, pushing back actual measurements to summer 2006.
Although USGS funding for this project has ended, work will continue with other funding. Following the
completion of this research, results will be published in a master of science thesis.


