
 
 

Brush Management Articles 
 
 

1. The article below describes how brush management can increase the potential 
for greater short term water yields in the Seco Creek watershed. 
 
Effect of removal of Juniperus ashei on evapotranspiration and runoff in the 
Seco Creek watershed 
W. A. Dugas, R. A. Hicks and P. Wright. 1998. 

 
2. A summary of a technical report by: Richard Conner, Wayne Hamilton, Brad 

Wilcox.  With input from: Neal Wilkins, David K. Langford, Todd Snelgrove. 
2009. 
 
Restoring Native Texas Rangelands for Increased Water Yield: Executive 
Summary 

 
3. The article below concludes that the most likely sources of water for live oak 

and Ashe juniper is soil water and a limited supply of water stored in near-
surface fractured rock layers. 
 
Energy balance and water use in a subtropical karst woodland on the Edwards 
Plateau, Texas 
J.L. Heilman, K.J. McInnes, J.F. Kjelgaard, M. Keith Owens, S. Schwinning. 
2009. 

 
 

4. The two articles below discuss the interception and evaporation of 
precipitation from juniper canopies in the Texas Hill Country area.  The results 
showed that nearly 1 inch of rain had to fall before an appreciable amount of 
water actually reached the ground surface beneath the tree. 
 
Evaporation and interception water loss from juniper communities on the Kerr 
Wildlife Management Area 
M. Keith Owens, Robert K. Lyons. 2004. 

 
Evaporation and interception water loss from juniper communities on the 
Edwards Aquifer Recharge Area 
M. Keith Owens, Robert K. Lyons. 2004.  
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Juniper canopies are ideally structured to intercept rainfall and redirect it to the base of
the tree, thus altering the hydrology of the site. The amount of water redirected, and the amount
lost to interception and evaporation, may be a significant portion of the annual rainfall. We
monitored interception and rainfall partitioning in juniper canopies at the Kerr Wildlife
Management Area for 1100 days beginning on 3 October 2000. Over this time span, there were
294 total rain events accumulating a total of70.5 inches of precipitation. Over 170 of the rainfall
events (57% of all storms) were less than 0.1 inches and accumulated only 4.9 inches of rainfall.
The six largest storms (2% of the total) accumulated over 14 inches ofrain. About 35% of the
precipitation falling on juniper trees is intercepted by the canopy of the tree and evaporated back
to the atmosphere, 5% is intercepted by the litter and duff beneath the tree, and 60% actually
reaches the ground surface for either recharge or plant growth. The amount of rainfall
intercepted by the canopy is most affected by the intensity and duration of the stoml. At high
intensities, such as 2.8 inches over a 15 hr period, only 20% is intercepted by the canopy and
litter. The remainder is available for either plant growth or aquifer recharge. When rainfall is
less intense, such as 0.5 inches over a 19 hour period, 60% (0.3 inch) is intercepted by the tree
and litter. Not until nearly 1 inch of rain has fallen does an appreciable amount of water actually
reach the ground surface beneath the tree. Nearly 84% of the rainfall events observed over the
last several years have been small events of less than 0.5 inches. These events, although
common, do not contribute significantly to soil water under juniper trees and are largely
ineffective.

The density and aerial cover of Ashe juniper (Juniperus ashei) in central Texas has increased
over the last 200 years. Originally limited to rocky outcrops or areas of low fuel availability,
Ashe juniper now covers almost 2.7 million hectares on the Edwards Plateau.

The impact of juniper trees on the hydrologic
budget is hotly debated as water demands from
rangelands increase. Understanding both the
physiological and physical impact of juniper trees
on water availability is crucial; this study
investigates the physical impact of juniper trees
on the hydrologic budget. The amount of rainfall
intercepted by tree canopies and lost to
evaporation is species-specific, and may be a
function of rainfall intensity (Thurow and Hester
1987, Schowalter 1999, Silva and Rodriguez
2001). When rain falls on a juniper canopy,
there are a limited number of things which can
happen (Figure 1). The rain can either be

Figure 1. Rain falling on juniper trees can
be partitioned to determine evaporative
losses.



intercepted by the juniper canopy or it can fall directly through the canopy to reach the litter
layer. The rain that is intercepted can either be evaporated back to the atmosphere or it can flow
down the outside of the stem as stemflow. The stemflow water can be further partitioned into
water intercepted by the litter layer or water which actually reaches the soil surface. The rain that
is not intercepted by the canopy occurs as throughfall and directly reaches the litter layer under
the tree. This water is either retained by the litter layer or it can reach the soil surface. It was
impractical to follow the rainfall after it reached the soil surface in this study, but it would be
available for either plant growth, deep drainage, or overland flow.

Our objectives were to:
1. Determine how rainfall is partitioned within juniper trees at the Kerr Wildlife

Management Area, and
2. Deternline how rainfall intensity alters the patterns of rainfall partitioning.

Figure 2. Data collection system and Tree
1 at the KWMA.

The Kerr Wildlife Management Area (KWMA; 30.09°N, 99.49°W) was selected as a
research site on the Edwards Aquifer Drainage Area. Two mature juniper trees were selected for
instrumentation in an ungrazed pasture. The trees were representative of the site and were within
100 feet of each other. The site was established on 3 October 2000 and dismantled 1100 days
later.

Each tree was instrunlented to collect rainfall, throughfall, stemflow and litter moisture
(Figure 4). Rainfall above the canopy (hereafter referred to as bulk rainfall) was measured to the
closest 0.01 inch using a tipping bucket rain gauge (Texas Electronics).



Litter
Interception

Throughfall was
collected using a system of
four 8-inch funnels connected
to a collection
tube. As the throughfall was
collected, a float in the tube
recorded the increasing water
level. The change in millivolts
was calibrated to record the
actual height of the water
column. After the rain
stopped, the datalogger tripped
a solenoid to drain the tube and
make it ready for the next
rainfall event.

Litter moisture was
measured using water content reflectometers (Campbell Scientific CS6l5), after they were
calibrated to the high organic matter. The amount of litter was determined by measuring litter
depth near the base of the tree, mid-way through the canopy, and at the drip line of the canopy on
8 equally spaced transects radiating from the base of each tree. The area of the tree was combined
with litter depths to deteffi1ine the volume of litter under each tree. Bulk density samples were
collected to convert from litter volume to litter mass. Additional samples were taken to calibrate
the reflectometer probes. For calibration purposes, the litter was oven-dried and weighed to
determine the mass of the sample. Ten percent of that mass was then added using distilled water
and a measurement was taken using the CS6l5 probe. This process was repeated to measure
from 10% to 80% gravimetric moisture. This whole process was repeated 6 times and a
regression was calculated to convert the millivolt reading from the probes to gravimetric litter
moisture. Litter moisture was calculated as :

Figure 4. Typical juniper tree showing the data collection
equipment.

Stemflow was collected by constructing a narrow collar around the base of each tree. The
collar collected all of the water which was flowing on the outside of the stem and diverted it to a
tipping bucket measuring device. The bucket held 1 L of water before it tipped. The 1 L of
water represented about 0.005 inches of rain for an average size juniper tree.

All of this infoffi1ation was collected hourly by an electronic datalogger and downloaded
to a computer every second day. The computer then ran a program to check the data for errors
and summarized the results, posting the information to a web page at
http://uvalde. tamu.edu/intercept.



Canopy interception cannot be measured directly, but must be estimated by subtraction
using the formula:

During the 3-year study, data were collected from over 290 rainfall events. Bulk rainfall
was partitioned to canopy interception, evaporation, soil litter interception, and soil moisture, on
both a gallons per tree and a percentage basis. Data were analyzed by creating classes of rainfall
based on 0.1 inch increments and using curvilinear regression techniques. In addition, the hourly
time step of rainfall partitioning for different intensity storms was calculated to determine how
rainfall intensity and duration affected interception losses.

Tree was 15 feet tall, had a canopy area of 242 square feet, and a litter depth of 1.5
inches. Tree 2 was 14 feet tall, had a canopy area of 220 square feet, and a litter depth of 1.05
inches. These trees are typical of regrowth Ashe juniper after 20-25 years.

The research site
was installed for 1100 days
beginning in October 2000.
A total of 70.5 inches of
rainfall was recorded over
this period. It is important
to note that this is not the
total amount of rainfall
received - our equipment
could measure only up to 5
inches of rain at a time so
larger storms were not used
in this report, and equipment
malfunction sometimes
resulted in missed rainfall.
There were 294 individual
storms during this interval.
When the storms were
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rainfall amount (reI line) at the KWMA.



divided into classes, over 170 of the storms delivered less than 0.1 inch, and most (84%)
delivered less than 0.5 inches. Although these storms were numerous, they contributed only
6.8% and 34% of the total rainfall, respectively. The relatively few large events delivered most
of the rainfall over this period. Storms greater than 1.25 inches were less numerous (6 total),
accounting of only 2% of the total number of storms, but they contributed nearly 20% of the total
rainfall. This rainfall distribution will have significant impacts on water availability as
demonstrated in a later section.

Averaged over all storms during the 3 year study, about 58% of the ambient precipitation
reached the soil surface beneath juniper trees while the remaining 42% was intercepted and lost
to evaporation. The high canopy interception and evaporative loss is due mainly to the large
number of small storms which
experienced total, or nearly total,
interception. The low intensity
storms were numerous but
contributed little moisture to the soil
surface (Figure 6). Most of the ~ 80

precipitation from stom1S < 0.1 inch c'ro
was either intercepted by the canopy 0:::

"- 60(96%) or the litter layer (2%) ~
leaving only 2% of the bulk rainfall g'
to reach the soil surface beneath the ~ 40

juniper trees. At the highest rainfall ~
levels, at least 12% of the bulk Q.. 20

rainfall was intercepted by the tree
canopy. The litter layer became
saturated at fairly low levels of rain
and absorbed about 7% of the bulk
precipitation, leaving about 81% of
the bulk rainfall reaching the soil
surface.

As storm size increased, the
proportionate amount of water
intercepted by the canopy and lost to
evaporation decreased (Figure 6).
Curvilinear regression analysis
demonstrated the high interception
loss from small rainfall events.
Approximately 50% direct
throughfall did not occur until at

• Interception
~ Throughfall
• Stemflow

Litter Interception
-- Canopy Interception = 42.53 I (0.3945 + Rain); ~ = ,803
-_. Throughfall = 88.78 ( 1-e 1.675' Rain); ~ = .826

-- Stemflow = 6.68 (1 - e o.637'Rain); r2 = .751

Litter Interception = 7.07 (1 - e 6.258' Rain ); ~ = .12

Figure 6. Curvilinear regression analysis of interception,
throughfall, stemflow and litter interception within
juniper canopies at the Kerr Wildlife Management Area.



least 0.4 inches of rain occurred. At this time, about 43% of the rain was intercepted by the
canopy, 5.6% was intercepted by the litter and 2% occurred as stemflow. The remaining 50%
directly reached the soil surface. At the highest rainfall levels, nearly 88% of the rain directly
reached the soil surface as throughfall, nearly 7% was intercepted by the litter layer, 6.7 %
occurred as stemflow and 8.7% was intercepted by the canopy. Interception by the litter layer
peaked quickly and remained constant after saturation, resulting in a low coefficient of
determination for that regression.

We created a simple model combining average tree size, the frequency distribution of
rainfall events, and the regression equations from Figure 6 to calculate the impact of juniper trees
on the hydrological budget at each of the 10 research sites. These estimates are based on the
solitary trees we measured, although as tree density increases the canopies may influence one
another to some extent. We included a range from 20% canopy cover, which would be an open
savanna, to 100% canopy cover which represents a cedar break. We made a conservative
assumption that all of the bulk rainfall reaches the soil surface in a grassland savanna. When
juniper cover was low (20%), the amount of water lost to canopy and litter interception was
about 0.2 acre-feet per year, regardless of the site (Figure 7). Intuitively this makes sense
because the types of storms and the amount of rainfall should not affect water loss when tree
cover is low. As tree cover increased from 20 % to 100%, the amount of water lost to
interception increased to an average of 1.05 acre-feet (342,000 gallons) per acre per year. At the
KWMA, the pattern of storms resulted in an average canopy interception loss of 0.82 acre feet
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Another use of this model is to determine the amount of water which can be gained into
the soil when juniper is removed. For instance, if a cedar break at the KWMA site was reduced
by 80%, the expected increase in water at the soil surface would be 0.71 acre-feet per year
(231 ,000 gallons). At this point we cannot determine how much of this water would be available
for directly recharging the aquifer; that is the objective of another on-going study. The important
point is that removing the juniper will result in a net gain of water to the ecosystem. An
additional caveat is that vegetation regrowth will also affect the amount of water intercepted by
plant canopies as the site recovers.

Low Intensity Storms.
Low intensity storms typically deposit < 1 inch of rain over a 24 hour period. During low

intensity rainfall events, most of the initial rainfall is intercepted by the canopy and the litter
layer. Figure 8 depicts the hourly partitioning of rainfall during a 0.5 inch storm that lasted for
29 hours. During the first 16 hours of the storm, canopy interception and litter interception were
the dominant factors. After 0.3 inches of rain accumulated (at hour 17), then throughfall became
the dominant factor in partitioning rainfall. Overall stemflow was a negligible factor in low
intensity storms. The cumulative partitioning (Figure 9) demonstrates that over 50% of the rain
received during this a typical low intensity storm is intercepted by either the tree canopy or the
litter layer.

..,lnteICeption
_Stemflow

Cumulatiw Rainfall

_Interception
_Stemftow

Cumulative Rainfall

Figure 8. Hourly rainfall partitioning
during a 0.5 inch storm that lasted for 19
hours.

Figure 9. Cumulative partitioning over
the entire course of a 0.5 inch storm.

High Intensity Storms.
High intensity storn1Scan deposit 1 inch or more over a very short time period. The

hourly pattern of rainfall within high intensity events dictates how rainfall is partitioned within
tree canopies. Figures 10 and 11 depict a 2.7 inch storm which began with a light rain over a 16
hour period. The hourly time steps (Figure 10) show that periods of low rainfall typically have
higher interception losses and lower throughfall. During the first 0.3 inches of the storm, most of



the rainfall was captured by either the canopy or the litter (up to hour 3 in Figure 11), but after
that throughfall was the dominant factor. Hours within the storms that had high intensity rainfall
(for example hours 6 to 8, and 11 to 13) experienced greater throughfall than other periods.

Figure 10. Hourly time step of rainfall
partitioning during a 2.7 inch rainfall. The
yellow line denotes the cumulative percent
rainfall during the storm.

Figure 11. Cumulative rainfall
partitioning and rainfall during a 2.7 inch
storm.

Stemflow seemed to lag behind the rainfall by about 1 hour. The cumulative partitioning (Figure
11) demonstrates that only about 30% of the bulk rainfall received during a mixed intensity storm
is intercepted by the tree canopy or litter layer. This particular storm started rather gently with
only 0.3 inches over a 3 hour period, but more intense storn1Sbehaved differently.

The loss of water due to the physiological process of transpiration has been demonstrated
in previous studies. This study demonstrates the clear impact of the physical presence of Ashe
juniper on water resources. Over a 3 year period, nearly 40% of the ambient rainfall failed to
reach the soil surface beneath juniper trees across a broad geographic region. This effectively
changed the precipitation range from 24-36 inches to 14-22 inches under juniper trees. A simple
model demonstrates that as much as 1 acre-foot of water per year can be intercepted by juniper
canopies within a cedar break and then be re-evaporated to the atmosphere.

In small rainfall events, all of the precipitation was intercepted by the juniper canopy.
The infrequent, high intensity storms supply most of the water to the ground surface beneath
these trees. The hourly pattern of precipitation within a storm altered the partitioning of rainfalL
Storn1Sbeginning with brief intense rainfall intercept less water than storms beginning with
lower intensities. Hourly time steps within a storm closely mimicked the patterns observed for
similar-sized isolated storn1S.

Juniper trees clearly altered the hydrologic budget simply through their physical presence.
Low intensity rainfall, which could conceivably benefit the local plant community, was entirely
intercepted by the juniper trees. High intensity rainfall supplies the most water to the system and
was less influenced by juniper canopies. The re-direction of bulk rainfall to the stem of the tree
via stemflow may benefit the tree by concentrating water near the root system, or conversely it



may serve to funnel water to preferential flowpaths beneath the trees. An on-going study is
investigating the fate ofthe stemflow water.
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Juniper canopies are ideally structured to intercept rainfall and redirect it to the base of
the tree, thus altering the hydrology of the site. The amount of water redirected, and the amount
lost to interception and evaporation, may be a significant portion of the annual rainfall. We
monitored interception and rainfall partitioning in juniper canopies at 10 sites covering a 24 to 36
inch rainfall gradient over a 3 year period. Averaged over alII 0 sites and 2700 total rain events,
about 35% of the precipitation falling on juniper trees is intercepted by the canopy of the tree and
evaporated back to the atmosphere, 5% is intercepted by the litter and duff beneath the tree, and
60% actually reaches the ground surface for either recharge or plant growth. The amount of
rainfall intercepted by the canopy is most affected by the intensity and duration of the storm. At
high intensities, such as 2.8 inches over a 15 hr period, only 20% is intercepted by the canopy
and litter. The remainder is available for either plant growth or aquifer recharge. When rainfall
is less intense, such as 0.5 inches over a 19 hour period, 60% (0.3 inch) is intercepted by the tree
and litter. Not until nearly 1 inch of rain has fallen does an appreciable amount of water actually
reach the ground surface beneath the tree. Nearly 83% of the rainfall events observed over the
last several years have been small events ofless than 0.5 inches. These events, although
common, do not contribute to soil water under juniper trees and are largely ineffective.

The density and aerial cover of Ashe juniper (Juniperus ashe i) in central Texas has increased
over the last 200 years. Originally limited to rocky outcrops or areas of low fuel availability,
Ashe juniper now covers almost 2.7 million hectares on the Edwards Plateau.

The impact of juniper trees on the hydrologic budget is hotly debated as water demands from
rangelands increase. Understanding both the physiological and physical impact of juniper trees
on water availability is crucial; this study investigates the physical impact of juniper trees on the
hydrologic budget. The amount of rainfall intercepted by tree canopies and lost to evaporation is
species-specific, and may be a function of rainfall intensity (Thurow and Hester 1987,
Schowalter 1999, Silva and Rodriguez 2001).
When rain falls on a juniper canopy, there are a
limited number of things which can happen
(Figure 1). The rain can either be intercepted by
the juniper canopy or it can fall directly through
the canopy to reach the litter layer. The rain that is
intercepted can either be evaporated back to the
atmosphere or it can flow down the outside of the
stem as stemflow. The stemflow water can be
further partitioned into water intercepted by the
litter layer or water which actually reaches the soil
surface. The rain that is not intercepted by the
canopy occurs as throughfall and directly reaches Figure 2. Rain falling on juniper trees can

be partitioned to determine evaporative
losses.



the litter layer under the tree. This water is either retained by the litter layer or it can reach the
soil surface. It was impractical to follow the rainfall after it reached the soil surface in this study,
but it would be available for either plant growth, deep drainage, or overland flow.

Our objectives were to:
1. Determine how rainfall is partitioned within juniper trees over a wide geographic region,

and
2. Determine how rainfall intensity alters the patterns of rainfall partitioning.

Ten study sites were selected over a 180
mile range from near Concan, TX to San Marcos,
TX (Figure 2). These sites were selected to
cover a 24 to 36 inch rainfall gradient from the
western to the eastern portion of the study area.
At each site, two trees were selected for
instrumentation. The trees were representative of
the site and were within 100 feet of each other.
Site location and the date of establishment for
each site is presented in Table 1.

Figure 3. Map depicting the geographic
distribution of the 10 study sites.

Table 1. Research site location and establishment date.

County Latitude Longitude Site Date Established

Uvalde 29.44° 99.69° Annandale Ranch Aug. 7,2000

Bexar - 1 29.66° 98.78° Schott Ranch Sep.16,2000

Bexar - 2 29.74° 98.41 ° Page Ranch Nov. 22, 2000

Blanco 30.28° 98.41 ° Johnson City Nov. 16, 2000

Comal 29.86° 98.16° Pape Ranch Dec. 15,2000

Hays 29.94° 98.01° Freeman Ranch Sep.15,2000

Kendall 29.96° 98.80° Seidensticker
Ranch Dec. 18, 2000

Kerr 30.09° 99.49° Kerr Wildlife
r

Management Area Oct. 3,2000

Medina -1 25.54° 99.16° Peters Ranch Nov. 2, 2000

Medina - 2 29.56° 99.45° Crosby Ranch Dec. 19,2000

3



Litter
Interception

Each tree was
instrumented to collect rainfall,
throughfall, stemflow and litter
moisture (Figure 3). Rainfall
above the canopy (hereafter
referred to as bulk rainfall)
was measured to the closest
0.01 inch using a tipping
bucket rain gauge (Texas
Electronics ).

Throughfall was
collected using a system of
four 8-inch funnels connected Figure 4. Juniper tree at the Page Ranch in Bexar County
to a collection tube. As the showing the data collection equipment.
throughfall was collected, a
float in the tube recorded the increasing water level. The change in millivolts was calibrated to
record the actual height of the water column. After the rain stopped, the data10gger tripped a
solenoid to drain the tube and make it ready for the next rainfall event.

Litter moisture was measured using water content reflectometers (Campbell Scientific
CS615), after they were calibrated to the high organic matter. The amount of litter was
determined by measuring litter depth near the base of the tree, mid-way through the canopy, and
at the drip line of the canopy on 8 equally spaced transects radiating from the base of each tree.
The area of the tree was combined with litter depths to determine the volume of litter under each
tree. Bulk density samples were collected to convert from litter volume to litter mass.
Additional samples were taken to calibrate the reflectometer probes. For calibration purposes,
the litter was oven-dried and weighed to determine the mass of the sample. Ten percent ofthat
mass was then added using distilled water and a measurement was taken using the CS615 probe.
This process was repeated to measure from 10% to 80% gravimetric moisture. This whole
process was repeated 6 times and a regression was calculated to convert the millivolt reading
from the probes to gravimetric litter moisture. Litter moisture was calculated as :

Stemflow was collected by constructing a narrow collar around the base of each tree. The
collar collected all of the water which was flowing on the outside of the stem and diverted it to a
tipping bucket measuring device. The bucket held 1 L of water before it tipped. The 1 L of
water represented about 0.005 inches of rain for an average size juniper tree.



All of this information was collected hourly by an electronic datalogger and downloaded
to a computer every second day. The computer then ran a program to check the data for errors
and summarized the results, posting the information to a web page at
http://uvalde. tamu. edu/intercept.

Canopy interception cannot be measured directly, but must be estimated by subtraction
using the formula:

During the 3-year study, data were collected from over 2700 rainfall events (over all 10
sites). Bulk rainfall was partitioned to canopy interception, evaporation, soil litter interception,
and soil moisture, on both a gallons per tree and a percentage basis. Data were analyzed by
creating classes of rainfall based on 0.1 inch increments and using curvilinear regression
techniques. In addition, the hourly time step of rainfall partitioning for different intensity storms
was calculated to determine how rainfall intensity and duration affected interception losses.

Tree size varied over the 10 sites. The average tree was 17.7 feet tall (range of 12.5 to 25
feet) and had a canopy area of230.3 feee (range of 87.2 to 690 feee) (Table 2). Generally, the
taller and larger trees were from the eastern portion of the study area while the smaller trees were
from the drier Edwards Aquifer drainage area rather than the aquifer recharge area.
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46.3 inches. At the Uvalde county site we Research Site

recorded 355 rainfall events for 88.41 Figure 5. Amount of rain received site (bars) and
inches of rain. The wettest site was the the length ofthe observation (Circles) at each site.
Hays county site with 126.32 inches of
rain in 361 storms. There were no
statistical differences between the rainfall
frequency histograms for the 10 sites, so
the average histogram is presented in
Figure 5. Sixty percent of the storms at
all the sites were less than 0.1 inch.
Although these storms were numerous,
they contributed only 5.4% of the total
rainfall at each site. Storms greater than
2.5 inches were less numerous,
accounting of only 2.7% of the total
number of storms, but they contributed
over 27% of the total rainfall. This
rainfall distribution will have significant
impacts on water availability as
demonstrated in a later section.
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Figure 6. Rainfall frequency histogram (bars)
averaged over the 10 research sites and cumulative
percent of the rainfall (line) contributed by each
frequency class.

Averaged over all storms during the 3 year study, about 60% of the ambient precipitation
reached the soil surface beneath juniper trees while the remaining 40% was intercepted and lost
to evaporation (Figure 6). There were significant differences in the amount of water lost versus
that reaching the soil surface among the 10 sites. There was no clear geographic or rainfall
impact on the amount of water reaching the soil surface, but rather the differences were probably
due to different tree morphology at each site. Actual leaf area was not measured for these trees,
but leaf density was not equal according to our observations. The high canopy interception and



evaporative loss is due mainly to the large number of small storms which experienced total, or
nearly total, interception. The low intensity
storms were numerous but contributed little
moisture to the soil surface (Figure 7). Most
of the precipitation from storms < 0.1 inch
was either intercepted by the canopy (96%) or
the litter layer (2%) leaving only 2% of the
bulk rainfall to reach the soil surface beneath
the juniper trees. At the highest rainfall
levels, at least 15% of the bulk rainfall was
intercepted by the tree canopy. The litter
layer became saturated at fairly low levels of
rain and absorbed about 5% of the bulk
precipitation, leaving about 80% of the bulk
rainfall reaching the soil surface.
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Figure 6. Percent of rainfall lost to
evaporation at each of the 10 research
sites. Columns with different letters were
significantly different.

As storm size increased, the proportionate
amount of water intercepted by the canopy
and lost to evaporation decreased (Figure 8).
Curvilinear regression analysis demonstrated
the high interception loss from small rainfall
events. Approximately 50% direct
throughfall did not occur until at least 0.4
inches of rain occurred. At this time, about
43% of the rain was intercepted by the
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Figure 7. Rainfall partitioning beneath
juniper canopies for different amounts of
total rainfall.

• Interception
" Throughfall
• Litter Interception

Stemfiow
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- Interception = 9.907'e (1.772/(rain+.7523)l; r2 = .976

- Litter Interception = 5.627' (1_e(-19.54' rain)); r2 = .255

Stemflow = 3.918' (1_e(-2.204'rain)); r2 = 830

Figure 8. Curvilinear regression analysis of rainfall
partitioning within juniper canopies over all 10
research sites.



canopy, 5.6% was intercepted by the litter and 2% occurred as stemflow. The remaining 50%
directly reached the soil surface. At the highest rainfall levels, nearly 80% of the rain directly
reached the soil surface as throughfall, nearly 5.6% was intercepted by the litter layer, 4 %
occurred as stemflow and 10% was intercepted by the canopy. Interception by the litter layer
peaked quickly and remained constant after saturation, resulting in a low coefficient of
determination for that regression.

We created a simple model combining average tree size, the frequency distribution of
rainfall events, and the regression equations from Figure 8 to calculate the impact of juniper trees
on the hydrological budget at each of the 10 research sites. These estimates are based on the
solitary trees we measured, although as tree density increases the canopies may influence one
another to some extent. We included a range from 20% canopy cover, which would be an open
savanna, to 100% canopy cover which represents a cedar break. We made a conservative
assumption that all of the bulk rainfall reaches the soil surface in a grassland savanna. When
juniper cover was low (20%), the amount of water lost to canopy and litter interception was
about 0.2 acre-feet per year (Figure 9), regardless of the site. Intuitively this makes sense
because the types of storms and the amount of rainfall should not affect water loss when tree
cover is low. As tree cover increased from 20 % to 100%, the amount of water lost to
interception increased to an average of 1.05 acre-feet (342,000 gallons) per acre per year. Sites
which received the most intense storms (Bexar-I, Hays, and Kendall) had the greatest increase in
the amount of water lost to interception. At those sites, approximately 1.2 acre-feet (390,900
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Figure 10. The amount of water (in acre feet) lost to canopy and litter
interception for increasing amounts of juniper cover.



gallons) were lost to interception. At drier sites, or at sites with little litter under the trees, the
interception loss averaged 0.95 acre-feet per acre (309,500 gallons).

Another use of this model is to determine the amount of water which can
be gained into the soil when juniper is removed. For instance, if a cedar break at the Bexar-l site
was treated to remove 80% of the juniper cover, there would be a net gain of 1.02 acre-feet per
acre per year (332,300 gallons) which would be available for either plant growth or aquifer
recharge. At the Kerr site, if a cedar break was reduced by 80%, the expected increase in water at
the soil surface would be only 0.71 acre-feet per year (231,000 gallons). At this point we cannot
determine how much of this water would be available for directly recharging the aquifer; that is
the objective of another on-going study. The important point is that removing the juniper will
result in a net gain of water to the ecosystem. An additional caveat is that vegetation regrowth
will also affect the amount of water intercepted by plant canopies as the site recovers.

Low Intensity Storms.
Low intensity storms typically deposit < 1 inch of rain over a 24 hour period. During low

intensity rainfall events, most of the initial rainfall is intercepted by the canopy and the litter
layer. Figure 10 depicts the hourly partitioning of rainfall during a 0.5 inch storm that lasted for
29 hours. During the first 16 hours of the storm, canopy interception and litter interception were
the dominant factors. After 0.3 inches of rain accumulated (at hour 17), then throughfall became
the dominant factor in partitioning rainfall. Overall stemflow was a negligible factor in low
intensity storms. The cumulative partitioning (Figure 11) demonstrates that over 50% of the rain
received during this a typical low intensity storm is intercepted by either the tree canopy or the
litter layer.
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Cumulatiw Rainfall

Interception
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Cumulative Rainfall

Figure 11. Rainfall partitioning during a
0.5 inch storm that lasted for 19 hours.

Figure 12. Cumulative partitioning over
the entire course of a 0.5 inch storm.



High Intensity Storms.
High intensity storms can deposit 1 inch or more over a very short time period. The

hourly pattern of rainfall within high intensity events dictates how rainfall is partitioned within
tree canopies. Figures 12 and 13 depict a 2.7 inch storm which began with a light rain over a 16
hour period. The hourly time steps (Figure 12) show that periods of low rainfall typically have
higher interception losses and lower throughfall. During the first 0.3 inches of the storm, most of
the rainfall was captured by either the canopy or the litter (up to hour 3 in Figure 13), but after
that throughfall was the dominant factor. Hours within the storms that had high intensity rainfall
(for example hours 6 to 8, and 11 to 13) experienced greater throughfall than other periods.

Canopy Interception
_Slemflow
.,. , CumuJati~ rainfall

Figure 13. Hourly time step of rainfall
partitioning during a 2.7 inch rainfall. The
yellow line denotes the cumulative percent
rainfall during the storm.

Figure 14. Cumulative rainfall
partitioning and rainfall during a 2.7 inch
storm.

Stemflow seemed to lag behind the rainfall by about 1 hour. The cumulative partitioning (Figure
13) demonstrates that only about 30% of the bulk rainfall received during a mixed intensity storm
is intercepted by the tree canopy or litter layer. This particular storm started rather gently with
only 0.3 inches over a 3 hour period, but more intense storms behaved differently.

During a 2.87 inch rainfall over a 15 hour period, the storm began with over 0.3 inches in
the first hour. The canopy and litter were quickly saturated and throughfall was dominant early
in the storm (Figures 14 and 15). Stemflow still lagged behind the precipitation. During the a 1
hour interval (hour 5 to 6), about 1.15 inches of rain fell. Very little of this rain was intercepted
and retained in the canopy because most of it was direct throughfall and significant stemflow
occurred. The cumulative partitioning (Figure 15) demonstrates that only about 15% of the rain
received during a typical high intensity storm is intercepted by either the tree canopy or the litter
layer. Overall, these events have a greater proportion of throughfall than either lower or mixed
intensity events.
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Figure 15. Hourly time step of rainfall
partitioning during a 2.87 inch rainstorm.

Figure 16. Cumulative rainfall
partitioning during a 2.87 inch storm.

The loss of water due to the physiological process of transpiration has been demonstrated
in previous studies. This study demonstrates the clear impact of the physical presence of Ashe
juniper on water resources. Over a 3 year period, nearly 40% of the ambient rainfall failed to
reach the soil surface beneath juniper trees across a broad geographic region. This effectively
changed the precipitation range from 24-36 inches to 14-22 inches under juniper trees. A simple
model demonstrates that as much as 1 acre-foot of water per year can be intercepted by juniper
canopies within a cedar break and then be re-evaporated to the atmosphere.

In small rainfall events, all of the precipitation was intercepted by the juniper canopy.
The infrequent, high intensity storms supply most of the water to the ground surface beneath
these trees. The hourly pattern of precipitation within a storm altered the partitioning of rainfall.
Storms beginning with brief intense rainfall intercept less water than storms beginning with
lower intensities. Hourly time steps within a storm closely mimicked the patterns observed for
similar-sized isolated storms.

Juniper trees clearly altered the hydrologic budget simply through their physical presence.
Low intensity rainfall, which could conceivably benefit the local plant community, was entirely
intercepted by the juniper trees. High intensity rainfall supplies the most water to the system and
was less influenced by juniper canopies. The re-direction of bulk rainfall to the stem of the tree
via stemflow may benefit the tree by concentrating water near the root system, or conversely it
may serve to funnel water to preferential flowpaths beneath the trees. An on-going study is
investigating the fate of the stemflow water.
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