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Watershed Response to Western Juniper Control:  

History of Camp Creek Paired Watershed Study 

 
Tim Deboodt and Michael P. Fisher 

 

 

INTRODUCTION  

 

According to U.S. Forest Service publication PNW-RB-249, The Western Juniper Resource of 

Eastern Oregon, western juniperôs dominance on eastern Oregon rangelands has increased 

significantly since 1934 (Azuma et al. 2005).  Azuma et al., (2005) estimated that land occupied 

by western juniper has increased from 1.5 million to 6.5 million acres since the 1930s.  

Implications of this increase include loss of native, herbaceous plant communities and the bird 

and animal species that rely on them, increased soil loss, and reduced water infiltration.  Based 

on water use models for individual trees, the U.S. Forest Service estimated that mature western 

juniper tree densities, ranging from 9 to 35 trees per acre, are capable of utilizing all of the 

available soil moisture on a given site in a 13 inch precipitation zone (Gedney et al. 1999).   

 

Soil erosion rates from sites with higher than the natural range of variability for western 

juniper cover were an order of magnitude greater than similar sites that are within the natural 

range of cover (Buckhouse and Gaither 1982).  Research has shown that junipers did increase 

soil loss rates due to the associated decline in herbaceous ground cover and elevated surface 

runoff (Buckhouse and Gaither 1982; Bates et al. 2005).  The juniper canopy intercepts rain and 

snow, keeping it from reaching the ground thus making it unavailable for plant growth, stream 

flow, or groundwater recharge; and they consume large amounts of soil moisture.  Previous 

monitoring of juniper control projects has focused on changes in vegetative composition and 

productivity (Bates et al. 2005).  These studies have usually not monitored the hydrologic 

impacts of western juniper control. 

 

This project was unique in that it involved a paired study approach to monitoring changes 

in a watershedôs water budget following western juniper control.   The value of a paired 

watershed study is that the impacts of the treatment can be compared to the untreated watershed.  

This study was unique in that it is the only long-term study of western juniper ecosystems of its 

kind in the Pacific Northwest.  Because of the time and expense in monitoring treatment 

responses at the watershed level, such watershed comparison studies are rarely undertaken.  

Similar studies in different ecological and climatic zones have been conducted in Wyoming, 

Utah, Colorado and Arizona (Sturges 1994, McCarthy and Dobrowolski 1999, Bosch and 

Hewlett 1982) but no paired watershed studies have been implemented in western juniper 

ecosystems. 

 

PROJECT DESCRIPTION 

 

The Camp Creek Paired Watershed study was initiated in 1993 to study the effects of western 

juniper removal on sediment yield, water yield and vegetative conversion (Fisher 2004).  Two 

watersheds, Mays and Jensen, were identified in the Camp Creek drainage, a tributary of the 

Crooked River, Deschutes River Basin.  Mays and Jensen were named after the original 
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homesteaders in the area.  The study area was created with the primary intent of calibrating and 

monitoring two watersheds for a period of time for the purpose of understanding the comparative 

relationships of vegetation, geomorphic and hydrologic parameters prior to treatment.   

Pretreatment monitoring and analysis occurred from 1994 through 2004 (Fisher 2004).   

 

PROJECT HISTORY  

 

This project was initiated as part of a tri state effort funded by an Environmental Protection 

Agency (EPA) grant to look at arid land hydrologic issues in Oregon, Nevada, and California.  In 

1993, the Mays and Jensen watersheds were selected and monitoring of various attributes 

commenced.  Each watershed was delineated on the upper bounds by its ridge-tops and the lower 

ends designated by the placement of a channel flume.   Mays watershed is approximately 280 

acres and Jensen is approximately 260 acres.   

 

The watersheds are located on the west 

branch of Camp Creek.  Fourteen to twenty-five 

percent of each watershed was under private 

ownership and the remaining part study area is 

public land under the management of Prineville 

District, Bureau of Land Management (BLM) 

(Table 1).    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1.   Federal versus private ownership of the study area 

Mays 75% BLM 25% Private 

Jensen 86% BLM 14% Private 

 

  

Figure 1. Aerial photograph of project area, 2004 
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  Figure 2.  Ownership of project area. 

 

 

The general orientation of both watersheds is to the north.  Livestock grazing occurred in 

the project area and was administered by BLM under the guidance of the Brothers-La Pine 

Resource Management Plan (RMP)(Figure 2).   

 

 

Pretreatment monitoring of the 

area occurred from 1993 to 

2004.   Monitoring parameters 

were vegetation composition, 

hillslope soil movement, and 

channel morphology and flow.  

Precipitation was collected 

onsite and weather data was 

compared with Barnes Station, 

a USGS weather station located 

approximately 10 miles east of 

the project area.  Fisher (2004) 

analyzed the comparative 

similarities and differences 

between the two watersheds.  

These comparisons provided 

the basis for analyzing post-

treatment effects.  As a result of 

pre-treatment analysis, 

additional parameters were 

added to the data collection 

protocol; the monitoring of 

relative soil moisture, spring 

flow, and the sub-surface 

distance to ground water were 

added in 2003.  Mays  

watershed was selected as the 

treatment watershed and in 

2005, following 12 years of 

pretreatment monitoring in both 

watersheds, all post-European 

aged juniper (juniper < 140  

                                                                                                         years of age) were cut in Mays.                  

                                                                                                         By June of 2006, all trees had 

been cut and bole wood from approximately 11 acres was removed.  Bole wood removal from 

the rest of the watershed was completed over time.  

 

 

  

Figure 2.  Ownership of project area. 
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METHODS 

 

The project site is located approximately 65 miles southeast of Prineville, Oregon.  Mays and 

Jensen watersheds are tributaries to the west branch Camp Creek, a tributary of the Crooked 

River, a sub-basin within the Deschutes River Basin.  The study area is located within Section 32 

and 33, T18S, R20E and Section 5, T19S, R20E Willamette meridian.  The area is located at the 

southern end of the John Day Ecological Province (Anderson et al. 1998).  The project site 

varied in elevation from 4500 to 5000 feet and the 30-year annual precipitation (1971 ï 2000) at 

Barnes Station was 13 inches.  Sixty percent of the precipitation occurred from October through 

March with only 25 percent falling during the growing season of April ï June (Oregon Climate 

Service).   Temperatures range from mean daily maximum of 86 degrees Fahrenheit in August to 

mean minimum low of 19 degrees F in February, with extremes recorded of 102 degrees F and -

30 degrees F. 

 

OBJECTIVES 

 

The purpose of this study was to quantify the impact ï on a watershed scale ï of juniper control 

on the availability of water (quantity and timing) for beneficial uses (water quality, fisheries, 

irrigation, recreation, etc.) as defined by Oregon State Statute.  The study involved a paired 

watershed approach for evaluating changes in a systemôs water budget following western juniper 

control.  Water budget was measured in terms of inputs (precipitation) and outputs (soil 

moisture, runoff, groundwater recharge and evapotranspiration).  Watershed impacts included 

the water budget impacts plus changes in vegetation composition and cover, and erosion rates.  

 

Monitoring water yield following juniper control had previously not been done in the 

western juniper vegetation type.  The value of a paired watershed study was that the impacts of 

the treatment could be compared to the untreated watershed.   The treatment was to control 

western juniper in one of the watersheds.  Juniper control included the cutting of all post-

European-aged junipers (juniper less than 140 years of age).   

 

Study objectives were the following:   

¶ Measure hydrologic changes following juniper removal on a watershed scale;   

¶ Evaluate changes in timing, duration and quantity of water expressed in channel flow, 

spring output, groundwater and soil moisture;  

¶ Calculate changes in hillslope and channel morphology following juniper control; 

¶ Quantify changes in plant community composition following juniper control.   

 

In addition to changes in site condition, the wood products industry began to develop an 

interest and commercial market in western juniper.  As part of the treatment activities, a harvest 

system was evaluated for costs of extracting juniper boles for use in log homes, dimensional 

wood, and fence post/fire wood.  Analysis of harvest information provided land managers with 

information that can be used in determining opportunities for adding value and benefits to 

juniper control projects (Dodson and Deboodt 2007). 
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Overstory-Understory Vegetation and Soil Moisture Relationships: Camp 

Creek Paired Watershed Study 

 

Carlos Ochoa, Phil Caruso, Grace Ray, Tim Deboodt 

 

SUMMARY  

 

The effects of western juniper (Juniperus occidentalis) control on vegetation and topsoil water 

interactions were studied at the watershed-scale. Seasonal differences in topsoil water content, as 

affected by vegetation structure and soil texture, were determined for a pair of previously treated 

and untreated watersheds. A watershed-scale characterization of vegetation canopy cover and 

soil texture was completed to determine the driving factors influencing soil water content 

fluctuations throughout dry and wet seasons for one year (2014-2015). Total canopy cover, and 

more specifically functional group cover, was the dominant variable affecting soil water content 

over time. Increases in perennial grass cover were positively correlated with changes in soil 

water content during the wettest months. Increases in juniper cover were negatively correlated 

with soil water content. Soil particle analysis of samples collected from the top five inches 

profile fell mostly under sandy loam textural class. A few areas within each watershed showed 

relatively higher clay content.  A geospatial analysis of soil water content and clay content 

showed corresponding areas of high clay and high soil water content across watersheds. Maps 

derived from the geospatial analysis illustrate the progression from dry to wet season, as well as 

the influence of topographical features on soil water content. 

 

INTRODUCTION  

 

The relationship between soil water content and vegetation are highly impacted by the ongoing 

shift from shrub steppe and grassland to woodland-dominated landscapes (Breshears et al. 1997; 

Gifford and Shaw 1973; USDA 1985), which has the potential of modifying the ecological and 

hydrological balance of these water-limited regions (Huxman 2005; Owens 2006; Yager and 

Smeins 1999). In many areas of the western United States, the significant expansion of juniper 

(Juniperus spp.) observed over the last two centuries is disrupting important ecological and 

hydrological functions. Juniper encroachment can limit the growth of shrubs, grasses, and forbs, 

by outcompeting them for light, soil moisture, and soil nutrients (Gottfried and Pieper, 2000; 

Vaitkus and Eddleman 1987), reduce biodiversity (Tausch and West 1995; Miller et al. 2000; 

Bates et al. 2005), modify hydrologic processes (Mollnau et al. 2014; Zou et al. 2013; Petersen 

and Stringham 2008; Wilcox 1994), and alter soil nutrient cycling (Bates et al. 2002).  

 

Many of these studies, which have been conducted at the plot-scale, heightened the need 

for evaluating juniper encroachment effects on vegetation and hydrological processes at a larger 

spatial scale. Wilcox and Thurow (2006) discussed the emerging issues related to juniper 

encroachment and the need to complete landscape-scale studies detailing ecosystem wide 

feedbacks that react to encroachment. Our study aimed to enhance base knowledge of the effects 

that western juniper encroachment has on vegetation and soil water dynamics at the watershed 

scale. The main objective was to determine vegetation and soil water dynamics on two adjacent 

watersheds, one treated ( ~ 90% of the western juniper removed) and one untreated.  
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METHODS 

 

The study area covers approximately 500 acres and it encompasses two adjacent (one treated and 

one untreated) watersheds with similar dimensions. The average percent slope for each 

watershed was measured at ~ 25% (Fisher 2004). The distributions of aspects are also similar 

across both watersheds at ~ 35% north-facing slopes and ~ 25% west-facing slopes. Vegetation 

and topsoil moisture dynamics were evaluated across these two watersheds. A total of 289 ten-

meter transects were installed across watersheds to collect soil moisture, vegetation, and soil data 

(Figure 1). Transect locations were distributed through the two watersheds (Treated, n = 143; 

Untreated, n = 146) to provide a fair representation of aspect and elevation. Overstory and 

understory vegetation cover data were recorded by species functional groups, which were 

categorized as forb, annual grass, perennial grass, shrub, and tree. Vegetation data was collected 

every one meter (3.3 feet) in each transect and was used to estimate cover for each functional 

group, bare ground, and litter cover, and for estimating total canopy cover by all vegetation 

species combined in each watershed. Soil samples for determining topsoil texture and 

measurements of soil moisture were collected every two meters (6.6 feet) in each transect. A 

portable probe was used to collect 1,445 soil moisture measurements of the top five inches soil 

profile during each of five selected months between August 2014 and May 2015. The 

hydrometer method was used to determine soil texture based on particle size distribution values 

obtained from each soil sample collected. 

 

Juniper canopy interception and soil 

water relationships were evaluated in 

the untreated watershed starting in 

October 2005. One soil monitoring 

station was installed at the valley 

bottom and at a mid-hillslope elevation 

location within the watershed. Each 

station consisted of two vertical 

networks of three soil moisture sensors 

collocated at different soil depths (8, 

20, and 32 inches), and installed in tree 

undercanopy and intercanopy 

locations. At the valley site, ten non-

recording rain gauges were installed at 

undercanopy (n =4), drip line (n = 3), 

and intercanopy (n = 3) locations. 

Juniper canopy cover above each rain 

gauge was determined using a convex 

spherical densiometer.  

  

 

 

 

 

 
Figure 1. Map of the study area illustrating monitoring transect 

distribution throughout the watersheds. 
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RESULTS 

 

Canopy Cover 

 

Litter, bare ground, and vegetation canopy cover were compared across watersheds. In general, 

greater litter cover and less bare ground were observed in the treated watershed when compared 

to the untreated. Most vegetation functional groups (shrub, perennial grass, and annual grass) 

showed higher canopy values in the treated watershed when compared to the untreated. Forb 

canopy cover was not significantly different across watersheds. As expected, juniper cover was 

considerably higher in the untreated watershed (36%) than in the treated (10%) watershed 

(Figure 2). No significant differences in total (overstory and understory combined) canopy cover 

were observed across watersheds.   

 

 
 

Figure 2. Mean canopy cover for each functional group across both watersheds. 

 

Interception and Soil moisture Dynamics 

 

Juniper canopy interception and soil water transport through the soil profile were evaluated at the 

valley bottom location in the untreated watershed. Juniper canopy cover ranged from 9% to 98% 

with mean values of 97%, 68%, and 32% for undercanopy, drip line, and intercanopy locations, 

respectively.  Rain totaling approximately one inch (0.96) fell during the period of record 

October 31 to November 21, 2015. Study results show that, on average, 70% of rainfall was 

intercepted before reaching the rain gauges at undercanopy locations. Average canopy 

interception at the drip line was 29%, followed by 11% at the intercanopy. A time-lapse camera 

installed onsite showed snowfall was also highly intercepted by tree canopy cover during the 

winter. No quantification of snowfall interception amount was recorded. The effects of tree 

canopy interception of rain and snow precipitation during the fall and winter season were evident 

in the soil moisture response. Figure 3 shows soil moisture for the sensors installed at 

undercanopy and intercanopy locations in the valley bottom between October 2015 and May 

2016. Overall, higher soil moisture content was observed in all sensors installed at the 

intercanopy location throughout the entire period of record. At the intercanopy location, sensors 

installed at 20 and 32 inches depth showed considerably lower soil moisture levels than those 
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sensors installed at the same soil depths in the intercanopy location. Soil moisture response for 

the 32 inches sensor in the undercanopy location was delayed nearly six months when compared 

to the same sensor depth in the intercanopy. 

 

 
Figure 3. Soil moisture variability for sensors installed at different soil depths in intercanopy  and 

undercanopy  locations. 

 

A progressive change in soil moisture corresponding to the transition from the dry to wet season 

was observed in both watersheds throughout the study period. Mean soil moisture values for 

each watershed were derived from field data collected during the data collection months (July, 

November, January, March, and May). In three (July, January, and May) out of the five months, 

slightly higher (< 3%) mean soil moisture values were observed in the treated watershed (Table 

1). 
 

Table 1. Integrated soil moisture values for the treated and untreated watersheds. 

  Treated Watershed   Untreated Watershed 

  Soil moisture (%)   Soil moisture (%) 

Month/Year Min Max Mean*   Min Max Mean* 

July 2014 2 17 8.2 a   3 12 7.08 b 

November 2014 4 16 9.9 a   5 15 10.0 a 

January 2015 10 40 23.7 a   9 37 20.9 b 

March 2015 11 37 25.6 a   14 40 27.2 b 

May 2015 17 42 28.4 a   12 41 25.7 b 

* By month mean values with the same letter are not significantly different across watersheds (P Ò 0.05).  

 

In general, soil moisture results showed no significant differences (P Ò 0.05) by aspect across 

watersheds for each measurement period. Using soil moisture data collected and interpolation 
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data techniques, we developed contour maps illustrating topsoil water distribution across both 

watersheds in each measured month. Figures 4 and 5 show the progressive change in soil 

moisture from the dry to the wet seasons across both watersheds. During the dry season months 

(July and November), greater soil moisture values were obtained in higher elevation areas in 

each watershed (Figure 4). As topsoil conditions got wetter throughout winter and spring, greater 

soil moisture values were observed at the bottom of the watersheds, near the stream channels 

(Figure 5). 

 

 
 
Figure 4. Map of the research area illustrating topsoil moisture, expressed as percent soil volumetric water content 

(SVWC), distribution throughout the two driest monitored months (July and November 2014). 

 

 
 
Figure 5. Map of the research area illustrating topsoil moisture, expressed as percent soil volumetric water content 

(SVWC), distribution throughout the wettest monitored months (January, March, and May 2015). 
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DISCUSSION 

 

Results from this watershed-scale study indicate that overall, dense juniper cover can result in 

lower available soil moisture, particularly under tree canopy.  Our findings indicate that canopy 

cover plays an important role in soil moisture distribution across the landscape. The progressive 

changes in soil moisture content observed across watersheds during the transition from the dry to 

the wet season can be affected by degree and type of vegetation cover. Results showed that 

perennial grass cover was positively correlated with changes in soil moisture, whereas juniper 

cover showed a negative correlation with soil moisture content. Dense tree canopy cover 

commonly observed in Phase III juniper stands, similar to our untreated watershed, can intercept 

significant amounts of precipitation therefore limiting the amount of water reaching the ground. 

This can be more acute during rainfall events when most of the precipitation intercepted can be 

lost through direct evaporation from the tree canopy. Study results provide valuable information 

towards understanding ecological and hydrological relationships in western juniper dominated 

landscapes.   

 

MANAGEMENT IMPLICATIONS  

 

Results from this study can provide useful information to land managers for planning of juniper 

removal efforts aimed to improve rangeland conditions. The effects of juniper removal may not 

be self-evident but it will certainly result in a redistribution of water budget components due to 

the lack of tree canopy interception.  In turn, this can potentially influence vegetation and water 

distribution within and outside of the watershed. Watershed-scale analyses of ecological and 

hydrological interactions ought to be considered when developing land management projects 

aimed to maximize ecosystem services (e.g., water and forage provisioning, wildlife habitat).  It 

is important for sound science to be tied with management objectives and desired outcomes to 

develop best management practices for juniper control. 
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Upland-Valley Hydrologic Connectivity: Camp Creek Paired Watershed 

Study 
 

Carlos Ochoa, Phil Caruso, Grace Ray, Tim Deboodt 

 

SUMMARY  

 

Surface water and groundwater relationships in treated (juniper removed) and untreated 

watersheds and their connecting riparian valley were studied. Study results show relatively rapid 

water transport through the soil profile and into the shallow aquifer in both watersheds. This is 

particularly true during the winter precipitation season. Summer precipitation events resulted in 

soil moisture response across the top 32-inch soil profile but did not have an effect in shallow 

groundwater. A longer subsurface flow residence time was found in the treated watershed when 

compared to the untreated. Similarly, greater springflow and runoff rates were observed in the 

treated watershed. Study results indicate there are temporary hydrologic connections through the 

shallow groundwater systems between upland watersheds and valley locations during the winter 

precipitation season. An isotope trace analysis showed a similar isotopic signature for upland and 

valley well locations, indicating there are temporary hydrologic connections through the shallow 

groundwater system. 

 

INTRODUCTION  

 

Water provisioning is the ecosystem service that most directly links human population growth 

and rangeland ecosystems (Havstad et al. 2007). The freshwater ecosystem service is 

intrinsically related to other supporting and regulating services such as soil development, water 

regulation, and climate regulation (MEA 2005). It is increasingly recognized that comprehensive 

resource management requires integration of surface water and groundwater components and 

that juniper expansion effects on groundwater recharge must be better understood. Hydrologic 

connectivity, that is, surface water and groundwater flow dynamics throughout the watershed, 

may be an important determinant of ecosystem resilience. Hydrologic connectivity is the most 

important characteristic related to short- versus long-term water management, and often it is 

poorly understood or characterized. The connections between upland water sources, 

groundwater, and downstream valleys influence the amount of water available to multiple natural 

processes that drive many ecosystem services (e.g., forage provisioning, wildlife habitat, 

recreation, etc.). Several studies have reported the temporally variable hydrologic connectivity 

between uplands and valleys (Detty and McGuire 2010; Jencso et al. 2009). Studies have shown 

there are direct connections between vegetation, hydrology, and other physical attributes such as 

topography and geology (Albertson and Kiely, 2001; Emanuel et al. 2014). Composition and 

structure of vegetation are important features that affect hydrology, nutrient and energy cycles, 

ecological services and disturbance regimes (Miller et al. 2013). Vegetation depends on water 

provisioning, but at the same is responsible for producing and maintaining the quality of this 

ecosystem service (MEA 2005). Most studies related to hydrologic connectivity have been done 

in more mesic environments. The ecologic and hydrologic linkages between upland water 

sources and downstream valleys in arid and semiarid regions are virtually unstudied. There is a 

need for more and better information regarding landscape-scale processes and land management 

decisions in semiarid, juniper-dominated, woodlands (Miller et al. 2005; Wilcox et al. 2006). The 
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main objectives of this study were to 1) assess surface water and groundwater interactions in 

treated and untreated watersheds; and 2) characterize hydrologic connectivity between the 

upland watersheds and the downstream valley. 

 

METHODS 

 

The study area covers approximately 1000 acres and includes one treated watershed (~ 90% 

juniper removal), one untreated watershed, and a riparian valley, where both watersheds drain 

into. The wet season in the study area occurs between September and April, with the majority of 

the precipitation occurring as snowfall. Beginning in 2003, the study site was instrumented to 

record weather, streamflow, soil moisture, and groundwater level fluctuations data (see Deboodt 

2008). A weather station and a flume type H were installed at the botoom of each watershed. A 

total of eight soil moisture stations with vertical nests of soil moisture sensors installed at 8 

inches, 20 inches, and 32 inches depth are located in the riparian valley and at upland and bottom 

locations in both watersheds. Four of these stations were installed in 2003 and the other four 

have been recently installed (2015-2016). Transects of six wells installed perpendiculary to the 

stream were installed at the outlet of each watershed in 2003. In order to better understand 

upland-valley hydrologic connections, we have recently installed a cluster of three monitoring 

wells in the valley downstream of these watersheds. All wells (new and old) have been equipped 

with stand-alone water level loggers. Also, we have added a snow gauge and a rain gauge at the 

watershed divide.  Field estimates of springflow rate have been obtained at selected dates since 

2003 using a one gallon container and a stop watch.  

In the spring of 2015, we conducted an isotope trace anlaysis to determine potential 

similarities, or discrepancies, between different water sources across the study site. Samples 

were collected in both upland watersheds and in the riparian valley. Upland sources included 

precipitation collected from the rain gauge located at the watershed divide, one spring source and 

two wells in the treated 

watershed, and one 

spring source and three 

wells from the juniper 

dominated watershed. 

Also, samples from two 

wells in the riparian 

valley were collected.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Study area illustrating 

instrumentation installed. 
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RESULTS 

 

In general, higher runoff and springflow flow rates, and an increase in shallow groundwater 

residence time were observed in the treated watershed, when compared to its adjacent, heavily 

encroached, watershed. Figure 2 shows the seasonal recharge of the soil profile and shallow 

aquifer response to precipitation inputs during June 2014 through June 2015.  

 

Results provide valuable 

information regarding 

precipitation effects on 

soil moisture response at 

shallow (8 inches) and 

deeper (20 and 32 

inches) soil depths. A 

relatively rapid rise and 

decline in soil moisture 

level was observed 

during specific isolated 

storms in the summer 

season. After the 

transient response to 

individual rainfall events 

during the summer, soil 

moisture steadily 

declined until its lowest 

level at each sensor 

depth in mid- November 

through early December. 

As more precipitation 

occurred during the fall 

and winter, soil moisture levels in the soil profile began gradually increasing. The sensor 

installed at 8 inches depth responded first, followed by the 20 inches depth, then by the sensor 

installed at the deepest 32 inches. Once the top 32-inch soil moisture reached near saturation, a 

sharp rise in shallow groundwater level was observed in wells installed in the upper watersheds 

(Figure 2). In general, both watershed showed similar dynamics of precipitation water movement 

through the soil profile and into the shallow aquifer. Shallow groundwater levels in the untreated 

watershed were higher than in the treated watershed but also declined faster.   

 

 

 

 

 

 

 

 

Figure 2. Soil moisture and groundwater level response to precipitation inputs in 

the untreated watershed (2014-2015). 
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The longer residence time in shallow groundwater observed in the treated watershed was also 

reflected in greater springflow rates and longer periods of flow. Springflow levels in the treated 

watershed have been 

consistently higher than in the 

untreated watershed even 

before juniper removal. 

However, after the juniper 

removal effort that took place 

between 2005 and 2006 a 

substantial difference in the 

number of springflow days in 

both watersheds has been 

evident (Figure 3). This 

increase in the number of 

springflow days has been 

previously documented by 

Deboodt (2008). A peak flow 

rate of 50 gallons per minute 

has been documented several 

times throughout the study 

period since 2006.  

 

 

The connections between surface water and groundwater were more apparent in the treated 

watershed than in the untreated. Figure 4 shows surface runoff and springflow values for both 

watersheds during 2016. Peak surface runoff in the treated watershed rose 116 gpm, which was 

substantially higher than the 

peak runoff value of 4 gpm 

observed in the untreated 

watershed. Surface runoff 

data and flume pre-calibrated 

equations were used to 

calculate total water yield for 

the treated (23 acre-feet) and 

untreated (0.4 acre-feet) 

watersheds.  

Springflow maximum rates of 

50 gpm for the treated 

watershed, and 20 gpm for the 

untreated watershed were 

obtained in 19 April. After 

that, springflow rates in both 

watersheds steadily declined 

to 16 gpm (treated) and 2 gpm 

(untreated) in 14 June.  

Figure 4. Surface runoff and springflow values of treated and untreated 

watersheds during 2016. 
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Figure 3. Long-term manual measurements of springflow in both 

watersheds. 




























































