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This project encompasses two study areas, in the Burro Mountains and at Stiver Canyon
in the Gila River headwaters. This report accompanies the CD containing all data
collected through June 2010 since the project's start in November 2007. An outline of all
project activities since that time was provided on the Interim Report, 2010. A copy of that
report, and the reports for 2009, are included on the CD. Report contents are organized as
shown below.

BURRO MOUNTAINS SITE
Map
Table of data collection sites

Soil moisture
Alluvial groundwater
Climate
Vegetation data

Data graphs

STIVER CANYON SITE
Map
Table of data collection sites

Soil moisture
Alluvial groundwater
Climate
Vegetation DATA

Data graphs

STATUS OF TREATMENTS

DATA ANALYSIS



Final project report, FY 2010
2010-SPB-02, 2010-SPB03

3

BURRO MOUNTAINS STUDY AREA

All instrumentation planned for the study area in the Burros Mountains has been
installed. Sensors and other instruments are downloaded at least quarterly. Table 1
summarizes the data collection sites and data collection periods since study inception in
November 2007. Soil moisture data collection sites, identified by letters, are shown on
the map below. The map also shows thinning treatment zones established in conjunction
with Gila National Forest staff. Treatments are scheduled to begin mid September, 2010.
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Table 1. Data collected at Burro Mountains project area since project start, November 2007.

Archived data

Site Alluvial and soil
moisture

Vegetation Climate Other

Site A:
Deep
Canopy

Veg. transects
Veg. biomass
Soil samples (sensor
calibration)

11/2007-4/2009
11/2007-10/2008

4/2008
3/2009

11/2007

Site B1 (upper)
Canopy
Open

Veg. transects
Veg. biomass

11/2007-4/2010
11/2007-4/2010

(gap 8/2008)
4/2008
3/2009

Site B2 (lower)
Deep
Open

Soil samples (sensor
calibration)

11/2007-6/2010
11/2007-6/2010

11/2007

Site ET
Veg. transects
Veg. biomass
Temperature/RH/ wind
speed/soil temperature/solar
radiation/ precipitation

4/2008
3/2009

12/2008-6/2010
(gap 7/2009-

11/2009)

Site C
Deep
Canopy
Dripline

Open
Veg. transects
Veg. biomass
Veg. richness
Temperature
Soil temperature
RH
Soil samples (sensor
calibration)

11/2007-6/2010
11/2007-6/2010
11/2007-7/2008;
9/2008-6/2010

11/2007-6/2010
4/2008
3/2009
11/2008

11/2007-6/2010
11/2007-6/2010
11/2008-4/2010

11/2007
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Table 1 continued.

Site D (control)
Deep
Open
Canopy

1/2008-5/2010
1/2008-5/2010
1/2008-5/2010

Site E
Deep
Canopy
Dripline
Open

Veg. transects
Veg. biomass
Soil samples (sensor
calibration)

5/2008-6/2008;
9/2008-6/2010

(all sensors)

4/2008
3/2009

8/2008

Site F
Deep
Canopy
Dripline
Open

Veg. richness
Soil samples (sensor
calibration)

5/2008-6/2010
 (3 of 4 sensors)

11/2008
8/2008

Site UV
Veg. transects 4/2008

Piezometers
01 (below spring)
02 (above spring)

12/2007-6/2010
12/2007-6/2010

Precipitation
Recording rain gage
Snow gage

11/2007-6/2010
12/2009-2/2010

Bird count (Audubon) 4/2009

Bird survey (Hawks Aloft) 1/2009; 5/2009

Sensor regression analysis

Eventual data analysis will seek to combine data from as many sensors of each type as
possible, in order to increase the robustness of the data set's applicability across the
project area. A second round of correlations among the usable data from each soil
moisture sensor collected April 2009 – April 2010 were evaluated by a preliminary
regression analysis. Sensor data were grouped by type (e.g., "canopy," "open") and the
mean values for all sensors of each type were calculated for each 15-minute time step. A
simple regression curve was used to compare the data collected by individual sensors of
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each type and the mean for all sensors of that type. Results are shown in Table 2.
Variations in the intercept value are particularly important, suggesting needed calibration,
when they indicate sensor readings of << 0 during very dry periods.
Initial soil samples were collected at a number of sites (Table 1) and soil moisture
contents were estimated by bulk density and gravimetric analysis (DB Stephens and
Associates). Additional soil sampling will occur at Site D gravimetric analysis of
moisture content under varying soil moisture conditions to refine the sensor calibrations
at that site.

Table 2. Results of continuing preliminary regression analyses of soil moisture data by sensor
"type." Where no sensor of a particular type occurs at the site, the field is blank.  Data April 2009
through 2010 were evaluated.

Location Sensor "type"

Canopy Dripline Open Deep

r2 intercept r2 intercept r2 intercept r2 intercept

Site A* 0.804 0.101 0.683 0.038

Site B upper 0.902 0.02 0.880 0.03

Site B lower 0.892 0.071 0.810 0.041

Site C 0.931 0.001 0.880 0.033 0.934 -0.021 0.735 0.051

Site D 0.804 -0.03 0.824 -0.110 0.704 -0.030

Site E 0.952 0.000 0.922 -0.07 0.825 0.040 0.7720 0.110

Site F 0.883 0.05 0.972 0.000 0.853 .071
*2008-2009 data

Data sets: Recording soil moisture sensors

The final data download for the project period to date occurred in June 2010. Soil
moisture data collected at 5-min time steps were filtered into averaged 15-min data. The
resulting data sets were evaluated for sensor errors (i.e., during frozen soil conditions)
and damage; invalid data were removed. Usable data collected by the recording soil
moisture sensors and rain gage since the start of the project in November 2007 are shown
in the graphs that follow the text of the report. Site locations are shown on the map.
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Alluvial groundwater
The most recent data downloaded from the two site piezometers were collected in June
2010. However, data communications from the transducer from P02 (above the spring)
failed in June, and data downloaded in March may be invalid. Therefore the transducer
has been sent to the manufacturer for data retrieval and evaluation of the problem. Data
from the transducer through January 2010 appear valid and are included with this report.
All piezometer data were checked against manual water level measurements made during
site visits. Variance between manual measurements and levels recorded by transducer
were < 0.05 ft. Graphs of all piezometer data collected since the project began in
November 2007 are plotted following the report text.

Soil temperature and climate data
Hourly soil and ambient temperatures have been collected at Site C since December
2007. A recording relative humidity sensor was added at the site in November 2008, this
sensor appears somewhat unreliable and reports inconsistent data. It has been returned to
the manufacturer (Onset Corp.) for replacement. Data from these sensors are plotted with
cumulative precipitation from the recording rain gauge.
Data collected by the weather station between December 2008 and June 2010 are
included on the project report CD but are not plotted here due to the large variety of data
types.

Vegetation transects and biomass plots
Detailed ground and canopy cover data were collected throughout the project area (Table
1) by the end of 2009. All vegetation data, graphs, and photos from each data collection
site were included with the final report for 2009.
 These sites will be re-measured immediately following treatment and periodically
thereafter in order to 1) document vegetation response to treatment and 2) provide
representative vegetation data against which estimates of evapotranspiration can be
calibrated.
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DATA GRAPHS: BURROS SITES, 2007-2010
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Soil moisture, B sites
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Soil moisture, C and D sites
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Soil moisture, E and F sites
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Alluvial groundwater and climate
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STIVER CANYON STUDY AREA
Most instrumentation at the Stiver Canyon site has been in place since April 2009; the
weather station was completed in June 2009.
Installed instrumentation has been downloaded periodically, as access conditions
allowed. We were unable to access the site between early January and May 2010, due to
reports of deep snow and deep stream crossings. Frozen ground conditions also hampered
instrumentation replacements. The final data collection run for this project year was on
May 14. Animal disturbance and instrument failures, particularly over the winter, created
a series of data gaps. Two complete data sets from each of the instrumented site were
obtained; resulting data sets for the project period to date are included on the data CD.
The extra Rh sensor installed at the site apparently fails under cold temperature
conditions and we have abandoned the effort. (Relative humidity data are collected by the
weather station.)  Table 3 summarizes the data collection sites and valid data periods
since study inception in November 2008. Soil moisture and climate data collection sites
are shown on the map below. Vegetation transects are located at the soil moisture sites.
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Table 3. Data collected at Stiver Canyon project area since project start, November 2008.

Archived data

Site Alluvial and soil
moisture

Vegetation Climate Other

Diamond control
Canopy
Open
Dripline

Veg. transects
Veg. biomass
Soil samples (sensor
calibration)

12/2008-6/2010
12/2008-6/2010
12/2008-6/2010

11/2008
4/2009

11/2008

Diamond treatment
Canopy
Open
Dripline

Veg. transects
Veg. biomass
Soil samples (sensor
calibration)

12/2008-4/2009
12/2008-4/2009
12/2008-4/2009

11/2008
4/2009

11/2008

Schneberger control
Canopy
Open
Dripline
Deep

Veg. transects
Veg. biomass
Soil samples (sensor
calibration)

12/2008 – 6/2010
12/2008-6/2010
12/2008-6/2010
12/2008-6/2010

11/2008
4/2009

11/2008

Schneberger treatment
Canopy
Open
Dripline
Deep

Veg. transects
Veg. biomass
Temperature
Soil temperature
RH
Soil samples (sensor
calibration)

12/2008-4/2009
4/2009

12/2008-4/2009
4/2009

11/2008
4/2009

2/2009-6/2010
11/2008-6/2010
2/2009-4/2009

11/2008
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Table 3 continued.

Site ET (weather station)
Temperature/soil
temperature/RH/wind
speed/solar radiation/
precipitation

4/2009 – 6/2010

Piezometers
DS (below confluence)
US (Schneberger)

11/2008-6/2010
11/2008-6/20109

Precipitation
Recording rain gage
Snow gage

11/2008-6/2010
11/2008-6/2010

Riparian vegetation mapping
(populus/salix)

4/2009

Sensor regression analysis

Correlations among the usable data from each soil moisture sensor collected April 2009 –
May 2010 were evaluated by a preliminary regression analysis. Sensor data were grouped
by type (e.g., "canopy," "open"). A simple regression curve was used to compare the data
collected by the sensors of each type (two sensors each). Results are shown in Table 4.
Variations in the intercept values are small, suggesting that only minor calibration of the
sensors may be needed. However, correlation between similar sensor types at each site
were not strong. This likely reflects the different aspect of the canyon in which each site
is located; the "Diamond" drainage runs east-west while the Schneberger drainage runs
generally north-south.
Initial soil samples were collected at both sites (Table 1) and soil moisture contents were
estimated by bulk density and gravimetric analysis (DB Stephens and Associates). Soil
moisture sensor data will be re-evaluated by regression analysis after the coming
monsoon and fall seasons.

Table 4. Results of preliminary regression analyses of soil moisture data by sensor "type" at
the Schneberger and Diamond control sites. Data were evaluated for the period April 2009 –
May 2010.

Location Sensor "type"

Canopy Dripline Open

r2 intercept r2 intercept r2 intercept

Schneberger control/

Diamond control
.64 .02 .63 .02 .64 .07



Final project report, FY 2010
2010-SPB-02, 2010-SPB03

16

Data sets: Recording soil moisture sensors

Soil moisture sensor site locations are shown on the map above.
Soil moisture data collected at 5-min time steps were filtered into averaged 15-min data.
The resulting data sets were evaluated for sensor errors (i.e., during frozen soil
conditions) and damage. Sensors and data loggers at both treatment sites experienced
continued animal disturbance and the data logger at the Diamond treatment site failed.
Valid data collected by the recording soil moisture sensors at the two control sites, and by
the rain gage between November 2008 and May 2010 are graphed in the section that
follows.

Alluvial groundwater
Data from transducers in the two site piezometers were collected in May 2010. All
piezometer data were checked against manual water level measurements made during site
visits. Variance between manual measurements and levels recorded by transducer were
< 0.05 ft. Graphs of all piezometer data collected since November 2008 are plotted with
cumulative precipitation in the section below.

Soil temperature and climate data
The available data for soil and ambient temperatures from the extra sensors (in addition
to the weather station sensors) at the project site are plotted in the section below with
cumulative precipitation from the recording rain gauge. The rain gauge recorded total
precipitation of about 13 inches between April 2009 and June 2010. However, significant
snowfall was reported at the site January-March 2010. The snow gauge collected more
than 20 inches of (melted) precipitation. It is probable that actual precipitation from snow
was greater than the amount recorded by the rain gauge; most likely because snow was
blown from the gauge before melting into the tipping bucket and being measured.
Data from the weather station are included on the report CD but are not graphically
represented here.

Vegetation transects and biomass plots
Detailed ground and canopy cover data have been collected at each of the soil moisture
data sites (Table 3). All existing riparian vegetation (e.g., salix, populus tremuloides)
were also mapped by high-accuracy GPS. All baseline vegetation data and data collection
site photos were reported with the 2009 annual report.
These sites will be re-measured immediately following treatment and periodically
thereafter in order to 1) document vegetation response to treatment and 2) provide
representative vegetation data against which estimates of evapotranspiration can be
calibrated.
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DATA GRAPHS: STIVER SITES, 2008-2010
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Soil moisture, Control sites
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Alluvial groundwater and climate
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STATUS OF TREATMENTS

Burro Mountains site
Details of the two thinning treatments for the site have been developed by coordination
among the Grant SWCD, Silver City District Office of the Gila National Forest, NM
State Forestry, and the project researchers. The scoping letter was released May 2009 and
a Decision Memo completed. Gila National Forest and Grant SWCD have signed an
agreement for thinning within the intensive cut zone between September and December
2010. The Grant SWCD released an RFP to contract the remaining thinning work and a
contractor has been located. This treatment will also be completed during September-
December 2010. All treatments are funded under a workplan and contract between Grant
SWCD and NM State Forestry.

Stiver Canyon site

Gila NF Black Range District will conduct a prescribed burn in the spring of 2011 that
includes the Stiver Canyon bottom. Coordination with Black Range District staff to
ensure removal of all instrumentation immediately prior to the burn, and its replacement
as soon thereafter as possible, is ongoing. Because the planned burn coincides with the
three-year lifespan of the soil moisture sensors, the timing will allow us to install new
sensors in the correct time frame. The Project Manager and NM State Forestry staff will
meet with Black Range District staff in July 2010 to discuss implementing a final series
of bird surveys needed to clear the study area for future (post-burn) thinning, as well as
details of a thinning plan. Updates will be provided to all study partners as available.

DATA ANALYSIS
Multivariate or cluster analysis of the data sets from each study area will begin near the
end of the three-year baseline data collection period (September 2010 for the Burro
Mountains site; September 2011 for the Stiver site).  Preliminary analysis will be directed
at identifying specific climate factors with the strongest influence on rates of soil
moisture loss.

For more information or project updates contact:

Ellen Soles
ellen.soles@nau.edu

(928)310-8955
(575)535-2956

Grant SWCD
grantswcd@zianet.com

(575)388-1416


