304

doi:10.2489/jswc.75.3.304

Evaluation of Conservation Effects
Assessment Project Grazing Lands
conservation practices on the Cienega
Creek watershed in southeast Arizona with
AGWA/RHEM modeling tools
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Kautz, P. Heilman, L.R. Levick, G. Ponce, E. Carrillo, and R. Tiller

Abstract: The Automated Geospatial Watershed Assessment Tool (AGWA) and the Rangeland
Hydrology Erosion Model (RHEM) were used to evaluate conservation practices on the
Cienega Creck watershed (CCW) that were implemented under the Conservation Effects
Assessment Project (CEAP) on Grazing Lands. CEAP on Grazing Lands is a multi-agency
effort to quantify the environmental effects of conservation practices and programs, and
develop the science base for managing rangelands for environmental quality using conserva-
tion practices (Spaeth et al. 2013).The evaluation was performed on the CCW and the Empire
Ranch, located in southeastern Arizona, where numerous conservation practices have been
implemented to achieve their management goals of maintaining desired plant communities
and watershed processes. To assess the effects of the conservation practices on long-term soil
and water loss, RHEM was applied to the entire CCW using National Resources Inventory
(NRI) data. Four analysis periods were selected based on climatic contrasts, conservation
spending, and availability of NRI sample points. The CCW results showed that the simu-
lations using RHEM parameters derived from NRI data could be used to demonstrate the
impact of climate on vegetation condition and sediment yield. A subsection, dubbed “select
treatment areas,” of the CCW/, which received extensive treatments with brush removal, pre-
scribed burns, and stock ponds, was assessed using remotely sensed data. The select treatment
areas were modeled over three difterent periods, representing preconservation spending, post-
conservation spending, and later postconservation spending. Remote sensing was capable of
detecting and estimating the changes in vegetation cover from brush removal and prescribed
burns. Simulations of sediment yield using pre- and posttreatment data indicated a modest
reduction in sediment yield. Simulations in the select treatment areas indicated mechanical
brush treatments were typically more effective than prescribed burns for improving watershed
condition as estimated by reductions in sediment yield, but were more costly to implement.
Stock ponds had a larger impact on sediment yield than the land treatments. The assessment
demonstrated the utility of remotely sensed estimates of plant growth form and cover for
model inputs to estimate changes in runoff and sediment yield with changing cover condi-
tions over large areas.
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The Automated Geospatial Watershed
Assessment (AGWA) Tool, the Rangeland
Hydrology and Erosion Model (RHEM),
National Resources Inventory (NRI) data,
and remotely sensed data were used
to address the Conservation Effects
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Assessment Project (CEAP) on Grazing
Lands (GL) goal of assessing the effects
of rangeland conservation practices on
soil and water. CEAP-GL is a multi-agency
effort to quantify the environmental effects
of conservation practices and programs

and develop the science base for managing
rangelands for environmental quality using
conservation practices (Spaeth et al. 2013).
For this case study, evaluations were per-
formed on the Cienega Creck watershed
(CCW) and the Empire Ranch, located in
southeastern Arizona, where numerous con-
servation practices have been implemented
by the Bureau of Land Management (BLM)
to achieve their management goals of main-
taining desired plant communities, water
quality, and watershed processes (figure 1).To
assess the effects of the conservation practices
on long-term soil and water loss, RHEM
was applied to the entire CCW using NRI
data for a large-scale assessment. The analy-
sis periods were selected based on climatic
contrasts, conservation spending, and avail-
ability of NRI sample points. A subsection
of the Empire Ranch, dubbed “select treat-
ment areas,” and a specific 61.7 ha watershed
were assessed using remotely sensed data for
a small-scale assessment. The select treat-
ment areas were treated with brush removal,
prescribed burns, and a stock pond, and
were modeled over three different peri-
ods, representing preconservation spending,
postconservation spending, and later post-
conservation spending.

In this case study, vegetation and ground
cover characteristics (plant basal cover, lit-
ter, rock, and biological soil crusts) were
determined for time periods with different
climate conditions and levels of conservation
practice implementation. NRI data provide
a large-scale, regional evaluation of vege-
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Figure 1

Location maps of the Cienega Creek watershed (CCW), the Empire Ranch, and treatment locations in southeastern Arizona and Major Land Resource

Area (MLRA) 41.
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tation condition, whereas remotely sensed
data can provide a small-scale, site-specific
representation of vegetation condition. The
advantages and disadvantages of the two
methods for evaluating conservation practices
will be presented.

Study Site Description. The CCW is
located in southeastern Arizona (figure 1)
in Major Land Resource Area 41 (MLRA
41). The entire watershed has a drainage
area of 1,570 km?, but this analysis will focus
on the 513 km? of the watershed upstream
of US Geological Survey (USGS) stream
gauge 09484550. The CCW lies in the
Basin and Range physiographic province
that is characterized by a series of mid- to
high-elevation mountain ranges separated
by broad low-elevation basins. Vegetation
communities include plains, great basin and
semidesert grasslands, Chihuahuan desert
scrub, Madrean evergreen woodlands, and a
small portion of Rocky Mountain and mon-
tane conifer forest. Based on the National
Hydrography Dataset (NHD; https://www.
usgs.gov/core-science-systems/ngp/nation-
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al-hydrography), about 2.7% of the streams
in the CCW are classified as perennial; lim-
ited reaches of riparian vegetation occur
adjacent to these perennial reaches, consist-
ing of mixed broadleaf trees, mesquite, and
relatively dense understory. The watershed
has no major reservoirs or impoundments,
but does have more than 100 stock ponds
to provide water for cattle and wildlife
(Renwick et al. 2005). Primary land uses
include grazing, recreation, fuelwood cut-
ting, and domestic ranching and farming.
Precipitation data from 1895 to 2016 derived
from the 800 m PRISM data (Parameter-
elevation Regressions on Independent Slopes
Model, http://www.prism.oregonstate.
edu/) show an average of 448 mm over the
watershed (sd = 107; CV = 0.24), with a low
of 224 mm in 1953, and a high of 872 mm in
1905. Figure 2 shows the long-term precip-
itation, temperature, the annual Standardized
Precipitation-Evapotranspiration Index
(SPEL; Vicente-Serrano et al. 2010) in
MLRA 41 derived from 800 m PRISM data,
the number of cattle in Arizona, and conser-

vation spending in the CCW (the long-term
grazing and conservation spending data in
MLRA 41 are not available). Part of this
assessment will focus on the Empire Ranch,
located in the CCW (figure 1), where
numerous conservation practices have been
implemented. Prescribed seasonal grazing on
the Empire Ranch is managed with a goal of
maintaining less than 30% exposed soil and
10% or greater basal cover of desired peren-
nial grasses (Gori and Schussman 2005). The
Empire Ranch is a high profile multiple-use
area that includes BLM, Pima County, State
Trust, and private lands. It is managed coop-
eratively with significant citizen input, is
actively used for cattle ranching, and has had
yearly vegetation monitoring conducted
since 2004.

Conservation Practices in
Watershed.  Primary
management practices that have been imple-
mented in the study watershed are prescribed
grazing (including practices to control the
amount and timing of grazing, such as fenc-
ing and watering points) and prescribed fire

the
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Figure 2

Graphs of (a) cattle numbers in Arizona and long-term conservation spending in the Cienega Creek watershed (CCW), and (b) precipitation, (c) tempera-
ture, and (d) Standardized Precipitation-Evapotranspiration Index (SPEI) from 1895 to 2016 in Major Land Resource Area (MLRA) 41. Conservation invest-
ment figures combine the USDA Natural Resources Conservation Service (NRCS)-Environmental Quality Incentives (EQIP) and Bureau of Land Manage-
ment (BLM) brush management expenditures. Filled symbols for temperature are in the 80" percentile or above; for SPEI they are in the lowest 20%.
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and brush management (removal) to increase
forage and reduce losses of soil and nutrients.
Prior to and including the early 1990s, conser-
vation practices recorded in the USDA Natural
Resources Conservation Service (NRCS) data-
base show a point location of where a practice
was implemented, but not the areal extent over
which it was applied. Historical records of cat-
tle numbers, where they grazed, and for what
duration, are not available from the NRCS.
Starting in 1995, detailed grazing, conservation
and management practices, and spending data
are available for the Empire Ranch.

The NRCS has invested US$2.3 million
in conservation practices on the Empire
Ranch from 2007 to 2016 through the
NRCS Environmental Quality Incentives
Program (EQIP) (https://www.nrcs.usda.
gov/wps/portal/nrcs/main/national/pro-
grams/financial/eqip/), including prescribed
fire and brush removal treatments. In 2010
and 2011, BLM invested over US$1.4 mil-
lion on mechanical brush grubbing on
over 12 km? (Tiller et al. 2012; figure 1 and
table 1). Investing in conservation practices
in southern Arizona began in 1996, and in

the CCW in 2006, with primary spending
on prescribed grazing, pumping plants, and
brush management.

Monitored Watershed Condition and Factors
in Rangeland Assessment. Watershed condi-
tion is primarily assessed by the NRCS as part
of the NRI (Herrick et al. 2010) by moni-
toring vegetation type, canopy cover, ground
cover, and soil properties. These data are used
to estimate the susceptibility of hillslope areas
to erosion, and therefore their long-term
sustainability. The vegetation transect data col-
lected for the NRI program provide nationally

Table 1
Bureau of Land Management (BLM) spending on conservation treatments at Empire Ranch from 2007 to 2011. See figure 1 for locations.
Total
Trees Trees Cost Cost Total Total dollars
Treatment removed removed ha* ac™ area area spent
name Start date End date ha? ac™ (USS) (US$) (ha) (ac) (USS)
Brush treatments in 2010 to 2011
Antelope May 11, 2010 June 23, 2010 11 28 568 230 81 199 45,780
Bear Dec. 22, 2010 Jan. 26, 2011 49 122 1,289 522 59 147 76,917
Bobcat May 11, 2010 June 25, 2010 — — 490 198 72 178 35,241
Corral Sept. 15, 2010 Sept. 24, 2010 — — 723 293 79 195 57,082
Cottonwood Oct. 18, 2010 Dec. 8, 2010 63 156 1,292 523 57 140 72,984
Creek Dec. 1, 2010 Jan. 12,2011 59 146 1,275 516 64 157 81,092
Eagle Dec. 20, 2010 Jan. 13,2011 38 94 971 393 69 170 66,600
Elk Jan. 13,2011 Feb. 7, 2011 38 93 971 393 76 188 73,940
Goulds Mar. 8. 2011 Mar. 10, 2011 19 46 1,017 411 29 71 29,100
Hackberry Feb. 7, 2011 Feb. 14, 2011 21 52 973 394 70 172 67,860
Jaguar Feb. 15, 2011 Feb. 22,2011 17 43 981 397 63 156 62,080
Javelina Feb. 23,2011 Mar. 8, 2011 55 135 1,005 407 43 107 43,460
Lion Feb. 23,2011 Mar. 8, 2011 6 14 978 396 66 164 64,820
Maternity May 11, 2010 June 23, 2010 11 27 756 306 71 176 53,920
Middle Nov. 9, 2010 Dec. 20, 2010 54 134 978 396 73 181 71,580
Mule May 11, 2010 Sept. 28, 2010 — — 690 279 68 169 47,119
Rabbit Feb. 15, 2011 Feb. 22,2011 22 55 967 391 82 203 79,260
Spring Oct. 4, 2010 Nov. 4, 2010 52 128 960 389 85 211 82,180
Unknown locations* 2010 2011 — — — — — — 335,696
Subtotal 1,208 2,984 1,446,711
Prescribed burns and wildfires in 2007 to 2011
Empire June 8, 2007 — — 36 15 545 1,347 19,550
Maternity June 6, 2008 — — 61 25 777 1,920 47,296
Cedar June 17, 2009 - - 22 9 1,473 3,639 32,095
Cinco June 15, 2010 — — 81 33 1,182 2,921 96,060
Two wildfires April 20, 2011, — — — — 1,011 2,499 —
and June 1, 2011
Subtotal 4,988 12,326 195,001
Brush treatments in 2007 to 2009 and 2012 to 2016* 530 214 1,239 3,061 656,583
Average cost per area 309 125 7,434 18,370 2,298,295
*No treatment boundary available.
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consistent ground-sampled data on the status,
condition, and trends of land, soil, water, and
related resources on an ecological site (ES)
basis (Herrick et al. 2002; Pellant 2018; Spaeth
et al. 2005). An ES is a conceptual division of
the landscape based on unique physical attri-
butes (climate, soils, landscape position, and
topography) that govern the ability to pro-
duce characteristic vegetation and to respond
to management and disturbances (Williams
et al. 2016). Reducing erosion and sediment
yield is one of the primary goals of conserva-
tion practices in rangeland systems; however,
direct measurements of erosion and sediment
yield are generally conducted only in research
situations. Consequently, during the conser-
vation planning phase and on an ES basis, land
management agencies (i.e., USDA NRCS
and US Department of the Interior Bureau
of Land Management) conduct rangeland
health assessments to ascertain biotic integrity
of the vegetative community and its condi-
tion, its hydrologic function, and soil and
surface stability (Herrick et al. 2002; Pellant
2018; Spaeth et al. 2005) through its NRI
data collection program. The NRI rangeland
program samples conditions at the national
level, and at scales associated with MLRAs
and Ecoregions (levels I1I and IV) (Spaeth et
al. 2003). In addition, the NRI rangeland pro-
gram calculates a similarity index (SI) at each
NRI sample location. The SI determines the
percentage similarity (0% to 100%) of the sur-
veyed vegetation in relation to the Reference
Plant Community (RPC) documented in the
respective ES descriptions (ESDs) (Mueller-
Dombois and Ellenberg 1974; USDA NRCS
2018a). The RPC represents the expected
norm, reference point, or state in the ESD
“State and Transition” model (S&TM) for
an ES, where plant community composition
and natural disturbance regimes trace back to
pre-European settlement (500 years or less),
based on the least disturbed sites still extant.
Assessments  for rangeland  condition
reflect “key issues in rangeland science,
including rangeland health, nonnative plant
species, native and nonnative invasive plant
species, bare ground, intercanopy gaps, and
soil surface aggregate stability” (USDA
NRCS 2018b).The condition of a rangeland
is qualitatively assessed by comparing these
attributes and indicators of its current func-
tional state relative to the RPC. The RPC
as determined from the ESD will be used as
the baseline in the relative change analysis. In
this case study, vegetation condition will be
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described for ESs in the MLRA 41 in south-
eastern Arizona (figure 1) using NRT data.

Erosion Modeling. The AGWA tool and
RHEM were used to estimate hillslope
erosion. RHEM has been validated using
high-quality observations from the nearby
USDA Agricultural Research Service (ARS)
Walnut Gulch Experimental Watershed and
from rainfall-simulator experiments across
the western United States (Hernandez et al.
2017). RHEM was developed in the early
2000s as a tool to assess runoff and erosion
rates on western rangelands for purposes of
conservation planning and regional resource
assessments. RHEM was specifically designed
so its hydrology and erosion parameters can be
estimated from field data collected nationally
as part of the ongoing NRI program (Herrick
et al. 2010), as well as from nationally available
soils data. Rangeland managers can therefore
apply RHEM using the NRI database with-
out additional field data collection. However,
site-specific data collected on a range or allot-
ment is preferable if time and resources allow.
RHEM input data requirements include
plant growth form (bunchgrasses, sod grasses,
shrubs, and forbs/annual grasses) and surface
ground cover (rock, litter, basal cover, and
biological soil crusts). The RHEM model is
described in detail in Hernandez et al. (2017)
and Al-Hamdan et al. (2017).Additional infor-
mation can be found at the RHEM website
(https://apps.tucson.ars.ag.gov/rhem/). Table
2 summarizes the hydrology and erosion
parameters in RHEM and their independent
soil, vegetation, and slope variables.

AGWA (Miller et al. 2007; https://www.
tucson.ars.ag.gov/agwa) is a geographic
information systems (GIS) interface that
uses nationally available geospatial data lay-
ers to automate the time-consuming tasks
of watershed delineation into distributed
model elements, model parameterization

of those elements, and execution of a suite
of hydrologic and erosion models (RHEM,
KINEROS2 [Goodrich et al. 2012] and
SWAT [Arnold et al. 1998]). AGWA can
difference results from multiple simulations
to examine relative change over a variety of
input scenarios (e.g., pre- and postimple-
mentation of best management practices and
conservation practices, land cover change, or
present conditions versus alternative futures).
This gives range conservationists and land
managers the ability to easily identify poten-
tial problem areas where field inspections can
be undertaken or where conservation prac-
tices can be focused.

Materials and Methods

AGWA/RHEM was applied in two assess-
ments in this case study: a large- and a
small-scale assessment. For the large-scale
assessment, simulations were run for the entire
CCW using RHEM parameters derived
from NRI points collected in MLRA 41
(figure 1). For the small-scale assessment, the
effects of brush removal treatments and a
stock pond were evaluated for a specific 61.7
ha watershed located on the Empire Ranch
(figure 1), and the eftects of brush removal
treatments and prescribed fire were evaluated
for select treatment areas. The Cottonwood
Creek and Bear treatment areas within the
61.7 ha watershed were treated in the win-
ter of 2010 to 2011, with US$148,901 spent
on mechanical shrub and mesquite removal
(table 1). The total cost of brush treatments
and prescribed fire applied to the select
treatment areas was US$2,298,295. Landsat
satellite imagery was used to estimate veg-
etation cover change in the treated areas.
Simulation results from pretreatment and
posttreatment time periods were differenced
to examine relative change. Landsat satellite
imagery is used because it can capture local

Table 2

independent variables.

Rangeland Hydrology and Erosion Model (RHEM) hydrology and erosion parameters and their

for hillslope micro-channels

Parameters Description Independent variables
Ke Effective saturated hydraulic conductivity Litter and basal, and soil texture
ft Hydraulic roughness coefficient Litter, rock, basal, biological soil
crust, and slope
Kss Splash and sheet erodibility factor Ground cover, foliar cover,
and slope
Kw Concentrated flow erodibility coefficients Litter, rock, clay, and silt
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Figure 4
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tation in 1992 and the severe drought that
occurred during 2003 to 2006. The 2011 to
2014 period showed a substantial improve-
ment toward an average condition close to
the RPC in terms of sediment yield, which
is likely due to a combination of cumulative
conservation investments and higher mon-
soon rainfall.

Average SI values have shifted from 31%
in 1992 to 30% in 2003 to 2006, and 24%
in 2011 to 2014. In addition, average shrub
plant cover was stable across all periods at
~13%. However, nonshrub cover shifted from
32% in 1992 to 20% in 2003 to 2006, and
44% in 2011 to 2014. Litter cover dropped
from 33% in 1992 to 31% in 2003 to 2006,
and increased to 35% in 2011 to 2014.These
trends occurred from 2003 to 2014 (e.g.,
increasing nonshrub cover and increasing lit-
ter cover), and are consistent with findings by
Bodner and Robles’s study (2017) with mon-
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itoring data during the same time period on
the Empire Ranch. Moreover, the increased
nonshrub cover is possibly associated with
the mortality of perennial grass and the
expansion of exotic species such as Lehmann
lovegrass, which led to shifts in plant com-
position and therefore the decline of SI. The
spread of introduced species in southern
Arizona is well documented (Hamerlynck
et al. 2013; Van Devender et al. 1997). Fire,
intensive grazing, and the warmer tempera-
tures and prevailing drought in the early 21st
century contributed to declines in native
grasses and invasion of new species in desert
grasslands (Bodner and Robles 2017; Moran
et al. 2014).

Small-Scale Assessment. For the select
treatment areas, model results showed that
the mechanical brush removal resulted in an
immediate effect on simulated sediment yield
(figure 6a).In 2011, most of the improvement

occurred in the mechanical treatment areas.
Several of the mechanical treatment areas
that did not show improvement are within
the perimeter of the 2011 wildfires. By 2016,
all treatment areas showed decreases in sed-
iment yield (figure 6b). The improvement
occurred during a period with a warming
trend, below average precipitation, and a low
SPEI (lower SPEI indicates drier conditions;
figure 2), suggesting the improvement in
condition was primarily related to the con-
servation treatments. The areas in mechanical
treatment experienced a reduction in the
area-weighted average sediment yield of all
model elements intersecting treatment poly-
gons, from 596.8 kg ha™' in 2006 to 593.2 kg
ha™ in 2011, and to 556.0 kg ha™ in 2016, or
a 6.8% reduction in sediment yield (table 7).
The areas in prescribed fire saw an increase
in sediment yield from 1,234 kg ha™' in 2006
to 1,247 kg ha™ in 2011; but by 2016 sedi-
ment yield was reduced to 1,190 kg ha™', or
a 3.5% reduction in sediment yield (table 7).
While these average changes are small, if we
look at discrete hillslopes within the treat-
ment areas, larger percentage reductions in
sediment yield in the —6 to —19 percentage
range are apparent (figure 6). The treated
areas with the highest percentage reduction
in sediment yield had a much greater num-
ber of trees and shrubs removed per unit
area. For example, consider the following
treatment areas (figure 1 and table 1): Group
1: Spring, Middle, Eagle, and Elk; Group 2:
Cottonwood, Creek, and Bear; and Group 3:
Rabbit, Jaguar, and Hackberry. Groups 1, 2,
and 3 had an average of 277, 348, and 124
trees ha™ removed, respectively. The change
in sediment yield for Group 3 reflects the
lower intensity of mechanical brush removal.
Mechanical brush removal appears to be
more effective than prescribed burning in
reducing simulated sediment yield, but the
cost per hectare of mechanical treatment is
far greater (often more than a factor of 10)
based on records from the Empire Ranch
(table 1).

Modeling at the small-watershed scale
allowed for a more in-depth and direct
analysis relating conservation spending and
treatment to vegetation cover and sediment
yield. The impacts of brush treatment on
vegetation cover determined using RaBET
were consistent with pre- and posttreatment
monitoring plot data collected north of the
61.7 ha watershed in a study conducted by
The Nature Conservancy to assess effective-
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Figure 5

Maps of the Cienega Creek watershed (CCW) showing relative change in sediment yield between (a) 1992 and Reference Plant Community (RPC); (b)
2003 to 2006 and RPC; and (c) 2011 to 2014 and RPC. Brown areas indicate positive change and an increase in sediment yield, green areas indicate
negative change and decrease in sediment yield, white areas represent changes between -5% to 5% that indicate no or little change in condition.

The black outline is the Empire Ranch.
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ness of brush treatments on the Las Cienegas
National Conservation Area (Tiller et al.
2012). Using remote sensing to describe
annual vegetation condition, along with
spending and treatment data, supported
modeling of pretreatment and posttreatment
conditions for the select treatment areas of
the CCW, including the 61.7 ha watershed
that received a brush removal treatment in
the winter of 2010 to early 2011 (table 1).
Using the average NRI ground cover in
simulations with remotely sensed data adds
uncertainty to the assessment because it
assumes a constant ground cover condition
and reduces the simulated impact of treat-
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ment as it limits the model’s ability to reflect
the sensitivity of runoft and sediment to the
change in litter and basal cover resulting
from treatment.

Impact of Stock Ponds. The effect of stock
ponds was also assessed since they are highly
prevalent in the CCW and provide a large
amount of sediment storage. Figure 7 shows
the sediment yield results for the 61.7 ha
watershed pre- and postbrush removal treat-
ment, and with and without a stock pond.
The percentage difference in sediment yield
between pretreatment and posttreatment was
—6.4% without the stock pond and —6.7%
with the stock pond. The percentage differ-

ence in sediment yield between without the
stock pond and with stock pond was —65.5%
pretreatment and —65.6% posttreatment.
The results illustrate that even if conserva-
tion practices such as brush removal result
in small changes in sediment yield per unit
area (~6% in this case), the accumulative
effect can be large if the practice is widely
applied across the landscape, but structures
that capture and store sediment can also
have a significant impact on downstream
water quality. The much larger reductions in
sediment yield due to the stock pond cap-
turing sediment is important, as stock ponds
are ubiquitous in Arizona with an estimated
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Figure 6

Maps showing results for the small-scale assessment simulations within the known treatment locations showing percentage change in sediment
yield between 2006 (preconservation spending), 2011 (postconservation spending), and 2016 (later postconservation spending). Brown areas indi-
cate positive change and an increase in sediment yield, green areas indicate negative change and decrease in sediment yield. See figure 1 for loca-

tion of these areas within the Cienega Creek watershed (CCW).

DBrush treatment sites D Prescribed fires D Wildfire QSmall watershed  [T7]

Hillslopes with
excluded RS data

“I Group 1

Group 1

;
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Sediment yield (%)
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[[]-23710-1.00
mfo.% to 1.00
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-4.29 0 9.00
-9.01 to0 17.62

25,000 stock ponds in the 150,000 km?
Gila River Basin, including 129 stock ponds
present in the CCW alone, which is a trib-
utary to the Gila River Basin. NRCS treats
stock ponds primarily as a water supply for
cattle and wildlife and they are not often
implemented for water quality purposes,
although they directly reduce surface run-
off and sediment (Berg et al. 2016; Nichols
2006). However, stock ponds must be prop-
erly maintained or sediment accumulation
behind earthen dams can become an unman-
aged source of sediment loading that directly
impacts downstream water quality if the dam
fails. While a maintained stock pond serves
as an effective trap to reduce downstream
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sediment transport, it does not address the
underlying source of erosion on hillslopes
due to cover conditions that the brush treat-
ment does address.

Summary and Conclusions

An evaluation of conservation practices
implemented under CEAP-GL was con-
ducted on the CCW in southeastern
Arizona at two spatial scales using the
RHEM model parameterized with NRI
and remotely sensed data. The first analysis
included the entire CCW and utilized NRI
data from sample locations in the larger, sur-
rounding MLR A 41. Model simulations over
the CCW were conducted with RHEM

parameters representing the RPC, and were
compared to three periods with contrast-
ing climate conditions and varying levels
of accumulated conservation spending. The
large-scale assessment results indicate that
rangeland condition is potentially improving,
although variable, given climatic conditions.
This reinforces the importance of climate
on forage production and the difficulty of
separating management and climate eftects
(Angell and McClaran 2001; Bodner and
Robles 2017; Mashiri et al. 2008; McClaran
and Wei 2014), especially in the semiarid
southwestern United States.

Accumulated conservation management
and spending may also be a contributing factor

MAY/JUNE 2020—VOL. 75, NO. 3

U INO|
o] Mgoo

-p0E:(€)G/ UOITeAIBSUOD BTEM PUR |10S JO [el
11005 UOITeAIssuoD JB¥eM pUe |10S 0202 @ U

610°SONMS’ MMM 8I/§
"PaNnIESa SIYBLI ||V

315


http://www.swcs.org

316

for the improvement in rangeland condition
but cannot be directly assessed using the NRI
data. NRI sampling was designed to provide
assessments over regional scales, thus firm
conclusions regarding specific impacts of con-
servation practices are difficult (Bestelmeyer
et al. 2011). However, widespread grazing
management improvements, such as stocking
rates, prescribed grazing practices, or drought
preparation (McClaran et al. 2015) may be
detected with the NRI data.

The second analysis was a small-scale
assessment within the CCW that used
Landsat remotely sensed data to estimate
plant type (grass or shrub) and its canopy
cover. Using remotely sensed canopy param-
eters and life form (brush or grass) derived
from Landsat satellite imagery afforded the
opportunity to acquire spatially explicit and
more temporally dense estimates of changes
in total and brush canopy cover from con-
servation treatments. RHEM ground cover
parameters cannot be reliably estimated by
the remote sensing methods used, so an aver-
age of all the NRI ground cover data used
in the above analysis was employed for the
simulations done with remotely sensed can-
opy cover. A 61.7 ha watershed within the
Empire Ranch that underwent mechanical
brush removal was selected for analysis. The
resulting changes in brush cover were suc-
cessfully detected via remotely sensed data,
and pre- and posttreatment watershed simu-
lations showed a decrease in sediment yield,
indicating improved watershed conditions.

Simulation modeling using remotely
sensed parameters was then performed
on a larger area within the Empire Ranch
containing the 61.7 ha watershed and
representing select treatment areas with con-
centrated brush treatments where remote
sensing parameters had been validated against
ground data (figure 6). The simulations indi-
cated that the mechanical brush treatment
resulted in a rapid improvement in water-
shed conditions in the first growing season
posttreatment (six to nine months after
treatment). The effects of these treatments
persisted or improved for over five years
posttreatment. Mechanical brush treatments
were typically more effective than prescribed
burns for improving watershed condition as
estimated by reductions in sediment yield,
but were also much more costly to imple-
ment. The assessment also demonstrated the
utility of using RaBET for remotely sensed
estimates of woody plant cover as a model
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Table
ResultsTfor the small-scale assessment simulations within the known treatment locations
showing average percentage change in sediment yield over the specified area between 2006
(preconservation spending), 2011 (postconservation spending), and 2016 (later postconserva-
tion spending). See figure 6 for hillslope based results.
Sediment yield

Area Year kg ha Change from 2006 (%)
Brush treatment, prescribed 2006 1,082.1 —
fire, and wildfire 2011 1,090.7 0.79

2016 1,039.3 -3.95
Brush treatment only 2006 596.8 —

2011 593.2 -0.61

2016 556 -6.84
Prescribed fire 2006 1,234 —

2011 1,247 1.03

2016 1,190 -3.54
Wildfire 2006 596.1 —

2011 601 0.81

2016 563.2 -5.53

input to estimate changes in runoff and sed-
iment yield with changing cover conditions
over large areas.

Remotely  sensed characteris-
tics combined with NRI ground cover
data and process models is a cost effective
method to conduct large area assessments
with greater temporal and spatial resolution.
By conducting the assessments simultane-
ously over thousands of hillslopes, we are
able to partially achieve the goals fostered

cover

by Bestelmeyer et al. (2011) who argue for
a landscape approach to assessing landscape
conservation practices. The results showed
that brush removal improved range con-
dition and decreased sediment yield in the
treatment areas, and that the improvements
persisted for at least five years after treatment.
The relative change approach used in this
assessment, where we compared pre- and
posttreatment, can provide valuable infor-
mation to decision makers. We are able to

Figure 7
Graph showing sediment yield pre- and posttreatment for mechanical brush removal, and with
and without a stock pond for the 61.7 ha watershed.
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observe patterns and trends at the hillslope
and small watershed scale, which could be
used by conservation planners to prioritize
areas of high erosion risk for field inspection
and focused placement of future conserva-
tion practices.

The change in simulated sediment yield
from the mechanical treatment was compared
to the simulations with and without a stock
pond at the watershed outlet. The effect of
the stock pond was roughly 2.9 times greater
than the effect of brush removal. The potential
importance of small ponds on regulating water
and sediment yield from a watershed has been
identified in other studies (Berg et al. 2016;
Downing 2010; Renick et al. 2005;Verstraeten
and Poesen 2001).Verstraeten and Posen (2001)
reported that on an annual basis ponds can trap
nearly 100% of sediments that could have been
transported downstream. Nichols (2006) esti-
mated the sediment trap efficiencies for small
stock ponds in Walnut Gulch Experimental
Watershed in southeastern Arizona to range
from 76% to 94%. Berg et al. (2016) reported
that as pond numbers increased in sev-
eral watersheds in Texas, sedimentation was
decreased by 55%. The results show that pre-
existing stock ponds should be included when
evaluating conservation practices.

The ideal vegetation data for assessing
conservation effects in a grazed watershed
consists of vegetation sampled on-site at a
spatial density and temporal frequency that
tracks the change in vegetation and ground
cover conditions due to climate, graz-
ing activities, and conservation practices.
However, such long-term data rarely exist for
a watershed like Cienega Creek (or over any
large area with multiple landowners) where
conservation through various programs has
been implemented for two decades.

Unless the lack of field data in many west-
ern rangelands is addressed, the use of remote
sensing will be necessary in order to conduct
rangeland assessments. This study found that
remote sensing could be used to detect the
effects of management and to parameter-
ize hydrology and erosion models. To more
fully use remote sensing for rangeland assess-
ments, two possible areas of future research
are suggested: (1) as the number of rangeland
NRI samples grows there may be sufficient
data within ESs to develop robust regres-
sions between canopy cover and RHEM
ground cover parameters, and (2) an effort
to reformulate the RHEM equations might
be undertaken to more fully utilize variables
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that could be acquired using remotely sensed
data. Importantly, future rangeland conser-
vation assessments must include the impact
of stock ponds on water and sediment yield
since they can have a greater impact on
downstream sedimentation than vegetation
manipulation, especially given the influence
of climate on vegetation condition in the
semiarid western United States.

This case study was conducted in the
CCW in southeastern Arizona to evaluate
conservation practices implemented under
CEAP-GL, using different data sources
describing vegetation condition. The follow-
ing is a summary of the results:

1. In the southwestern United States,
rangeland condition is highly influ-
enced by the climate signal, and
separating management effects from
climatic effects is difficult.

2. Accumulated conservation manage-
ment and spending may also be a
contributing factor for the improve-
ment in rangeland condition but
cannot be directly assessed using
NRI data.

3. Readily available Landsat imagery
with local calibration can be con-
fidently used to identify spatially
explicit and more temporally dense
estimates of changes in total and
brush canopy cover from conserva-
tion treatments.

4. Watershed simulation modeling
(KINEROS2 and RHEM) param-
eters derived from remote sensing
data using RaBET can be used to
assess watershed condition and brush
treatment eftectiveness by predicting
trends in erosion and sediment yield
simultaneously over thousands of
hillslopes within a watershed.

5.  Brush removal improved range con-
dition and decreased sediment yield,
and the improvements persisted for at
least five years.

6.  Stock ponds, if maintained, are nearly
three times as effective in reducing
sediment yield than brush removal.
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