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Where do qualitative assessments

fit in an era of increasingly
quantitative monitoring? Perspectives
from Interpreting Indicators of
Rangeland Health
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On the Ground

* Interpreting Indicators of Rangeland Health and other
well-designed qualitative assessments are useful for un-
derstanding ecological function and can be used to pri-
oritize areas for monitoring, restoration, or management
changes. When completed by experienced, trained mul-
tidisciplinary teams, qualitative assessments provide re-
liable information about ecological processes and are
repeatable across time and geographic locations.
Consistency and repeatability of qualitative assess-
ments are maximized when the assessments are sup-
ported by appropriate quantitative indicator data. Like-
wise, quantitative datasets may be complemented by
qualitative assessments, which can provide insight into
indicators that are difficult to measure, providing a more
complete view of vegetation, soils, and underlying eco-
logical processes.

Qualitative assessments can be used as a communica-
tion tool for developing a common understanding of re-
source issues and a shared vision for, and commitment
to future stewardship.

New opportunities are emerging to enable further in-
tegration of qualitative and quantitative field protocols,
ecological models, and remotely sensed products to
benefit rangeland assessment, monitoring, and man-
agement.
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Introduction

Rangeland managers are challenged with making manage-
ment decisions across large landscapes while having limited
time and financial resources to understand rangeland condi-
tions. Increasingly, these decisions involve neighbors, partners,
and stakeholders with diverse interests, experiences, and edu-
cational backgrounds. Thus, protocols for assessing rangeland
conditions and ecosystem processes that are time-efficient and
help build a common understanding across broad user groups
and support decision-making are needed.

Rangeland assessment protocols can generally be catego-
rized as qualitative or quantitative in nature. Qualitative pro-
tocols use observations to estimate or judge conditions, of-
ten categorizing indicators based on systematic observations.
In contrast, quantitative protocols rely on recording measure-
ments and calculating numerical indicator values. Regardless
of whether an assessment is based primarily on qualitative
observations or quantitative measurements, this information
must be compared with some type of objective reference or de-
scription of desired conditions to make a judgement or reach
a conclusion.

Qualitative and descriptive rangeland assessments and sur-
veys have been used for decades,' and federal agencies in the
United States have widely used two qualitative assessment
protocols since the 1990s: the Proper Functioning Condition
(PFC) protocol to assess the functionality of riparian areas
and wetlands” and the Interpreting Indicators of Rangeland
Health (IIRH) protocol to assess upland rangeland health.’
Here we focus on application of these assessments within the
context of federal land management in the western United
States. However, these protocols are also used on public and
private lands throughout the Unites States as well as in other
countries. Geographic differences in types and availability of
information such as soil maps may necessitate somewhat dif-
ferent approaches than those we describe. However, the over-
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arching principles and ideas are broadly applicable and may
contribute to the development and use of other qualitative as-
sessment protocols.

Due in part to the difficulty of achieving consistent ap-
plication of qualitative assessment protocols across observers
and locations, standardized quantitative methods have been
emphasized with the goal of greater objectivity and repeata-
bility. Over the past decade, the collection and management
of quantitative data about rangeland conditions have ben-
efited from increased adoption of standardized field meth-
ods and electronic data management tools. For example, fed-
eral agency initiatives, including the Bureau of Land Man-
agement’s Assessment, Inventory and Monitoring (AIM)
strategy, and the Natural Resources Conservation Service’s
National Resources Inventory (NRI), have resulted in large
quantitative datasets in rangelands, especially across the west-
ern United States. These data are aggregated so that they can
be accessed electronically and used at many scales (e.g., graz-
ing allotment, field office, or state). In addition, advances in
remote sensing and associated products, such as the Range-
land Analysis Platform® and National Land Cover Database®
enable scientists and managers to map aspects of rangeland
condition across large landscapes. These products have ben-
efited from the availability of standardized, quantitative data,
which improve product training and validation. Considering
the increasing focus on collecting and analyzing quantitative
data, what is the role of qualitative assessment protocols in
rangeland management?

Here, we consider the role of qualitative assessments within
the context of applying and teaching ITRH. First, we pro-
vide some background of qualitative assessments for range-
land management, including IIRH. Next, we suggest oppor-
tunities for gaining insights about rangelands from qualitative
assessments that may not be apparent from quantitative indi-
cators alone. Finally, we recommend best practices for the use
of qualitative assessments in rangeland management. We con-
clude that using qualitative data in conjunction with comple-
mentary quantitative data provides the most comprehensive
understanding of rangeland health to support management
decisions. Lastly, we offer suggestions for further integrating
qualitative assessments with quantitative information includ-
ing models and remotely-sensed data.

Development of Interpreting Indicators of
Rangeland Health

Over time, scientists and managers have wrestled with how
best to characterize and keep track of changes occurring in
rangelands through quantitative measurements and qualita-
tive approaches, often concluding that a combination of the
two was needed to fully describe resource conditions. For ex-
ample, early assessment protocols, such as the range survey
methods developed by the U.S. Department of Agriculture
Forest Service (USDA FS) in the first half of the 20th century,

initially relied on estimates and observations, but as they were

further developed more quantitative measurements were in-
corporated.l In 1950 K.W. Parker provided this justification
for collecting a combination of qualitative and quantitative

data for the Parker 3-Step Method:

Some of the factors for judging trend on these sites, such as
density and floristic composition, can be measured with a
reasonable degree of accuracy. Other factors, such as plant
vigor and erosion rates, must be recorded largely in descrip-
tive terms. Both types of information are essential for a
complete picture of trend in condition.’”

Over time, federal agencies such as the Bureau of Land
Management (BLM) and Natural Resources Conservation
Service (NRCS) began to adopt more quantitative and semi-
quantitative methods to collect information about rangelands.
However, methods differed among and within agencies and
resulted in limited and sometimes conflicting conclusions
about rangeland condition. This was partly due to differences
in observers’ disciplinary backgrounds and agency objectives
and use of methods and protocols that were not designed to
assess rangeland biophysical processes and functions. For ex-
ample, objectives for maintaining forage for livestock graz-
ing might differ from objectives developed for wildlife habi-
tat. Field protocols to assess conditions related to these objec-
tives would likely measure different indicators. When an area
is meeting an objective for forage production, but is not meet-
ing wildlife habitat objectives, conclusions of whether the area
is in “good” or “poor” condition could be made subjectively, de-
pending upon how the respective resources are valued. In con-
trast, protocols that are designed to assess ecological function
are more capable of informing managers about the capacity
for rangelands to sustain multiple resource values, rather than
a single use.

To promote ecological process-based approaches to range-
land assessment, in 1994 the National Research Council
(NRC) recommended using a suite of indicators to look holis-
tically at rangeland health attributes.! The NRC recommen-
dation came shortly after publication of the first technical
reference describing the PFC protocol for assessing streams,
rivers, and their riparian areas with a focus on ecological func-
tion.® Federal agencies, including the BLM and NRCS, re-
sponded to the NRC recommendation by coordinating an in-
teragency effort to develop a protocol similar to PFC to eval-
uate the ecological function of upland areas, which resulted in
the ITRH protocol.

The ITIRH protocol was developed to assess the health of
upland areas in rangelands and has been used broadly on pri-
vate and public rangelands in the United States, as well as
other countries for the past 20 years.”'’ Two versions of the
protocol were developed and tested in the late 1990s by the
BLM, NRCS, United States Geologic Survey (USGS), and
Agricultural Research Service (ARS) with input from range-
land researchers and consultants. The interagency technical
reference, “Interpreting Indicators of Rangeland Health Ver-
sion 3,” which assessed 17 indicators using a largely qualita-
tive approach, combined these two versions and was released

and adopted by the BLM, NRCS, USGS, and ARS in 2000.
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Table 1
The three attributes of rangeland health and their associated indicators

Rangeland health indicator

Rangeland health attribute

Soil/site stability Hydrologic function Biotic integrity

1. Rills

2. Water flow patterns

3. Pedestals and/or terracettes

4. Bare ground

5. Gullies

6. Wind-scoured and/or depositional areas
7. Litter movement

8. Soil surface resistance to erosion

9. Soil surface loss and degradation

10. Effects of plant community composition and distribution on infiltration
11. Compaction layer

12. Functional/structural groups

13. Dead or dying plants or plant parts

14. Litter cover and depth

15. Annual production

16. Invasive plants

17. Vigor with an emphasis on reproductive capability of perennial plants
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Note. The indicators are arranged under the attribute(s) to which they relate; many indicators relate to more than one attribute.

The protocol has been further refined and periodically up-
dated with Version 4 in 2005, and Version 5, which was also
adopted by the USDA FS§, being published in 2020.

The 17 indicators of rangeland health focus on soils, plants,
and hydrologic features and are used to rate three attributes
of rangeland health—soil and site stability, hydrological func-
tion, and biotic integrity (Table 1). IIRH assessments are
completed at evaluation areas within a known ecological site
or other land unit with a known potential. This potential
is derived from the interactions of landscape position, geol-
ogy, soil, climate, and hydrology of the site. These interac-
tions result in plant communities and dynamic soil proper-
ties that occur within the reference state, in which ecolog-
ical processes are functioning at a sustainable and resilient
level under the natural disturbance regime.'” Each indica-
tor is rated by comparing indicator characteristics observed
in an evaluation area to the expected condition for the indi-
cator in the reference state, which is described in a reference
sheet. Five categories are used to rate the degree of depar-
ture from conditions described in the reference sheet for each
indicator (Table 2). Once the 17 indicators are rated, nine
or ten of the indicators are used to rate the degree of de-
parture for each attribute using a preponderance of evidence
approach.

Using a reference sheet that provides an accurate descrip-
tion of site potential for the evaluation area is critical for a
meaningful assessment of rangeland health. For instance, de-
parture for the indicator of annual production is rated based
on the extent to which production at the evaluation area is
reduced relative to the expected production described in the
reference sheet for an ecological site. Expected annual pro-
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duction for an ecological site with shallow soil may be 226.8
kilograms (500 pounds) and expected annual production for
an ecological site on a deep soil in the same area could be 408.2
kilograms (900 pounds). In this example, the departure rating
for the indicator of annual production will differ significantly
if the incorrect reference sheet is used.

Gaining insights from qualitative assessments

The rationale for assessing rangeland health qualitatively
is similar to qualitative approaches used in the medical field,
in which patient case studies are used to recognize patterns
and understand overall patient health."® Likewise, qualitative
rangeland assessment protocols, including IIRH and PFC,
provide a holistic snapshot of ecosystem function that can ac-
count for ecological indicators that are not easily measured
and may detect patterns of land health degradation that would
not be captured by a strictly quantitative assessment.

IIRH assessments can be done relatively quickly, allowing
an initial understanding of an evaluation area’s functional sta-
tus, while still in the field. The ability to rapidly detect issues
can help managers make decisions about where additional
monitoring may be necessary or where management changes
or restoration treatments are likely to be effective. The abil-
ity to understand functional status in the field, rather than
requiring additional quantitative analysis, also makes IIRH
a useful tool for discussing resource issues. Often, managers
focus attention on vegetation changes without fully consid-
ering changes in underlying ecological processes. Rating the
ITIRH indicators and attributes and considering patterns of
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Table 2

Indicator and attribute departure rating categories and the generic evaluation matrix for one indicator, water flow patterns

Indicator Extreme to total Moderate to extreme Moderate Slight to moderate None to slight

Water flow patterns Extensive. Widespread. Common. Scarce. Length and width ~ Reference sheet narrative
Long and wide. Longer and wider than Lengths and/or widths nearly match expected. inserted here.
Erosional and/or expected. slightly to moderately Some minor erosional

Erosional and/or
depositional areas
common.

Occasionally connected.

depositional areas
widespread.
Usually connected.

higher than expected.
Minor erosional and/or
depositional areas.
Infrequently connected.

and/or depositional areas.
Rarely
connected.

Note. “None to Slight” is used for an indicator or attribute that resembles the natural range of variability for the ecological site being evaluated and is

provided separately in a reference sheet.

departure from reference descriptions guides field observers
toward assessing interrelated ecological processes in a repeat-
able way. However, as we discuss below, these assessments are
most repeatable when conducted by an experienced and well-
trained multidisciplinary team. It is often challenging to as-
semble and maintain such a team to conduct large numbers
of assessments.

A framework for applying ecological concepts

The global scientific community is constantly develop-
ing and refining ecological concepts and unifying principles
that can be applied to local science and management ques-
tions.'* However, these concepts and principles often need to
be translated and synthesized for practical application to local
management. For example, the concept of ecological sites is
used to classify areas with soil and physical characteristics that
differentiate them from other areas in their potential to pro-
duce specific kinds and amounts of vegetation. This ecological
site concept unifies multiple scientific principles and packages
them in a way that provides practical applications to science
and management. Ecological sites also serve as a reference
to inform ITRH assessments. IIRH and other well-designed
qualitative assessment protocols in turn provide frameworks
for integrating scientific concepts about rangeland dynamics
to understand and provide consistent interpretations of ob-
servations in the field.

ITRH wuses scientific concepts, such as landscape context,
natural range of variability, resistance and resilience, and al-
ternate state theory, that are applied with scientific, regional,
and local knowledge when conducting an IIRH assessment.’
IIRH rates indicators at an evaluation area against the ref-
erence sheet descriptions for an ecological site, but the pro-
tocol recognizes and accounts for both spatial and temporal
variability of indicators within the reference sheet descrip-
tions. Observers are instructed to consider the influences of
recent weather, disturbances, and biophysical characteristics
(e.g.,slope and aspect) to refine their understanding of site po-
tential and then rate each indicator accordingly. For example,
in many systems, bare ground amount and connectivity are
expected to increase for 1 or more years following a wildfire.
When an assessment is conducted in an area that is recently
burned, it is important for the observers to understand the
effects of wildfire and recovery patterns for bare ground and

other indicators under the natural range of variability, and ac-
count for these expected temporary changes when conducting
an assessment. Although ITRH assessments are intended to be
done within the context of local knowledge for the ecological
site being evaluated, and with an understanding of indicators
interactions at the site scale, the 17 indicators should be ap-
plied consistently at all evaluation areas to examine degrada-
tion patterns occurring across all rangelands.

Quantitative and qualitative data are
complementary

When used together, quantitative and qualitative data can
provide a more complete picture of rangeland health than
either one alone. Quantitative measurements and indicators
have less interobserver variability and are therefore preferred
for direct comparisons between evaluation locations and over
time. However, quantitative measures are often more time
consuming to collect and focus on vegetation-based indica-
tors, such as annual production and foliar and litter cover,
which provide direct measurements of biotic function and
only indirect measurements of soil and hydrologic function.
In contrast, qualitative assessments allow rapid observation of
multiple factors related to a broad set of soil and vegetation in-
dicators that are used to assess biotic integrity, soil and site sta-
bility, and hydrologic function. Additionally, IIRH provides
an interpretive framework for considering both measurable
and nonmeasurable indicators collectively, and for developing
a narrative about the status of the three attributes of rangeland
health in an evaluation area.

Quantitative measurements are recommended to support
ITIRH qualitative assessments because they can reduce inter-
observer variability for many indicators when applied sys-
tematically and with appropriate training and calibration. To
complete an IIRH assessment, bare ground cover, litter cover,
soil surface stability, and total annual production must be
quantified. Other quantitative indicators, particularly those
related to plant communities, can be derived from data col-
lected using the line-point intercept, belt transects, and pro-
duction methods (Table 3). Note that evaluators must train
and calibrate before making ocular estimates of some quanti-
tative indicators, including percent cover and annual produc-
tion.

Rangelands
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Table 3

Selected indicators of rangeland health and associated measurement methods that are commonly used to collect related

quantitative indicator values

Rangeland health indicator

Measurement method

Quantitative indicator value

Bare ground

Soil surface resistance to erosion

Effects of plant community composition and
distribution on infiltration
Functional/structural groups

Dead or dying plants or plant parts

Litter cover and depth

Annual production

Invasive plants

Line point intercept

Gap intercept
Soil stability test

Production by species

Line point intercept

Production by species

Line point intercept

Line point intercept

Belt transect
Line point intercept

Total harvest

‘Weight units

Production by species

Line point intercept

Bare ground percent

Size of intercanopy or basal gaps
Soil surface stability values

Functional/structural group composition by weight

Functional/structural group composition by cover

Functional/structural group composition by weight

Functional/structural group composition by cover

Proportion of dead plants or plant parts intercepted

Proportion or density of dead or dying plants
Litter cover

Total annual production

Invasive plant composition by weight

Cover of invasive species

Belt transect

Density of invasive plants

Note. Core quantitative measurement methods used in the Bureau of Land Management’s Assessment, Inventory, and

Monitoring program are bolded.

Some quantitative measurements relate directly to criteria
that are considered when rating an indicator, and other quan-
titative measurements are not as directly related to these cri-
teria but may still provide supporting information that can be
helpful when rating the indicator. For example, criteria that
should be considered when rating the bare ground indicator
in the ITRH protocol include the total amount of bare ground
and bare patch size and connectivity. Collecting cover data
with the line-point intercept method provides a reliable esti-
mate of the total amount of bare ground (Fig. 1); however, it
does not provide a picture of bare patch size and connectiv-
ity, which are harder to measure but also influence ecosystem
function. Canopy gap intercept is a quantitative method that
provides an indication of the continuity of plant cover, which
can be helpful for understanding the extent of bare ground
patches. However, if the gaps between plant canopies are pro-
tected by rocks, litter, and biological soil crusts, they would not
be considered bare ground patches. Therefore, observers must
consider how much protective soil cover is present in canopy
gaps when using gap size measurements to support qualitative
observations of bare patch size and connectivity in rating the
bare ground indicator.

The BLM AIM and NRCS NRI programs frequently
complete IIRH assessments along with quantitative data col-
lection, enabling analysis of how both qualitative and quan-
titative indicators are changing over time. The quantitative
indicators included in these datasets inform and support the
associated IIRH assessments, which are combined to report
land condition at multiple spatial scales—from ecoregion-
ally to nationally (e.g., BLM Rangeland Resource Assess-
ment"’; National Resources Inventory Rangeland Resource
Assessment'©).
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Recognizing the benefits of integrating qualitative assess-
ments with quantitative indicators and measurements, Ver-
sion 5 of the IIRH technical reference provides more spe-
cific ties between the 17 qualitative indicators and quantita-
tive measurements based on core field methods used in the
BLM AIM and NRCS NRI programs (Table 3).* This link-
age of IIRH indicators to core quantitative indicators will en-
able our understanding of the relationships between qualita-
tive and quantitative indicators to be refined over time.

Assessing indicators that are not easily measured

Some indicators relevant to land degradation and manage-
ment cannot be effectively quantified in the field or can only
be quantified with intensive and expensive measurements. For
example, quantifying soil health and function has been a long-
standing, difficult challenge. Soil function is a complex inter-
action of numerous chemical, biological, and physical prop-
erties.!” Soil properties, such as texture and organic matter
content, can be quantified through laboratory analysis, but
these analyses are costly and time-consuming. The interac-
tions among soil properties that affect a site’s potential and
function are dynamic and often unique to the site being eval-
uated, so it is preferable to use rapid, field-based approaches
that can be integrated with other field data collection methods
and protocols.

Several of the 17 indicators used in the IIRH assessment
are most feasible to assess qualitatively. Two examples are the
indicators of plant vigor and soil surface loss and degradation.
Plant vigor can be more easily assessed qualitatively, as it is
highly contextual, with expected plant appearance varying
with season, weather, recent grazing, species, and location
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Reference:
"Bare ground is 5-15%; bare
patches are less than 20cm in

diameter and rarely connected."

Evaluation Area Observations

Quantitative Measure (Line
Point Intercept) = 19% Bare
Ground

+
Qualitative Assessment that
patches are <20cm in
diameter and rarely
connected

N

Overall Assessment:
Slight to Moderate
departure for the bare
ground indicator

Figure 1. Example of qualitative observations and a quantitative measurement of percent bare ground calculated from line point intercept data
being used together to support assessment of the bare ground indicator. Both the quantitative measurement of total bare ground, and a qualitative
assessment of the size and connectivity of bare patches are considered when determining the appropriate departure rating for this indicator in an

evaluation area.

(Fig. 2). For example, when evaluating bunchgrass vigor,
measurements of crown diameter or plant height may be
useful, but factors including seedhead production, length
and width of leaf blades, and density of growing plant parts
can all contribute to a comprehensive assessment of plant
vigor. The indicator of soil surface loss and degradation is
influenced by loss of soil material, depleted organic matter,
reduced porosity, and altered soil structure. These changes
signify a decline in the soil’s capacity to function and that a
threshold has been crossed, reducing a site’s ability to recover
ecological functions.'® Quantitative field protocols that might
detect these changes are cost and time prohibitive and may
not capture their combined effects on soil function. Thus,
a qualitative field assessment based on soil surface horizon
thickness, color, and structure is often the most feasible way
to rate this indicator.

There are other soil and site stability, as well as hydro-
logic function, indicators that are difficult to measure quanti-
tatively. For example, when evaluating erosion pedestals, the
frequency of pedestals in a defined area, whether plant roots
are exposed, and the prominence of the pedestals above the
soil surface are all considered (Fig. 3A). It might be possi-
ble, but time-consuming, to sample and quantify each of these
characteristics. Additionally, overland water flow patterns are
difficult to quantify consistently; instead, the IIRH proto-
col provides guidance for rating this indicator based on how
extensive, long, wide, and connected water flow patterns are
and whether there are distinct depositional or erosional areas

(Table 2, Fig. 3B).

Although these indicators are difficult to measure, they can
be important for detecting signs of degradation that might
be missed by strictly quantitative approaches. For example,
Jablonski et al."” conducted IIRH assessments on grazing al-
lotments in Dinosaur National Monument in Colorado and
Utah. For evaluation areas where the soil and site stability at-
tribute were rated as a slight-to-moderate departure from ref-
erence, the authors noted that although sample sizes did not
support statistical analysis, the water flow patterns and soil
surface resistance to erosion indicators tended to show de-
parture from reference conditions and thus had the greatest
influence in detecting departure for this attribute. In contrast,
the authors noted that departures from reference for the bi-
otic integrity attribute were more often influenced by depar-
tures in the functional-structural groups, invasive plants, and
annual production indicators, which are more easily quanti-
fied using common rangeland monitoring methods. In this
instance, the qualitative indicators assisted with detection of
potential losses of soil and site stability that would not be
easily detectable with quantitative measurements, and it may
have been possible to rely largely on quantitative information
to detect reductions in biotic integrity in the study area.

Qualitative assessments provide a platform for
communication and collaboration

Effective rangeland management relies on the recognition
of problems and buy-in to solutions from managers, partners,
and stakeholders. Participatory processes and social learning

Rangelands
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Figure 2. A, Bitterbrush (Purshia tridentata) with good vigor and reproductive capability. B, Bitterbrush with poor vigor and reduced reproductive
capability. C, Bluebunch wheatgrass (Pseudoroegneria spicata) plant with good vigor. D, Bluebunch wheatgrass plant with reduced vigor.

Figure 3. A, Pedestaled bunchgrasses indicating water and/or wind erosion. B, Water flow patterns indicating overland flow.

are useful for building understanding of resource issues and
developing shared stewardship goals’’ A shared understand-
ing of resource issues and vision for the future can lead to
identifying more effective management solutions and inspire
commitment to implementing those solutions over the long
term.”!

Because PFC and IIRH assessments are relatively rapid
and can be completed with a group of diverse participants,
they can be used to focus collaborative communications and
identify priorities for additional quantitative data collection
or other management efforts. The Creeks and Communities

2022

strategy, which is led by the BLM and USDA FS in part-
nership with the NRCS, uses the riparian PFC assessment
as a standard part of its place-based problem-solving, specif-
ically to facilitate communication and shared understanding
of riparian functionality. Focusing communication on main-
taining or restoring riparian function promotes communica-
tion and collaboration, as compared with focusing on resource
values, which may vary, leading to conflict or disagreement
among collaborators.’?

Similarly, partner and stakeholder participation in IIRH
assessments can facilitate discussions about the relationships
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of indicators and ecological processes to build shared under-
standing of ecological function in upland areas. The IIRH at-
tribute ratings for soil and site stability, hydrologic function,
and biotic integrity can be used to identify changes in ecolog-
ical function associated with transitions away from the refer-
ence state.”* Recognizing when an area is at risk of crossing, or
has crossed a threshold to an alternate state, is important for
identifying management options and setting realistic expecta-
tions for management outcomes." State and transition models
and descriptions of ecological site dynamics can be useful to
help identify where departures for indicators or attributes of
rangeland health may be indicative of an at-risk community
phase or a state change.

Qualitative indicators are effective tools for communica-
tion among land managers, partners, and/or stakeholders and
also provide a mechanism for those partners and stakehold-
ers to participate in adaptive management by identifying and
communicating changes they see in the field. Livestock oper-
ators and others who make repeated visits to specific areas can
make frequent observations and potentially notice both pos-
itive and negative changes in indicators. Recognition of the
qualitative indicators themselves can provide early warning
signs of impending problems that might be missed by a land
manager who is unable to make frequent visits to the same
field locations. Once these early warning signs are communi-
cated, land managers can consider reprioritizing monitoring
or management as needed to adapt to the changing condi-
tions. For example, changes in plant vigor may be one of the
first noticeable signs of changing ecological function result-
ing in cascading effects. More specifically, as bunchgrass vigor
decreases, the root mass, basal and foliar cover, and litter also
decline, thereby increasing bare ground, reducing soil organic
matter, and altering soil structure. Therefore, early recognition
of losses in plant vigor may enable effective adaptive man-
agement to prevent more serious (and less reversible) changes
from occurring.

Recommendations for using and interpreting
qualitative data

Reflecting on years of applying and teaching the IIRH
protocol, we recommend several best practices for using and
interpreting qualitative data. Following these practices can ad-
dress many of the limitations of qualitative assessments, in-
cluding poor repeatability among difterent observers. In ad-
dition, consistently implemented qualitative assessments can
generate a reliable set of information across large areas with
limited time and financial resources to understand rangeland
health. The intended purpose of the assessments should be
considered when determining the needed range of expertise
and amount of supporting quantitative data. Maximizing con-
sistency among assessments should be prioritized when re-
sults will be aggregated for broader analysis purposes, or the
assessments will be used as part of a long-term decision-
making process. When reference information or the required
breadth of expertise is not available, qualitative descriptions of

difficult-to-measure indicators also can add value to quantita-
tive datasets or be used to communicate observations. In these
situations, a protocol such as Describing Indicators of Range-
land Health, which does not require a reference, but describes
and classifies the 17 indicators, rather than rating them, could

be used.

Ensure observers are qualified

Collecting quantitative data related to rangeland health
primarily requires plant identification skills and knowing the
data collection methods. In contrast, qualitative assessment
protocols such as IIRH require observers to interpret obser-
vations in the field, so observers need to know the procedures
and definitions for indicators and also have the skills to use
that information in context and recognize the indicators in
a variety of settings. Therefore, qualifications for conducting
qualitative assessments include a sound understanding of rel-
evant ecological concepts, ability to determine the appropri-
ate reference such as the ecological site being evaluated and
local knowledge of the historical soil and plant communities
and disturbance regimes. Robust qualitative assessments re-
quire observers to connect management, on-site and off-site
influences, and disturbance dynamics, which often interact at
different spatial and temporal scales. Linking this knowledge
is best done by attending formal training.

Over two decades of experience teaching the IIRH pro-
tocol to natural resources professionals, students, scientists,
and landowners throughout the United States and abroad
has demonstrated that indicator and attribute ratings become
more consistent with increased learning and practice. Addi-
tional training and calibration exercises help to further im-
prove consistency of both teams and individuals. Miller’* ex-
amined results of over 500 IIRH assessments in Utah and
tound that soils expertise is often in short supply, which may
reduce the sensitivity in rating changes in soils indicators. In-
dividual observers tend to focus on certain indicators, often
based on their background and training.”* Therefore, multi-
disciplinary assessment teams usually provide the most con-

sistent and thorough overall assessments, while reducing in-
dividual bias.*®

Qualitative assessments are not intended to
detect trends

Although experienced, trained individuals have demon-
strated relative consistency in rating the attributes of range-
land health, the protocol is not intended to be used to infer
trend by comparing assessments completed at two or more
moments in time. Departure rating categories are often too
broad to detect trends with sufficient precision. This is also
the reason that redundancy is built into the attribute rat-
ings through the use of related indicators. However, quanti-
tative data collected to support a qualitative assessment can
be used as a baseline for monitoring specific indicators to de-
tect change over time. We recommend using the results of
qualitative assessments to help identify quantitative indica-
tors that are likely to best detect changes in land health over
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time, allowing managers to focus their efforts when capacity
for monitoring is limited.

Understand site reference conditions

ITIRH requires the use of a reference sheet describing ex-
pected conditions for the ecological site or equivalent land
unit being assessed. This is the “benchmark” against which
the indicators are compared. If the benchmark descriptions
are too broad, inaccurate, or do not provide the necessary in-
formation, it becomes impossible to generate a good qualita-
tive assessment. Because IIRH is 2 moment in time assess-
ment, it is not possible to revisit an assessment with a new
reference sheet and revise ratings. Instead, an entirely new
moment in time assessment would be needed. Therefore, it is
important to obtain or develop reference sheets that describe
the natural spatial and temporal variability for an ecological
site and address the characteristics that are considered when
rating each indicator (e.g., for the litter cover and depth in-
dicator, the reference sheet should describe the expected per-
cent litter cover, average litter depth and effect of disturbance,
weather, and natural herbivory on litter accumulation). For
assessments that do not require a reference sheet or similar
set of benchmarks, observers must be knowledgeable about
the ecosystem being addressed and thoroughly understand
each assessment site’s potential in effectively recognizing
degradation.”

Understand differences in qualitative and
quantitative data

As addressed above, qualitative and quantitative data serve
different, but complementary, functions. However, there are
instances where these data have not complemented each other
and instead have provided conflicting information. In some
cases, this might be due to different people with varying levels
of training collecting the data, errors in data transcription, or
other errors in field data collection.

When differences cannot be attributed to these types of
errors, an effort should be made to determine the root cause
of conflicting information. Other causes of conflicting in-
formation to investigate include, but are not limited to, 1)
differences in site selection procedures (randomly vs. sub-
jectively placed plots or evaluation areas), 2) using qualita-
tive indicators that do not directly relate to quantitative in-
dicators, 3) differences in the timing of assessments, either
within a year or across years, 4) disparate sample sizes, and/or
5) the reference sheet(s) or observer’s understanding of site
potential for the qualitative assessments was not fully accu-
rate. For example, Miller’* observed a large degree of vari-
ability in quantitative indicator values among IIRH evalua-
tion areas within a single ecological site that were assigned
the same attribute ratings. The author concluded that the at-
tribute ratings were less variable because they represent a syn-
thesis of both qualitative indicator ratings and quantitative
indicator values”® However, if patterns of disagreement be-
tween certain qualitative and quantitative indicators emerge
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over time, these incongruences may warrant further investi-
gation, and possible reconsideration of how the qualitative in-
dicator, quantitative indicator, or both, are assessed and inter-
preted. The increase in consistent quantitative indicator data
will improve our ability to examine these relationships, es-
pecially where qualitative assessments accompany the quan-
titative data, allowing direct comparisons within and across
sites.

Conclusions

Given the complexity of assessing ecological processes on
rangelands over space and time, and the need for communi-
cation among stakeholders for effective management, qual-
itative assessments provide significant value and are com-
plementary to quantitative assessment approaches. Just as
rangeland management is often referred to as both an art
and science, we conclude that both qualitative and quan-
titative approaches are needed to best understand range-
land ecological processes and dynamics. Qualitative assess-
ments conducted by qualified observers using appropriate
site reference information can provide reliable information
that can be used for a variety of applications at multiple
scales.

In coming years, we hope that advances in data availability,
modeling, and remote-sensing products for rangelands will be
leveraged to continue to refine our understanding of quali-
tative and quantitative indicators and their relationships and
strengthen frameworks that support robust qualitative assess-
ments. Understanding and defining appropriate references is
a continuing challenge that currently limits the application of
IIRH in many areas. Analysis of quantitative indicator data
across the range of variability of an ecological site can assist
with more accurately describing the expected variability for
certain indicators. These data also can be used to develop and
validate ecological site concepts and state and transition mod-
els; when accompanied by complementary qualitative data,
more value can be extracted from these datasets to refine our
understanding of reference conditions, as well as conditions
indicative of at-risk community phases, thresholds, and state
changes. As remotely sensed data are collected at more fre-
quent timeframes relevant to growing season conditions, it
also may become possible to leverage these datasets to bet-
ter understand how both qualitative and quantitative field as-
sessment results might be extrapolated to similar sites across
a management area or landscape.

Although field-based qualitative assessment protocols are
expected to benefit from expanded availability of quantitative
datasets, modeling and remote sensing-based products also
can benefit from the results of qualitative assessments. Con-
sistent documentation of qualitative indicators, especially at
known spatial locations, can help to validate and refine mod-
els and train remotely sensed products. This may be especially
important for the soil erosion indicators that cannot be di-
rectly measured in the field and are instead predicted based
on factors such as slope, precipitation, wind, and vegetation
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cover. For example, the relationships between remotely sensed
bare ground estimates and qualitative ratings of difficult to
measure indicators, such as rills or water flow patterns, could
be investigated. Defining these relationships could help re-
fine water erosion models by quantifying important ecologi-
cal thresholds and benchmarks, such as bare ground amounts
above which soil loss accelerates due to formation of these
concentrated water erosion features.

These are just a few ideas for possible areas to explore for
future research and development. Additional approaches to
increasing the utility of qualitative assessments directly for
rangeland management and leveraging their results to assist
with interpretation of various quantitative datasets will un-
doubtably emerge. As these ideas are further developed and
implemented, we believe that they will provide reciprocal ben-
efits for modeling, remote sensing, and qualitative and quan-
titative field assessment approaches, ultimately improving our
understanding of rangeland conditions and ability to manage
their resource values into the future.
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