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Using Weather Data to Improve Decision-making for Rangeland Restoration Efforts
Weather and climate has an enormous impact
on rangeland restoration and establishment
success in the Great Basin. A relatively wet year
or establishment season is often required for
successful restoration, while a dry year
commonly leads to failure. The Ecologicallybased Invasive Plant Management (EBIPM)
framework is a step-by-step approach to more
effective management of invasive plants using
ecological principles to guide restoration
decisions. Every aspect of EBIPM is impacted
by weather and climate variability. The impacts
of weather on specific EBIPM principles and
practices are discussed in several of the
references listed at the end of this guidebook.

The bulk of this guidebook will focus on the use
of weather and climate information in EBIPM
planning and post-management treatment
evaluation.
Long-term weather forecasts in the year
following management treatments would be
very useful in EBIPM decision-making as
planning could be linked to expected conditions
during the following seasons of plant
establishment, growth, and survival. Weather
forecasts of the type commonly available on the
nightly news are too short term to be of much
use in planning. Longer-term forecasts are
becoming increasingly available, but are
currently inadequate for most of the western

Nearly every aspect of rangeland restoration is affected by weather and climate.
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United States and other areas of the world with
complex topography. There is an active
research program in developing these longerterm forecasts for rangeland restoration
applications, but useful forecasting tools are
still a few years off. Historical weather and
climate data, however, are increasingly
available in remote rangeland locations and
can be used effectively for rangeland
restoration planning and management. Use of
current and historical weather data is key for
adaptive management planning in highly
variable rangeland environments.
The purpose of this guidebook is to provide
land managers with resources for finding

weather and climate data, and tools for
incorporating this data into adaptive
management planning for rangeland
restoration. Obtaining useful weather
information can be relatively difficult in itself,
and the rangeland restoration literature has
very little guidance for active use of weather
data in planning. This guide can serve as an
entry into weather-centric planning, and provide
some information on how to get started. As with
other aspects of EBIPM, there is a huge
opportunity for creativity and use of both
general experience and site-specific knowledge
in development of your management plans.

Weather vs. Climate vs. Microclimate
What is the difference between weather, climate
and microclimate? Weather is the real-time
combination of atmospheric inputs that drive
seedbed temperature and water conditions. Most
seedbed preparation and planting treatments are
designed to optimize soil microclimate for plant
establishment, but these treatments are usually
prescriptive and rarely vary to compensate for
year-specific conditions of drought or
temperature stress.
In the past, land managers and restoration
specialists have used weather information almost
exclusively to look back on previous treatments to
explain relative success or failure. The vast
majority of rangeland seeding studies that get
published in journals have been conducted in
years where precipitation has been reported as
average or above average for the study location.
This implies that there may be a threshold of
precipitation above which one can expect
success, and below which one can expect failure.
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Climate is the long-term average of weather. These average
conditions have been converted into regional maps
describing relatively large-scale patterns of expected
climate. Climatic averages have a strong connection with
the historical distribution of plant species and land
managers rely heavily on these maps when selecting
appropriate plant species for seeding at a given site.
Seeding and revegetation guides commonly contain tables
listing suitable species based on precipitation and
temperature as moderated by microclimatic impacts of soil
texture.
Unfortunately, at a given field site in a given year, the
microclimatic requirements for seedling establishment are
much more restrictive than the long-term climate averages
that may explain the historical distribution of mature plant
communities. In other words, climate provides a general
guideline for selection of suitable plant materials, but lacks
the specific information required to understand
microclimatic conditions where seedlings are struggling to
germinate, emerge, establish and survive to maturity.
Microclimate is the day-to-day local conditions in the
seedbed and near the soil surface that is experienced
by seeds and seedlings. Variation in microclimate is
driven by atmospheric inputs of sunlight, wind,
humidity, precipitation and air temperature. Local site
conditions are also modified by soil texture, bulk
density, surface conditions and existing vegetation.
Invasive annual weeds, for example, can greatly reduce
the available water for planted species.
Seedbed preparation treatments are designed to
optimize soil microclimate by increasing the number
and density of safe sites where planted seeds will have
favorable conditions for establishment. This includes
planting them at the best depth for establishment,
ensuring good contact between the seed and soil, and
controlling or reducing competing vegetation. These
treatments, however, are not enough to compensate
for water or temperature stress that may occur
because of extreme weather events, or the generally
dry conditions during extended drought.
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Weather and Climate and Planning
with Ecologically-based Invasive Plant Management
Historically, the tools used for invasive plant
management have focused on treating
symptoms while the ecological processes those
tools affect are usually unknown. EBIPM is a
systematic thinking and planning process, set
up in a stepwise framework. Most importantly,
this model provides a way for managers to
understand how to apply the appropriate
combination of tools and strategies to address
the underlying cause of invasion rather than
simply controlling invasive annual grass
abundance.
The model includes three primary causes of
plant community change, or succession,

(including site availability, species availability,
and species performance), ecological
processes that drive these causes, and factors
that modify these processes. In this model,
management tools and strategies are designed
to target specific ecological processes that
influence one or more of the three causes of
plant community change.
Weather and climate affect every aspect of the
EBIPM framework from shaping the condition of
a given site to influencing the three causes of
succession and impacting adaptive
management planning and treatments.

The EBIPM Model
To learn more about the EBIPM process and how to implement more effective management for
invasive species, additional guidelines are available at www.ebipm.org.
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Planning and Management
Current successional models acknowledge that plant
establishment in a given year is weather dependent. Weather
and climate data have long been available in more heavily
populated areas and information is increasingly available in
remote rangeland locations as well. Few tools, however, have
been developed to make use of this information in rangeland
restoration planning and management.
Advances in technology may allow us, in the near future, to
use real-time seasonal weather forecasting to assist in
restoration management decisions which, in the
Intermountain western United States, are often made in the
fall, several months before the critical season for plant
establishment. Even with improved forecasting, however,
weather constraints will require adaptive management for
planning and implementing restoration projects in highly
variable rangeland systems. The EBIPM framework uses an
adaptive management approach to understand and adjust to
Weather stations in remote
uncertainty in the planning process. The structure of this
locations are becoming more
guidebook follows the eight steps to adaptive management as
common, providing increased
outlined in the EBIPM user's guide Adaptive Management for
access to weather data in more
Invasive Annual Grasses (available at www.ebipm.org).
than just heavily-populated areas.

Goal Setting
The first step in adaptive management involves
setting goals and objectives. Goals should tell you
what you’d like to achieve and the objectives should
give you the steps to get there. Realistic rangeland
restoration goals must take into account the high
variability in rangeland weather. Rangelands are
generally arid or semi-arid, but are also highly
variable from year to year which makes planning
that much more difficult. This variability in the
weather also impacts expectations for success and
provides some valuable perspective on the amount
of time it may take to reach your goals and the
number of treatments that may be needed to
sustain your system on a positive trajectory toward
a desirable plant community.

In addition, annual climate indices don’t
provide detailed information needed to
characterize expected variability in seedbed
microclimate. It’s likely that weather
variability at your site may require long-term
objectives and multi-year treatment
expectations to achieve a successful level
of plant community change. Adaptive
management is ideal for responding to
weather‐induced variability in
establishment response, but it is important
to anticipate the likelihood of additional
management needs after the first year of
plan implementation.
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Collect Information
A useful first step in planning, in addition to
retrospective analysis of prior management
actions, is to rank years by precipitation for as
many years as you can obtain records. Weather
information in the western United States is
collected and distributed by a large number of
agencies and organizations. Fortunately, most
of these providers now have web-based data
access. The following text outlines these
providers and the table below provides their
names and web addresses for easy reference.

collect hourly data, but these stations are
relatively sparse in the western United States
and are often located near population centers
or along transportation corridors. NOAA also
administers a Cooperative Observer Program
(COOP) that collects daily precipitation and
minimum-maximum temperature information.
These lower-resolution data, which are
collected manually by volunteers, are available
for many more locations than can be found in
any other data network.

The National Oceanic and Atmospheric
Administration (NOAA) operates an extensive
network of high-quality weather stations that

NOAA weather and climate data are available
through the National Climatic Data Center
(NCDC). There are a number of regional,

National and regional weather networks
NOAA National Climatic Data Center (NCDC)

http://www.ncdc.noaa.gov/oa/ncdc.html

Pacific Northwest Cooperative Agricultural
Weather Network (AgriMet)

http://www.usbr.gov/pn/agrimet/

Washington State Agricultural Weather
Network (AgWeatherNet)

http://weather.wsu.edu/

The Bureau of Land Management (BLM)
http://raws.fam.nwcg.gov/
Remote Automatic Weather Stations (RAWS)
The Natural Resources Conservation Service
http://www.wcc.nrcs.usda.gov/snow/
Snow Telemetry (SNOTEL)
Soil Climate Analysis Networks (SCAN)

http://www.wcc.nrcs.usda.gov/scan/

Organizations providing consolidation of weather-information sources and climatological products
that may also be useful in planning
NRCS National Water and Climate Center

http://www.wcc.nrcs.usda.gov/

NRCS Western Regional Climate Center

http://www.wrcc.dri.edu/

World Meteorological Organization

www.wmo.int/pages/members/members_en.html

Sources for gridded meteorological data
PRISM

http://www.prism.oregonstate.edu/

Gridded Meteorological Datasets

http://webpages.uidaho.edu/jabatzoglou/DATA/
griddedmetdata/METDATA/
Gridded_Meteorological_Data.html

The Daymet program

http://daymet.ornl.gov
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Any weather information, even if it’s as basic as maximum-minimum temperatures and
precipitation, is better than nothing and can help lead to more successful management.
application-specific, weather networks in many
states, such as the Pacific Northwest
Cooperative Agricultural Weather Network
(AgriMet) operated by the Bureau of
Reclamation, and the Washington State
Agricultural Weather Network (AgWeatherNet).
The Bureau of Land Management (BLM)
operates a large number of Remote Automatic
Weather Stations (RAWS) throughout the
western US, primarily to monitor fire danger.
RAWS stations are generally deployed in
relatively remote locations in comparison to
other weather networks. The Natural Resources
Conservation Service also operates the Snow
Telemetry (SNOTEL) and Soil Climate Analysis
Networks (SCAN).
Several organizations provide consolidation of
weather-information sources and climatological
products that may also be useful in planning
such as the NRCS National Water and Climate
Center, Western Regional Climate Center and
the World Meteorological Organization (WMO).

The WMO site is the primary source for
consolidated information on international
weather and climate resources
Several sources are also available for gridded
meteorological data derived from interpolated
and modeled weather data. These are available
for both monthly (PRISM Climate Group) and
daily (Gridded Meteorological Datasets) time
periods. The Daymet program also provides
spatial weather data which accounts for the
complex topography typical of rangelands in the
western United States. These gridded data
products are especially useful in areas that do
not have local weather data, but may contain
errors introduced by the modeling and
interpolation procedures. Individual station
data may also contain unknown errors, which
means it’s a good idea to use weather data
from multiple sources for restoration planning
and analysis.
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Once site-relevant
weather data has
been obtained, the
data can be
summarized to
provide a general
description of the
seasonality of
precipitation and
temperature. This
will allow you to link
weather events to
specific phases of
establishment and
to fine tune your
understanding of
which processes
may be adversely
or positively
affected by weather.

Figure 1. Seasonality of average monthly precipitation (blue) and
temperature (red) in Boise, Idaho, USA.
may depend on winter precipitation and stored
soil moisture. Winter temperatures generally
limit germination, emergence and seedling
growth, but winter precipitation may determine
soil water storage for utilization later in the
spring and summer.

Figure 1 above provides an example of
precipitation and temperature seasonality in
Boise, ID. Fall precipitation may be an
important indicator of weed impacts as
cheatgrass biomass is affected by the degree of
fall emergence.
Seedling
establishment of
desirable species is
critically dependent
on near‐surface
soil conditions in
the spring when
temperatures are
warming to sustain
rapid growth. This
is also the time
when precipitation
drops off and
Winter precipitation plays an enormous role in determining soil moisture
sustained growth
throughout the spring and summer months on western rangeland.
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All of these time periods may be critical
to establishment or mortality within a
given year and should be assessed
individually for their annual variability and
potential impact on both positive and
negative establishment response. This
type of analysis can be used both in initial
planning to anticipate probabilities of
success, retrospective analysis of
previous management, and specific
evaluation of your success or non‐
success during the re‐assessment phase
of adaptive management.

An additional tool for adaptive management
planning is to use long-term climate records to rank
precipitation for subsequent assessment of
potential site variability. This information can also
be used to facilitate retrospective analysis of past
management activities. Figure 2 below shows the
ranking in March-May precipitation relative to total
annual and May precipitation for the Boise, ID
precipitation record. There are a couple points of
note for these data: annual variability in
precipitation is higher when considering shorter time
intervals and there is only weak correlation between
annual (blue), seasonal (red), and monthly (green)
precipitation.

Figure 2. Range of annual (blue), March-May (red) and May (green) precipitation in Boise, Idaho
ranked in descending order of March-May precipitation.
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Develop a Plan
Given the high variability in precipitation, and
weather in general, from year to year, ranking
historical weather data can provide useful
insight into the potential need for adaptive
management in response to varying levels of
success and failure of establishment. Partial
success may require a planning strategy to
sustain growth of initial seedlings, alter future
seed mixtures to increase biodiversity of initial
plant communities, or implement additional
control of invasive weeds in subsequent years
until desirable species are firmly established.
Adaptive management requires a monitoring
plan that should be adjusted for expected
variability in weather-induced success rates.
Treatments and controls should also be
replicated across years so that treatment
effects can be separated from weather effects.
Long-term control treatments may be needed
to evaluate weather impacts on subsequent
plant community development.

Setting up your treatments using adaptive
management will help you learn as you go and
improve management strategies and treatments
for more successful and sustainable restoration.

Stakeholder Involvement and Adjustment of Plan
Weather-induced uncertainty during the
establishment phase of a restoration
project needs to be explicitly
acknowledged when working with
stakeholder groups. Many stakeholders
may expect higher success rates than
are probable, or even possible, in a given
year, especially considering variations in
weather. The EBIPM model is useful in
explaining rangeland management and
restoration to stakeholders who do not
have much previous experience with
dynamic natural systems.
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Stakeholders should be fully informed of the dynamic
nature of rangelands and the added uncertainty and
complexity caused by the variation of weather.

Agency protocols and expectations may also

(ESR) protocols. Burned Area Emergency

constrain future management actions unless

Response (BAER) teams may be required to

variability and adaptive management are

develop an emergency stabilization plan within

explicitly acknowledged during plan

a few weeks of the disturbance event. This time

development. Environmental Assessments and

frame may be too limiting to incorporate

other National Environmental Policy Act (NEPA)

weather information into adaptive-management

documentation need to anticipate multi-year

post-fire restoration plans. Weather data

management actions in response to weather

access, however, should be anticipated in

impacts.

advance of ESR needs since the bulk of

Most rangeland restoration is conducted

rangeland restoration funds are linked to

reactively in response to wildfire under current

emergency appropriations for wildfire response.

Emergency Stabilization and Rehabilitation

Because wildfire rehabilitation planning on public lands is frequently mandated to occur within
a few weeks of a wildfire event, pro‐active evaluation of weather variability may be useful for
areas that are fire prone.
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Plan Implementation and Data Collection
Considering the large impact of weather on
restoration success, consider collection of
on-site weather data during plan
implementation. This may not be feasible
on smaller restoration projects, but would
add considerably to your ability to interpret
results on larger projects where the added
expense is relatively small compared to the
total budget for planning and management.
Consider expanding vegetation monitoring,
such as observing soil moisture conditions
and plant development, in addition to
estimates of biomass and plant density in
the year following the seeding activities.
There are hundreds, possibly thousands, of
factors and multiple processes that
determine the success or failure of each
plant and its various stages of life history.
Periodic monitoring of emergence and
seedling development and on-site daily
weather data may yield important
Because there are so many processes that determine
information about the specific processes
the success or failure of establishment, consider
and mechanisms contributing to success or monitoring soil moisture and plant development in
failure in a given project.
addition to biomass and plant density.

Evaluate and Update Plan to Maintain Positive Trajectory
Success and failure in any given year should

Figure 3 on the following page shows a

always be viewed in the context of the historical

simplified model of vegetation dynamics in a

weather ranking developed at the beginning of

sagebrush/bunchgrass rangeland in the

the planning process. Promising seedbed

Intermountain western U.S., but this diagram

preparation and planting treatments should not

mostly captures alternative plant community

be abandoned after failure in poor weather

transitions in good and bad restoration years. In

years, and the utility of successful seedbed

most years, landscape-scale treatments will

treatments should not be overestimated in

produce intermediate results in both space and

good establishment years. Continue to monitor

time, and will require active monitoring,

both controls and treatments over multiple

assessment, and retreatment in order to

years to capture long-term treatment effects.

achieve longer-term goals.
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Figure 3. Simplified state and transition model for a sagebrush-bunchgrass rangeland in southern
Idaho, USA that has been disturbed by wildfire and introduced annual weeds.
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Summary
Inherent weather variability in upland rangeland
systems requires relatively long-term goal
setting, and contingency planning for partial
success or failure in any given year. Rangeland
plant communities are dynamic systems and
successional planning is essential for achieving
and maintaining systems that are resistant to
weed invasion and resilient in the face of
landscape-scale disturbance.
Pro-active adaptive management may have to
be implemented at the beginning of a given
planning cycle in order to accommodate NEPA
requirements for prior approval of potential
management activities. Pro-active planning for
weather variability is possible by anticipating
management contingencies for alternative
weather impacts on seedbed preparation,
seeding, weed control, and other management
alternatives.

14 - Summary

Success and failure must be weighed in the
context of weather variability and monitoring
programs must be adjusted to accommodate
weather-induced limitations to specific
inferences about treatment effectiveness.
Weather data is increasingly available and
should be utilized whenever possible both in
the planning and evaluation stage of EBIPM.
Links to weather data sources, gridded weather
datasets, and other planning and management
tools are available on the Weather & Climate
Applications page of the EBIPM website at
www.ebipm.org/weather-climate-applicationsfor-adaptive-mgmt.
We hope that having more information on
weather and climate will increase your
restoration success.
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