This p
presentation discusses weather variabilityy and how knowledge
g
of local weather can be used in EBIPM planning, interpretation of
monitoring data, and development of adaptive management
strategies for restoration success.
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Weather variabilityy impacts
p
all aspects
p
of the EBIPM model. For the
purposes of this presentation, we will limit discussion to how
weather information can be used in planning, interpretation of
results and adaptive management.
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EBIPM uses an adaptive
p
management
g
approach
pp
for planning.
p
g The “8
steps to adaptive management” schematic shown in the figure are
discussed in the EBIPM user guide “Adaptive Management for
Invasive Annual Grasses” which is available on the EBIPM web site at
http://www.ebipm.org/content/4418. We are going to use this
schematic to structure this presentation, but will focus specifically
on weather and climate related aspects of planning.
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First a few definitions: Climate is determined byy the long‐term
g
average of weather. Climate has been shown to be correlated to the
distribution of plant species and plant communities and is primarily
used to select appropriate plant materials that can be expected to
persist at a given location. Unfortunately, the weather requirements
for establishment of desirable plant species after disturbance is
much more restrictive than the climatic conditions suitable for
persistence of mature plant communities in the absence of invasive
annual weeds.
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Microclimate is the day‐to‐day
y
y local weather,, as seen byy seeds and
seedlings. Microclimatic variation is driven by atmospheric inputs of
sunlight, wind, humidity, precipitation and temperature. Local site
conditions are modified by soil texture, bulk density, surface
conditions and existing vegetation. Invasive annual weeds can
greatly reduce available water for planted species. Seedbed
preparation treatments are designed to optimize seedbed
microclimate by increasing safe sites, placing seeds at an appropriate
seeding depth, and controlling competing vegetation. These
activities, however, are generally prescriptive and can only optimize
seedbed conditions within the context of weather inputs.
inputs The rest
of this presentation will focus on those weather inputs, and how to
use the information in the EBIPM planning process.
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Weather is what drives day‐to‐day
y
y conditions of seedbed
microclimate. Rangelands are generally arid or semi‐arid, but are
also highly variable from year to year. The red bars in this graph
show annual variability in precipitation in Boise Idaho. Precipitation
in a given year can be over 400 mm or less that 150 mm.
Precipitation is about twice as variable during the critical spring
establishment period represented by the purple bars for March‐May
precipitation. Total annual precipitation isn’t always mirrored by
spring precipitation.
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The shorter the time interval,, the higher
g
the annual variability.
y This
graph represents May precipitation for the same period as the
previous graph. May is an especially critical time for seedling
establishment at this location as it occurs when precipitation is
dropping off and temperatures are going up. May precipitation is
about twice as variable from year to year as spring precipitation, and
spring precipitation is about twice as variable as total annual
precipitation.
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The first step
p in Adaptive
p
Management
g
involves settingg ggoals and
objectives. One of the first things that you can do is to reach out
and find a collaborator who can help with the acquisition and
interpretation of weather information. The nature of weather
variability 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. It is likely that weather variability at your site may
require a 5‐10 year planning horizon. Adaptive management is ideal
for responding to weather‐induced
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. Historical weather information is also a tool for
retrospective analysis of previous restoration efforts, which can be
used as an additional planning tool
tool.
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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 map based data
access. There are a number of gridded/modeled weather data
products out there, but there is no substitute for real data if there is
a representative site near your location of interest. The National
Oceanic and Atmospheric Administration (NOAA) operates an
extensive network of high quality weather stations with hourly data,
but these stations are relatively sparse in the west, and are often
positioned in population centers rather than remote rangeland
locations.
locations
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NOAA also has a Cooperative
p
Observer Program
g
((COOP)) that collects
daily precipitation, minimum temperature, and maximum
temperature. These data are collected manually, and use relatively
crude monitoring techniques, but are available at many more sites.
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There are numerous agencies
g
and organizations
g
that have
application‐specific weather networks in the western US. The
Bureau of Reclamation runs the AgriMet network in the Pacific
Northwest. Some states also have their own network of weather
stations and it is useful to conduct an internet search for your
general area of interest. Often these records are of shorter duration
than the longer‐term NOAA data.
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The Bureau of Land Management
g
also deploys
p y a large
g number of
remote automatic weather stations (RAWS network) throughout the
western US to primarily monitor fire danger. These stations,
however, can provide useful information for critical establishment
periods, and are generally deployed in relatively remote locations
compared to the NOAA network.
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The Western Regional
g
Climate Center (WRCC)
(
) provides
p
a number of
useful data summary tools and products that can be used in
planning. These tools are especially useful for assessing seasonality
of weather and climate variables to identify which times of the year
are most critical for different phases of plant establishment.
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One of the first things
g that you
y can do to assist in planning
p
g is to
evaluate seasonal variability in climate. 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
sustained growth may depend on winter precipitation and stored
soil moisture.
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A useful first step
p in p
planning,
g, as well as retrospective
p
analysis
y of
prior management actions, is to rank years by precipitation for as
many years as you can obtain records. The figure shows ranking by
total annual precipitation, which is somewhat different from ranking
by precipitation in the March‐May establishment period. A recent
review of the rangeland seeding literature revealed that almost all
studies that reported any level of establishment success noted at
least average, or above average precipitation during the study
period.
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In addition to rankingg yyears byy total p
precipitation,
p
, it is useful to rank
years by seasonal precipitation. 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. This ranking 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.
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Given the high
g variabilityy in p
precipitation
p
from yyear to yyear,, yyou
should anticipate and plan for non‐success and partial success.
Partial success may require you to adapt your strategy to sustain
growth of initial seedlings, alter future seed mixes to increase
biodiversity of initial plant communities, or control invasive weeds in
subsequent years until desirable species are firmly established.
Monitoring strategies should be adjusted for expected variability in
weather‐induced success/non‐success. If possible, try to replicate
treatments, at least at a smaller scale, across years so that you can
separate treatment effects from weather effects. Long‐term control
treatments may be needed to evaluate weather impacts on
subsequent plant community development.
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It is especially
p
y important
p
to explain
p
potential
p
weather impacts
p
to
your stakeholders who may expect higher success rates than are
possible in a given year. NEPA planning for government agencies can
sometimes only cover the first year of planned treatments, which
may be insufficient for adaptive management planning. Much of the
rangeland restoration funding in the western US comes from
emergency funding for post‐fire rehabilitation. Fire rehabilitation
planning on public lands is frequently mandated to occur within a
few weeks of a wildfire event, which can limit the time available for
weather data collection and analysis. Pro‐active evaluation of
weather variability may be useful for areas that are fire prone
prone.
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As yyou implement
p
yyour management
g
p
plan,, consider monitoringg
weather on‐site. If this is not feasible, consider monitoring soil
moisture conditions in addition to vegetation monitoring. Plant
establishment can be derailed at more than one phase in a
developing plant’s life cycle. Consider monitoring plant
development during establishment instead of just biomass or plant
density. When you collect vegetation data, plot it relative to the
ranked weather data for your site.
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Usingg these simple
p tools will give
g you
y a new understandingg and
perspective on “success”. When you are reassessing your
management strategy, don’t throw out potentially useful tools due
to lack of success in a year when nothing may have worked. This
diagram is a simplified State and Transition model for a
sagebrush/bunchgrass system that has been invaded by introduced
annual weeds.
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In a ggood yyear,, more things
g are p
possible.
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In a bad yyear,, or series of bad yyears,, yyou mayy not be limited to
recurrent annual weeds, or worse. Be prepared, however, for partial
success which may require active monitoring, reassessment, and
adaptive management to capture. Keep up the momentum of
partial success by reacting and adapting your management.
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Here is a summaryy of some main ideas. Plan for longer
g term goals,
g
,
and expect the objectives in a given year to fluctuate based on
weather inputs to the system. Always put success and failure into
the perspective of weather variability and make sure your
monitoring can accommodate this variability. Also, try to become an
advocate of weather‐based
weather based planning, management and logistics. As
a group, we recognize the impact of weather on management
success, but haven’t taken full advantage of our knowledge of
weather variability to facilitate success.
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Some new weather‐related tools on the horizon:
Climate change is getting a lot of attention by the science
community. The models used to predict potential climate change
are the same ones that are used for longer‐term seasonal forecasts
(3‐6‐9‐12
(3
6 9 12 months out). These forecasts could be used for real
real‐time
time
planning in the fall. In a projected bad weather year, it may be
determined that restoration plans should be put on hold. In a
projected good year, it may be determined feasible to try
establishing more native grass and forb species. These models are
now being applied to specific applications and disaggregated to
more local weather conditions. At the moment, these forecasts only
provide a probability estimate of exceeding mean conditions of
precipitation and temperature. Currently, it may be worth
considering a change in management for a probability of exceedence
exceeding 8% of normal
normal.
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EBIPM is collaboratingg with WRCC and other weather/climate
/
researchers in the west to develop restoration‐specific weather
tools. One project may result in aggregation of weather information
for the previous 30 years to facilitate site‐specific weather data for
retrospective analysis and ranking of weather years. Another
project may make available some gridded weather products to make
it easier to obtain relevant information in areas where there are not
many weather stations.
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USGS has been compiling
p g historical land treatment data for the
western US in their Land Treatment Digital Library (LTDL). These
restoration‐specific weather tools under development can be used
with LTDL data to provide a more regional perspective on the
relationship between local weather and rangeland
restoration/rehabilitation success.
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All of these tools under development
p
will be made available on the
EBIPM web site, starting with links to the primary sources of spatial
weather information. In addition to weather data and gridded
weather products, in the future, we hope to provide some value
added products for interpretation of weather variability and
assistance for retrospective analysis and adaptive management
planning.
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