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Abstract

In arid systems, water is often the limiting resource for plants and animals to survive and thrive.
Annual weather patterns are often quite variable, tending to provide a feast one year and
famine the next. However, changes in long-term climate can lead to large-scale structural
change in plant and animal species abundance, distribution, and community composition and
structure. Pima County’s Ecological Monitoring Program (PCEMP) focuses on monitoring long-
term trends for a suite of covered species, their habitats, and other landscape-change
elements. Therefore, monitoring changes in local and regional climate over time is critical to
properly interpreting results from other monitoring elements over the 30-year lifespan of the
EMP. This protocol discusses the proposed monitoring methods as well as several data quality
considerations for monitoring long-term climate on County conservation lands. We propose to
track precipitation on a five-year cycle at multiple spatial scales from an individual vegetation
and soils monitoring plot all the way up to climate regions roughly aligned with major
watersheds. Summer monsoonal precipitation in highly spatially variable in southern Arizona,
therefore we will expend the majority of effort quantifying seasonal precipitation. We will also
summarize short and long-term drought effects at larger spatial scales. Precipitation and
drought data will be used to interpret results from other PCEMP monitoring elements. Lastly,
we propose a method to establish a pre-permit (2016) climate baseline in order compare
contemporary climate values against for future trend analysis.
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Background and Objectives

In arid regions, access to water is crucial for survival. Both variable annual weather and long-
term local climate dictate where and when that critical water is available to plant and animal
species. Temperature, combined with water availability, dictates evaporative demand and
drought stress for species; where lack of suitable access to water or extended temperatures
outside the normal range of variability can lead to mortality. Therefore, monitoring local
climate, and subsequently how climate change over time, is essential to understanding
monitoring data associated with plant and wildlife species and their habitats.

Southeastern Arizona has a bimodal rainfall distribution, with two defined wet periods during
the winter (Nov-Mar) and summer monsoon (Jun-Sept) (McPhee et al. 2004). Interannual
variability in precipitation combined with the highly localized nature of monsoonal rainfall
patterns means that water availability can vary both spatially, across relative small geographical
areas, and temporally, within and across seasons and years. This variability can lead to one
localized area being inundated with flash flooding, where an area nearby may see little to no
rainfall. Additionally, upstream rainfall may be accessible to riparian plant or wildlife species
downstream far from where the precipitation event actually occurred.

Pima County’s Multi-species Conservation Plan (MSCP) is the vehicle by which the County
remains in compliance with its Section 10 Incidental Take Permit issued by the U.S. Fish and
Wildlife Service (USFWS) in 2016. The MSCP covers 44 species of plants and animals (Covered
Species) and their habitats, which occur across a wide range of landscapes and elevations. In
addition to climate, the Ecological Monitoring Program (PCEMP) is tasked with monitoring
Covered Species and their habitats, landscape pattern change, and threats such as invasive
species. Annual weather variability directly and indirectly affects both covered and invasive
species populations and their habitats; therefore, monitoring how local and regional climate is
changing over time is essential to interpreting changes in those populations and habitats over
the 30-year lifetime of the Section 10 permit.

A key element of the PCEMP is monitoring uplands vegetation and soils composition and
structure across the full suite of County conservation lands. The protocol for this element was
developed by the National Park Service’s Sonoran and Chihuahuan Desert Inventory and
Monitoring Networks (Hubbard et al. 2012), and the County will establish a minimum of 100
monitoring plots across multiple elevation and soil type strata that span the full suite of
conservation lands (Gicklhorn 2020). Understanding the climactic conditions that these plots
experience over time will allow for better interpretation of detected changes and trends in
vegetation and soils composition and structure over time. Additionally, understanding trends in
local climate will be useful in interpreting species-specific monitoring results, such as for
Sonoran desert tortoise (Gopherus morafkai) occupancy monitoring and Pima pineapple cactus
(Coryphantha scheeri var. robustispina) distance sampling.



Climate change models forecast changes in the timing and intensity of temperature and
precipitation patterns for the desert southwest. These changes include a shift towards fewer
but larger magnitude monsoon precipitation events, as well as decreased winter precipitation
(Garfin et al. 2014, Lower Santa Cruz River Basin Study preliminary analysis). Warmer
temperatures, especially winter nighttime low temperatures, along with the increase in
frequency and duration of high-temperature events. Native plants and animals are expected to
face longer, hotter, and more frequent drought events, potentially leading to changes in species
abundance and overall community composition. Tracking long-term trends in local and regional
climate will allow County staff to characterize actual climate conditions for monitored
resources, rather than modelled conditions. Observations collected by Pima County may be
useful to others in calibrating new regional climate models.

Lastly, understanding local climate trends can benefit other County programs, such as the
Range Management program. This program requires data about annual precipitation in specific
locations (County ranch properties), however changing climate trends may determine how
management is implemented going forward. For example, Sustainability program staff work
with the Facilities and Transportation departments to help them understand climate model
projections for our area. Forecasted increases in localized rainfall intensity have considerable
implications for County-managed infrastructure projects. Our dataset may help to determine to
what degree those models are accurate, as well as to define the longer-term range of variability
for our region. Additionally, the Range Management program currently utilizes data from a
network of passive rain gauges across County ranch properties to make within-year range
management decisions. Informed decision making requires access to current data and due to
the remote nature of the gauges, data gaps can occur due to lack of staff resources. The
proposed climate monitoring protocol and dataset may support work to identify the most
accurate local or regional climate model correlated with County conservation properties and
provide a long-term record of the range of variability in precipitation across County ranch lands
that may assist in future range management decision making.

This protocol will 1) define methods by which long-term climate metrics (precipitation and
drought) will be monitored and summarized across County conservation lands at multiple
spatial scales, 2) discuss climate data storage and management for future interpretation of
long-term trends observed at soil-vegetation plots and other monitoring sites, and 3) propose
the methodology for establishing a pre-permit climate baseline for future trend analyses.

We expect climate trend data to potentially useful for numerous other County initiatives,
including the County’s Sustainability and Range Management programs and participation in the
Pima County Local Drought Impact Group. Where possible, the data may contribute to the
greater understanding of long-term climate monitoring through collaborations and
partnerships.



Geographic and Temporal Scope

The climate monitoring protocol covers the full suite of Pima County conservation lands and
spans the 30-year duration of the County’s Section 10 incidental take permit, from 2016 to
2046. A historic climate baseline (pre-2016 permit) will also be quantified for future trend
analyses (discussed below).

Pima County’s conservation lands are made up of > 250,000 acres of fee and leased lands (for
which the County holds a grazing lease) surrounding the City of Tucson (Figure 1). These lands
are located across five major watersheds, which include the Altar-Brawley Wash, San Pedro
River, Cienega Creek, and upper and lower Santa Cruz River, and range in elevation from 425 to
1870 m (1400 to 6130 ft). These conservation properties range in size from 0.1 to 16,500
hectares (0.25 to 41,000 acres) and individual properties can vary in elevation by as much as
750 m (2460 ft). County conservation lands do not include higher elevations of the mountain
ranges within eastern Pima County and thus snow makes up a relatively minor portion of the
annual precipitation across County lands.

Assessing climate at multiple spatial scales requires first defining those categories and scales.
Pima County’s Uplands Vegetation and Soils monitoring protocol divides County conservation
lands into elevational strata roughly correlated with biome-level plant communities (Table and
Figure 1). County conservation lands contain primarily strata 200-400, and the final 100
vegetation and soils monitoring plots are distributed within three rock fragment classes across
these three strata respectively (Figure 2). Classes 402 and 403 were combined as they
represented a smaller area than the 401 rock fragment class. County conservation lands and
subsequently vegetation and soils monitoring plots are also grouped into geographic regions,
which experience distinct climates, roughly correlating to major watersheds identified above
(Table and Figure 2). However, several properties were grouped due to their geographic
proximity rather than watershed. For example, Rancho Seco is split between the Brawley Wash
and Upper Santa Cruz watersheds, however due to its proximity to Sopori Ranch, we have
grouped it into the Southwest region.

This protocol proposes to summarize precipitation at multiple spatial scales, including the
individual level for each of the 100 final vegetation and soils sample plots, the larger climate
region (roughly correlated with watershed), and the elevational strata levels associated with
the County’s uplands vegetation and soils monitoring protocol (200, 300, 400). We propose to
summarize drought effects at the climate region (watershed) and elevational strata level.

Assessing climate at these specific scales will allow PCEMP staff to directly apply climate
monitoring data to the interpretation of Uplands Vegetation and Soils monitoring data and
other PCEMP monitoring elements. Vegetation and soils data will be collected every five years
throughout the duration of the MSCP; therefore, summarizing the seasonal and annual climate
patterns and trends for each monitoring plot may help to explain any detected changes in
vegetation composition or structure on that particular plot. Additionally, summarizing



precipitation and drought at the region and elevational strata levels will allow for higher-level
interpretation and comparison of monitoring data across the suite of County conservation
lands. For example, local research efforts have already detected climate change driven changes
in flowering plant phenology in eastern Pima County, where plant communities at different
elevations are responding differently to novel climate regimes (Rafferty et al. 2020). A
preliminary study examining pre-permit climate between regions and elevational strata has
already indicated differences in precipitation, temperature, and seasonality across scales
(Preliminary Studies section below). Our climate monitoring efforts may facilitate regional and
elevational comparisons of trends in vegetation composition and structure over time.

Table 1. Elevational and soil/rock type strata definitions (from Hubbard et al. 2012).

. Elevation
Biome(s) = e Score
Desert <2,500' <762 100
Thornscrub 2,501-3,700 762.1-1,127.76 200
Semi-desert Grassland 3,701-4,500' 1,127.77-1,371.6 300
Madrean Woodland & Interior Chaparral 4,501-6,000 1,371.61-1,828.8 400
Temperate Forest >6,000" >1,828.8 500
Rock fragment modifier Fragment content % by volume Score
None or adjective (e.g., loam or gravelly loam) <35 1
"very” or “extremely” 35-90 2
Bedrock or rock outcrop -- 3

Table 2. Pima County preserves by geographic climate region. Not all County properties are listed.

Region Preserve Name
Northwest Tucson Mountain Park Tortolita Mountain Park
Sweetwater Preserve *
Northeast A7 Ranch Oracle Ridge
Buehman Canyon / Tesoro Nueve Six Bar Ranch
M Diamond Ranch
Southeast Bar V Ranch Clyne Ranch
Cienega Creek Natural Preserve Empirita Ranch
Colossal Cave Mountain Park Sands Ranch
Southwest Canoa Ranch Sopori Ranch
Rancho Seco Marley Ranch (Cerro Colorado parcels) *
West Diamond Bell Ranch Madera Highlands
Kings 98 Ranch Marley Ranch (Serrita parcels)
Buckelew Properties Old Hayhook Ranch

* Indicates that no vegetation and soils monitoring plots have been or will be established on these properties.
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Figure 1. Distribution of Pima County conservation lands with elevation and soils strata shown.



Proposed Upland Vegetation and Soils Monitoring Plots

”~

1d A FRC

NQrthwest Region|:

Northeast Region

West Region

¢

Southeast Region

Elevational Strata

Southwest Region H 201 @ 301 A 401
WM 202 C 303 A 4023
\ E 203 @ 302 B Pima Co. Preserves

I 1 Ikm
0 20 40

PIMA COUNTY

Figure 2. Proposed uplands vegetation and soils monitoring plots displayed by elevational strata with
geographic climate regions shown.



Methods

Here we discuss proposed climate metrics to be monitored, monitoring schedule, freely available
climate products, and proposed data storage and analysis methods.

Climate Metrics

This protocol focuses primarily on quantifying local precipitation, due to its highly variable
spatial and temporal nature in southeastern Arizona, and secondarily drought, which integrates
precipitation and temperature. National-level gridded climate products have considerable
difficulty accurately estimating monsoon precipitation in southern Arizona, whereas winter
precipitation is more accurately estimated (Weiss and Crimmins 2016). Additionally,
precipitation and temperature will be integrated by reporting a metric of drought intensity or
severity, such as the Standardized Precipitation Index (SPI) or Standardized Precipitation
Evapotranspiration Index (SPEI).

Monitoring Schedule

The climate monitoring cycle will align with the 100-plot panel for the County’s vegetation and
soils monitoring protocol (Hubbard et al. 2002) which repeats on a five-year interval (i.e., 20
plots read per year). Climate data at each uplands vegetation and soils monitoring plot location
will be summarized by season (summer = June — September, winter = October — May) for
precipitation and by month for temperature, with each unit (month or season) averaged across
the specified five-year monitoring period. The climate-monitoring schedule is offset earlier than
the upland vegetation and soils monitoring schedule due to the time lag associated with
seasonal precipitation and vegetation growth (Ogle and Reynolds 2004). The first panel of
monitoring plots were established beginning in summer of 2017 and will finish in winter of
2021; therefore, the first five-year climate monitoring period will begin winter 2016 (Oct 2016 —
May 2017) and end summer 2021 (June 2021 — September 2021), and will be submitted
concurrently with the 2021 annual report in March 2022. The future climate monitoring periods
are defined in Table 2 below. Monitoring periods for the pre-permit baseline are discussed in
the relevant section below.

Table 3. Climate monitoring periods.

Monitoring Period Season / Year
Sec. 10 Permit Issued July 2016
1 Winter 2016 — Summer 2021
2 Winter 2021 — Summer 2026
3 Winter 2026 — Summer 2031
4 Winter 2031 — Summer 2036
5 Winter 2036 — Summer 2041
6 Winter 2041 — Summer 2046
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County-Maintained Weather Stations

Pima County maintains a large suite of both active and passive weather stations throughout
eastern Pima County (Figure 3). The Regional Flood Control District’s (District) Automated Local
Evaluation in Real Time (ALERT) network utilizes real-time, active precipitation and stream flow
gauges to aid in forecasting possible flood risk. Many of these stations were installed in the
1980s, however some have been installed as recently as the early 2000s. Ninety-six stations are
located along major waterways and mountain canyons to provide instantaneous data when
either precipitation or stream flow are detected. Additionally, 12 of those 96 ALERT stations
record temperature. The Natural Resources, Parks and Recreation Department (NRPR) manages
a suite of passive rain gauges associated with the Range Management program (Figure 2).
These gauges are located on remote county conservation lands with active grazing leases, are
checked twice a year to determine seasonal precipitation totals. These data are primarily used
to make within-year livestock management decisions. The gauges consist of simple clear 1” PVC
pipes with a screened cap mounted to a stationary post, and are located in select grazing
allotments. The data from both types of gauges can potentially be leveraged to compliment the
proposed methods in the protocol, by correlating modeled precipitation values to empirical
values collected from weather stations. This effort will not initially be included in the proposed
protocol, however PCEMP staff will reserve the ability to add this analysis if warranted.

Available Climate Products

There are a number of freely available model-based, national-level, gridded climate products
available. These products involve either interpolating or extrapolating known weather
observations from a limited number of weather stations across the landscape, while accounting
for changes in local topography using a digital elevation model (DEM). These products are
national in scale and therefore the spatial resolution associated with each may be quite large
(1-4 km). This spatial variation suggests that one product may be better correlated with
empirical rain gauge data, especially during the notoriously unpredictable summer monsoon
season (June 15 — Sept 30). These products are known to be relatively accurate at larger scales
(watersheds, counties, states, etc), but have challenges modeling climate at very small spatial
scales. This consideration should be taken into account when determining which gridded data
product to use (Daly 2006). We also discuss a potential new radar-based product under
development by the University of Arizona Climate Assessment for the Southwest (CLIMAS)
group that utilizes a different approach to generating precipitation estimates. We compare
PRISM and DAYMET for application on Pima County Conservation Lands in the “Gridded Climate
Product Comparison” in the Preliminary Studies section below.

Precipitation

Modeled precipitation data are commonly available through gridded data products available at
various spatial and temporal scales. Below we discuss two commonly used national-level,
gridded precipitation products and a local radar-based product currently in development.
County staff initiated a comparison of historic precipitation gauge data to determine the ability



to use either PRISM or Daymet data as a proxy for both active District ALERT and passive NRPR
ranch rain gauge data (Preliminary Studies below).

PRISM

One of the most extensively used products is the Parameter-elevation Regressions on
Independent Slopes Model (PRISM) developed and produced by the Northwest Alliance for
Computational Science & Engineering (NACSE), based at Oregon State University
(http://www.prism.oregonstate.edu/). PRISM utilizes a variety of data inputs, including
National Weather Service and BLM Remote Activated Weather Stations (RAWS), and produces
daily, monthly, and annual precipitation and temperature estimates at 4 km resolution across
the conterminous United States (Daly et al. 1994). This process also accounts for the
physiographic position (aspect, elevation, etc.) for each grid cell, thereby increasing accuracy
and accounting for issues such as rain shadows in precipitation estimates (Weiss and Crimmins
2016). These precipitation estimates are updated daily (with time lag) and monthly. PRISM also
produces a higher-resolution product downscaled to 800 m resolution, however only data on
30-year climate normals are freely available at this resolution, daily and monthly data are not
free.

DAYMET

Another highly used gridded national climate product is Daymet produced by the US
Department of Energy’s Oak Ridge National Laboratory (Thorton et al. 1997,
https://daymet.ornl.gov/). This product was initially developed as an input into Daymet is
similar to PRISM in design, however uses a different set of input stations and different model to
produce precipitation and temperature estimates. This process also incorporates a higher
resolution DEM into the modeling process, resulting in higher resolution estimates as compared
to PRISM. Daymet offers daily, monthly, and annual precipitation and temperature estimates at
a 1 km resolution. As compared to PRISM, Daymet purports to better incorporate topographical
variation, which should contribute to the accuracy of its temperature and precipitation
estimates. Daymet is only updated on an annual basis, rather than daily or monthly like PRISM.

CLIMAS Radar-Based Precipitation Estimate

The University of Arizona’s Institute for the Environment - Climate Assessment for the
Southwest (CLIMAS) is currently working to develop a radar-derived, gauge-corrected
precipitation product, focused on the Tucson basin but encompassing much of eastern Pima
County, based on the Multi-Radar/Multi-Sensor System (MRMS,
https://www.nssl.noaa.gov/projects/mrms/) developed and produced by the National
Oceanographic and Atmospheric Administration’s (NOAA) National Severe Storms Laboratory
(NSSL). The MRMS Quantitative Precipitation Estimation (QPE) product provides high-resolution
(1 km) precipitation type and amount estimates based on regional radar data. These estimates
are then corrected with empirical rain gauge data (ALERT, University of Utah Meso West
stations, and Rainlog.org public observer stations) using a CoKriging approach. This approach
allows for the relatively low coverage (poorly sampled) radar product to be corrected with the
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high-density rain gauge data, centered on the Tucson basin. No change is made when the two
values agree, however scenarios exist where the RMRS estimates precipitation at a particular
point but a rain gauge at that location received none. Conversely, there are also situations
when RMRS did not predict precipitation at a point, but a rain gauge at that location received
some accumulation. In those scenarios the resulting precipitation estimate is more accurate
than either the estimate from the radar-based product or the estimate using an interpolated
point based on a model using point-based rain gauge records. The CLIMAS model utilizes
County ALERT gauge as inputs, which are distributed throughout eastern Pima County,
therefore the modeled product could provide near full coverage of the County’s suite of
conservation lands. We may assess the accuracy of the radar-based product against PRISM
precipitation estimates across Pima County conservation lands when it becomes available.

Drought

Drought is commonly reported through modeled indices, which incorporate some combination
of precipitation and temperature. These indices can be calculated for varying lengths of time
and at various spatial resolutions.

Standardized Precipitation Index

The Standardized Precipitation Index (SPl) compares observed total precipitation amounts for
an accumulation period of interest (e.g. 1, 3, 12, 48 months) with the long-term historic rainfall
record for that same period at a given location (McKee et al. 1993; Edwards and McKee 1997).
The SPI improves on the PDSI by incorporating a multi-scalar temporal approach (able to be
calculated at different time scales) and performing similarly across different vegetative
communities, thereby allowing for direct comparisons across time and space. The SPI has
become a widely accepted drought index. SPI data products are widely available down to a
~4km resolution.

Standardized Precipitation-Evapotranspiration Index

The Standardized Precipitation-Evapotranspiration Index (SPEI) improves on the SPI by
incorporating temperature via modeled potential evapotranspiration (PET) into the multi-scalar
approach (Vicente-Serrano et al. 2010). Global temperatures are already warming, and drought
stress will differ based on environmental conditions. The SPEI can account for future climate
scenarios by modeling different PET rates associated with different environmental conditions.
The Hargreaves PET estimate works well in southeastern Arizona and is user-friendly. The SPEI
has not yet become as widely accepted as the SPI and higher resolution data products are not
as readily available; however, SPEI products area available at the county-scale.

Climate Summary Output Products

Pima County proposes to summarize mean seasonal precipitation (monsoon = June —
September, winter = October — May) for the specific five-year monitoring period at each
established uplands vegetation and soils monitoring plot location using monthly PRISM
precipitation estimates. These values will then be averaged within each geographic climate
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region and elevational strata, for each five-year monitoring period to determine larger-scale
climate trends. We will report not only mean values but also error associated with those means
in order to quantify whether monthly or seasonal variation is changing over time.

We propose to summarize drought using freely available gridded SPI or SPEI index data at the
climate region and elevational strata scales for both short- (<1 year) and longer-term drought
(1-5 years). Preliminary research suggests that for both SPI and SPEI track modeled soil
moisture dynamics in southeastern Arizona, with 2-month values tracking 10 cm soil moisture
values and 9-month tracking 30 cm values (Mike Crimmins personal communication),
suggesting their utility in summarizing drought effects and trends in the region. Results from
this research will help to determine which drought index is most appropriate for assessing
drought impacts on vegetation community composition and structure in southeastern Arizona.
We acknowledge the current availability and resolution of different drought index data
products and will utilize the best available data for each monitoring period. If indices are
changed, drought summaries for all prior monitoring periods will be recalculated with the new
index. Drought summary data will then be compared to prior monitoring periods and the
historic baseline using a trend analysis (discussed below) to determine changes in temperature
and precipitation patterns over time. If appropriate, these trend analyses may be compared to
larger-scale climate anomaly data from the National Oceanic and Atmospheric Administration’s
National Centers for Environmental Information (NOAA NCEI). Climate summary products and
trend analyses can then be used to aid in interpreting data and trends from other PCEMP
monitoring elements.

Pre-Permit Climate Baseline

The County’s Section 10 Incidental Take permit was acquired from the U.S. Fish and Wildlife
Service in July, 2016; subsequently, the County’s MSCP and EMP satisfy the regulatory and
monitoring requirements associated with the Section 10 permit. We propose to summarize
climate data (temperature and precipitation) across the suite of County conservation lands
(scales identified above) for the 35 years prior to this baseline (1981-2016). We selected this
period because the PRISM gridded climate product provides estimates beginning in 1980.
Baseline data will be used to compare pre- to post-2016 climate data to determine if and how
temperature and precipitation are changing across County conservation lands after acquiring
the Section 10 permit. Baseline climate will be summarized in five-year baseline monitoring
periods going backward from the summer 2016 permit acquisition. We may also incorporate
precipitation and temperature anomaly data from NOAA NCEI for the areas and time periods of
interest.The proposed climate baseline analysis methodology and preliminary example is
discussed further in the Preliminary Studies section below. The final baseline summary will be
produced after all 100 uplands monitoring plots have been established.

Climate Trend Analysis
We will use the non-parametric Mann-Kendall (M-K) test to analyze trends in precipitation and
temperature over time (Mann 1945, Kendall 1975, Gilbert 1987, NCAR 2014). This test can
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determine if a monotonic upward or downward trend exists within a time-series dataset, even
if input data are not normally distributed. The M-K test will allow us to examine the trend in
precipitation at all spatial scales of interest in the climate monitoring protocol.

Statistical Assumptions
1. Observations obtained over time are independent and identically distributed when no
trend is present, therefore observations are not serially correlated over time.
2. The observations obtained over time are representative of the true conditions at
sampling times.
3. The sample collection, handling, and measurement methods provide unbiased and
representative observations of the underlying populations over time.

Model Outputs
tau - Kendall’s tau statistic: direction and magnitude of trend. Positive values indicate a
positive trend, negative values indicate a negative trend over sampled period.
sl - Two-sided p-value, we consider p < 0.05 to be statistically significant, while p 0.1
suggests a possible trend.

The Kendall package in the R Programing Software allows for streamlined analysis of time series
data using the Mann-Kendall test. The MannKendall function calculates tau and sl a for a time
series across all months (annual trend), while the SeasonalMannKendall function calculates the
same variables for but for each month separately to determine if the monotypic trend is
occurring by month, rather than across the entire year. This comparison will allow County staff
to determine if there is a statically significant trend in precipitation values over time at any
spatial scale.
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Preliminary Studies

PCEMP staff implemented two preliminary studies to 1) compare the performance of available
gridded precipitation products to local weather station data, and 2) to test methodology for
summarizing pre-permit precipitation baseline against which to determine future trends. These
studies helped to determine the appropriate approach for monitoring climate on County
conservation lands.

Gridded Precipitation Product Comparison

County staff initiated a comparison of historic precipitation gauge data to determine the ability
to use either PRISM or Daymet data as a proxy for both active District ALERT and passive NRPR
ranch rain gauge data. We selected ten ALERT stations distributed across eastern Pima County
and located on or near conservation land properties (Figure 4, Table 4) and acquired all daily
historic data available for each station (varied by station). We compared seasonal precipitation
totals (summer = June — Sept, winter = Oct — May) from select ALERT stations to monthly
summaries from both PRISM and Daymet (collocated with ALERT stations) for the same time
periods using Spearman’s rank correlation (Rs values in Table 4). We also calculated mean
percent difference by season for the PRISM/ALERT comparison ([PRISM — ALERT] / ALERT) to
determine if and the percent to which PRISM was over- or under-estimating relative to
measured ALERT values. For interpreting mean percent difference, positive values represent an
overestimation and negative values an underestimation of PRISM estimates relative to the
original ALERT values.
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Figure 4. ALERT stations and County ranch properties used in data quality comparison. Station
numbers and ranch properties correspond to Tables 1 and 2.

Seasonal ALERT data correlated higher with winter precipitation (Rs = 0.886) than summer
precipitation (Rs = 0.589) across both gridded products, which supports recent climate research
in southern Arizona (McGowan 2019). PRISM performed considerably better than Daymet for
summer precipitation estimates (PRISM Rs = 0.680 to Daymet Rs = 0.498) with similar
performance in winter (Rs = 0.891 to 8.880). PRISM on average over-estimated precipitation
values across both seasons at all stations (42.3 + 12.8 %) with winter (45.3 + 10.2 %) having
higher over-estimates but slightly lower standard errors as compared to summer precipitation
(39.3 £ 15.5 %). We acknowledge several ALERT stations with severe over-estimates are likely
due to station location and instrumentation, with the Dan Saddle station located at high-
elevation but sensors not designed to accurately measure winter snowfall (winter = 74.9 + 1.55
% over-estimation). Additionally, the Keystone Peak ALERT gauge in the Empire Mountains is
known to collect less precipitation than actually occurs in the area due to exposure to high
winds, thereby likely leading to the large overestimation across both seasons (summer = 148.0
+ 14.7 %, winter = 156.3 + 18.4 %). By censoring these two stations, percent over-estimation
drops across both seasons (30.4 + 12.3 %) with winter (27.7 £ 7.8. %) and summer (33.1 + 16.8
%). This result suggests that censoring outliers that are known to have instrumentation or
location issues may be appropriate. It would be a useful effort to repeat this exercise with all 96
ALERT gauges to determine if significant data issues exist at regional or elevational scales.
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Table 4. Spearman’s rank correlations (Rs) for seasonal precipitation between ALERT gauges in Figure
4 and gridded climate products (A-P = ALERT/PRISM and A-D = ALERT/DAYMET comparisons). Mean
seasonal percent difference and standard errors (se) for PRISM estimates vs. ALERT gauge values for
each ALERT gauge measured.

Number Station Comparison Monsoon Winter Season = Mean%dif se
Brawley Wash A-P 0.588 0.940 Monsoon 0.060 0.081
1 @ 286 A-D 0.528 0.942 Winter 0.183 0.072
Tanque Verde A-P 0.810 0.979 Monsoon 0.307 0.082
2 Creek A-D 0.787 0.981 Winter 0.177 0.027
. A-P 0.782 0.876 Monsoon 0.181 0.051
3 Arivaca A-D 0.650 0.956 Winter 0.335 0.060
A-P 0.819 0.685 Monsoon -0.202 0.054
4 Dan Saddle -
A-D 0.448 0.781 Winter 0.749 0.216
Davidson A-P 0.840 0.897 Monsoon 0.194 0.167
> Canyon A-D 0.775 0.837 Winter 0.114 0.058
Haystack- A-P 0.672 0.947 Monsoon 0.238 0.050
6 Whetstones A-D 0.451 0.908 Winter 0.314 0.071
Madera A-P 0.654 0.890 Monsoon -0.044 0.070
7 Highlands A-D 0.240 0.795 Winter 0.087 0.058
A-P 0.612 0.902 Monsoon 1.480 0.147
8 Keystone Peak AD 0235 | 0918 Winter | 1563 | 0.184
A-P 0.773 0.925 Monsoon 0.948 0.456
? Canoa Ranch A-D 0.763 0.865 Winter 0.362 0.069
) A-P 0.250 0.871 Monsoon 0.768 0.387
10 Rincon Creek AD 0.106 | 0.815 Winter | 0.646 | 0.209
A-P 0.680 0.891 Monsoon 0.393 0.155
Mean All A-D 0.498 0.880 Winter 0.453 0.102
i Stations All
Both
0.589 0.886 Seasons 0.423 0.128

We also compared passive NRPR ranch gauge data (collected twice annually) to summed daily
PRISM precipitation estimates for those locations to determine the ability to use PRISM as a
proxy for these data (Table 5). We used all available NRPR range gauge data, ranging back to
2011. Data quality issues included missing collection dates and precipitation readings, which
varied by gauge. Gauges were established in differing years and all entries with potential quality
issues were censored for this analysis, resulting in a different number of entries per gauge. No
gauge had more than four values per season censored; however, the number of seasonal
readings per gauge ranged from two to seven. NRPR gauge data were collected on different
dates every season, therefore daily PRISM estimates for the exact date range corresponding to
the NRPR read dates were downloaded and summed to calculate seasonal estimates. Seasonal
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PRISM estimates and NRPR data were compared using Spearman’s rank correlation. Correlation
values for all gauges within a specific ranch property (2-5 gauges per property) and all
properties within regions (northeast, southeast, and southwest) were averaged. We also
assessed the mean percent difference (x standard error) by season for the PRISM/ALERT
comparison across each property and region to determine if PRISM was consistently over- or
underestimating relative to empirical values.

Winter PRISM estimates (0.649) were more correlated with NRPR data than summer estimates
(0.490) across all regions. Northeast (summer = 0.643; winter = 0.71) and southeast regions
(0.603 / 0.681) were comparable, while the southwest watershed (0.224; 0.557) showed
significantly lower correlations across both seasons. Diamond Bell (0.042; 0.721) and Sopori
Ranch (0.091 / 0.312) showed extremely low correlation values, especially during summer,
within the west and southwest regions, respectively (Table 4). PRISM estimates neither over- or
underestimated when comparing across all seasons, properties, or regions (0.6 + 12.5 %).
However, when compared to NRPR ranch gauges, PRISM slightly over-estimated summer
precipitation (3.3 + 11.9 %) and under-estimated winter precipitation (-2.0 + 13.1 %) across all
regions despite having large seasonal variation between regions. Interestingly, PRISM generally
over-estimated precipitation in the northeast region (17.6 £ 14.9 %) while underestimating the
southwest (-11.4 + 11.5 %) region. The southeast region (-4.3 £ 11.2 %) showed mixed results.

17



Table 5. First column: Spearman’s rank correlations (Rs) for seasonal precipitation between seasonal
NRPR ranch gauge data and PRISM precipitation estimates averaged by ranch property and by region.
Second column: Mean seasonal percent difference and standard errors (se) for PRISM estimates vs.
NRPR gauge values for each NRPR gauge measured also averaged by ranch property from 2011-2018.

All
Region

Southwest

Northeast

Southeast

Ranch Property Monsoon Rs  Winter R; Season Mean%dif se
Monsoon 0.148 0.103
A7 Ranch 0.6 0.583 -
Winter 0.321 0.29
. Monsoon 0.249 0.164
M Diamond 0.826 0.675 -
Winter 0.185 0.194
] Monsoon 0.209 0.097
Six Bar Ranch 0.504 0.872 Winter 70.054 0.044
Mean Region 0.643 0.71 Mean Monsoon 0.202 0.121
Mean Winter 0.151 0.176
Mean Region 0.176 0.149
Monsoon -0.01 0.101
Bar V Ranch 0.604 0.713 -
Winter -0.211 0.064
Monsoon -0.064 0.112
Clyne Ranch 0.691 0.474 -
Winter 0.158 0.211
Monsoon -0.227 0.082
Sands Ranch 0.758 0.629 -
Winter -0.29 0.044
. Monsoon 0.133 0.156
Empirita Ranch 0.358 0.909 -
Winter 0.164 0.123
Mean Region 0.603 0.681 Mean Monsoon -0.042 0.113
Mean Winter -0.045 0.111
Mean Region -0.043 0.112
. Monsoon -0.155 0.091
Diamond Bell 0.042 0.721 -
Winter -0.191 0.087
i Monsoon 0.234 0.176
Kings 98 0.267 0.7 -
Winter 0.061 0.214
Monsoon 0.015 0.162
Buckelew 0.368 0.705 -
Winter -0.187 0.112
Monsoon -0.256 0.05
Rancho Seco 0.295 0.626 -
Winter -0.219 0.059
Monsoon -0.004 0.153
Carrow 0.281 0.275 -
Winter -0.203 0.065
. Monsoon -0.203 0.113
Sopori Ranch 0.091 0.312 -
Winter -0.263 0.099
Mean Region 0.224 0.557 Mean Monsoon -0.062 0.124
Mean Winter -0.167 0.106
Mean Region -0.114 0.115
Mean Monsoon 0.033 0.119
All Regions 0.490 0.649 Mean Winter -0.020 0.131
All Seasons 0.006 0.125
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Results from this initial data comparison resulted in a few key findings. First, that seasonal
ALERT data (for gauges sampled) is more highly correlated with seasonal PRISM estimates than
with Daymet data, suggesting that we should employ PRISM data when estimating precipitation
across areas with low gauge coverage. In general, PRISM tends to overestimate precipitation
relative to the actual ALERT data. Regional differences in performance were not evident in the
ALERT/PRISM comparison, however we observed them in the NRPR/PRISM comparison. PRISM
performed substantially better in the northeast and southeast regions than the southeast
region, though we note that the southeast region had the fewest ranch gauge inputs (5 gauges).
We were originally concerned that the precipitation seasonal NRPR ranch gauge totals in the
southwest region were skewed for some reason due to extremely high values; however,
double-checking with external passive gauge data (Rainlog.org observers in Arivaca, AZ, <10 km
to the south) led us to believe these observations to be valid. PRISM consistently overestimated
the northeast region, while it consistently underestimated the southwest region. The southeast
region varied by property but in general was quite accurate with a slight overall
underestimation. Understanding regional variability in PRISM performance will be important
when interpreting precipitation estimates at specific spatial scales (property, region), therefore
we suggest defining more spatially explicit geographic regions (e.g. Northwest, Northeast,
Southeast, Southwest, West), rather than the three included in this preliminary study.

Pre-Permit Climate Baseline

Pima County acquired its Section 10 permit from the USFWS in July 2016, which allows the
County to implement the MSCP. This date marks the initialization of monitoring for the EMP
and the baseline for many monitoring elements are determined from data sourced at that time.
Annual and seasonal precipitation can be highly variable in southeastern Arizona, and
monitoring potential changes in climate inherently requires a longer-term view. Therefore, we
propose to analyze a 20-year period to quantify the pre-permit climate baseline, which was
determined to be the length required for spatial variability of cumulative precipitation patterns
within a single instrumented watershed within southeastern Arizona to become uniform
(Goodrich et al. 2008). This baseline will allow for comparisons of pre-permit to post-permit 5-
year climate monitoring periods.

Here we propose the methodology for summarizing historic climate across the suite of County
conservation lands up to the 2016 issuance of Pima County’s Section 10 Incidental Take Permit.
This summary defines the baseline against which all future climate-monitoring periods will be
compared. To establish the historic baseline we will summarize seasonal precipitation and
mean monthly temperature at each established uplands vegetation and soils monitoring plot
(minimum 100 total) using the five-year panel design (Table 5). Summarizing climate data and
trends at the plot level is essential, as we are monitoring vegetation composition and structure
data at each plot every five years. Plot-level data will allow for more informed interpretation of
regular vegetation monitoring data. Plot-level climate data will then be summarized at the two
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larger spatial scales (region, elevational strata) associated with vegetation and soils monitoring
plot distribution.

The example below assesses the historic baseline for 15 monitoring plots established in either
2017 or 2018 (Table 6) as a proof of concept for what the final analysis of all 100 monitoring
plots would resemble once established (Figure 2). Here we analyze a 35-year baseline; however
we will only analyze a 20-year period when we develop the baseline for all 100 final plots.

Table 6. Date ranges composing each historic baseline climate-monitoring period.

Monitoring Period | Season / Year

-7 (baseline) Winter 1981 - Summer 1986
-6 (baseline) Winter 1986 - Summer 1991
-5 (baseline) Winter 1991 - Summer 1996
-4 (baseline) Winter 1996 - Summer 2001
-3 (baseline) Winter 2001 - Summer 2006
-2 (baseline) Winter 2006 - Summer 2011
-1 (baseline) Winter 2011 - Summer 2016

Table 7. Specific uplands vegetation and soils monitoring plots established in either 2017 or 2018 used
in the example below. Summary of number of plots by group and region are also included

Strata Year Est. Strata Number of Plots
Group Strata Plot # Region Group

200 201 4 | West 2017 200 7

200 201 5 | Northeast | 2017 300 4

200 202 59 | Northwest | 2017 400 4

200 202 61 | West 2017

200 202 65 | Southwest | 2017 Region Number of Plots

200 202 68 | Northwest | 2018 Northwest 2

200 203 121 | Southeast | 2017 Northeast 3

300 301 134 | Southwest | 2018 Southeast 3

300 302 149 | Southeast | 2018 Southwest 3

300 303 174 | Southwest | 2017 West 3

300 303 177 | Northeast | 208

400 401 195 | Northeast | 2017

400 401 196 | Southeast | 2018

400 4023 206 | West 2017

400 4023 207 | Southeast | 2018

We summarized PRISM seasonal precipitation (monsoon = June — September, winter = October
— May) and monthly temperature estimates for each of these 15 sample plots within each
historic baseline climate-monitoring period (Figures 5-8). In this example, | do not include
enough plots per property to draw inference at the property level, so historic climate values
were only summarized at the elevational strata and geographic region levels. This exercise will
be rerun in winter 2021 once all 100 (minimum) monitoring plots have been established.

20



Precipitation estimates generally increased and temperature estimates generally decreased
with elevational strata (Figures 5 and 6). Temperature estimates also generally increased across
elevational strata historic monitoring periods, while precipitation estimates showed high
variability between periods and did not demonstrate a consistent trend; monsoonal
precipitation error remained consistent across periods while winter precipitation error was
highly variable both within and across elevational strata (Figures and 9).

Precipitation estimates varied highly across regions, with the general order of increasing total
precipitation across all periods being Northwest < West < Southeast < Southwest < Northeast,
and general order of increasing monsoonality (summer precipitation / total precipitation) being
Northeast < Northwest < West < Southeast < Southwest (Table 7). Monsoonal precipitation
error remained relatively consistent both within regions among periods and across regions,
while winter precipitation error was considerably more variable both within regions among
periods and across regions. Temperature estimates varied across region, with the increasing
average annual temperatures generally inverse to the total precipitation values by region,
Northwest < Southeast < Southwest < West < Northwest (Table 10). All regions showed
consistent, slight increases in mean annual temperatures from periods -7 to -3, with a leveling
off or even slight cooling trend during the last two monitoring periods.

The Southeast and Southwest regions displayed the highest level of monsoonality, while the
Northeast displayed the lowest. Both regions are dominated by 200 and 300 level strata and
the comparison within strata but across regions over time will shed some interesting light on
trajectory of uplands vegetation communities based on the current climate forecasts. Plot
density in the Northwest region will be considerably lower than any of the other regions,
therefore we will consider adding simulated 100-level strata plots on conservation properties in
this region if warranted. 100-level monitoring point locations were originally generated using
the same process as the proposed plots; however, the decision was made to drop the 100-level
strata due to very low representation on the suite of conservation lands. Adding several of
these back in to the climate monitoring protocol may provide insight into what may be
happening at lower elevations within the suite of conservation lands as well as bolster the
sample size for drawing inference within the Northwest region.
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Figure 5. Mean seasonal PRISM precipitation estimates for 15 soil-veg plots in millimeters (+ standard
error) by elevational strata for the seven historic climate monitoring periods.
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Figure 6. Mean seasonal PRISM precipitation estimates for 15 soil-veg plots in millimeters (+ standard
error) by geographic region for the seven historic climate-monitoring periods.
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Figure 7. Percent monsoonality of 15 soil-veg plots by elevational strata and geographic region for the
seven historic climate-monitoring periods
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We used the Kendall-Mann test to analyze trend in the precipitation and temperature
estimates across all monitoring periods (Table 8). Tau denotes direction and magnitude of the
monotonic trend, while s/ denotes the statistical significance if that trend. We consider values
of s/ <0.05 to be statistically significant and s/ < 0.1 to suggest significance. Annual temperature
did not change significantly, however monthly temperature showed a consistent positive trend
across both strata and region. Monsoonal precipitation was highly variable between periods
and did not show a significant trend, while winter precipitation in the 200 and 400 strata and
West region showed significant negative trends. Winter precipitation in the Northeast and
Southeast regions also suggest a negative trend (s/ < 0.1).

This trend analysis will be repeated in after all 100 monitoring plots are established. We
acknowledge the potential accuracy issues with using PRISM precipitation estimates (Weiss and
Crimmins 2016); however, it is the most accurate gridded data product currently available for
our area. We may also test the RMRS radar-based precipitation estimate (described above)
against PRISM when recalculating the historic baselines in 2021.

Table 8. Kendall-Mann trend analysis for temperature and precipitation by elevational strata and
geographic region. Temperature is divided into annual and monthly trends and precipitation is divided
into monsoon and winter trends.

Temperature Precipitation
Strata tau sl Strata tau sl
5 200 0.059 | 0.426 § 200 | -0.238 | 0.548
= 300 0.059 | 0.431 g 300 | -0.143 | 0.764
< 400 0.059 | 0.426 > 400 | -0.238 | 0.548
= 200 0.295 0.001 5 200 | -0.714 | 0.035
|5 300 0.298 | 0.001 £ 300 | -0.524 | 0.133
= 400 0.295 0.001 = 400 | -0.714 | 0.035
Region tau sl Region tau sl
nw 0.050 | 0.501 nw 0.238 | 0.548
= ne 0.078 | 0.293 § ne -0.333 | 0.368
E | sw | 0053 | 0482 2 | sw | 0333 | 0368
< se 0.062 0.404 S se 0.048 1.000
w 0.055 0.463 w -0.333 | 0.368
nw 0.198 | 0.030 nw -0.429 | 0.230
— ne 0.425 0.001 = ne -0.619 | 0.072
S | sw | 0251 | 0.006 £ | sw | -0524 | 0.133
= se 0.302 0.001 = se -0.619 | 0.072
w 0.251 0.006 w -0.714 | 0.035

Lastly, this preliminary analysis does not integrate precipitation and temperature into a metric
of drought stress as discussed in the Methods section above. The final pre-permit climate
baseline will identify historic periods of drought within the identified pre-permit period.
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Conclusion

Regional climate models forecast long-term changes to the climate in Pima County, which could
lead to large-scale change in vegetation composition and structure over time. The County’s
uplands vegetation and soils monitoring protocol is designed to detect structural change in
habitat characteristics over time; however, without also tracking trends in climate, staff will not
be able to properly interpret those monitoring data. The interpretation of other EMP elements
may also directly benefit from integration with a discussion of local climate trends.

To that effect, we propose to monitor precipitation and drought at multiple spatial scales across
the suite of County conservation lands, focusing effort primarily on precipitation due to the

high spatial variability of rainfall patterns in southern Arizona. Climate will be assessed on five-
year cycles, which roughly align with the five-year panels for the uplands vegetation and soils
monitoring protocol. We will compare climate summary values for the current monitoring
period to both prior monitoring periods and the pre-permit baseline to determine whether
trends are occurring, and if so what direction and magnitude.

The preliminary gauge comparison completed while developing this protocol have provided
useful insight into how to move forward with monitoring climate. We determined that PRISM
precipitation estimates were more accurate as compared to those from Daymet despite the
smaller spatial scale (4 km vs 1 km). We assessed regional variation in PRISM’s estimates
relative to passive NRPR rain gauge data, which possibly suggested that the higher a region’s
monsoonality the poorer PRISM estimates correlate with empirical values. That finding led to
splitting properties into five smaller geographic climate regions, rather than the initial three.

The proof-of-concept pre-permit climate baseline analysis indicated that regional differences
may exist in precipitation and temperature estimates across geographic regions and elevational
strata. Downward trends in annual precipitation, with decreasing number but increasing
intensity of summer monsoonal events, has already been recorded in southeastern Arizona to
the acquisition of the Section 10 permit in 2016 (Nichols et al. 2002, Demaria et al. 2019).
Relative monsoonality in the region has shifted over time, which if continued may lead to
changes in relative plant composition for those species that favor the new climate regime. Our
pilot project showed that monsoonality has increased over time within all climate regions and
strata, suggesting that warm-season plants may show increased fitness as compared to cool-
season plants if this trend continues. Summarizing climate experienced at each vegetation and
soils monitoring plot may allow us to better interpret any potential changes in vegetation
composition and structure that are observed on those plots. We will rerun the pre-permit
baseline analysis once all 100 final vegetation and soils monitoring plots have been established.

Finally, Pima County looks forward to working with agency and university partners to further
developing and implement this climate monitoring protocol.
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Appendix A: Climate Baseline Supplementary Materials

Table Al1. Mean (and standard error) seasonal PRISM precipitation estimates (in mm) by elevational strata for 15 soil-veg plots during all five-year historic
monitoring periods.

Period

Strata -7 -6 -5 -4 -3 -2 -1 All Periods

Monsoon mean se mean se mean se mean se mean se mean se mean se mean se
200 254.14 | 32.46 | 181.37 | 32.36 | 177.92 | 32.23 | 190.33 | 32.17 | 175.83 | 32.18 | 176.58 | 32.09 | 206.15 | 32.04 | 194.62 | 32.22
300 288.03 | 30.36 | 240.94 | 30.23 | 229.84 | 30.02 | 243.47 | 30.14 | 216.71 | 30.23 | 231.46 | 30.20 | 261.22 | 30.22 | 244.52 | 30.20
400 305.73 | 29.62 | 258.15 | 28.65 | 235.98 | 27.46 | 255.61 | 28.07 | 221.73 | 28.75 | 244.36 | 27.18 | 275.46 | 27.46 | 256.72 | 28.17
All Strata 282.63 | 30.81 | 226.82 | 30.41 | 214.58 | 29.90 | 229.80 | 30.13 | 204.76 | 30.39 | 217.47 | 29.82 | 247.61 | 29.91 | 231.95 | 30.20

Winter mean se mean se mean se mean se mean se mean se mean se mean se
200 218.37 | 24.64 | 169.61 | 12.30 | 218.07 | 43.92 | 163.33 | 50.33 | 108.67 | 28.82 | 104.92 | 19.38 | 121.72 | 17.83 | 157.81 | 28.17
300 244,74 | 30.94 | 192.08 | 16.87 | 264.41 | 53.03 | 204.16 | 62.12 | 128.14 | 32.18 | 127.29 | 26.42 | 136.70 | 18.98 | 185.36 | 34.36
400 318.57 | 37.67 | 249.23 | 23.62 | 321.01 | 63.15 | 240.53 | 73.83 | 144.96 | 29.91 | 156.19 | 27.14 | 163.38 | 23.53 | 227.70 | 39.84
All Strata | 260.56 | 31.09 | 203.64 | 17.60 | 267.83 | 53.37 | 202.67 | 62.09 | 127.26 | 30.30 | 129.47 | 24.32 | 140.60 | 20.11 | 190.29 | 34.12

Table A2. Mean (and standard error) seasonal PRISM precipitation estimates (in mm) by geographic region for all five-year historic monitoring periods.

Period

Region -7 -6 -5 -4 -3 -2 -1 All Periods

Monsoon mean se mean se mean se mean se mean se mean se mean se mean se
Northwest | 234.44 | 32.56 | 147.08 | 32.51 | 151.42 | 32.33 | 164.27 | 32.15 | 151.88 | 32.07 | 154.85 | 31.89 | 174.75 | 31.75 | 168.38 | 32.18
Northeast | 263.32 | 31.28 | 205.76 | 31.29 | 219.82 | 31.29 | 231.81 | 31.46 | 188.18 | 31.70 | 176.66 | 31.52 | 228.80 | 31.33 | 216.34 | 31.41
Southeast | 275.34 | 29.43 | 232.45 | 29.38 | 197.87 | 28.65 | 230.41 | 29.10 | 201.67 | 29.62 | 238.75 | 27.87 | 252.42 | 28.35 | 232.70 | 28.91
Southwest | 316.10 | 31.11 | 271.44 | 30.68 | 260.33 | 30.36 | 262.69 | 30.49 | 246.80 | 30.50 | 258.09 | 30.64 | 297.01 | 30.75 | 273.21 | 30.64
West 281.84 | 32.37 | 203.46 | 31.20 | 191.30 | 30.44 | 198.31 | 30.49 | 189.74 | 30.68 | 190.13 | 30.81 | 217.73 | 30.64 | 210.36 | 30.95
All Regions | 274.21 | 31.35 | 212.04 | 31.01 | 204.15 | 30.61 | 217.50 | 30.74 | 195.65 | 30.91 | 203.70 | 30.55 | 234.14 | 30.56 | 220.20 | 30.82

Winter mean se mean se mean se mean se mean se mean se mean se mean se
Northwest | 205.80 | 21.88 | 162.43 | 11.69 | 210.71 | 41.88 | 162.65 | 48.36 | 104.11 | 30.40 | 105.81 | 16.99 | 126.86 | 19.92 | 154.05 | 27.30
Northeast | 354.92 | 32.69 | 282.95 | 29.41 | 370.55 | 73.50 | 272.75 | 75.48 | 158.08 | 38.37 | 188.64 | 31.02 | 180.27 | 31.95 | 258.31 | 44.63
Southeast | 226.50 | 24.84 | 179.28 | 15.82 | 228.73 | 50.08 | 173.89 | 60.32 | 108.79 | 22.75 | 104.42 | 19.55 | 116.38 | 16.18 | 162.57 | 29.93
Southwest | 246.70 | 39.57 | 191.60 | 15.50 | 271.85 | 50.43 | 213.80 | 64.07 | 137.81 | 33.29 | 127.62 | 27.21 | 142.65 | 15.67 | 190.29 | 35.11
West 219.77 | 29.01 | 162.30 | 8.90 | 201.54 | 38.78 | 147.19 | 46.47 | 107.35 | 27.77 | 96.77 | 21.04 | 121.44 | 15.82 | 150.91 | 26.83
All Regions | 250.74 | 29.60 | 195.71 | 16.26 | 256.68 | 50.93 | 194.06 | 58.94 | 123.23 | 30.52 | 124.65 | 23.16 | 137.52 | 19.91 | 183.23 | 32.76

A-1







Table A3. Mean monthly PRISM temperature estimates (in ° C) by strata for 15 soil-veg plots during all five-year
historic monitoring periods.

Period
Strata Month -7 -6 -5 -4 -3 -2 -1 All Periods

Jan 10.23 8.90 10.03 10.16 10.91 9.46 10.11 9.97

Feb 11.09 11.75 12.04 10.94 11.08 10.64 12.29 11.41

Mar 13.89 13.70 13.86 13.96 13.95 14.63 15.50 14.21

Apr 16.89 18.37 17.71 16.45 17.90 17.71 18.09 17.59

May 22.11 21.66 22.11 22.80 22.90 21.84 21.82 22.18

5 June 26.31 27.13 27.23 26.61 27.81 27.32 28.77 27.31
Q July 27.85 28.64 28.93 28.50 29.51 29.00 28.58 28.72
Aug 27.21 27.07 28.21 27.77 27.41 28.38 27.84 27.70

Sept 24.81 25.14 25.40 26.49 25.62 26.08 25.35 25.56

Oct 18.69 20.46 20.55 19.94 20.43 20.01 20.75 20.12

Nov 13.67 14.11 13.22 14.09 14.29 15.58 14.52 14.21

Dec 10.42 9.36 10.16 9.68 9.76 9.80 9.50 9.81
All Months 18.60 18.86 19.12 18.95 19.30 19.20 19.43 19.06

Jan 8.92 7.65 8.76 8.83 9.63 8.19 8.78 8.68

Feb 9.76 10.19 10.59 9.52 9.69 9.35 10.87 9.99

Mar 12.42 12.12 12.43 12.41 12.42 13.12 13.99 12.70

Apr 15.35 16.57 15.97 14.87 16.22 16.10 16.45 15.93

May 20.39 19.79 20.20 20.95 21.11 20.10 20.04 20.37

June 24.50 25.15 25.29 24.72 25.91 25.70 27.01 25.47

§ July 26.16 26.72 27.05 26.69 27.75 27.26 26.81 26.92
Aug 25.48 25.11 26.37 26.04 25.72 26.60 25.93 25.89

Sept 23.10 23.13 23.49 24.65 23.81 24.32 23.51 23.72

Oct 17.16 18.77 18.82 18.23 18.72 18.29 19.04 18.43

Nov 12.21 12.59 11.72 12.64 12.78 14.00 13.00 12.70

Dec 9.26 8.04 8.77 8.30 8.49 8.51 8.16 8.50

All Months 17.06 17.15 17.45 17.32 17.69 17.63 17.80 17.44

Jan 7.87 6.73 7.70 7.92 8.81 7.32 7.95 7.75

Feb 8.58 9.02 9.44 8.64 8.61 8.31 9.98 8.94

Mar 11.19 10.99 11.31 11.40 11.24 11.95 13.03 11.59

Apr 14.26 15.66 15.13 13.68 15.06 14.94 15.34 14.87

May 19.33 18.96 19.35 20.18 20.24 19.08 19.05 19.45

June 23.26 24.25 24.53 23.69 24.99 24.50 25.83 24.43

§ July 24.21 25.15 25.59 24.92 26.05 25.39 25.00 25.18
Aug 23.49 23.29 24.61 24.19 23.76 24.54 24.13 24.00

Sept 21.48 21.84 22.22 23.33 22.31 22.70 21.96 22.26

Oct 15.87 17.70 18.09 17.35 17.77 17.33 18.01 17.44

Nov 11.14 11.66 10.96 11.86 11.91 13.27 12.13 11.85

Dec 8.16 7.00 7.80 7.57 7.65 7.69 7.42 7.61
All Months 15.73 16.02 16.39 16.22 16.53 16.42 16.65 16.28

Jan 9.25 7.99 9.07 9.21 10.01 8.55 9.18 9.04

Feb 10.06 10.61 10.96 9.95 10.05 9.67 11.29 10.37

Mar 12.78 12.56 12.79 12.86 12.82 13.51 14.44 13.11

Apr 15.78 17.17 16.56 15.29 16.69 16.54 16.92 16.42

May 20.91 20.44 20.86 21.60 21.71 20.64 20.61 20.97

% June 25.01 25.83 25.99 25.32 26.55 26.13 27.51 26.05
P~ July 26.43 27.20 27.54 27.06 28.11 27.57 27.15 27.29
=3 Aug 25.75 25.54 26.76 26.35 25.99 26.88 26.34 26.23
Sept 23.47 23.72 24.04 25.16 24.25 24,71 23.96 24.19

Oct 17.53 19.27 19.43 18.79 19.26 18.83 19.56 18.95

Nov 12.60 13.05 12.22 13.11 13.25 14.54 13.48 13.18

Dec 9.51 8.38 9.16 8.75 8.86 8.89 8.58 8.88
All Months 17.42 17.65 17.95 17.79 18.13 18.04 18.25 17.89
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Table A4. Mean monthly PRISM temperature estimates (in ° C) by region for 15 soil-veg plots during all five-year
historic monitoring periods.

Period
Region Month -7 -6 -5 -4 -3 -2 -1 All Periods

Jan 11.48 10.19 11.21 11.31 12.10 10.58 11.32 11.17

Feb 12.35 13.18 13.30 12.34 12.37 11.81 13.57 12.70

Mar 15.01 14.98 15.13 15.28 15.06 15.64 16.75 15.41

Apr 18.45 20.10 19.36 17.94 19.23 18.92 19.42 19.06

- May 23.83 23.38 23.85 24.61 24.54 23.14 23.26 23.80
0 June 27.99 28.81 28.93 28.29 29.38 28.56 30.12 28.87
é July 29.22 30.13 30.46 30.02 30.82 30.30 29.88 30.12
g Aug 28.59 28.72 29.67 29.25 28.75 29.61 29.24 29.12
Sept 26.28 26.95 27.07 28.29 27.13 27.63 26.88 27.18

Oct 20.23 22.30 22.44 21.80 22.14 21.67 22.33 21.84

Nov 14.91 15.72 14.65 15.55 15.76 17.02 15.96 15.65

Dec 11.55 10.81 11.45 11.05 11.09 10.89 10.76 11.09

All Months | 19.99 20.44 20.63 20.48 20.70 20.48 20.79 20.50

Jan 8.08 7.02 7.93 8.12 8.82 7.29 8.22 7.93

Feb 8.73 9.43 9.79 8.99 9.05 8.73 10.38 9.30

Mar 11.72 11.62 11.75 11.87 11.73 12.63 13.87 12.17

Apr 14.87 16.58 15.74 14.53 16.05 15.85 16.81 15.77

May 20.20 20.12 20.31 21.21 21.36 20.32 20.55 20.58

g June 24.46 25.46 25.64 24.94 26.27 26.15 27.61 25.79
= July 25.91 27.05 27.27 26.71 27.98 27.45 27.18 27.08
. Aug 25.38 25.21 26.56 26.07 25.81 26.83 26.29 26.02
Sept 22.75 23.39 23.55 24.75 23.73 24.37 23.70 23.75

Oct 16.69 18.55 18.87 18.19 18.69 18.21 19.16 18.34

Nov 11.49 12.01 11.25 12.17 12.21 13.75 12.73 12.23

Dec 8.13 7.13 8.07 7.57 7.75 7.65 7.62 7.70

All Months | 16.53 16.97 17.23 17.09 17.45 17.43 17.84 17.22

Jan 8.35 7.26 8.41 8.54 9.42 7.97 8.46 8.34

Feb 9.29 9.78 10.35 9.35 9.32 9.06 10.76 9.70

Mar 12.04 11.78 12.19 12.16 12.14 12.63 13.81 12.39

Apr 14.97 16.20 15.73 14.48 15.75 15.59 16.08 15.54

May 19.91 19.46 19.90 20.59 20.74 19.64 19.86 20.01

g June 23.94 24.68 24.98 24.14 25.46 25.10 26.51 24.97
< July 25.03 25.62 26.04 25.46 26.57 25.95 25.60 25.75
§ Aug 24.24 23.88 25.18 24.77 24.36 25.15 24.75 24.62
Sept 22.19 22.29 22.69 23.76 22.83 23.26 22.55 22.79

Oct 16.54 18.09 18.36 17.70 18.13 17.81 18.51 17.87

Nov 11.83 12.23 11.57 12.53 12.49 13.84 12.79 12.47

Dec 8.77 7.57 8.51 8.18 8.21 8.36 8.04 8.23

All Months | 16.42 16.57 16.99 16.80 17.12 17.03 17.31 16.89

Jan 9.23 7.72 8.85 8.85 9.72 8.38 8.97 8.82

Feb 10.04 10.27 10.54 9.34 9.69 9.33 10.78 10.00

- Mar 12.47 12.03 12.34 12.25 12.36 13.13 13.67 12.61
4 Apr 15.24 16.24 15.68 14.58 15.93 15.89 15.83 15.63
E May 20.18 19.26 19.78 20.57 20.68 19.65 19.27 19.91
§ June 24.19 24.77 24.83 24.44 25.51 25.21 26.38 25.05
July 26.08 26.53 26.89 26.65 27.60 27.20 26.62 26.80

Aug 25.43 25.01 26.21 25.96 25.65 26.50 25.69 25.78

Sept 23.08 22.88 23.32 24.49 23.75 24.21 23.31 23.58
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Oct 17.07 18.72 18.58 18.05 18.61 18.15 18.76 18.28

Nov 12.29 12.59 11.63 12.45 12.81 13.82 12.85 12.63

Dec 9.64 8.33 8.82 8.35 8.63 8.66 8.21 8.66

All Months | 17.08 17.03 17.29 17.17 17.58 17.51 17.53 17.31

Jan 10.16 8.73 9.89 10.14 10.86 9.41 9.89 9.87

Feb 10.94 11.50 11.81 10.72 10.83 10.35 11.93 11.15

Mar 13.65 13.43 13.55 13.79 13.78 14.55 15.07 13.98

Apr 16.52 18.03 17.49 16.08 17.67 17.55 17.57 17.27

May 21.73 21.30 21.80 22.39 22.51 21.61 21.23 21.80

- June 25.83 26.83 26.90 26.19 27.44 26.81 28.17 26.88
g July 27.32 28.16 28.51 27.97 29.01 28.43 27.91 28.19
Aug 26.59 26.49 27.67 27.20 26.84 27.81 27.21 27.12

Sept 24.40 24.67 25.04 26.00 25.27 25.54 24.79 25.10

Oct 18.34 20.11 20.27 19.59 20.09 19.62 20.31 19.76

Nov 13.53 13.86 13.02 13.85 14.07 15.35 14.12 13.97

Dec 10.39 9.13 9.93 9.54 9.57 9.75 9.20 9.65

All Months | 18.28 18.52 18.82 18.62 19.00 18.90 18.95 18.73

Jan 9.25 7.99 9.07 9.21 10.01 8.55 9.18 9.04

Feb 10.06 10.61 10.96 9.95 10.05 9.67 11.29 10.37

Mar 12.78 12.56 12.79 12.86 12.82 13.51 14.44 13.11

Apr 15.78 17.17 16.56 15.29 16.69 16.54 16.92 16.42

- May 20.91 20.44 20.86 21.60 21.71 20.64 20.61 20.97
_S June 25.01 25.83 25.99 25.32 26.55 26.13 27.51 26.05
if’ July 26.43 27.20 27.54 27.06 28.11 27.57 27.15 27.29
= Aug 25.75 25.54 26.76 26.35 25.99 26.88 26.34 26.23
Sept 23.47 23.72 24.04 25.16 24.25 24.71 23.96 24.19

Oct 17.53 19.27 19.43 18.79 19.26 18.83 19.56 18.95

Nov 12.60 13.05 12.22 13.11 13.25 14.54 13.48 13.18

Dec 9.51 8.38 9.16 8.75 8.86 8.89 8.58 8.88

All Months | 17.42 17.65 17.95 17.79 18.13 18.04 18.25 17.89
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