Pima County Ecological Monitoring Program
Climate Monitoring Protocol

March 2020

o

AN

o

PIMA COUNTY

SUSTAINABILITY & CONSERVATION

Prepared by Pima County Office of Sustainability and Conservation Staff:
Jeff M. Gicklhorn



Cover photoMonsoon storm over the Santa CataiMountains orSix Bar Ranch

Recommended citatiorGicklhorn, J.M. 202@limateMonitoring Protocol. Ecological
Monitoring Program, Pima County Mu#fpecies Conservation Plan. Report to the U.S. Fish and
Wildlife Service, Tucson, AZ.



Contents

Y 013 1= ! PP PP PPRPPPPPPPPPPRRPPN iv
ACKNOWIEAGEIMENTS. ...t e e e e e e e e et e e e s s e s e e e e e e e e nnrnreeeeeeeanns \
Background and ODJECHIVES............uiiiiiie e e e e eas 1
Geographic and TEMPOIAl SCOPE........ccoo i i i e e e e e e e e e e e aaaaaaaaaaaaeaaaaas 3
IMETNOUS. ...t e e et e e s e e e e e e s nnn e e e s nnneeennnnnned
ClIMALE MEBIIICS. ...t eee ettt ettt e e e e e e et e e e e e e e e e e e e e b b n e e e e e e e e e snnnneeeeeeas 7
MONITONNG SCNEUUIE. ... e e e e e s s e e e e s e snnnneee s
CountyMaintained Weather StationNS.........cccccciiiiiiiiiiiiiieeer e e e e, 9
Available ClIMALE PrOGUCES.........cocuiiiiiiiiie ettt e e es 9
PrECIPILALION. ... e e e e e e e e e e e aaaaaaa e 9
PRISM ...ttt e e e et et ettt e e e e e e et e b a e e et e aaa b 10

DAY ME T .o e et e a e e e e e ettt b e e e e raeerare 10
CLIMAS Rad&ased Precipitation EStMAate........ccccccciiiiiiiiiiiiiiiieieeeeeer e 10

[T o T8 o] o AU 11
Standardized PrecCipitation INOEX............eiiii i 11
Standardized PrecipitatioBvapotranspiration INAeX.............cceeeriiiiiimieieeniniiiieeee e 11
Climate Summary OULPUL PrOTUCES. .......coiiiiiiiiiiiiee et 11
Pre-Permit Climate BaSEliNe...........ooiiiiiiiiiiiee e 12
Climate TrenNd ANAIYSIS......ccooii e e e et e e e e e e aaeaaeeeeaeaeaessseassaasaaasaannsannennnes 12
Preliminary STUGIES. ... ...u et e e e e e s s r e e e e e s et e e e e e e e aanes 14
Gridded Precipitation Product COMPAIISON.........ccuuuriiiiieiiiiiiiiie e e e e e e sirreee e 14
Pre-Permit Climate BaSeliNe...........oooiiiiiiiiiie et 19
(070] 0 [od 1151 o o H PP PPPPRP PP 27
RETEIBNCES. ...ttt e et e e e et e e e e e a e e e e e e e e 28
Appendix A: Climate Baseline Supplementary Materials............cccvvviiiiiiiiiiiiiiieeeiiieeee e Al



List of Figures
Figure 1. Distribution of Pima County conservation lands with elevation and soils strata shawn..5

Figure 2. Proposed uplands vegetation and soils monitoring plots displayed btiaiaV strata with
geographic climate regions SNOWN..........oooii i e e e e e e e e e e e e e e aaaaaaeaaaaeaaeens 6

Figure 3. Rain gauges maintained by Pima County, plus several additional maintained by partn@rs.

Figure 4. ALERT stations and County ranch properties used in data quality comparison. Station numbers
and ranch properties correspond to TablesS 1 and.2...........ccccuiiiiiiiiiiiiiiie e 15

Figure 5. Mea seasonal PRISM precipitation estimates for 15w&gjiplots in millimeters{standard
error) by elevational strata for the seven historic climate monitoring periods...........ccccccovivvvieene.. 22

Figure 6. Mean seasahPRISM precipitation estimates for 15 sty plots in millimeters{standard
error) by geographic region for the seven historic climai@nitoring periods.............cccccvvvvviveriennee. 23

Figure 7. Percent monsoonality 15 soiveg plots by elevational strata and geographic region for the
seven historic climat@nonItoring PEIIOAS. ........ccuiiriiiiiiiiiiiiriireerr e e e e e e e e e e e e seaaanes 24

Figure 8. Mean monthly PRISM temperature estimates in degrees C for-tBgpibts grouped by
elevational strata and geographic region for the seven historic climate monitoring periods. Monitoring
periods are denoted by the bars at the top of each figure. Standard error values are not showrn25

List of Tables

Table 1. Elevational and soil/rock type strata definitions (from Hubbard et al. 2012)....................: 4
Table 2. Pima County preservegamized by geographic climate region. Not all County properties are
1S 1= o SRR 4
Table 3. Historic and future climate monitoring Periods...........uuvvveeieeeieeeiieiiiiiieeeieeeeeeeeeeeeeeeeeeee .

¢rofS no {LISIEN¥IFIYyQa NIyl O2NNBfFGA2ya 6NBO F2NJ a
and gridded climate products {A = ALERT/PRISM an & ALERT/DAYMET comparisons). Mean

seasonal percent difference and standard errors (SePRISM estimates vs. ALERT gauge values for

€aCh ALERT QAUQE MEASUIEM.......cciiiiiiiiiiiiiie e ettt e e ettt e e e s e st e e e e e e e e e e e e e e e s snsbrnneeeeeans 16

¢CFoftS pd® CANRG O2fdzYyyY {LISFENXNIYQa NIyl O2NNBfIlGAz2
NRPR ranch gaugatd 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 rancHrorogziy12018.18

Table 6. Date ranges composing each historic baseline climatgtoring period.............................. 20

Table 7. Specific uplands wtgtion 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........... 20

Table 8. KendaMann trend analysis for temperature and precipitation by elevational strata and
geographic region. Temperature is divided into annual and monthly trends and precipitation is divided
INt0 MONSO0N AN WINTEE TrENUS. ... ...uuiiiieiiieieeee ettt e e e e e e e e e eeeeeeeeeas 26



Abstract

In arid sytems, water is often the limiting resource for plants and animals to survive and thrive.
Annual weather patterns are often quite variable, tending to pro\adeastone year and
faminethe next. However, changes in lotgym climatecan lead to largescaé structural

change in plant and animal species abundance, distribution, and community composition and
structure.t A Yl / 2dzyGe@Qa 902t 2 PENR) focuse®ofi monRoNdy 6y t N2 I N
term trends for a suite of covered species, their habitats, atier landscapechange

elements. Therefore, monitoring changes in local and regional climate oveidiongical to
properly interpreting results from other monitoring elements over they&ar lifespan of the

EMP. This protocol discusses the proposemhitoring methods as well as several data quality
considerations for monitoring lonagerm climate on County conservation lands. We propose to
track precipitation on a fisgear cycle at multiple spatial scales from an indivicdkegjetation

and soilsnonitoring 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 quahting seasonal precipitatioWe willalso
summarize short and lontgrm drought effects at larger spatial scales. Precipitation and
drought data will be used to interpret results from other PCEMP monitoring elemieassly,

we propose a method to establishpae-permit (2016)climate baselie in order compare
contemporary climate valuesgainstfor future trend analysis.
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Background ah Objectives

In arid regionsaccess tavater iscrucialfor survival Bothvariableannual weatheand long
term local climate dictate where and when that critical water is availéblglant and animal
speciesTemperature, combined with water availabjli dictates evaporative demand and
drought stress fospecies; wherealck of suitable access to water or extended temperatures
outside the normal range of variability can lead to mortalitiierefore monitoring local
climate,and subsequently howlimatechangeover time, is essential to understanding
monitoring data associated with plant and wildlgpecies and their habitats.

Southeastern Arizonhas a bimodal rainfall distribution, with two defined wet periods during
the winter (NovMar) andsummer masoon (JurSept)(McPhee et al. 2004Interannual
variabilityin precipitation combined withthe highly localized nature of monsoonal rainfall
patterns meaisthat water availability can vanyoth spatially, across relative small geographical
areas, and teporally, within and acrosseasons anglears.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 plamildlife species
downstreamfar from where the precipitatioreventactually occurred.

t AYl [ 2 dzysfegi€s £onaedzhtiGnAPlan (MSCP) is the vethyakdich the County
remains in compliance with its Section 10 Incidental Take Permit issued by th&dd.8nd

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 eleiations.
addition to climate, theEcological Monitoring PrograrR(EMP) is tasked with monitoring
Covered Specieand their habitatslandscape pattern change, atlareats such as invasive
species. Annual weather variability direcéigd indirectlyaffectsboth covered and invasive
species populations and their habitat$igrefore, monitoring how local and regional climate is
changing over time is essential to interpreting changdab@se populations and habitats over
the 30-yearlifetime of the Section 10 permit.

A key element of th&E&MP is monitoring uplands vegetatiand soils composition and
structure across the full suite of County conservatiord&nTheprotocol for this elementwas
RSOSt2LISR o0& GKS blFdAz2ylt tIN] {SNBAOSQa
Monitoring NetworkgHubbard et al. 2012)andthe Countywill establish a minimum of 100
monitoring plots across multiple elevation and soil type sttt span the full suite of
conservation landgGicklhorn 2020)Understanding the climactic conditions that these plots
experience over time will alv for better interpretation of detected changes and trends in
vegetation and soils composition and structure over tishdditionally, understanding trends in
local climate will be useful in interpretirgpeciesspecificmonitoring results, such der

Sororan desert tortois§Gopherus morafkgqbccupancymonitoringand Pima pineapple cactus
(Coryphantha scheevar. robustispinadistance sampling.

{2y2



Climate changenodels forecast changes in thiening and intensityof temperature and
precipitation patterngor the desert southwest. These changes include a shift towards fewer
but larger magnitudenonsoonprecipitationevents, as well as decreased winpgecipitation
(Garfin et al. 2014Lower Santa Cruz River Basin Study preliminary analysisner
temperaures, especiallyinter nighttime lowtemperatures along with the increase in
frequency and duration of higtemperature eventsNative plants and animals are expected to
face longer, hotter, and more frequent drought events, potentially leading to cbaimgspecies
abundance and overall community composition. Tracking-teng trends in local and regional
climate will allow County staff toharacterize actual climate conditions for monitored
resources, rather than modelled conditions. Observationsect#d by Pima County may be
useful to others in calibrating neregional climatenodels.

Lastly, understandinfpcalclimate trends can benefit othegCountyprograms, suclasthe

Range Management programhis program require data about annual precipitatin in specific
locations (County ranch propertiegjoweverchangingclimate trends may determine how
management is implemented going forward. For example, Sustainability program staff work
with the Facilities and Transportation departments to help thendenstand climate model
projections for our area. Forecasted increases in localized rainfall intensigcbasiderable
implications for Countynanaged infrastructure projects. Our dataset may help to determine to
what degree those models are accurate vl as to define the longeterm 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-yédnimange
management decisionsaformed 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 nspportwork to identify the most
accurate lochor regional climate model correlated with County conservation properties and
provide a longterm record of the range of variability in precipitation across County ranch lands
that may assist in future range management decision making.

This protocolwill 1) define methodsby whichlong-term climate metrics (precipitation and
drought) will be monitoredand summarizedacross County conservatidandsat multiple
spatial scales2) discuss climate data storage and manageméot future interpretation of
long-term trends observed at soiVegetation plots and othemonitoring sites and 3) propose
the methodology for establishing pre-permit climate baseline for future trend analyses

We expect climate trend data to potentially useful for numerous other Cpumtiatives,
including the/ 2 dzy Sustdnability and Range Management programe participation in the
Pima County Local Drought Impact GroWhere possiblethe data maycontribute to the
greater understanding of lonagerm climate monitoring througleollaborations and
partnerships



Geographiand Temporabcope

The climate monitoring protocol covers the full suite of Pima County conservation lands and
spansthe 3@ S| NJ RdzNJ A2y 2F GKS [/ 2dzyieQa {SOUGA2Yy wmn
2046.A historic climate baseline (pi2016 permit) will also be quantified for future trend
analysegdiscussed below)

tAYl [/ 2dzyieQa O2yaSNBFGAZ2Y flFyRa NS YIRS dzJ
which the County holds a grazing lease) surrongdhe City of Tucson (Figure 1). These lands
arelocatedacross five major watersheghich include the AltaBrawley Wash, San Pedro

River, Cienega Creek, and upper and lower Santa Cruz River, and range in elevat{tf#bftom

1870 m(1400 to 6130 ft. Theseconservatiorproperties rangen size from 0.1 to 16,500

hectares (0.25 to 41,000 acres) andividual propertiexan 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.
t AYl [/ 2dzy (@ Q adionlahdfSeily Roaitoring ool divides County conservation
lands into elevational strata roughly correlated with biofegel plant communities (Table and
Figure 1). County conservation lands contain primarily strata4®@) and the final 100
vegetation and soils monitoring plots are distributed within three rock fragmentsdasacross
these three strataespectivelyFigure 2)Chsses 402 and 403 were combined as they
represented a smaller area than the 401 rock fragment clasanty conservation lands and
subsequently vegetation and soils monitoring plots are also grouped into geograpioos,
which experiencedistinct climatesroughly correlatingo major watersheds identified above
(Table and Figure Z{lowever, several properties were grouped due to their geographic
proximity rather than watershed. For example, Rancho Seco is split between tveeBi&/ash
and Upper Santa Cruz watersheds, however due to its proximity to Sopori Ranch, we have
grouped it into the Southwest region.

This protocoproposeso summarizeprecipitationat multiple spatial scales, including the
individuallevelfor eachof the 100 finalvegetation and soils sample p#the largerclimate

region (roughly correlated wittvatershed, andthe elevational stratdevelsassociated with

GKS [/ 2dzytieQa dzLJ ' yRa @S 3S (200, B0D,400W¢ Ropasethf a Y2y
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 Soilsitoong data and

other PCEMP monitoring elements. Vegetation and soils data will be collected every five years
throughout the duration of the MSCP; therefore, summarizimg seasonal and annual climate
patterns and trends for each monitoring plot may hadpexplain 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 highet
interpretation and comparison of mmtoring data across the suite of County conservation

lands. For examp| 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 regponding differently to novel climate regimeRdfferty et al. 2020A

preliminary study examining pxeermit climate between regions and elevational strata has
already indicated differences in precipitation, temperature, @easonalityacross scales
(Preliminary Studies section below)ur climate monitoring efforts may facilitate regional and
elevational comparisons of trends in vegetation composition and structure over time.

Tablel. Elevational and soil/rock type strata defiriibns (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

Table2. Pima County preserves by geographic climate region. Not all County properties are listed.

Region Preserve Name

Northwest Tucson Mountain Park Tortolita Mountain Park
Sweetwater Preswe *

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 Sopri 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 énbeenor will be established on these properties.
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Proposed Upland Vegetation and Soils Monitoring Plots
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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 priméyion quantifyindocal precipitation, due tas highly variable
spatial and temporahature in southeastern Arizonand secondarilgrought, whichintegrates
precipitation and temperatureNationatlevel griddedclimate products have considerable
difficulty accuratelyestimatingmonsoon precipitation in southern Arizona, wheregiater
precipitation is more accurately estimat€d/eiss and Crimmins 201&dditionally,
precipitation and temperature will be integied by reporting a metric of drought intensity or
severity, such as th8tandardized Precipitation Index (SPI) or Standardized Precipitation
Evapotranspiration Index (SPEI)

Monitoring Schedule

The climate monitoring cycle will align with the 1ptparSt F2NJ G KS / 2dzy i e Qa
soils monitoring protocolHubbard et al. 2002vhich repeaton afive-yearinterval(i.e., 20

plots read per yearXimate dataat each uplands vegetation and soils monitoring plot location
will be summarizedy seasor{fsummer = June September, winter = OctoberMay)for
precipitationand by month for temperature, with each unit (month or season) averaged across
the specifiedive-year monitoring period. The climat@onitoring schedule is offsetarlier than

the upland vegetation and soils monitoring schedule due to the time lag associated with
seasonal precipitation and vegetation growthdle and Reynolds 2004 he first panel of
monitoring plots were established beginning #nmmer of2017 and will finish in winteof

2027; therefore, the firstfive-yearclimate monitoringperiod will begin winter 2016 (Oct 2016
May 2017)and end summer 2021 (June 202 $eptember 2021), andill be submitted
concurrently with the 2021 annual report in March 20Z2efuture climate monitoring periods

are defined inTable 2 belowMonitoring periods for the prgoermit baselineare discussed in

the relevant section below

Table3. dimate monitoring periods.
Monitoring Period Season / Year

Sec. 10 Permitdsied July 2016

Winter 2016¢ Summer 2021
Winter 2021¢ Summer 2026
Winter 2026¢ Summer 2031
Winter 2031¢ Summer 2036
Winter 2036¢ Summer 2041
Winter 2041¢ Summer 2046

OO IWIN|EF
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CountyMaintained Weather Stations

Pima County maintains a largaite of both active and passive weather stations throughout

eastern Pima County (Figu8g The Regional Flood Control DiStti Qa 65 A &G NA OG0 ! dzi
Evaluation in Real Time (ALERT) network utilizegirea) 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 inkédlas recently as the early 2000s. Ninsty stations are

located along major waterways and mountain canyons to provide instantaneous data when

either precipitation or stream flow are detecteddditionally, 12 of those 96 ALERT stations

record temperatue. 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 totélsesealata are primarily used

tomake within@ S+ NJ f A@Sai201 YIyl3SYSyid RSOAaAZ2Yyad ¢K
pipes with a screened cap mounted to a stationary post, and aréddda 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 effwill not initially be included in the proposed

protocol, however PCEMP staff will reserve the ability to add this analysis if warranted.

AvailableClimate Products

There area numberof freely availablanodelbased, nationalevel, griddecclimate products

available. Thesproducts involve either interpolating or extrapolating knoweather

observations from a limited number of weather stations across the landscape, while accounting

for changes ihocaltopographyusing a digital elevation model (DEMhese 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 nimiasly unpredictable summer monsoon

season (June 16Sept 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 consideratiohauld be taken into account when determining which gridded data

product to use (Daly 2006)Ve also discuss a potential new radssed product under

development by the University of Arizona Climate Assessment for the Southwest (CLIMAS)

group that utilizesa different approach to generating precipitation estimatéée compare

twL{a FYR 5!, a9¢ F2N LI AOFGAZ2Y 2y tAYl [ 2dzy
t NERdzOUO / 2YLI NR&A2YE AY GUKS t NBEtAYAYINE {GdzRAS

Precipitation

Modeled precipitéion data are commonly available through gridded data products available at
various spatial and temporal scales. Below we discuss two commonly used ndgigaial

gridded precipitation products and a local radased product currently in development.

Couwnty staff initiated a comparison of historic precipitation gauge data to determine the ability



to useeither PRISMbr Daymet data as a proxy for both active District ALERT and passive NRPR
ranch rain gauge dat@reliminary Studies below).

PRISM

Oneof the most extensively used productstiee Parametefelevation Regressions on
Independent Slopes Model (PRISiMYeloped and produced by thdorthwest 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 tperature estimates a# km resolution across

the conterminous United Statg®aly et al1994). This process also accounts for the
physiographic position (aspect, elevation, .gfor each grid cell, thereby increasing accuracy
and accounting for issuesauas rain shadows in precipitation estimates (Weiss and Crimmins
2016).These precipitation estimates are updated daily (with time lag) and morRRySM also
produces a higheresolution product downscaled to 800 m resolution, howewely 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 produdDaymet produced by the US

5SLI NIYSYyd 2F 9ySNHE@ Q& Thorfoneval. RHS bl GA2y Lt [0
https://daymet.ornl.gov). This product was initially developed as an input iDmymet is

similar to PRISM in design, however uses a different set of input stations and different model to
produce precipitatiorand temperature estimateshis process also incorporatesigher

resolution DEM into the modeling process, resulting in higher resolution estimates as compared
to PRISMDaymet offers daily, monthly, and annual precipitation and temperature estimates at
a 1 km resolutionAs compared to PRISEaymetpurportsto better incorporate topographical
variation, which should contribute to the accuracy oftémperature and precipitation
estimates.Daymet is only updated on an annual basis, rather than daityamthly like PRISM.

CLIMARadarBasedPrecipitatiorEstimate

TKS ! YABGSNEAGE 2F | NRIT 2 y-IClmate Asgelsinaniifdzth€ F2 NJ (G KS
Southwest (CLIMA®currently workingto develop a radaderived, gaugeorrected

precipitation productfocused on the Tucson basin but encompassing much of eastern Pima
County,based on the MultRadar/MulttSensor System (MRMS,
https://www.nssl.noaa.gov/projects/mrmg/developed and produced by thidational
hOSFYy23aNILIKAO YR ! iY2ALIKSNRAO ! RYAYAAUGNI 0A2YyQ
(NSSL)rheMRMS Quantitative Precipitation Estimation (QPE) product providesréggihution

(1 km) precipitation type and amount estimates based on regioaddr data. These estimates

are then corrected witlempiricalrain 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 loweoverage (poorlgampled) radar product to be corrected with the

10
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https://www.nssl.noaa.gov/projects/mrms/

high-density rain gauge data@entered on the Tucson basiNo change is made when the two
values agree, however scenarios exist whereRMR Sstimates precipitation aa particular
point but a raingaugeat that location received noneéConversely, there are also situations
when RMRSIid not predict precipitatiorat a point, but a rain gauge at that locatioeceived
some accumulationnlthose scenarios the resutig precipitation estimate is more accurate
than either theestimate from theradarbased product othe estimate using amterpolated
point basedon a model using poidbased rain gauge recordthe CLIMAS modeitilizes
County ALERT gauge as inputs, which are distributed throughout eastern &tintg, C
thereforethe modeledproductcouldprovidenear¥ dzf t O2 @SNJ IS 2F (GKS / 2dz
conservation land3Ne mayassess the accuracy of the radssed product again$RISM
precipitation estimates across Pima County conservation lards it beomes available

Drought

Drought is commonly reported through modeled indices, which incorporate some combination
of precipitation and temperature. These indices can be calculgtedarying lengths of time

and at various spatial resolutions.

Standardizedrecipitation Index

The Standardized Precipitation Index ($Bihparesobserved total precipitation amounts for

an accumulation period of interest (e.g. 1, 3, 12, 48 months) with the-lerrg historic rainfall
record for thatsameperiod at a given locabn (McKee et al. 1993; Edwards and McKee 1997).
The SPI improves on the PDSI by incorporating a-sudtar temporal approactable to be
calculated at different time scales) and performing similarly across different vegetative
communities thereby alloving fordirect comparisons across time and spatee SPI has
become awidely acceptedirought index.SPI data products are widely available down to a
~4km resolution.

Standardized Precipitatigevapotranspiration Index

The Standardized Precipitatidivatranspiration Index (3#) improves on the SPI by
incorporatingtemperature viamodeledpotential evapotranspiratioPET)nto the multiscalar
approach (Vicent&errano et al. 2010). Global temperatures are already warming, and drought
stress will diffe 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-isars#ly. The SPEI

has not yet become as widely accepted as theaBRIhigher resolution data products are not

as readily availabjdhowever, SPEI products area available at the coacdyje.

ClimateSummaryOutputProducts

Pima Countyproposesto summarize measeasonalprecipitation(monsoon = June
September, winter = Octob&rMay)for the specific fiveyear monitoring period agach
establisheduplands vegetation and soils monitoring plot locatissingmonthly PRISM
precipitation estimatesThesevalueswill then be averageavithin eachgeographiaclimate
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regionandelevational stratafor each fiveyear monitoring periodo determine largetscale
climatetrends. We will report not only mean values but also error associated with those means
in order to quantiy whether monthly or seasonal variation is changing over time.

We propose to summarize drought using freely available gridgiedoiISPEI index data at the
climate region and elevational strata scales for both sh@rt year) and longeterm drought

(1-5 years).Preliminary research suggests that for b&RI and SPEI track modeled soil
moisture dynamics in southeasteArizonag with 2month values tracking 10 cm soil moisture
values and 9month tracking 30 cm valug®ike Crimmins personal communication)
suggesting their utility in summarizing drought effects and trends in the reesults from

this research will help to determine which drought index is most appropriate for assessing
drought impacts on vegetation community composition and structurgomtheastern Arizona.
We acknowledge the current availabiliéyd resolutionof 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 monitorirgripds will be recalculated with the new
index. Droughsummary data will then be compared to prior monitoring periods Hrel
historicbaseline using a trend analy$tiscussed belowtp determinechangesn temperature
and precipitationpatterns over tine. If appropriate, these trend analyses may be compared to
largera OF £ S Ot AYI UGS Fy2YFfé RFEGFE FNRY (GKS bl A2yl
National Centers for Environmental Information (NOAA NCHimate summary products and
trend analyse can then be used to aid in interpreting data and trends from other PCEMP
monitoring elements.

PrePermit Climate Baseline

The/ 2 dzy Seétion&l0 Incidental Take permit was acquired from the UsB.afid Wildlife

Service in Julg016;subsequently, thé 2 dzy 1@ Qa a{/t |yR 9at alidAratFe
monitoring requirements associated with the Section 10 permit. We propose to summarize
climate data (temperature and precipitatioagross the suite of County conservation lands
(scales identified above) fahe 35 years prior to this baseline (198016).We selected this

period because the PRISM gridded climate product provides estimates beginning in 1980.
Baseline data will be used to compare pte post2016 climatedata to determine if and how
temperature and precipitatiorare changing across County conservation laaftes acquiring

the Section 1(Qermit. Baseline climate will be summarized in fiwgar baseline monitoring
periodsgoing backward from the summer 2016 permit acquisitdfe may also inaporate
precipitation and temperature anomaly data from NOAA NCEI for the areas and time periods of
interest.Theproposedclimate baselinenalysis methodology and preliminary example is
discussed further in th€reliminary Studiesection belowThe finabaseline summary will be
produced after all 100 uplands monitoring plots have been established.

Climate Trend Analysis
We will usethe nonparametric ManaKendall(M-K)test to analyze trends in precipitation and
temperature over timgMann 1945, Kendall975, Gilbert 1987, NCAR 20I8his test can
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determine if a monotonic upward or downward trend exists withitime-series dataset, even
if input data are not normally distributed:he MK test will allow us to examine the trend in
precipitation at all patial scales of interest in the climate monitoring protocol.

StatisticalAssumptions
1. Observations obtained over time are independent and identically distribwtbdn no
trend is presentthereforeobservations are not serially correlated over time.
2. The olservations 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- YSY RI f £ Qa: difedtiolz ardd inhgiitude 6f xréhdPositive values indicate a
positive trend, negative values indicate a negative trend over sampled period.
sl- Two-sided pvalug we considep X{.05to be statistically significantvhilep >.1
suggests a possible trend.

TheKendallpackage in the R Programing Software allows for streambmedisis of time series
data using the ManiKendall testTheMannKendalfunction calculatesau ands afor a time
series across all months (annual trend), while 8sasonalMannKenddiinction calculates the
same variables fdout for each month separately to determine if the monotypic trend is
occurring by month, rather than across the entire yéhis comparison will allow County staff
to determine if there is a statically significant trend in precipitation values over time at any
spatial scale.

13



PreliminaryStudies

PCEMP staff implemented two preliminary studies to 1) comgaeerformance of avéble
gridded precipitatiorproducts to local weather station data, and 2) to test methodology for
summarizing prgermit precipitation baseline against which to determine future trends. These
studies helped to determine the appropriate approach for monitg climate on County
conservation lands.

GriddedPrecipitationProduct Comparison

County staff initiated a comparison of historic precipitation gauge data to determine the ability
to useeither PRISMbr Daymet data as a proxy for bo#éttive District AERT and pasre NRPR
ranch rain gauge data. We selected ten ALERT stations distributed across eastern Pima County
and located on or naaconservation land propertiesgure 4, Table)and acquired all daily
historic data available for each station (variey station). We compared seasonal precipitation
totals (summer = JuneSept, winter = Oat, May) from select ALERT stationgtionthly
summaries from both PRISM and Dayrfetllocated with ALERT statiorfig) the same time
periods using Spé&aly | Yy Q aorréNdltiofi | values inTable 4. We also calculated mean

percent difference by season for the PRISM/ALERT comparison ([PRLEWRT] / ALERT) to
determine if and the percent to whidARISM was oveor underestimating relative to

measured ALERT valu€sr 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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Figure4. ALERT stations and County ranaiogerties used in data quality comparison. Station
numbers and ranch properties correspond to Tables 1 and 2.

Seasonal ALERT data correlated higher with winter precipitafon(.886) than summer
precipitation & =0.589) across both gridded productghich supportgecentclimate research

in southern ArizonaMcGowan 2019 PRISM performedonsiderablybetter than Daymet for
summerprecipitation estimategPRISMR =0.680 toDaymetRs =0.498) with similar

performance in winter =0.891 to 8.880)PRISM on average ovestimated precipitation

values across both seasoaisall stationg42.3+12.8 %) with winter (45.3 10.2 %) having

higher overestimates butslightlylower standard errors as compared to summer precipitation
(39.3+£ 15.5 %). We aclowledge several ALERT stations with severe-esBmates 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 = 1469
%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 bothossa@ummer = 148.0
+14.7 %, winter = 156:818.4 %)By censoring these two stations, percent cestimation

drops across both seasons (3&.42.3 %) with winter (27.27.8. %)and summer (331 £ 16.8

%) This result suggests that censoring outlidwat 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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Table4d { LIS NI y Qa (RyJorsdasotaPpheblfidtion betvghsALERT gaugeBigure

4 and gridded climate products (& = ALERT/PRISM andDA= ALERT/DAYMET comparisons). Mean
seasonal percent difference and standard errdse)for PRISM estimates vs. ALERT gauge values for
each ALERT gauge measured.

Number Station Comparison Monsoon Winter Season Mean%dif se

1 Brawley Wash AP 0.588 0.940 Monsoon 0.060 | 0.081
@ 286 A-D 0.528 0.942 Winter 0.183 0.072
5 Tanque Verde A-P 0.810 | 0.979 Monsoon | 0.307 | 0.082
Creek A-D 0.787 0.981 Winter 0.177 0.027
. A-P 0.782 0.876 Monsoon 0.181 0.051
3 Arlvaca AD 0.650 | 0.956 | | winter | 0.335 | 0.060
AP 0.819 0.685 Monsoon -0.202 0.054
4 Dan Saddle AD 0448 | 0.781 | | winter | 0.749 | 0.216
Davidson AP 0.840 0.897 Monsoon 0.194 0.167
5 Canyon A-D 0.775 0.837 Winter 0.114 0.058
5 Haystack A-P 0.672 | 0.947 Monsoon | 0.238 | 0.050
Whetstones A-D 0.451 0.908 Winter 0.314 0.071
7 Madera AP 0.654 0.890 Monsoon -0.044 | 0.070
Highlands A-D 0.240 0.795 Winter 0.087 0.058
AP 0.612 0.902 Monsoon 1.480 0.147
8 | Keystone Peaki—— 1 0235 | 0918 | | Winter | 1563 |o0.184
9 Canoa Ranch AP 0.773 0.925 Mohsoon 0.948 | 0.456
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 5 0.106 | 0.815 | | Winter | 0.646 | 0.209
AP 0.680 0.891 Monsoon 0.393 0.155
Mean All A-D 0.498 0.880 Winter 0.453 | 0.102

i Stations Both All
0.589 0.886 Seasons 0.423 0.128

We also comparegassiveNRPRanchgauge data (collected twicnnually) tosummeddaily
PRISMrecipitation estimatedor those locations to determine the ability to use PRISM as a
proxy forthesedata(Table 5)We used alavailableNRPRange gaugelata, ranging back to

2011. Data quality issues includedssingcollection dates and precipitationreadings, which

varied by gaugeGauges were established in differing years aherries with potential quality
issues were censored for this analysis, resulting in a different numbeartoés per gauge. No
gauge hadnore than four values per season censarkedwever, the number of seasonal

readings per gauge ranged from two to sevlRPR gauge data were collected on different
dates every season, therefore daiRISM estimasgfor the exact date range corresponditm

the NRPR read dategere downloaded and summed to calculate seasonal estimates. Seasonal
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PRISM estimates and NRPR data were compared udidg I N | y Q& NEXofrglatiab2 NNB f |
values for d gauges within a specific ranch prope(®5 gauges per @perty)and all

properties within regions (northeast, southeast, and southwest) were averalyecalso

assessed thenean percent differencét standard errorpy season for the PRISM/ALERT
comparisomacrosseach property andegionto determine if PRISM vgaconsistently overor
underestimating relative to empirical values

Winter PRISM estimates (0.649) were more correlated with NRPR data than summer estimates
(0.490) across all remns. Northeast (summer = 0.648inter = 0.71) and southeast regions
(0.6@ / 0.681) were comparable, whitee southwest watershed (0.228;557) showed
significantly lower correlations across hateasons. Diamond Bell (0.082721) and Sopori
Ranch (0.091 / 0.312) showed extremely low correlation values, especially dummgesu
within the west and southwest regions, respectively (Tabl®RISM estimates neither over
underestimated when comparing across all seaspnsperties,or regions 0.6+ 12.5 %)
However,when compared to NRPR ranch gauges, PRIightly overestimated summer
precipitation (3.3t 11.9 %) and undeestimated winter precipitation-2.0+ 13.1 %)cross all
regionsdespite havindarge seasonalariationbetweenregions.Interestingly, PRISM generally
over-estimated precipitation in the northeasegion (17.6: 14.9 %) while underestimating the
southwest {11.4+11.5 %) region. The southeast regieh 3+ 11.2 %) showedhixed results.
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Tableb. First column{ LIS NX I y Q& NJI(B)for s€adaxal B dcipitatibrebgivden seasonal
NRPR ranch gauge data and PRISM precipitation estimates averaged by ranch prapdrby region
Second columnMean seasonal percent difference and standard err¢sg)for PRISM estimates vs.
NRPR gauge values for each NRPR gauge measige@dveraged by ranch properfyom 20112018

Ranch Property MonsoonRs Winter Rs Season Mean%dif se
Monsoon 0.148 0.103
A7 Ranch 0.6 0.583 Winter 0321 0.29
. Monsoon 0.249 0.164
§ M Diamond 0.826 0.675 Winter 0185 0194
= . Monsoon 0.209 0.097
S SixBar Ranch 0.504 0.872 Winter 0.054 0,044
MeanRegion 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 0211 0.064
Monsoon -0.064 0.112
_ Clyne Ranch 0.691 0.474 Winter 0158 0211
7]
© Monsoon -0.227 0.082
Q Sands Ranch 0.758 0.629 -
g | Conderane Winter 029 | 0.044
Q Monsoon 0.133 0.156
U‘) aa
EmpiritaRanch 0.358 0.909 Winter 0162 0123
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 0191 0.087
. Monsoon 0.234 0.176
Kings 98 0.267 0.7 Winter 0.061 0214
Monsoon 0.015 0.162
y Buckelew 0.368 0.705 Winter 0187 0112
() Monsoon -0.256 0.05
=
§ Rancho Seco 0.295 0.626 Winter 0219 0.059
Q Monsoon -0.004 0.153
]
Carrow 0.281 0.275 Winter 0,203 0.065
Monsoon -0.203 0.113
iR h .091 312 -
Sopori Ranc 0.09 0.3 Winter 0263 | 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
IS Mean Monsoon |  0.033 0.119
< | AllRegions | 049 | 0.649 | Mean Winter -0.020 0.13L
@ All Seasons 0.006 0.125
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Results from this initial data comparison resulted in a few key findings, thmstseasonal

ALERT dat@or gauges sampled3 more highly correlated with seasonal PRISM estimates than
with Daymet data, suggesting thaevshould employ PRISM data when estimating precipitation
across areas with low gauge coveralpegeneral PRISM tends to overestimate precipitation
relative to the actual ALERT data. Regional differences in performance were not evident in the
ALERT/PRIS8®dmparison, 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 thegmipitation seasonal NRPR ranch gauge totals in the
southwest region were skewed for some reastne to extremely high valueBpwever,
double-checking with external passive gauge data (Rainlog.org observersagaAAZ, <10 km

to the south) ledus 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 wastguaccurate with a slight overall
underestimation.Understanding @gional variability in PRISM performance will be important
when interprding precipitation estimates at specifgpatial scales (propertyegion), therefore

we suggest defining more spatiakexplicit geographic regions (e.g. Northwest, Northeast,
Southeast, Southwest, West), rather than the three included in this preliminary study.

PrePermitClimate Baseline

Pima County acquireits Section 10 permit from the USFWS in July 2016, whichsatlte
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 dataced at that time.
Annual and seasonal precipitation can be highly variable in sastiern Arizona, and
monitoring potential changes in climate inherently requires a lortgem view. Therefore, we
propose toanalyzea 20-yearperiodto quantify the prepermit climate baselinewhich was
determined to be the length required for spatianability of cumulative precipitation patterns
within a single instrumented watershewithin southeastern Arizona to become uniform
(Goodrich et al. 2008Y.his baseline will allow for comparisons of {m&rmit to postpermit 5
year climatemonitoringperiods.

Here weproposethe methodology for summarizingstoric climateacrosshe suite of County
conservation landsp to the 2016 isuance ot A Y|/ Seiioni1&Ridental Take Permit.
This summary defines the baseline against which all futlineate-monitoring periodswill be
compared. To establish the histobaseline we will summarize seasonal precipitatonl
meanmonthlytemperature at each established uplands vegetation and soils monitoring plot
(minimum 100 total) using thBve-year panedesign(Table5). 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. Rlevel data will allow for more informed interpretation of
regular vegeation monitoring data. Pletevelclimatedata will then be summarized #te two
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largerspatial scaleg¢gion, elevational strafeassociated witlvegetation and soils monitoring
plot distribution.

Theexamplebelowassesses the historic baseline férrhonitoring plots established in either

2017 or 2018Table 6)ps a proof of concept for what the final analysis of all 100 monitoring
plots would resemble once establish@éigure 2. Here we analyze a 3gear baseline; however
we will only analyze a 2@ear period when we develop the baseline for all 100 final plots.

Table6. Date ranges composing each historic baseline climatenitoring period.

Monitoring Period | Season / Year

-7 (baseline) Winter 1981- Summer 1986
-6 (baselie) 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

Table7. Specific plands vegetation and soilsonitoring plots established ineither 2017 or 2018 used
in the example below. Summary of number of plots by group and regioa 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 PRISd@asonaprecipitation(monsoon = June September, winter = October
¢ May)and monthlytemperature estimates for each of these 15 sampliets within each
historic baseline climatenonitoring period(Figures 8). In this example, | do not include
enough plots per property to draw inference at the property level, so historic cliveltees
were only summarizeéat the elevationalstrataand geographic region levelhis exercise will
bererunin winter 2021onceall 100 (minimum)monitoring plotshave been established.
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Precipitationestimatesgenerally increasednd temperatureestimatesgenerally decreased
with elevationalstrata (Figures &nd 6). Temperatureestimatesalsogenerally increased across
elevationalstrata historic monitoring period, while precipitationestimatesshowed high
variability between periods and did not demonstrate a consistent trendnsoonal
precipitation error remained consistent across periods while winter precipitation error was
highly variable both within and across elevational stréaguresand 9).

Precipitation estimates varied highly across regions, with the general order of incréaisihg
precipitation across all periods being Northwest < West < Southeast < Southweshedsbyt
and general order of increasimyonsoonality (summer precipitation / total precipitation) being
Northeast <Northwest <West< Southeask Southwest(Table7). Monsoonal precipitation
error remained relatively consistent both within regions amongqus and across regions,
while winter precipitation error was considerably more variable both within regions among
periods and across regioribemperature estimates varied across region, with the increasing
average annual temperaturegenerallyinverse tothe total precipitation valuedy region,
Northwest < Southeast < Southwest < West < NorthWE&able 10) All regions showed
consistent, slight increases in mean annual temperatures from peribtis-3, with a leveling
off or even slight cooling trenduring the last two monitoring periods.

TheSoutheast and Soutlvest regiors displayed the highest level of monsoonality, while the
Northeast displged the lowest. Both regions are dominated by 200 and 300 level strata and
the comparison within strata buacross regions over time will shed some interesting light on
trajectory of uplands vegetation communities based on the current climate foredistis.
density in the Northwest region will be considerably lower than any of the other regions,
therefore wewill consideraddng simulated 106evel strata plots on conservation properties in
this regionif warranted 100-levelmonitoring point locations were originally generated using
the same process as the proposed plots; however, the decision was made tthdrdpCGlevel
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 conservatamdls as well as bolster the
sample size for drawing inference within the Northwest region.
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Figureb. Mean seasonaPRISMorecipitation estimatesfor 15 soilveg plotsin millimeters & standard
error) by elevational strata for he seven historic climate monitoring periods.

22



Figure6. Mean seasonal PRISM precipitation estimates 15 soitveg plotsin millimeters & standard
error) by geographic region for the seven histodtimate-monitoring periods.
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