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INTRODUCTIONURPOSE

TNC is working on a model to estimate carbon sequestration by rangelands throughout the state of
Nevada and th®asin and Range regidgxotic annuaspeciesaffect the timingand quantity of carbon

in the regional carbon cycle. To incorporate the contributions of ansp@tieswe wanted a more up
to-date map of annuadpeciesat a higher resolution thais currently available through the USGS
(Landsathased map)We alsovantedto use mordocally acquiredlata from Nevada and the Great
Basinto create this mapThis map and modeareintendedto inform how much carbon might be
sequestered if perennial species were restored in the areas where exotic apra@éshave inaded.

The poject areafocusedon rangelands inthe Great Basimrit largeandincluded the Great Basin
ecoregion of TN@nd EPAAIso capturedn the analysis werareas of wrthern Nevada and the
southern portions of Oregon and Idahotire Columbia Pl&auecoregion andthe Mojave Desert in
southernNevada(Figure 1)TheGreat Basimnd Columbia Plateau ecoregions extend®d California,
east of the Sierra Nevada range, and into western UBsing such a large project area, the climate and
ecologyvaried appreciablyatitudinally. Annuakpeciesvaluatedin the MgaveDesert could not be
considered in the second part of this study becatimegrowth ofnative perennial grass species is less
than 5% successfinl this area. The Mojave Desevbsincludedas the Nevada iRisionof Natural
Heritage(NDNHYequired arevisedmapof non-native annual specigsr all of Nevad (Peterson 208,
Peterson 206). Mapping nonnative annual species in the Mojave Desedated some problems since
the seasonal greenp ofnativeannual grasspecieswill be confounded witlthe greenup of norrnative
annual species isouth garlier) thanthe north (ater). The phenological patterns used to distinguish
non-native annual grass spies from native plants in the northern portion of the project area are less
useful in the Mojave Desert, where native plants exhibit a different phenological pattern.
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Figurel. Project area shown to include all EPA Level 3 ecoregions within Nevadahsasvthe
Northern and Central Basin and Range regioRangelands are shaded darker than the surrounding
landscapes.

Other datasetsnap nornative annuabkpecieswithin the project area. The I& GeologicQurvey (USGS)
helps produce a near reéime estmate map of annual exotic herbaceous cover thgtends
throughoutmost of our projectarea butdoes not map southern NevadRastick et al 2020 hese
maps are available at 30m resolutistarting in 2015
(https://data.usgs.gov/datacatalog/data/lUSGS:5f0e030782ce21d4c40)3€h8 Rangeland Analysis
Platform (RAP) is a website developediiyNatural Resources Conservation\es(NRCS}the
Bureau of Land Manageme(®LM) and the University of Montan&APhosts magproducts of plant
functional group coveincluding annual forbs and grasgtsoughout the western United States
(https://rangelands.app). These maps are availaldanuallyfrom 1984 to 202@&t the 30m resolution
across our entire project arg@llred et al 2021)

Overal] weassembld a suite of remote sensingeteorological, and abiotidata to capture the unique
phenological signal of annugtheciesandto map the percent cover afon-nativeannualspecies
throughout Nevada and the Basin and Range regibefinal productwasa wallto-wall map of annual
grass coveas a proportion of ach pixelat ~10m resolution focalendar yeaf020.

METHODS

The ample data usedb train the model camdérom TNC projects throughout thetudyarea andthe
BLMQ2 Assessment and Inventory MonitoridIM) program Methods described in the project

3


https://data.usgs.gov/datacatalog/data/USGS:5f0e030782ce21d4c4053ec2
https://rangelands.app/

application have changed significantly from thased to build this modelrNC intended to apply
similar methods to those used to estimate cheatgr@&®mus tectorujcover by the Nevada Natural
Heritage Program (now NNH; Peterson 2(&) Peterson 206). With the increased availability of
satellite imagenand image processing tools, TNC updated their approach to mappinrgaiime annual
speciesoverrather than just cheatgras3 his includd using more ugo-date trainng data and finer
resolution satellite imagery resulting in a model thesmore sensitive to areas with lowgercent
cover of annuatpecieq<10%) and a map with a higher resolutid® m)than previously discuss€¢80
m) thanks to the availability fdSentinel-2 imagery through Google Earth Engine

Sentinel2 imagery is captured by twin satellites with 13 spectral bands at 10, 20, or 60m resolutions
(https://sentinel.esaint/web/sentinel/userquides/sentinel2-msi). The SentineR mission began

producing images in summer of 201hages from Sentine? areavailable through Google Earth

Engire, including bandwith data quality informatiorproduced with each image. Sentirf2images

contain bands that can be combined into metrics that represent vegetation productivity over time.

Normalized Difference Vegetation Ind@¥DVI)s a combination of the reflected red and neafrared

(NIRJightF N2 Y (GKS 9F NIKQ&a adaNFI OSo | St NIRlightaad ahsddBsR dzOG A @S
more red light, so pixels with a high NDllueA Yy RA OF §S KA 3IKf & LINRPRdAzOGA DS @S3
YSI &adzNBE 2F WINBSyy S aaenireHlbanik 2ait Bezampitel i8 selie@l waySt A O A G &
represent various characteristics of tlendsurface, including vegetatigshenology moisture,or soil

reflectance

Ly GKS DNBFG .lFaAy 6KSNB SISOl iA2y sonPrRidaddgish 2y A &
of productivity. Annuaspecieshave adistinctsignature here since they experience quick growth in the

early springvhen moisture is available amwdhile nativeplantsare still dormant then quickly senesde
summer(Boyte et al 2016By the time summearrivesand moisture rapidly becomes less available,

native herbaceous species ageeener and more productivihan their nonnative counterpartsWe

usead seasonal remote sensing metrics of vegetation productivitigémtify locations tlat exhibied this

behavior.

A common method of identifying annuspeciesn dry regionsvasto compare NDVI from the spring
and summel(Kokalyet al 2011 Boyteet al2016 Peterson 206). Ina pixel with annuakpeciesthe
NDVI should be much highertime spring than in summeA pixelprimarily containing moisture
resilient sagebrush or perennigpecieshould not change in NDVI as much between seasons
Therefore, the large difference of NDVI between spring and summepiaelrepresentedthe dramatic
senescence of annuapecieghat typically occurs at the end of spring and early summer (May/June
Figure 2.
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Figure2. Two years of NDVI values at a location with 20% median annual grass cokierraw NDVI
data are shown in tiht grey. A smoothed time series is shown in black. The shaded atketrate the
difference between springgrowth (blue)and summersenescencdred) represented by NDWo
identify annualspeciesn high-desert regionsLocated in Central Nevada, fronmé Cortez project
area, median ring NDVI at this location is greater thanedian simmer NDVin both 2019 and 2020
as indicated by the dashed lines

As previously mentioned, thelimate and ecology varied appreciably latitudin&liyhin the large

project areaAs such, phenological differences are expected frommeative annual species between

the southern and northern portions of the project area. Creating a seasonal median from multiple
images provides a buffer for these seaablatitudinal differences (Figure 2). Compared to northern

areas, nomative annual grass species in southern areas may begin their growing season earlier (April or
even March), because the Mojave warms more rapidly in the spring. Consequently, thesevirea

likely exhibit senescence earlier as the temperature rise rapidly, and moisture become less available.
The seasonal median metrics capture this variation in phenology throughout the project area.

Othervegetationmetricsderived from one or morspectral bands were included in the model. A full list
of metrics created and used in the Random Forest model are availab&blel. Seasonal differences

of these metrics were also calculated as these represent phenological or ecological processepthat hel
identify areas where annuabeciesare presentClimate data fronthe IdahoGRIDMETlimate products
(ultimately derived from 4km PRISM daletps://developers.google.com/earth
engine/datasets/catalog/IDAHO _EPSCOR_GRIDMET#desywererused to produce precipitation
metricsas potential predictors to theadomForestmodel. Temperature data were shown to be
unimportantin mapping nomative annuakpeciesand were not included in this analy$Rilliod et al

2017)
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SPATIAL VARIABLES SEASON SEASONAL RESOLUTION
DIFFERENCES (METERS)
SENTINE2 BANDS
GREEN (BAND | EY;, EXm BY E¥r- EXim, EXim-EX 10
RED (BAND 4 B, B B Er- EXim, E¥im- B 10
VEGETATION REDGE (BAND ¢ EY,, B B¥ E¥:- EXim, EXim- BY, 20
VEGETATION REDGE (BAND € EY,, EX, BY, E¥r- EXim, EXim-EX 20
VEGETATION REDGE (BAND | EY,, EX, BY E¥r- EXim, EXim-EX 20
NIR (BAND 8 EY, Exm EY E¥r- EXim, EXim-BX 10
NARROW NIR (BAND 8 E¥, Exim Y E¥r- EXim, EXim-BX 20
WATER VAPOR (BAND EY,, X, BY E¥r- EXim, EXim-BX 60
SHORTWAVE INFRARED (BANL EY,, EXm BY E¥r- EXim, EXim- BY, 60
SHORTWAVE INFRARED (BANL EY, EXm BY E¥%r- EXim, EXim-BX 20
SHORTWAVE INFRARED (BANL EY,, EXm BY E¥%:- EXim, EXim-BX 20
VEGETATION INDICES
EVI B Bm B Bp-BnBeBE 10
SAVI B, BYm B¥ B - Em, Eim- B 10
MSAVI | B, Bt B B Em, Eim- B 10
TCG| B, Em BYi Epr- EXim, EXim-EXi 10
TOPOGRAPHY/SOILS
ELEVATION NA NA 10
CHILI NA NA 10
LITHOLOG! NA NA 90
PRECIPITATION EX:, EXm E¥o,.E¥n  EX:- By 4000

Table 1. All input variables to the regressiétandom Forest ModeMX¥ NB F SNE § 2

than mean in this model.

TNC primarily usedemote sensingnetrics that represent the timing and magnitude of vegetation
productivity. Metrics included in this model wesochosen based on varigblmportance identified
by Jones et al. (2018) for mapping anng@cies Not all metrics used by Jones et al. (2018) were

computed for this analysis, just the ones that were identified as more important and possible to create

from Sentinel2 products.

Similar to NDVI, thEnhanced Vegetation Ind€kV) represensvegetation productivitybut it is more
sensitive to areas with dense vegetation and reduces background noise, atmospheric noise and

YSRAILY ¢

saturation thanks to the inclusion of the bluard (ttps://www.indexdatabase.d€). The Soil Adjusted
Vegetation Index (SAVI) uses the ratio between the red and NIR bands like NDVI but includes a
brightness correction factor to account for soil brightnedseve vegetation is sparse. The Modified SAVI
(MSAVI) also uses the red and NIR bands to estimate vegetation productivity but uses a different
formula that minimizes influence from bare soil effects. Tasselgulgreenness (TCg) measures how
green the refleted pixel is based on the tasseledp transformation functiomn all reflectance bands
(Nedkov 201Y.
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Seasonal metrics of precipitation were created as model inputausecvariations in the timing and

amount of precipitation have a strong effect annual grasgphenology and compositioriP{lliod et al

2017). Non-native annuabkpeciesare particularlymore reactive to precipitation dynamics than native
vegetation (Boyte et al 2015). More precipitation in the winter and early growing season (spring)
beneftsthe nonnative annuabpeciesand increases their cover in the growing season (Pilliod et al
2017). The sooner that precipitation events stop in the late spring/summer, the quicker that annuals will
senesce. Precipitation in the fall before the growssgson may initiate germination of namative
annualspeciedefore native species for éhfollowinggrowing season (Pilliod et al 2Q1Horn et al

2017). Seasonal differences in precipitation were also created (spring minus summer, summer minus
previous &ll) as in Jones et al 2018.

Elevation aspectand slopeare known to controlvegetation composition, and thuannual grass
distribution and cover (Chambers et al 20Bbyte et al 2016 The Continuous Hedhsolation Load
Index (CHILI) is atdatasetderived from USGS digital elevation modelsilable through Google
Earth EngineThe CHILI product combines slope, aspect, and latitude into a measure of heat load, a
strong predictor of evapotranspiration and, consequently, vegetation distributions (Theobald et al
2015).According taChambers et a(2014), resistance to disturbancand subsequeninvasion by
cheatgrass can be determined by these topogiaphriables In the case of aspeqtlant communities

on north aspects are more resilient to disturbance than southern aspects. Hitghation communities
(colder/wetter) are alsdypically more resistant to cheatgrass invasion than lower elevation
communities(warmer/dryer; Chambers et al 2034

Lithology, or soil parent class, data were used due to thengtrelationship between soil texture and
chemistry of the mapped classesdecological response (Theobald et al 2004jtain soll

characteristics increase the likelihood of invasiombg-native annuabkpeciesresistance to invasion is
generally lowesbn coarse, dy soils(Chambers et al 2014). The lithology dataset isasdfinescaled as

other nationalsoilproducts such as the SSURGO and STATSGO databases, but the 20 solil classes in this
dataset capture the necessary soil information for this coarse analysis
(https://developers.google.com/earttengine/datasets/catalog/CSP_ERGo_1 0 _US_lithplogy

TRAINING DATA

TNC DATA

TNC training data &re obtained from two landscape conservation forecast{bGF) project®ne in

central Nevada (hereafter, Cortez) and the other from southwest Utah (hereafter, Pine Wdlaytain
Home or PVMH; Figu®. Descriptios of LCF methods and remote sensing are found in Provencher et
al. (2021), whereas reports for each site are found irv@ncher et al. (2017) for Cortez and Provencher
etal. (2019)forPVMH. Y A YL NI Fy (G FaLlSod 2F ¢b/ Qa (GNFAYyAy3
categoriegdefined by percent covarmngesfor native or nonnative species group, shrubs, and trees.
Using the vegetation description for each class, ranges of cover (e:45%6over ohon-native annual
specie¥ were converted to median valugend openendedcover values (e.g., >586ver ofnon-native
annual speciéswere assigned most likely value that was frequently observed in the fidl@8%cover of
non-native annual specigsAll TNC data werassignednedian percenicover values of annual grass
based on their vegetation system ands$ In addition to considering training data with detectable
annual grassover, we included someegetation classewithout annual grass cover from both
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landscapes in the training data as it was judged just as important to identify locations withowtlannu
grass as it is to estimate cover in areas with anspaties
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Figure 3Map of annual grass covedata collected in 2020 used to train the Random Forest model

The Cortez areavasapproximatelysituatedoff Highway 278 to the east and the Roberts Mountains to
the south in Elko, Eureka, and Lander Courdigsthe Shoshone Range to the W@sgured). The area

is bordered to the north by th®ry Hills and encompassgsthe souththe northern tip of the Toigbe
Range, Red Mountains, and the northern part of Carico Vdlley project areapansabout828,894ac
(335,442ha).Eachstudyarea contains typical rangelands; however, the valley ftwothe Crescent

valley half of the area substantially lower thnthe PYMH aredo the east The Cortez Range, Simpson
Park Range, Shoshone Range, Sulphur Spring Range, and Dry Hills are primarily volcanicsodmorth
trending, whereas the Roberts Mountains are dominated by carbonate rockBaeda moreeircular
shape than classic nor$outh trending basin and range formations
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Figure 4. Detailed map of the Cortez area mapped in July 2020.

The PVYMHandscape was comprised of the areas known as Pine Valley, the Mountain Home Range,
Indian Peak Rangand the western flank of the southern half of the Wah Wah Ramgeuthwest

Utah, 30 milessoutheast of Great Basin National Park, covering an arabaft 319,000 acre@-igure

5). The vegetation is typical tie southeastern Great Basin ecoregjalominated by sagebrush
shrublands and pinycjuniper woodlands but containing monsoonal dependent communities suitth
species as ponderosa piaad StandzNE Q& Of AFFNRAS P
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Figure5. Detailed map of thePine Valley/Mountain Homerea mapped inJuly2020.

Rather than using each pixel as a training pfrioin the vegetation rastersve identified largeareas of

continuous annual grass coverrgtainl A SNAS& 2F af I NHSThedegeatr5 a3 ¢ a4 GN
system and class rasters were converted to polygons. Adjacent polygons with the same vegetation

system and class were dissolved into an indiaideature.Anyfeature with atotal area< 1000n? were

removedto ensure that the training data were using large, contiguous patdbesn after filtering for

large patchesve still hadfar too manytrainingsites to process in Earth Engjim®we randomly selected

5% of the patches to use as training dadecpyQ & C $olPdimtaddbwas then usedo convert the

polygons to pointendassigned theointsi K S A NImiedliatadrfG4d graspercentcover values

Raw NDVI time series were assessed to determine whether thessagon phenology of annual
speciesvas detectable albcations with confirmed annual grass presenEgure2 shows the rapid
increase in productivity in April 2020 followed by a declinproductivity throughout the summer 2020
at this location withobserved20%mediancover of annual grass. This location is the center of a large
patch of Big sagebrustemidesert vegetation with annual spec@®sent(location:39.33°N 116.8°W,
SYSXCLA @0 10802100 Provencher et al 2037This plot is in the southeastern portion of Crescent
Valley and has experiencedstdisturbances that give rise to annual grass invasions.
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BLM AIM DATA

Point data with associated estimated covemaoir+-native annualspeciesvere used in addition to TNC
data to train and validate the Random Forest model. The BINMTerrADat dataset was filtered to
observations made in 2020 and limited to the extent of the project aféa. TerrADat data were
primarily collected outsid the state of Nevada in 2020 with an exception in the northwest portion of
the state (Figure 3). Plot locations within scheduled areas are determined randamdws gao
determined locationsnd perform a lingooint-intercept protocol along transect®trecord the presence
of plants, rock material, or bare grouif@ioevs et al 200). Estimates of functional plant growover,
including annuaspecies are derived from these observatio(lired et al 2021Jones et al 2018)

More information about the TieADat dataset can be found hattps://aim.landscapetoolbox.org/wp
content/uploads/2015/08/MonitoringManuatlVolumell.pdf. TheAH_AnnualGrassCover fieldsused
to representmedian covein the training dataTheBLM datasetvas mergedvith TNC datasstand
loaded nto Google Earth Hjineas training data

A total of 5,080 training pointsvere available although thesepointswere not evenly distributed across
the project aregFigure3). TheRandomForestmodelwastrained with 70% of the data (895)and 30%
were held out for validaibn (1,485).The distribution of annual grass cover values ranges from 0% to
91% with a median value of 1% (skewed by large number of 0% cover training patitularly from
the TNC dataFigureg).

Training Data - Annual Grass Cover Distribution
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Figure6. Distribution of median annual grassover values (%) from TN&bllected data(blue) and BLM
AIM data(orange. Thedensity curveof all combinedtraining data is showrby the black line.
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RESULTS

MAP DESCRIPTION

The mapwasproduced by applying the Random Forest model to the available Sé@tineagery Itis a
10n7Y resolution raster with ontinuousvalues thatrange from @6 to61.1%annual grassoverwith a
mean of 12.6%Tl he map was masked using the Coterminous US Rangelands dataset to remove
urban/developed areas, open water, foresésydagricultural landReeves and Mitchell 2011
general, the map of estimated annual grass cover looks reasgnaigiens with knowrigh
concentrationsof non-native annuakpeciesvere modeled to have high covefheroot mean squared
error (RMSEDf the availablevalidation data(n = 1240was 9.2% and the mean absolute error (MAE)
was 5.8% (Figure). Some validation data poin{® = 245)wvere removed from theiccuracy
assessmenafter being masked by the rangeland dataset.

Residuals of % Cover from Validation Data (n = 1240)

Data Source
RMSE = 929 .
75 MAE= 584

BLM AIM 2020
® CTZ2020
¢ |P-PVMH 2020

Estimated Median % Cover

L"J 2'5 5'0 7'5
Observed Median % Cover

Figure7. Residualof the available validation dataResiduals show that the TNC RF model is more
likely to underestimate annual grass cover where it is high (> 30%).

Annual species cover was mapped either using original continuenegntcover values oclassified into
bins of cover range (Figu8. Overall, igherpercentcover valuesvere observedn the northern basin
and rangeowards the Snake River plajesoundthe GreatSalt Lakeand in theMohavedesert

northeast of Las Vegas, NRelatively highepercentcover valuesvere foundinsiderecently burned
areas compared tthe surrounding unburned areasvhich was expecte(Figure9). Higherelevation

areas were mapped as having less cover than low elevation,aaeassistent obseation from other
studies(Chambers et al 2014Another common pattern wakigh coverof annualspeciesaround

towns, major roads, and agricultural areas. These spaces are more likely to experience disturbance,
leading to greater presence of narative amualspecieChambers et al 2014)
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The model and map produced from this method should not be used as definite proof of the presence or
concentration of specific nenative annuals, such as cheatgrassstern tansymustarddescurainia

pinnata), or redstemfilaree (Erodium cicutarium The model effectively uses imagery and metrics to
determine where vegetation phenology is like that of Amattive annual species in Nevada and the Great
Basin. We acknowledge that the model may be picking up on similar pigoal patterns from other
plantssuch ag?oa secundaa native perennial grass. Some variant® ofecundanay have anatching
phenology to nomative annual speciesa short growing season that begins in the spring and ends in

the early summer athe species senessdPeterson 200pb A large presence &. secundanay lead to
overestimates of the nomative annual species we seek to map. Without site visits, it is difficult to say
where these erras may occur or how severe they might be.

Figure8. Estimated ontinuous percentcover(A) and binned cover (B) of nenative annualspecies
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