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Research Strategy

This case study documeritse landscape performance of the Espafiola Healing Foods Oasis (EHFO), a
continuously evolving site of ecological restoration, food sovereignty, and cultural healing situated in the
ancestral Tewa homelands. The research was carried out in four phasesgards part of the Spring

2025 Measuring Landscape Performance Seminar at the University of New Mexico. This early
coursework established a collaborative foundation for the study and aligned the research with the

[ FYR&OF LIS ! NOKA {(L3KGBHRKGGran® itiay fRasésA 2 y Q &

Project Scope and Refinement

Initial site boundaries were defined were defined using the original planting plan from the landscape

architect; however, a comparison of this plan with and early drbased aerial mapping of the site

revealed that the extent of the current garden has arged to just over 1.073 acres. Though

consultations with landscape architect Christie Green and Tewa Women United, it was confirmed that
additional gardensg the Pifion and Dye Garden, Amaranth Garde, and two spiral gagdease added

beyond the originatlesign scope. This evolving site condition required flexible yet clearly defined
NE&ASFNOK o02dzyRFNE (G2 | @2AR a021LJS ONBSL) gKAES aidat
performance impacts.

To account for stormwater influences beyond the EHFO footprislightly largemurban watershed

analysis was conducted. This inclugetjacent impervious surfaces (City Hall and the parking lot to the
east), which directly affect site hydrolo¢see Figure 1.15everal benefianalysesincluding

stormwater infiltration, microclimate, and soil health, required data collection and observation in zones
both within and beyond the formal garden boundary.

Espafiola Library -

+ Lucero Recreation Center |

iewooking west towardhe Espafiola Healing Foods Oasis and surrounding context. The adjacent
predesignedeferencesite is an untreated slope used for comparison in environmental monitoring.




Comparative Framework

In all the Environmental Benefit studies, a consistent reference site was used. This untreated slope,
locatedon adjacent cityowned land, served as a baseline for evaluating relative improvement in soil
health, stormwater infiltration, biodiversity, and microclimate regulation. While the slope aspect of the
reference site faces soutboutheast (in contrast to the s&southeast facing EHFO), it was selected for
its proximity, similar soil conditions, and lack of landscape intervention, making it a maaningf
comparison for performance trends.

Phased Research Approach
The research for this case study progressed through the following phases:

Phase 1Aligning Benefits with Project Goals and Values

TheresearchteaNBE A S SR GKS 9aLl 32t | SHfAy3a C22Ra hl aira
through meetings with Tewa Women United athé landscape architectadicle. Using this foundation,

potential benefitswere mapped outiccording to thd | @ENafit categoriesAttention was given to

identifying culturally grounded and communitiefined outcomes, with thoughtful consideration of how

to quantify a project that often transcends conventional performance metrics and categories.

Phase 2Method Development and Consultation

Drawing on the LAF Landscape Performance Series Guidebook and previous case studies, the team
selected and adapted methods that were feasible given student capacity, site conditions, and available
data. This phase included outreach to topiea experts fofeedback and validation. Plans were also
developed for acquiring or building tools such as a DIY infiltrometer and temperature sensors,
supplemented byvailable tools within the UNM Landscape Architecture Department

Phase 3: Fieldwork and Data Collection

Datawas collecteetween June and miduly 202%y the research teantield data collectioincluded
observations, measurements, and testing relategad health, infiltration surfacehydrology,and
biodiversity In this same timeframe social benefits survegnd numerous interviewsere conducted
to learn about the community and economic benefits of the EKHe® Figure B.on the next page).

Phase 4: Data Analysis and Case Study Compilation

As fieldwork progressed, datas organized, analyzed, and visualized to communicate emerging
performance trends. Draft findings were regularly reviewed with the gardens managingrofih Tewa
Women United, to ensure accuracy and alignment with the original goals and valuespobjbet.

January - March
Phase 1: Research and Initial Planning

March - May

May - July

June - Jul
Phase 4: Case Study Compilation

Figure 12 ¢ Researclstrategy timeline showing development of the case study.
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Figurel.3 ¢ Heldworktimeline, activities, and weather conditior@b
Microclimate Temperature Readings

Morning, midday, and late afternoon temperature readingsre conductedacross all zones to
compare thermal comfort in the gardethe referencesite, and the surrounding urban context

Soil Health Testing
e Soil testing included pH, salinity, compaction, moisture, and miarabtivity to evaluate the
aAliSQa Niemfis/TSslvereitaliéh at both the garden and adjacent untreated slope.

Pollinator Observations
Timed pollinator counts and photo documentation were conducted throughout the summer.

Stormwater Infiltration Testing
Doublering infiltration tests were performed at two garden zones ame location at the
referencesite to compare infiltration capacity and hydrologic performance.

©

Survey Qutreach
Community surveysvere conducted to understand how the site is used amacludng both in-
person outreach and emailed responses collected through Tewa Women United.

Biodiversity Surveying
urveys were used to assess herbaceous plant diversity and cover across different zones. Results
helped compare species richness between the restoredrafatencesites.

Meetings with Tewa Women United
Ongoing collaboration and interviews with TWU staff supported our understanding of the
3 NRSY Qa4 &20AFf FyR Odf GdNIf 08SySTAGA®

@ &

Drone Mapping
Drone flights were used to capture #p-date aerial imagery and generate site maps for zone
delineation, context analysis, and visuals in this répor




Location and Context

Locatedalongthe Rio Grandén Northern New Mexic@approximately 25 miles north of Santa,Fe
Espafola, New Mexide in the heart of the Tewa worldrigure 1.4)The Tewa are a linguistic group of
Pueblo Native Americans, who have a deep connectighd ancestral landsWith sacred mountains
defining the landscape in four directiorthe Tewahave ties to this land since time immemorial and
have a rich cultural history and strong traditions that are deeply connected to this plétke Espafiola
was not officially incorporated as a city until 1925, it was founded in 1598, 58 years after the Spanish
first arrived in this arealoday, Espafiola is a diverse comnyof just over 10,000 people,
predominantly Hispanic and Native American.

Working in ssmaller community, the summer heat, and the limited timeframe of the swajyoubtedly

posed challengesnieractionswith visitors to the EHF@ere limited and survey responses were less

than we had anticipated. Nonetheless, tfeedback that waseceived, and the conversatiomg had

were deep and meaningful with those whom we interacted vgtbroving to me a truly impactful

experiencel Y dzy RSNRGFYRAY3I (GKS O2YYdzyAidieQa O2yySOGAz2y i
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Additional Pueblos, including Kewa, Cochiti, and
buquerque . SanFelipe are located just south of the map.

Figurel.4 ¢ Map showing the Espanoléalley in relation teurroundingpueblos cities and mountaing'heEspafiola Healing
FoodsOasissitswithin the Tewa world, a living cultural landscape shaped by deep relationships between land, water, and
community.



Environmental Benefst

1 More than daublessoil microbial biomasgarbonand supports a more fungal
dominated microbial community in intensively cultivated garden zones, compared to
adjacentdegraded soils

Background
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Flgure2 1- Ste condmons prlor to the establlshment of the Espanola Heallng Foods Emsnecredlt Tewa Women United.

Method

Toevaluate soil health ahe Healing Foods Oasiad compare conditionwith the adjacenfpre-design
referencesite, a stratified randomsampling approactvas used The sudy areawas divided intdour
zones based otopographic position, landscape treatment, and availability to runoff or irrigation.



Across these four zones, nisampling locationsvere selected to capture representatigenditions
(Figure 2.2)At eachlocation, soil samples were randomly collected withibOeft radiusto minimize
bias within microsites Thereferencesite was treated as onsamplingzoneand includedwo samping
locationson a southsoutheast facing, undeveloped slope exhibitaigns of erosion and limited
vegetation cover. This area receivesimal stormwater input from the upper parking lot and
represents prantervention conditionswith a slight change in aspect.

The designed landscapé&s§pariola Healing Foods Ogsias divided into three zones based on slope
positionand landscape treatmemhich included

1 UpperSwales R locationg: Heavilymulchedswales on contouthat receiveinitial stormwater
runoff from the adjacenparking lot This area was also inoculated witlycorrhizalfungi as part
of a bioremediation strategy.

1 Mid-Sope Swvales 8 locationg: Moderatelymulched and plantedreas that aranore exposed
receivingless directrunoff.

1 LowerOrchard €rracesand Spiral Garden® location9: Located at the toe of the slope, these
areas contain deeply amended soils and received the most consistent supplemental irrigation
and organic input.

Each sample location was georeferenced, and all samples were collected from thé foghés of the
soil profile, following removal cfurfacemulch and debris. Thebservations andata collectedvere

used toasseswariability in soil chenstry (EC, pH)physical properties (compaction depth, temperature,
moisture), and biological (microbial biomass, F:B jatidicators based on the landscape treatment.

-.:"-‘h ot

= Lucero Center

Figure2.2 - Initial Map of Soil Sampling Points. Locations 1 and 2 are orefeeencesite,
and the remaining locations are in the Espafiola Healing Foods Oasis.



Before field testing commenced, thiesearchteam consultedNRCS Web Soil Survey to understand the
underlying sd types in the areavhich was confirmedn-site using both hantiexture analysis and a jar
sedimentation test to roughly estimate sand, silt, and clay percentages. These methods confirmed soils
across all test zones to be sandy loam or loamy safthracteristic of thisirea in theRio Grande
Valley.Thisinformationwas used to referencthe plant available water (PAW) ranged field capacity

(FC) for the two soil textures.

FieldMeasurementsand Tools

For this study the followingheasurements werenade using the toolBsted below(Table 2.1).
Table2.1 ¢ Metrics and Tools used for the soil health study.

Metric Purpose/Justification Tool Cost Estimate

Soil TextureClass Confirmsoiltexture to Hand texture analysis and jar Free
understandproperties sediment test

Soil Moisture (VWC) Confirmmoisture is at or Vegetronix VeMETER00 $120
percentage nearfield capacitfFC)  (suitable for alkaline soils)
Soil Temperature Document soll Infrared thermometerused to $20:50
at ~4-inch depth microclimate conditions measure temp in excavated area
Depth of Compaction Evaluatecompaction &  Soil compaction metefr $250
(300psi) root penetration Penetrometer

resistance
pH & Electrical Assess chemical Hanna Instruments HI98141 $275
Conductivity (EC) environment, salinity (PH/EC metersingl:2 soitto-

distilled water slurry

Microbial BiomassNIBC) Assesand compare microBIOMETERest kit & ~$10/test 20-test
& F:B Ratio biological soil activity smartphone app Starter Kit$200

Initial Sampling Protocol

At the start of each sampling day current weather conditions were notextldition toprecipitation
within the past72 hours Efforts were made to conduct abil testswith soil temperatures ranging from
65-86°Fand not exceeding 10%F) andwithin 24-48 hours of significant rainfall events éosure
likelihood ofelevatedmicrobial activity Volumetric Water Content (VW@jere measured to confirm
that soil moisturewvaswithin the plant available waterange forloamy sandsandy loam soilswith field
capacitybeing~20% Once verifiedthe remainingtests were conductedSoil compaction, noted above,
was only tested at all sites during the infiltrometer testiidl results are noteth AppendixA.

Sampling wasepeatedon four different daysfor each sampling locatiogiuring the studywith

exception of thamicroBIOMETERest which was conductethree times and includedggregated
sampledor the four zones; one test for the reference site (plots 1 & 2), one test for the upper swales
(plots 37), one test for the orchard terrace (plot 8), and one test for the spiral garden (plot 9).



pH and ECQestingProtocol

In the field, sil pH and EC were measured usimgaid 1:2 soitto-water slurry methodFigure 2.3)
1. Calibrate EC probe (per timeanufacturersecommended instructions and solution)
2. Gather5-10 randomly selected sampt®res of consistent volume (using the tubular sampler)
within a 10 ft radius of the sampling location staying within the landscape zone.
3. Combine and mix thoroughly for a representative sample.
4. Sift20 mLof the soil sampleand mix with 40 mL of distilled water in a clean container.

Field Method(for relative comparison)
5. After mixing thoroughlyallow theslurry was allowed to settle fdr0-15 minutesand test the pH
and EQin the solution, not the sediment), allowing the meter to stabilize for ~30 seconds
before reading. Remove and rinse the electrode with distilled water when finished

Laloratory-Standard MethodKor most scientifically valid results)

1. Followsteps 14 above.

2. After mixing thoroughly, allow the slurry was allowed to settle for 30 minutes and test the pH
(into the solution, not the sediment), allowing the meter to stabilize for ~30 seconds before
reading. Remove and rinse the electrode with distilled water wliristed.

3. Wait four additional hours and reinsert the electrode and test the EC (into the solution, not the
sediment), allow the meter to stabilize for ~30 seconds before reading.

4. Remove and rinse the electrode and container with distilled water when finished to prevent
Cross contamination.

| __ Z A s NCNSEES >/ A ek “i'»ﬁ‘\.‘k‘ -n*)-q o
Figure2.3- Field testing on June 26Left: Measuring soil moisture at-#ch depth using t getronsG
METEROO sensor. Right: Preparing a 1:2-$oitlistilled water slurry to test pH and electrical conductivity using
the Hanna Instruments HI98HI meter.
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Microbial Biomass Protocol

To evaluate microbial biomass and the fungal to bacterial (F:B) ratio, we used the microBIOMETER

USHRABRa G GKFG NBtASAEAAPYA2 T 2 Nk ¥ 6 FEISINPNOEEK 2 RN
SEGUNY QRSB AzZALISYRSR Ay (GKS bdzZAR ¢ KA QK RA & OO K/S/HYS Ra H WLRE
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¢2 Faafaao02yRAea2yda | ONRPaa (KS GAMitSEOS@AVWAB A » G 6 | LI
Al YL Sa FRNRPYKS| @Kal YILXEASAS N2 Ol % 20yKaSp a G dzReé LINR ANB A 3
NBazd2NOSasz FyR O02yairaisSyasLBAVANSR INIYAE VYA &S (IKRRL
Cftt2Ay3a GKS alYS T1234RS LINRRD S8Rt Aya3 f 20l o2y

1. For eachtesting zone, gther 5-10 randomly selected samp®res of consistent volume (using

the tubular sampler) within a8ift radius of the sampling locaticie minimize microsite bias.

2. Combine and mix thoroughly ftlomogenized compositsample.

3. Sift5 mL of soil to use for theicroBIOMETE#RSt.

4. Following the standard micranicroBIOMETERSting procedures
1 Mix soil with the extractiopowderand distilled water
1 Allow the solution to settléor 25 minutes

o0 Note: Due taursandy soileindreadings on the first round of testing requiring
additional drops (see belownicroBIOMETER recommendeshorter settling time
For consistency,0 min settling time was used for this study
1 Apply exacth8 dropsof the sample solution to the test card
o Note:Our initial smartphone scamsompted additional dropsequesting an
additional 36 drops per test card.o ensureonsistencythe final three rounds of
testingall usedé drops per test card. See limitations befowmore informatioron
testing challenges.
1 Scan using the smartphone app to determthe microbial biomass carbapg C/g, Fungal
to-Bacterial Ratio (F:B), and percent fungal and bacterial composition.

5. Tests were repeated 3 times per zomeer the course of the study, ideally after rainfall events
or irrigation when microbial activity esxpected to be highest.

6. To ensure scientificallalid and comparablmicroBIOMETERSsults alltest cards must be
handled per manufacturer instructions, antlistuse the same settling tim@endnumber of
drops nsistent lighting conditionmust be used when using trenartphoneapplication.

7. All containers and tools must be cleaned between samples to preventcoogamination.

9 8 B

513ugClg 1231ugC/g

ol F8=07:1 m 2% FB=07:1 m e ld FB=19:1 m
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Figure2.4 ¢ Screen captuigfrom the microBIOMETER agipowingresults from compositeamples takenvithin
24K 2 dzNBR 2T | Imagesfrom theNlidftxoyfight shdvegults fromthe degradedreference siteheavily

amendedupperswales deeply mulchedrchard terrace, andeep organic soils of trepiral garde respectively.
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Calculations

Averagemicrobial biomass X pg C/g
Adjacent PreDesign Reference Site (311 + 392 £55)/ 3=319ug C/g

Upper & MidSlope SwaleEHFO):  (160+ 430 +560)/ 3=383ug C/g
Lower Terraces &piralGarden(EHFO)418+311+513) + (700 + 639 4231)/ 4=635ug C/g

Increase in EHH@ghly amended areass.Reference
635/ 319=2x increasein microbial biomassarbon(MBC)

AverageF:B ratio
Adjacent PreDesign Reference Site: (0.6 +0.5 +0.2)/ 3=0.43:1 F:B Ratio

Upper & MidSlope Swales (EHFO): (0.2 +0.5+0.7) / 3=0.46:1 F:B Ratio

Lower Terraces &piralGarden (EHFQP.8 +0.5 + 0.7} (1.4 +1.1 +1.9) / 6 =1.1:1 F:B Ratio

Discussion

This soil health study wapproached from an ambitious, practitgformed perspectivegrounded in
the values and constraints of landscape architecture rather than laboratory scieinile. e Research
Fellowhasa limitedbackground in soil science, the methods employed vpene of an iterative learning
process, refined by trial, error, and critical analyBiatly tests helped to understand the limitation of
certain tools and field protocoléeading to more consistent procedures by the end of this study.

Across the studythe use of accessible tools allowt research teanto monitor chemical, physical,
and biological soil parameters. Findingseded thatelectrical conductivity (EC) was consistently lower
in the designed landscape initial rounds of testing, Howevedl readingdell below salinity stress
thresholds(<4.0 d8n), suggesting salinity was not a major limiting factor in this landscCHpese
observationssupport theuse of mulch, organic inputs, and water harvesimgelping toprevent salt
accumulation in arid soils.

Soil pH remained alkalin8.8-9.2) across all tested zoneggardless of landscape treatment. This aligns
with regional soil chemistrywhere calcareous parent materials and low rainfall reinforce high pH and
strong buffering capacitypespite this, microbial activighowed a clear increase less exposedreas

of the landgape whichincludeincreased solhmendmentsandirrigation. While results were more
variable in the early rounds of samplidgter testsyielded more reliable valuesith increasing
monsoonal rainfall, soil moisture, amdore refined sampling procedures

Together, thedatacollected,andfindingsillustrate howlandscape desigocancontributeto improved
soil health inchallenging aridwhile also highlightinthe value(and limitations)f designerled
monitoring using accessible toalsth minimalformal scientifioguidance.
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Limitations

During the sixveek fieldstudy window, only two minor precipitation events (<0.50 in) occurred,
and the region was classified as being unslarere to extreme drought. Whileges were timed

to be aligned with peak microbial activity following rainfall eveatsl moisture was variable

At the conclusion of thetudy,A i &6 & RAAO02OSNBR (KI{i GKS aixidsSqa
operational, and only selegiantingswere hand watered Thiscould explain thalisparity in

microbial testingresults between the more intensively managed lower terracesdiiet upper
swalesof the garden

Microbial biomass results from tHgarren reference siténitially showed unexpectedly high

values, likely du¢o bacteriadominated communities in the bare sdiVhile zonelevel

differences in biomass and F:B ratiare meaningfulcomparisonsacross zones should be
interpreted cautiously, and paired witbhysical and chemical indicators.

Microbial testing in arid soils is challenging due to low organic matter, sparse root networks, and
dormant microbial communitie&’hen soil moisture and temperature is belaitical

thresholds Thiscan reduce the sensitivity of tests like thecroBOMETERynd underestimate
biologicalactivity.
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https://pubs.nmsu.edu/_circulars/CR656/index.html
https://microbiometer.com/wp-content/uploads/2023/02/Testing_and_Sampling_Tips.pdf
https://microbiometer.com/wp-content/uploads/2023/02/Testing_and_Sampling_Tips.pdf
https://www.nrcs.usda.gov/plantmaterials/mtpmctn7579.pdf
https://tewawomenunited.org/wp-content/uploads/2021/08/Handout-2.pdf

Initial rounds of testing produced unusable data due to challenges including rapid seftini
samplesand unreadable test cards. After consulting with Microbiometee refined our

approach by shortening the settling time from 20 to 10 minutes and consistently adding three
additional dropletgsix total)to each testExpanded @amposite sampling was also used to

improve representation and decrease themberof tests needed.

Most EC readings were conducted using a fgleparedl:2 soilto-distilled water slurrystirred

for ~30 seconds and settled for ~15 minutes. While this method is supported by some field
protocolsfor rough estimatesit does not meet lalgrade standardand mayslightly under or
overestimatetrue salt concentration.

Due to the sample size, results should be interpreted as preliminary indicators of microbial
trends rather than definitive sitavide conclusions.

This study was conducted by a landscape architecture team without formal soil science training,
using accessiblmethods and toolsFindings should be viewed as practinbormed rather than
lab-validated.

A predesign soil contaminant study indicated pollutant levels were below significant thresholds,
but the report could not be obtained during the case study.

The research team was unable to coordinate with UNM Biology to test the efficacy of
bioremediation at the site.
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Environmental Benefit

1 Improves stormwater infiltration rates over 18 timefom 1.62in per hour in adjacent
untreated slopes taver 10in per hour in the amendedontour swales anderraces,
RSY2yaGN)F GAYy3a GKS aAGSQa OFLIOAGE G2 I o0a2NDb

Background

Across northern New Mexico and throughout the arid southwest, short but intense summer monsoon
rains can lead to destructive runoff events that quickly erode soils, overwhelm infrastructure, and
culminate in flash flooding. At the Espafiola Healing Foodiss@srmwater is treated as atal

resource, providing an example of how stormwater can be effectively managed in a small urban
watershed. Before 2018 the sloped site experienced considerable sheet and rill erosion that deposited
sediment across sidewalks leading to the library/communretyter parking lot and the park below. To
transform this liability into an asset, the site design intercepts runoff and redirects it into the landscape
in three heavilyamendedcontour swales and terraces to support plant and soil health.

At the surface, what may seem like contemporary approaches to green infrastructure, Indigenous
peoples and their ancestors in this region have practiced these techniques for thousands of years.
Techniques like grid gardens, stone terracing, rock mulchimgjcheck dams work in a dynamic
relationship with seasonal water cycles. As Dr. Gregory Cajete (Tewa) describes in Natbhaok
Sciencethese practices emerge from generations of observation, experimentation, and cultural
adaptation rooted in relatioship to placeln Tewa culture,ie Avanyu a water guardian often
depicted as a serpentine figure that represents the dynamic flow andiieg power of water. In
traditional teachings reminds people of the spiritual and ecological importance of respecting and
moving in rhythm with water rather thareferendng it. TheEspafiola Healing Foods Oasisbodies this
teaching byblendngtraditional ecological knowledge with contemporary construction techniques to
address erosion, restore infiltration, and honor the ongoing legacy of reciprocity with the land.

To evaluate effectiveness through observation and experimentatios studyexplored infiltration

rates¢ how quickly water enters and moves through the gaiking a double&ing infiltrometer. This

method reinforces how greater infiltration supports groundwater recharge, reduces surface runoff, and
helps to improve soil biology

Study Obijectives

1 Quantify infiltration performance of the designed site compared to the untreated or baseline
conditions of the adjacent site.

1 Evaluate the effectiveness of heavily amended contour swales and terraces in reducing runoff
and promoting groundwater recharge.

1 Support stormwatetrelated performance benefits by providing empirical data that can be
translated into measurable outcomes.

1 Inform landscape maintenance and management by identifying zones of increased infiltration
performance across different site features and soil treatments.
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Figure2.5- Initial grading of the Espafiola Healing Foods Oasis site. Heavy machinery was used to recontour the
eroded slope, creating a stable foundation for future terraces, planting zones, and stormwater interventions.
Images courtesy of Tewa Women United (Facebook).

i Y ) S S ~ ; v e R D N b >
Figure2.6 ¢ Planting and mulching efforts during the early establishment of the Espafiola Healing Foods Oasis.
Volunteers and Tewa Women United staff established terraces, added compost and mulch, and planted to stabilize
the slope and support loAgrm ecosystem funin. The final image shows the terracing in action, with stone

retaining walls, mulch, and young plantings working together to slow runoff and promote infiltrétiages

courtesy of Tewa Women United (Facebook).

Method

Infiltration testing was conducted at three locations to compare the performance of the Espafiola
Healing Foods Oasis with the adjacent untreated landscape. Locations were selected to represent a
range of conditions and were also used for the soil healfessment:

1 Location #1ReferencéBaseline Condition): an untreated slope outside of the EHFO boundary,
with sparse vegetation and signs of erosion.
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1 Location #2: the upper swale within the EHFO designed to capture and infiltrate runoff from the

adjacent City Hall parking lot.
1 Location #3: a lower planting terrace within the EHFO with deeper much and more dense

vegetation.

These sites reflect variability in slope, vegetation, and soil conditions across the study area. All locations
were marked with temporary flags and GPS coordinates to support future monitoring and studies.
Figure2.7 below shows the location and description of each test.site

“ LAELY % g\ e
) City Hall @

N\

,,,,,

Figure2.8 ¢ (Left)Infiltration study test location magMiddle)Test plot #2 in the upper contour swale of the EHFO. (Right) Test
plot #3 in the lower orchard terrace of the EHFO
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Field Measurements and Tools

At the start of each infiltration test soil compaction meter (penetrometer) was used &stthe depth
to compaction(300 psj in the general locatigrto observe any potential correlation to the to the
infiltration test results.

Infiltration rate (in/hr) was measured using a doubsieg infiltrometer. Due to the high cost of
commercial models ($228700), a custom infiltrometer was constructed from scraggaige
galvanized steel duct piping. While standard designs typically useéreliner ring an@4-inch outer
ring, the DIY model utilized aidch diameter inner ring and 1i@ch diameter outer ring. Both rings
were cut to a height of 18 inches, allowing for 3 inches to be inserted into the soil and for-gimurel
reference marks at X and X inchiedrack the descent of the water column over time.

To fasten the rings in place, each was secured with tdédnch bolts, washers, and nuts. Silicone

caulk was applied at all seams to prevent water leakage between rings-iAckx&ood board, cut

slightly larger than the ring diameter, was used to stabilize the structure during installation. Notches
were carved intdhe underside of the board to hold the rings in place and provide a durable surface for
hammering.

Figure2.9¢ DIY infiltrometer design and field prep

F|gure2 10¢ TheDIY doublemg mﬂltrometer showmg signs of wear after repeated field use. &hsmalternatlvewas
used to measure stormwater infiltration rates in both the garden and the adjacent untreated slope

18



Infiltration Testing Potocol

1. Presoak Eacltesting locationwas prewet with 5 gallons of water 24 hours before testing to
simulate field capacity.
2. Site Preparation Surface vegetation and debris were cleare@xpose the bare mineral soll
below, and infiltrometer rings werbammeredinto the soil to a depth o8 inches.
3. Measurement
1 Water was poured to a depth gfin.
9 Time was recorded for the water level to drop fraho 4 in.
1 The infiltrometer wasefilled andthe recordings wereepeated for multiplepour cycles.
1 Pour cycles were repeated untile difference in infiltration time was less thame
minute difference
4. Rate Calculation
w LYFAEGONIX A2y wliGS OAYKKND I' 605S8LGK p ¢AYS Ay
w { (-SateRae was calculated by averaging the 3rd and 4th pours.
w wlkiSa gSNBE O2YLI NBR (2 | AfttStQa adlkyRFNR 27

All measurements were used in the Horton Infiltration Model which predicts infiltration over time,
expressed in inches per hour, with a simple curve fit.

Raw data was logged in spreadsheets and used to model the infiltration rate over time. A hydrologist
from Los Alamos National Laboratory provided a Python code via GodgletG@anodel the infiltration
NI GS dzaAy3d 12NlI2yQa LYTFAEOGONIGA2Y 9ljdzZt GA2y ®

Data Collected

Table2.2 ¢ Infiltration Data from June 26th between 9:30am and 2:30pm.

Site # | Pour # | Time (seconds)| IncheslInfiltrated | Infiltration Rate SoilCompactionMeter
(in/hour) Reading (eépth to 300 ps)
#1 1 1236 3.000 8.738 | 6-9in
#1 2 5100 3.000 2.118
#1 3 3600 1.625 1.625
#2 1 81 3.000 133.333 | 9-15in
#2 2 61 3.000 177.049
#2 3 105 3.000 102.857
#2 4 104 3.000 103.846
#2 5 171 3.000 63.158
#2 6 169 3.000 63.905
#2 7 179 3.000 60.335
#2 8 183 3.000 59.016
#3 1 168 3.000 64.286 | 14-20in
#3 2 347 3.000 31.124
#3 3 350 3.000 30.857
#3 4 431 3.000 25.058
#3 5 361 3.000 29.917
#3 6 378 3.000 28.571
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Calculations

The Horton Infiltration Model was used to simulate how infiltration rates decrease over time during a
rain event. This model reflects the typical behavior of soil, where infiltration is highest at the beginning
of rainfall and gradually decreases to a dans rate as the soil becomes saturated. The Horton Model is
widely used in stormwater and landscape design due to its simplicity and effectiveness in estimating
infiltration under varying soil moisture conditions.

Using basic field data collected through infiltration testing, the model was applied to simulate realistic
infiltration behavior at the site.

Horton EquationF 6 G0 I' FO-kh 0Fe b FOU P Suwo
Where:

f(t) = infiltration rate at timet

T = initial infiltration rate

fc = final teady stat@ infiltration rate
k = decay constant

t = time since start of infiltration

= =4 =4 -4 -4

A Google Colab notebook was created to model the Horton Infiltration Equation using data collected
from infiltration testing sites #1, #2, and #3. The notebook includes all equations, data inputs, and
visualizations used to simulate infiltration behavimeo time.Horton infiltration curves can be found in
Figures 2.1%, 2.13 on the next page.

Access the Colab notebook here:
https://colab.research.google.com/drive/1bWolLxcUkJIN15tFFbFYOEF8nVhijzg7?usp=sharing

Horton® Infiltration Equation steadgtate infiltration results:

Site 1 (Unimproved): 0.00045 in/sec 1.62 in/hr
Site 2 (EHFO): 0.008263 in/sec 29.75 in/hr
Site 3 (EHFO): 0.014758 in/sec 53.13in/hr
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Site Number 1 (reference)

0.0040 = Horton Model
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Figure 2.11¢ Horton infiltration curve for location #1
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Figure 2.12; Horton infiltration curve for location #2
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Figure 2.13; Horton infiltration curve for location #3
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Discussion

LYFAEOGONI GA2Y NIXGSa gAGKAY (GKS 3IFNRSyQa aglfSa I yR
compared to just 1.62 inches per hour on the adjacent untreated slope, representing a more than 30
fold increaseRecognizing that these rates are incredibly high, the Research Fellow conducted quick
literature review to confirm if these numbers are valid. Two published studies, one study examining an
urban watershed in North Carolina and another in Washington Stated mean infiltration capacity as
high as 42.78 in/hr in an urban fore®¢rgesor2022) and a steady staiefiltration rate 4850 in/hrin

a highway runoff retention basin (Horner 2022). The first study makes the argument that actual
infiltration rates in the field may be underestimated by models, but the second study notes there may
have been an equipment malfunction in their study. fere, out of caution, this study notes in the
Benefit thatthe infiltration rates at the EHFO confidently exceed 10 iibut may in fact be much

higher and warrant follow up testing with professional grade equipment.

Nonetheless, thénfiltration resultsfrom this studydemonstrate the effectiveness of theHEGQn
enhancing stormwater performance through lempact soil interventions. These outcomes reflect the
cumulative impact of mulching, organic amendments, root penetration, and microtopography in
restoring soil porosity and function.

DAGSY b2NIKSNYy bSgs aSEAO2Qa Y2yazz2ylft OfAYIFiSI 6K
capacity to rapidly absorb water is critical for reducing erosion, recharging soil moisture, and minimizing

runoff. The Espafiola Healing Foods Oasis integreddgtional and contemporary stewardship practices

and offers a replicable model for improving infiltration on degraded urban sites with minimal

infrastructure.

Sources

Ames, Kenneth C., Emily L. Inkpen, Lonna M. Frans, and William R. Bidihkénary Assessment of
Infiltration Rates and Effects on Water Quality of Selected Infiltration Media for Use in Highway Runoff
Retention Basins in Washington StatéA-RD 512.2. Washington State Department of Transportation,
2000.https://www.wsdot.wa.gov/research/reports/fullreports/512.2.pdf

.SNBS&a2ys /KIFI&AS . ®x YIUGKSNAYS [® alNIAYZ . IFNBIN
I'NE | YRSNBadGAYIFIGSR o6& a2RSta Ay Fy ! NblyYy 2FdSNBEKS
Environmental Management 313 (2022): 115004ps://doi.org/10.1016/j.jenvman.2022.115004

Hillel, Daniel. Introduction to Soil Physics. San Diego, CA: Academic Press, 1982.

Idowu, John Extension Agronomisfssociate ProfesspNew Mexico State Universitgonsultation with
the authorby Holly HearnApril 24, 2025.

SantosJavier Staff Scientistof Earth and Environmental Science Divisioms Alamos National
Laboratory Gonsultation with the authoiby Holly HearnJuly 18, 2025.

U.S. Department of Agriculture, Natural Resources Conservation Service. Infiky&adrHealth Guide.
Washington, DC: USDA NRCS, November 2022://www.nrcs.usda.qgov/sites/default/files/2022
11/Infiltration%20%20S0il%20Health%20Guide_0.pdf
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Limitations

1 Atthereferencesite, compacted soils made it difficult to hammer the infiltrometer rings into
the ground, which resulted in slight bending of the tool. While this did not significantly affect the
test results, it could introduce minanconsistencies

9 ¢KS I 2NIi2y Y2RSf Aa SYLANROFIfXZ YSFIYyAy3d Al R2Sa
moisture content, or saturatioyso it may oversimplify reaborld conditions. It also assumes
uniform rainfall and neglects the effects of ponding, layered soils, or water table interactions,
limiting its accuracy in complex or lodgration events.

1 According to Web Soil Survey, the EHFO is part of the HRwitk outcroomplex,and the
currently undeveloped area is part of Oelop fine sandy loam. Although these complexes are
characteristically similar, they are different underlying soils.

T Although all test locationseceived rainfalthe previous day, the tests were not done
simultaneouslyand the rapid heating of the intense morning sun may have quickly dried out
soils during the study.

1 All data was collected on one sampling day, June 26, 2025, and climate conditions such as
rainfall and temperature may have affected resulidimited number of replicates were
collected per site and may not capture full spatial variability.
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Environmental Benefit

1 Captures up td0% ofrunoff volumefrom the adjacent city hall building and parking lot
during a 90" percentile storm event (0.70 in), retainingpproximately3,800cu ft of rainwater
(volume equivalent to 2.8 tanker trucks).

1 Reduces runoff up to 84% during a-§6ar, 24hour rainfall event .00 in)comparedto the
highly eroded baselinsite condition,demonstrating peformanceand resiliencan extreme
rainfall events

Background

The Espafiola Healing Foods Oasis is situated downslope from the City Hall building and its eastern
parking lot. Before the garden was constructed, the site consisted of a degraded slope where
stormwater flowed directly offsite, contributing to erosion atite loss of valuable water resources. The
current design features threeontour swales and sever@rraces planted with native, edible, and
medicinal vegetation. Thewales aresupported byearthen and cobbl®ermsto capture and infiltrate
runoff, with spillway designedo reduce the velocity of water overflowing the system (Figure 2.14)
Together, these interventions transform the site into a passive wiagvesting system, reducing
irrigation demand and helping to mitigate downstream flooding.

W‘Tl & SWALE SPILLWAY CROSS—SELTION
g g g SPILLWAY LINED WITH 2'—4"
CROS5-SECTION ] = + e 1 o6 | Ik }- CRUSHED STONE SET INTO SOL
'Y
N w ‘ SWALES MAY BE LINED WITH FIBRAS
| 5% EROSION CONTRAL FABRIC FOR
INCREASED STABLITY

SWALE

LENGTH OF SWALE VARIES & WILL BE DETERMINED

N SITE. SLOPES OF BERM VARY BUT NOT TO BE

GREATER THAN 2] SWALE DETALS
SCAE 2/4 T

Figure2.14¢ Swale detail from radicle landscape architecture

Method

To estimate stormwater runoff anchpture,three tools were evaluatetiefore determining thanost
reliable, useffriendly, and efficientnethod. While the National Stormwater CalculatSC)s
frequently used inLandscape Performance Series Case Stuthdanitations became apparent when
attempting to use this method for the projedflost notably, NS@Gversimplified the sitgtreating soil,
slope, and drainagdeading toresults which did not align with field observatioasd accounts of
improvements witnessed in the small urban watershed.

Storm Water Management Module (SWMMleveloped byhe US EPAvas alsaconsidered While
SWMM is the mostapabletool for simulatingthe effectivenes®fthe & A {d&aetl hydrologyit
requires substantial setup timgtechnical expertise, and calibratiom build and run the simulations.

Therefore, it was determined thdlhe mostaccessibleind effectivewatershed evaluation toolas
ModelMyWatershed.org Thisweb-basedtool offered a balance of usability and scientific rigor which
incorporates local soil data, land cover, land cover editing, and siseplgariomodeling Part of Stroud
2 GSNJ wSaSI NOK / SivitiatéIhi todl dlljwusets torSoddl dtoBrivvater runoff
and water quality usinGLAMM and TB5 modelalgorithms anccomparedifferent land cover and
conservation practicecenariogStroud Water Research Center 2025)
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Land CoveMapping

Site Mapping and Catchment Delineation:

1 A dronebased photogrammetry survaysing 10 surveyed ground control pointgas used to
generate a highesolution(ground resolution oR.1 cm/pixel)orthophoto andtopographic
surface model of the EHFO and contributing ar@ssative horizotal accuracy of 0.167 m and
vertical accuracy of 0.290 m)

1 Usingthe orthophoto, landcover types were delineateid CAD andlassified intahe following
categories: impervious (roof + pavemerapntour swalefain gardens, pervious groundnd
tree cover fortheéd | Ch curketit 8aRdition(Figure 2.15 & Table 2.3)

1 To determine the extent of the urban watershed contributing rurtofthe EHFO sitey digital
surface model (DSM) was produced frtme dronebased photogrammetrgurvey and
processed in GIS to derive a 1 ft contour map. This allowed the tedetdéomine the slope and
direction of runoff from the city hall rooftop and parkitaf, in addition to the EHFO site and
surrounding context. From this we visually determined the extent of the watersked in the
area calculations for the hydrological scenariodaling.A GIS shagfile was created and used in
both the CAD area takeoffsnd imported into ModelMyWatershed.org.

1 Predevelopment conditiongnd slopevere determined by examining historical imagexyd
elevation datan Google Earth, referamngthe siteconditions inNovember2015

Figure2.15¢ (Left)2015 Google Earth imagergferenced for thdaseline conditions scenario modeling. (Rig#AD area
takeoffs and contributing watershed boundatglineationtraced over the higiesolutionorthophoto.

Obtaining Rainfall Data
To model thampactsunder typical rainfall event® the pre- and postdesign conditiongpercentile
rainfall events for 24our distribution wereretrievedfor the two closest weather stations to the site
(EPAand NMED 2015).

1 Los Alamos 90percentile rainfall event0.69 in

{ Santa Fe 2 90percentile rainfall event: 0.68 in

1 Modeled as: 0.70 in/24ours

To model thadmpactsin a design storm evenbd the pre and postdesign conditions, Point Precipitation
Frequency (PF) Estimates weetrievedfor a10-year, 24hour storm evenivas selected for peak
performance modelingNOAA 2023)

1 Espafola NM 1§ear, 24hour rainfall event: 1.96 in (90% confidence inter¢al9-2.15)

1 Modeled as: 2.00 in/24ours
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Scenario Modeling Using ModelMyWatershed.org
1 Uploadedthe delineated watershed shapefi(gipcontaining shp and prj files) into
ModelMyWatershed.org
1 Under the Analyze tab:
o Confirmed accuracy of thieand Use/Cove2019(NLCD193 Noted percentages were
off from the site mapping numberdue to the coarse resolution of the data
o Confirmed accuracy of the SqiNoted to be generally accurate
o Confirmed accuracy of the TerrajrNotedthe slopemaximum was much lower (7.0%
than the 30%pbserved on site
I Under theModel Tab
0 Baseline Scenario
A Selecf+New Scenarpk YR NBYlFYSR a a.laStayS {OSyl
A Using [+ Land Covarjodified the impervious area of City Hall and the parking
f20 (02 «ab5ASHEKEI RFISRI Ch aAdS (G2 a. FNNBy [ |y
A Adjusted thePrecipitation toggle t®.70 in to model thé®0" percentile rainfall
event and recorded theunoff, evapotranspiration, and infiltration numbers
A Adjusted the Precipitation toggle to 2.00 in to model tt@year, 24hour
design stormevent and recorded the runoff, evapotranspiration, and infiltration

numbers
o DesignScenario
A l'YRSNI . IaStAayS {OSyIFINA2> aStSOG RdzZLX A Ol i
A Selectand deletethe EHFO site polygoh2 NJ & .  NNBY [ | YRéE
A Using [+Conservation Practi}d¢ RRSR | dawl Ay th®dizdaby ¢ L2t &:

the contour swales on site (for efficiencgl) thetop of the EHFO site adjacent to
thed 5 S PS4 2EHKR LRfeadzy

A Using [+ Land Covarjodified the remainder of the EHFO sitedtdd K NXz6 k { O NXzo €
which most accurately represents the current site conditidhCD Clag2:
Areas dominated by woody shrubs or small trees less then 5m takhwitb
canopy ypically greater then 20% of total vegetatjon

A Adjusted the Precipitation toggle to 0.70 in to model thé' @@rcentile rainfall
event and recorded the runoff, evapotranspiration, and infiltration numbers

A Adjusted the Precipitation toggle to 2.00 in to model theyBar, 24hour
design storm event and recorded the runoff, evapotranspiration, and infiltration
numbers

Table2.3 ¢ Area takeoffs for the site land use/cover for the upper EHFO site and contributing urban watershed.
Calculated from the highresolution orthophoto and watershed area determined from the drbased (DSM).

Baseline Scenario Design Scenario

EHFO + Watershed REgevelopment Condition EHFO Site + Watershed Current Condition

Land/Use Cover Area (ft?) Area (ac) Land/Use Cover Area (ft?) Area (ac)

DevelopedHigh 53,429 1.2 DevelopedHigh 53,429 1.2

Barren Land 24,026 0.6 Shrub/Scrub 20871.03 0.5
Rain Garden 3154.97 0.1

Total Area 77,455 1.8 Total Area 77,455 1.8

26



Calculations

Using the land/use cover data obtained above, runoff, evaporation, and infiltration amounts were
calculated for a 90 percentile rainfall event and tgear, 24hour design storm event for both the
baseline scenario (EHFO + watershedgweelopment condition) and the design scenario (EHFO +
watershed current condition). All calculations were performed in the MdtieWatershed wekbased
tool (Figure 2.16 & Table 2.4).

Baseline Scenario -+ Newsconwrio B Compare Design Scenario -+ New scensrio 1 Compare

thetical storm event 24-hour hypothetical storm event

zzzzz

Figure2.16 ¢ ModelMyWatershed.org screen capture of thedel and results for th@0" percentile rainfall event (0.70 ifgr
the Baseline Scenaritef) and Design Scenario (Right)

Table2.4 ¢ Scenario modeling results from Modiéy Watershed.

Baseline Scenario Design Scenario

EHFOr WatershedPre-DevelopmentCondition

Model: 90th Percentile Event (0.70 in)

EHFO Site WatershedCurrent Condition

Model: 90th percentile event (0.70 in)

Depth (in)  Volume (ft3) Depth (in)  Volume (ft3)
Runoff 0.191 1,233.05 Runoff 0.019 121.22
Evapotranspiration 0.041 263.40 Evapotranspiration 0.088 564.98
Infiltration 0.468 3,021.76 Infiltration 0.594 3,832.01

Model: 10year, 24hour Storm (2.00 in)

Model: 10year, 24hour Storm (2.00 in)

Depth (in)  Volume (ft3) Depth (in) Volume (ft3)
Runoff 0.88 5,682.50 Runoff 0.138 888.74
Evapotranspiration 0.041 263.40 Evapotranspiration 0.088 564.98
Infiltration 1.079 6,963.28 Infiltration 1.775 11,455.46
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Discussion

Modelingwith Model My Watershed demonstrated the capacity of a design to significantly reduce
stormwater runoff volume under both typical and extreme raintalhditions. During the 90percentile
storm event (0.70 in), the site captured approximately 90% of runoff from the adjacent City Hall parking
lot and buildingg equivalent to over 3,800 t or roughly 2.8 sentanker trucks. This highlights the
systems effectiveness in managing frequent, moderate intensity storms that contribute to most urban
runoff and pollutant loading. Under a more intenseyi€ar, 24hour storm event (2.00 in), the mode
showed an 84% reduction in total runoff volume compared to theqesign condition. Thesesults
demonstrate not only strong baseline design performance, but also resilience undantgghity

rainfall events. While thé 2 R Sspafafiresolution is coarse and does not account for internal site flow
direction, it effectively captured the impact of land cover change and green infrastructure on a small
urban watershed.

Sources

National Oceanic and Atmospheric Administration (NOAA), Hydrometeorological Design Studies Center.
Precipitation Frequency Data Server (PFDS). Silver Spring, MD: NOAA National Weather Service, last
modified 2023 https://hdsc.nws.noaa.qov/pfds

Stroud Water Research Center. Model My Watershed. Avondale, PA: Stroud Water Research Center,
accessed July 20, 2028tps://modelmywatershed.org

U.S. Environmental Protection Agency. National Stormwater Calculator. Washington, DC: Office of
Research and Development, last modified August 8, 20@3s://www.epa.qov/water
research/nationalstormwatercalculatot

U.S. Environmental Protection Agency. Storm Water Management Model (SWMM). Washington, DC:
Office of Research and Development, last modified May 6, 208%.://www.epa.gov/water
research/stormwater-managememtmodelswmm

U.S. Environmental Protection Agency and New Mexico Environment Department. Restoring Pre
Development Hydrology in New Mexico Small MS4 Areas. Santa Fe, NM: NMED Surface Water Quality
Bureau, March 201%ttps://www.env.nm.gov/wpcontent/uploads/sites/25/2018/05/EPAIM-MS4
PreDevelopmeniHydrologyMarch2015.pdf

Limitations

1 The Model My Watershed tool uses coarser3éter land cover and soil data that may

not reflect finegrain site conditions. This was compensated by changing the land cover.
1 The model assumes a uniform slope condition with no variation within the site and does
not model flow direction or routing through the site.
Green infrastructure features are simplified with the ability on only customize the area
Results are generalized estimates and lack full site details and local data.

= =
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Environmental Benefit

1 Increases plant species diversity nearly 4 times compared to the adjaedatencesite, as

YSI adzNBR o0& (KS { AV0RBBYZRE). 5A OSNEAGE LYRSE 6
1 Increases total plant species richnesger 17 timescompared to the adjacenteferencesite,

from 4 identified species to 71 species in the garden.
1 Improves habitat quality for native pollinators by introducing 55 native plant species to the

site that provide nectar, pollen, and larval host resources.

Background

Biodiversity refers to the variety of life at the genetic, species, and ecosystem levels and is a key

indicator of ecological health. New Mexico is one of the most biodiverse states in the United States,

containing a wide range of ecoregions and ecosydtgas that support an abundance of native flora

and fauna. Within a 5nile radius of the Espafiola Healing Foods Oasis, more than 50 Level IV
SO2NB3IA2ya | NB LINBaSyiz NBFtSOlAy3a GKS NB3IA2yQa O
In the Rio Grande floodplaand Espafiola Vallayhere theHealing Foods Oassslocated centuriesof

agriculture, urban developmenismanaged grazirand the spread of invasive species have led to

significant habitat loss and declines in native plant communiliesome areas, like the EHFO, historic

acequia systems which divert river water into the surrounding fields have been lined or covered

impacting riparian floodplain ecology and visually disconnecting the people from the water.

The Espafiola Healing Foods Oasis was designed as a response to these ecological challenges. Its planting
strategy emphasizes native and regionally adapted edible, medicinal, and dye species that hold both
ecological and cultural significance. The gardextuiees layered vegetation, overlapping bloom periods,

and droughttolerant species that collectively enhance habitat structure, support pollinators and

wildlife, and increase overall biodiversity across seadelatings, like Indian ricegragsripcoma

hymenoide} have been ceremonially seeded atop the covered a@eqgn site, to remember the

connection between water, food, and life.

Figure2.17 ¢ Regionallyadapted crops like amaranth and corn are ecologically resilient and carry deep cultural and spiritual

significance. These photos document a seed exchange and agricultural partnership between the Espafiola Healing Foods Oasis

and Maya farmers throughacbllo 2 NI GA 2y S6AGK vI OKdzdz ' t22Y® ¢KS LINR2SO0 K2y2NH
and supports seed sovereignty, cultural revitalization, and ecological resilience across Indigenous communities in Guatemala

and New Mexicolmages courtesy of Tewadien United (Facebook).
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Methods

Species Inventory

To quantify plant biodiversity, a complete floristic survey was conducted at both the Espafiola Healing

Foods Oasis and the adjacent untreated reference slope during the peak of the growing season.

Systematic walkthroughs were performed across all garderates and planting areas to identify all

rooted vascular plant species present. Species identification was conducted using regional field guides

and the Seek app by iNaturalist, with results crGsK SO1 SR I I3 Ay aid GKS 3IF NRSyQa
confirmation.

For each species, the survey recorded origin status (native, regionally adapted -oathe) and
whether it is recognized as a host or nectar source for pollinators, based on the USDA Plants Database
and Xerces Society resourc&ee Appendix B for the full plant list and counts.

Two biodiversity metrics were calculated:

1 Species Richness: the total number of plant species observed
T {AYLRA2Yy Q& 5 kxD)Samiedsurethalagcdubtéfor bath species richness and relative
abundance, with greater sensitivity to dominant species

{AYLA2YyQa LYRSE ¢61Fa aStSOGSR RdzS (2 Ata STF¥FSOGALS
simplified vegetative communities, such as the sparsely vegetated reference site. Calculations were
completed in Excel and verified using an online incldgulator. The same survey protocol was applied

at the untreatedreferenceslope to serve as a baseline comparison. This method captured the full extent

of biodiversity outcomes associated with thanting design of the Espafiola Healing Foods Oasis.

Calculations

{AYLAZ2Y Q& 5 xD) WhsEeledted fok thiFstidy betause it accounts for both species richness
and evenness, making it particularly effective for comparing developed and undeveloped landscapes.

Formula

5 T gifiyR(X 1) o )
{[AYLE2YQa S5APBNEAGE LYRSE I' ™

Where:

1 n=number of individuals per species
f N-=total number of individuals

Reference Site Espafiola Healing Foods Oasis

N 2818 N 3322
N-1 2817 N-1 3321
N(N-1) 793830€ N(N-1) 1103236=
Sum n(Rl) 6056392 Sum n(Al) 554868
Simpson's diversity index (D) 0.23706745¢ Simpson's Diversity Index (D) 0.94970542:
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Red Amaranth

Amaranthus cruentus Asciepios speciosa Heterotheca vilfoso

Hairy Golden Aster

Showy Mikweed

Yerba Mansa Wolfberry

Anemopsis cafifornico Lycium spp.

Chokecher Purplé ririe Clor Blackberry

Prunus Virginiong Dalea purpureo Rubus spp.

Golden Currant Cota Three-leaf Sumac
Ribes aureum Thelesperma megapotamicumn Rhus trilobata

Woods Rose Indian Ricegrass Blue Flax
Rosa woodsii Ericcoma hymenoides Linum lewisi

@Edible . Medicinal @ Supports Pollinators e Natural Dye

Figure2.18¢L O2y a4 AYRAOIGS SIFOK LIX FyidQa
KAAaG2NRAOIffte YR Ay Y2RSNYy (AYSao
denotes plants that produce natural pigmentsgt SR F2NJ R& Ay 3
plants that attract or sustain bees, butterflies, and other pollinators.

Mulberry

Movus microphyfia

Ceomella serrulota

Chamisa
Ericameria nouseosa

Engelmann’s Daisy
Engelmannio peristenio

Rocky Mtn. Bee Plant

1y26y dzaSad G9RA
6aSRAOAYI €& AyOf
GSEGAE SA 2NJ OSNI
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Discussion

A high level of plant biodiversity supports numerous ecological functions critical to landscape resilience.
Diverse plantings provide habitat for insects, birds, and other fauna, support complex trophic
interactions, and enhance resistance to pests, diseaand climate variability. In arid regions like

Northern New Mexico, where urban development and land degradation have fragmented native plant

communities, even small urban gardens can serve as vital refuges for biodiversity. The Espafola Healing

Foods @sis introduces a wide range of native and regionally adapted species, selected for ecological

function and cultural value. Through layered vegetation and staggered bloom periods, the garden offers

continuous floral resources throughout the growing seasustaining pollinators and other wildlife in
an otherwise resourcéimited urban environment.

Limitations

w During the study the research team was aware that the irrigation system was being upgraded.
However, in the last week of the study, it was learned that the entire irrigation system has been
completely offline this year. Therefore, the site was sustainim@jroited rainfall, runoff, and
hand watering in select area. This likely contributed to the total plant diversity being less than

GKS Hnn aLSOASa y20SR Ay (KS 3IFNRSyQa R20dzySyl

w Plant counts were conducted manually, which introduces potential for human error, especially
in densely planted areas. While the planting plan was referenced, species composition has
changed over time and may not fully reflect original design intent.

w Observations were conducted duringaly a few weeks of single growing season and e®
not account for seasonal variation in plant visibility or diversity. A rsglison study would
offer a more comprehensive view of plant community dynamics.

w Native status and pollinator host designations were based on current databases and literature,
which may evolve over time.

w {AYLA2yQa 5A0SNBRAGE LYRSE YSI&adNBa aLlSOAsSa
habitat quality, ecological interactions, or site conditions beyond species data.

Sources

U.S. Environmental Protection Agency. Ecoregions of New Mexico. Washington, D.C.: U.S.
Environmental Protection Agency, nldtps://www.epa.gov/ecceresearch/ecoregiofownload
files-state-region®.

HostPlants.org. Host and Nectar Plants for Pollinatatss://www.hostplants.org

Singh, Purnima. 2022. "Simpson's Diversity Index Calculator." Omni Calculator.
https://www.omnicalculator.com/statistics/simpsorgiversityindex.

USDA Natural Resources Conservation Service. The PLANTS Database. Washington, D.C.: United
States Department of Agriculturettps:/plants.usda.gov

Xerces Society. Pollinator Conservation Resources for the Southwest Region. Portland, OR: The
Xerces Society for Invertebrate Conservatioimps://xerces.org/pollinatorresource
center/southwest

New Mexico Department of Game and Fish. Ecoregions. In New Mexico State Wildlife Action Plan.
Santa Fe, NM: New Mexico Department of Game and Fish. https://nmswap.org/ecoregions.
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Environmental Benefit

1 Increases pollinator abundance and diversity, with timed counts revealing 15.7 times more
individual pollinators compared to theeferencesite and supporting at least Zunique genera
2F LRETAYFI2NAZ AYRAOFGAY3 + NAOK |yR @I NASR
native and climateadapted plantings.

Background

Pollinators are essential to ecosystem health and agricultural productivity, facilitating the reproduction
of flowering plants and supporting broader food webs. In recent decades, many pollinator populations
particularly native beesave declined due to habitat loss, pesticide exposure, and clineddéted

pressures. New Mexico supports more than 1,000 species of native bees, many of which are solitary,
groundnesting, and dependent on specific floral resour¢éidhandevelopment, soil compaction, and
simplified vegetation have significantly reduced nesting habitat and floral diversity in many landscapes.

The Espafola Healing Foods Oasis was intentionally designed to support pollinators through a planting
palette of native and regionally adapted flowering species selected for their ecological value, staggered
bloom times, and seasonal continuity. The gardeceived funding through a U.S. Fish and Wildlife
Service Partners for Fish and Wildlife grant to establish a pollifiatoised planting, which was installed
without irrigation, relying instead on rainfall and stormwater runoff. This study evaluateshehttese
strategies have contributed to increased pollinator abundance and diversity compared to a nearby
unmanaged slope lacking pollinatsupportive interventions.

Study Objectives
1 Quantify differences in pollinator abundaneeorphogroupand generaichness
1 Document dominant flowering species and their associated pollinator visitation
9 Collect photographic records to support gedasel identification opollinators, particularly
native bees

Method
t 2T f RYIASANMISNDBYy 302 Yy RdzOG SR dzaAA YRS - SRR K &
S 202

.88 az2yAl2MAKAT S NBKISZ G2ifl y RF NR  LINER U

A
FRIFILIGSR G2 UG GKS &AG8Q& dzyAljdzS O2yRAa2ya FyR LINE

0Stde ¢

Table2.5 ¢ Field measurements and tools.

Tools Purpose/Justification Cost Estimate

Tape Measure (100 ft) Establish transect boundaries for pollinator ~ $15c$25
counts

Paper Data Collection Forms Used as template to record pollinator Free

abundance and richness

Xerces Society Streamlined Standardized guidance on count timing, Freeg Available
Pollinator Monitoring Protocol weather conditions, and visual identification ~ Online
categories
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Field GuideThe Bees in Your Supports iAfield visual identification and post  $22

Backyardwritten by Joseph S. field genuslevel verification

Wilson and Olivia Messinger Carril

Digital Camerawith a quality Used for photographing pollinators for later ~ $100600
macro lens genuslevel identification

t 26t RyAENSNEY 302 y R
88 azyAal2mMOAT & NEK
I RIFLWGSR G2 UG GKS
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Table2.6 ¢ Adjustments to Xerces Protocol

Protocol Component Original Xerces Protocol

206SR dzAA YRS - SRR EINE2 &8
320 Y RIF NR LINRP (G202t A& RSah
iS04 dzyAljdzS O2yRAa2ya | yR

Modification and Reasoning

Transect Length Two 100t transects per site

Observation Time 12:00z4:00 PM

Frame

Target Taxa Only bees

Inclusion Criteria for Onlybeesobservedmaking contact

Pollinators with flower reproductive partgor 0.5
seconds.

Observation Frequency 2 site visits per year, separated by32
weeks during bloom periaddeally over
the course of 3 years.

Single 106t transect per siteg
Garden size anceferencesite constraints
made multiple transects impractical

10:00 AM;2:00 PM¢ to avoid the monsoonal
winds and cloud cover common in summer
afternoons. During this late morning window,
conditions were typically sunny and calm, an
pollinator activity was noticeably higher.

Expanded beyond bees to include butterflies,
moths, and wasps to better reflect the
diversity of pollinators observed at the site,
particularly the frequent foraging activity of
wasps.

The same core rule was followed throughout
all surveys: only insects observed making
contact with the reproductive parts of flowers
for 0.5 secondsvere recorded as pollinators.
Nonpollinating flying insects were noted
separately to maintain data integrity while
acknowledging broader insect presence. All
pollinator benefits and calculations were
based solely on confirmed flowaiisiting
individuals.

6 observations over the early to mgimmer.
Limited by the academic calendar and case
study timeframe.
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Surveys were conducted at two locations: the Espafiola Healing Foodsesandjacent unmanaged
slope serving as theeference In each location a 16@ot transect was established and walked at a
steady pace (~6.5 feet per minute) over arbute period.On the finalobservation daythe transectin
the Espafiola Healing Foods Oasis relocated to an area with active floweri(EHFO transect #23s
the original transect had largely completed its bloom cycle.

1 EHFO TransectSeaturediverseplantings including globemallow, rocky mountain penstemon,
prairie coneflower,Texas blueweednilkweed, rocky mountain bee plant ahdirygolden
aster.

1 Referencélransectlocated on the adjacent predesigned reference site, ladkiegtional
planting or irrigation. Vegetation was spamith minimal spontaneous wildflower bloonos
globemallow,Texas blueweedndhairygolden aster.

Figure 2.8 ¢ Transect Map 0 25 soft

All insects actively pollinating flowers within dddt band on either side of the transect were observed.
Following Xerces Society guidelines, only insectsdbatactedthe reproductive structures of open
flowers were counted as pollinators. Flying insects that did not interact with flowers were noted
separately but were excluded from the final pollinator counts.

Pollinators were initially grouped in the field into five broad morphogroups: native bees, honeybees
(Apis mellifera), butterflies, moths, and wasps. This morphogrouping approach, adapted from the Xerces
Streamlined Bee Monitoring Protocol, facilitatedieifint and consistent data collection. Wasps were
included as a distinct group due to their frequent floral foraging behavior at the Espafiola Healing Foods
Oasis, despite not being a standard category in the Xerces framework.

Field data were initially recorded using custom paper tally sheets based on the Xerces protocol (see
Figure2.20). However, this method proved impractical during fieldwork, particularly when photographs
and time tracking were also required. To improve efficiency, observers transitioned to recording data in
a phone notes application, which were subsequently transdriinto Excel spreadsheets for analysis.
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POLLINATOR OBSERVATION SHEET

Date:

Tirne:

Temp:

Sky Conditions:
‘Wind Spaed:

MATIVE BEES HOMNEY BEES BUTTERFLIES MOTHS WASPS

FLYING

POLLINATING
Vv R i b Ty D5 o cach-

Figure2.20¢ Pollinator observation sheets

Pollinator surveys were conducted between 10:00 AM and 2:00 PM, a time window when pollinator

activity is typically high and weather conditions in Northern New Mexico are most stable. Prior to
FASEtRG2N] =X GKS NBaASINOK i SamfinedNBeeMoBbitorBRProioso - SNDS &
including identification guidance for distinguishing bees, wasps, and flies based on morphology and
behavior. Observers also familiarized themselves with the flowering plant species present along the
transect to support aatrate documentation of pollinat@plant interactions. These preparatory steps

helped ensure consistency in morphogroup identification and reduced the likelihood of misclassification
during data collection.
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Data Collected

1 Total number of individual pollinators observed.
1 Number of distinct morphogroups (Native bees, honeybees, butterflies, moths).

The research team conducted 6 pollinator observatiovith full recordsavailablein AppendixC

Table 2.7¢ Sample esults from the preliminary pollinator observation conducted on Jiin2d25.Temp: 80°F,
Sky Conditions: Sunny, Wind speed: 3mph, Time: 11:00am.

EHFO Native Bees Honeybees Butterflies Moths Wasps Total
Flying 17 0 1 0 2 20
Pollinating by Flower Type:

texas blueweed 12

hairy golden aster 12

prairie coneflower 12 5

rocky mountain bee plant 14

Total Pollinating 50 5 55
Reference Native Bees Honeybees Butterfies Moths Wasps Total
Flying 1 1 2
Pollinating by Flower Type:

Texas blueweed 1

Total Pollinating 1 1
Identification:

Class Insecta
Order Hymenoptera
Family Apidae
Tribe Bombini
Genus Bombus

Species pensylvanicus

American Bumblebee | Bombus pensylvanicus

Figure2.21¢ Linnaean classification hierarchyhis diagram illustrates the nested structure of biological

classification, from broad ranks like Kingdom and Phylum to the specific levels of Genus and Species. Developed by
Carl Linnaeus in the 18th century, this system established the use of standavetizgart Latin names, with the

genus name followed by the species name, for identifying all living organisms.
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Pollinators were photographed and identified to the family and genus levels. Rdlrprovides an
overview of the Linnaean classification system used to categorize living organisms. -fpeties
identification was beyond the scope of this study due to the subtle morphological distinctions between
species, limitations in the resolution sbme field photographs, and the specialized expertise required

for definitive identification. Instead, the research team captured field photographs of pollinators and
used The Bees in Your Backyard (Joseph S. Wilson & Olivia J. Messinger Carril) to assist Agtlegenus
identification. Observations were further supported by uploading photographs to iNaturalist.com, where
feedback from community experts helped confirmrefine identifications.

This combined approach of field guide analysis and community science allowed the team to document
at least7 pollinator families and 14 distinct genera in the Espafiola Healing Foods Oasis. A full collection
of pollinator photographs is provided in Appen@ix

Calculations
Pollinator Abundance
Definition: Total individual pollinators observedntactingflowers per site over a kinute period.

Table 28 ¢ Sum of pollinator abundance indicating the day of the transect and number of pollinators observed
based on the modified protocol.

EHFO #of Pollinators Reference  #ofPollinators
612425 22 611225 2
6/18/25 23 6/18/25 7
712025 49 712125 4
7725 55 77125 1
711425 48 7125 0
7117025 23 FAT25 0
Total Avierags: 36.67 Total Average: 2.33

Difference in abundance
oc ®c T B43#nbreaverdgepollinators

Percent increase
06o0cdPcT b HDAL7B82ncreaB® 00 P mnan T

Times more pollinators
36.67 + 2.33 45.73x more individual pollinators
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Morphogroup: Bee
Family: Megachilidae
Genus thhurgop5|s

‘Morphog‘roup: Bee
Famiy: Megachilidae
Genus: Megachile

Morphogroup: Bee
Family: Andrenidae
Genus: Andrena

Morphogroup: Bee
Family: Halictidae
Genus Dieunomia

Morphogroup: Wasp
Family: Crabronidae
Genus: Bicyretes

Figure2.22¢ Unique pollinator genera identified at the Espafiola Healing Food GasisAppendigfor the full
collection of photographs.

Morphogroup: Bee
Family: Apidae
Genus: Bombus

Morphogroup: Bee
Family: Halictidae
Genus: Agapostemon
onvolvuius Spp.

Morphogroup: Bee
Family: Andrenidae
Genus: Perdita
{ellanthus cilians

Morphogroup: Butterfly
Family: Hesperiidae
Genus: Burnsius

lefianthus cilioris

Morphogroup: Bee
Family: Apidae
Genus: Melissodes

2
Morphogroup: Bee
Family: Apidae
Genus Ccranna
ey

Morphogroup Bee
Family: Apidae
Genus Neolarra

Morphogroup: Wasp
Family: Scoliidae
Genus: Scolia

Morphogroup: Bee
Family: Halictidae
Genus: Halictus
Sphoeraicea spps

Morphogroup: Bee
Family: Apidae
Genus: Dladasm

Morphogroup: Bee
Family: Apidae
Genus: Epimelissodes

' zr i

.nﬂ'i >
Morphogroup Wasp
Family: Crabronidae

Genus: Philanthus
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Discussion

During the July 18th pollinator survey, activity at the untreated reference site declined markedly as
flowers along the transect senesced. In contrast, pollinators at the Espafiola Healing Foods Oasis shifted
to a lower terrace characterized by a shadednmitimate. In this cooler, more humid zone, several of

the same species observed along the main trans&gthaeralceapp. (globemallow)ielianthus ciliaris

(Texas blueweed), artdeterotheca villoséhairy golden astedremained in bloom. This behavair

pattern suggests that fingcale microclimatic heterogeneity within small urban gardens can provide
important temporal refugia for pollinators during periods of floral decline.

Honeybee Apis melliferd presence within the EHFO was minimal during scheduled observations,
although high densities were recorded in a nearby plantingeybvskia atriplicifoligRussian sage)
upslope at Espafiola City Hall. As a managednadine species, A. mellifera often monopolizes floral
resources and may competitively exclude native pollinators in reselimiged environments. Their
reduced presence within thesafiola Healing Foods Oasisnpared to the observed abundance and
diversity of natie beeshighlights the importance of designing urban landscapes that prioritize floral
resources and habitat features for wild, native pollinator species.

These findings reinforce the role of the Espafiola Healing Foods Oasis as a pdaliipptutive habitat.

¢tKS arisSQa YAONROEAYIGAO O NAFOoAtAGEeS SEGSYRSR of
resilience against ecological fluctuationsdgprovide critical resources for solitary and specialist bee

taxa threatened by habitat loss and climate change.

Sources

Xerces Society. Streamlined Bee Monitoring Protocol for Assessing Pollinator Habitat.
https://xerces.org/publications/monitoring/streamlineiee-monitoring-protocol

Xerces Society. Citizen Science Pollinator Monitoring Guide for California.
https://xerces.org/sites/default/files/2018)5/11-010 01 XercesSoc_CitizBanienceMonitoring-
Guide California web.pdf

Wilson, Joseph S., and Olivia J. Messinger Carril. The Bees in Your Backyard: A Guide to North
' YSNRAOIFIQa . SS&ad tNAYyOSiz2y> bwWY tNAyOSiz2y ! yADBSNE
Carril, O., Wilson, J. & Linton, L. Common Bees of Western North America. Princeton Field Guides.

. dzZADdZARS® . SS& O{ dz2LISNF I YAfT & ! LRARSFO®DPE L2gl {GF
https://bugguide.net/node/view/65631

bl GdzNF £ 1 A&G2NE adz&ASdzyd a2KIG La ¢FIE2y2YeKé [ 2YF
Museum. https://www.nhm.ac.uk/discover/wha-taxonomy.html.
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https://xerces.org/sites/default/files/2018-05/11-010_01_XercesSoc_Citizen-Science-Monitoring-Guide_California_web.pdf
https://bugguide.net/node/view/65631

Limitations

|l

Observations were limited to early and rsdmmer due to the academic research calendar.
Consequently, pollinator species active in spring or late fall were not recorded, so pollinator
activity on early and latblooming plants were missed. The total anhdaersity supported by

the site is likely underrepresented.

This study provides a singdeasorsnapshot and does not capture interannual variation in
climate, phenology, or pollinator population dynamics.

Beetles, flies, and other incidental floral visitors were excluded from morphogroup counts and
genuslevel identification. The study focused exclusively on bees (native and honeybees),
butterflies, moths, and wasps.

Genuslevel identification was informed by field photography, regional field guides, and online
resources; however, the research team does not include trained entomologists, and
misidentification is possible.

Fixed transects may not reflect the full spatial heterogeneity of pollinator activity across the site,
particularly in areas with variable microclimates and bloom timing.

Given photographic constraints and limited taxonomic expertise, the number of identified
pollinator genera likely underrepresents the full diversity present at the site.

41



EnvironmentalBenefit

1 Reduces perceived heat stress by maintaining Universal Thermal Climate Index (UTCI) values
16t041 cC t26SNJ 0KIyYy I R2l OSy( dzy (pedtmhdmhine NS a 2 F
0.5 to 2.1 °F ofthe adjacent heavily irrigatectity park while offering significantly greater
biodiversity and ecological value.

1 Cools2.8 °Fmore effectivelyon averageovernight thanthe immediate urban context,
indicating passive thermal cooling in an arid climate withinimal irrigation.

Background

The Espafola Healing Foods Oasis mitigates urban heat island effects by integrating diverse plantings,
shaded gathering spaces, and organic ground materials that reduce surface heat absorption. In contrast,
the nearby municipal courthouse parking lot catsiof asphalt and concrete, which retain and radiate

heat throughout the day. This study compares microclimate conditions across vegetated and non
@S3ASGIIGSR T2ySa (2 S@rfdzaz S GKS 3IIFNRSyQa NRfS Ay
comfort in a @mi-arid urban context.

¢

T, RH
Temperature(Tz) readingsonly Heat Index HI)istKk S & ¥ S St & Universal Thermal Comfort
providethe dry bulbreading f A1 Sé G Swddedivél dzNBS Index (UTClprovides a more
and must be taken in the shade humidity (RH) is factored in with comprehensivainderstanding
not in direct sunFor all the actual air temperature €], of thermal comfort taking into
temperature readings, care was affecting theability for the considerationwind and radiant
taken to ensure the sensor was human body to sel€oolby temperatures in addition to the
always shaded. sweating. heat index.

Figure 2.3 ¢ Comparison of three methods to determine comfort, and the advantage of using the Univers:
Thermal Comfort Index.

Study Obijectives

1 Quantifythe differencesin thermal comfort between the designed garden and the adjacent
urban conditions

1 Identify microclimate variation within the garden

Estimate mean radiant temperature (MRT) and heat exposure

1 Contribute defensible findings to the landscape performance metrics

=
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Method

Manual measurements at fixed points

Measurements were conducted using a handheld Kestrel 3000 weather meteuprepresentative
hot days at three times: morning (9:d:00 AM), midday (12:60:00 PM), and late afternoon (3:30
5:00 PM- peak heat). The measurements were taken at a total of ten fixed p(figsire 2.24)

1 6 locations within the garden (points-#), representing a variety of designed microclimates,
including both treeshaded areas and more exposed areas the site.

f 4 surrounding context locations, including one in te&rencesite (barren slope similar to the
pre-design condition), two in surrounding parking lots, and one in the adjacent park.

Air temperature, relative humidity, average windspeed, and surface temperatures were measured
multiple times of day at ten fixed points. Point locations 1, 2, 3, angel@ inthe referencesite,
surrounding paved areas, and the adjacent park. Point locations 4 through 9 were located throughout
the Espafiola Healing Foods Oasis. These point locations represented a variety of microclimates,
including both treeshaded areas and more exposedasédhe site.

Reference

Figure 2.24; Microclimate Testing Locations
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Table2.9 ¢ Metrics andtools usedn the microclimate study.

Metric Purpose/Justification Tool Cost Estimate

Current Local Weather Record official readings  Smartphone weather app or download Free

Data & Conditions for reference and online data from reliable sources (NOA
comparison and The Weather Channel)
Temperature (%), Document site Kestrel 3000 handheld weather meter $180

Relative Humidity (RH), microclimate conditions  (manual, fixed point data collection)
& Ave. Windspeed (¥

Composite Surface Calculate Mean Radiant Handheld infrared thermometer (or $25 ($800)
Temp (CST) Temp. (MRT) for UTCI thermal camera FLIR C5)

Hourly Temperature Compare continuous Kestrel DROP D2 data logger (automa $110/each x 3 =
(Ta) & Relative automated readings with fixed-point data collection) $330

Humidity (RH) manual readings

Universal Thermal Evaluate comfort based  UTCI Calculator Free

Comfort Index (UTCI)  on multiple variables https://www.utci.org/utci_calc.php

Using the tools listed in Table 2.9 (above), the followibgeovations at the beginning of each session:

1 Date & time
1 Local weather conditions from NOAAd The Weather Channehcluding air temperature,
humidity, wind speed, cloud cover, and recent precipitation.

Then, at each point location, the following observations were recorded with the Kestrel 3000 handheld
weather meter and infrared thermometer (or FLIR C5 thermal camera)

1 Air temperature

1 Relative humidity

1 Average windspeed

1 Surface temperatures within a #6ot (5 meter) radius

Initial site readings from the Kestrel 3000 weather meter were taken at least 15 minutes after being on
site (to adjust from a hot aair-conditionedvehicle), and point observations were averaged based on
readings over one minute. Careful consideration was also taken to keep hands away from the meter's
sensors and keep the sensors out of direct sunlight.

This study explores the use of Universal Thermal Comfort Index (UTCI) as a performance metric to more
accurately capture a wider range of variables that contributes to comfort in designed landscapes. Heat
index, or what is commonly referred to as the "feéke" temperature, is calculated using the air

temperature and relative humidity. However, it does not take into consideration sun exposure, wind

speed, or radiant surface temperatures. UTCI incorporates all these variables, with radiant surface
temperatures factored in as mean radiant temperature (MRT). MRT represents the radiant heat load
basicalyK 2 4 Y dzOK (G KS Sy @A NERYYSy.Theknast atdliat®kay to heasile 2 y i 2
MRT is by using a globe thermometer ($&D0).
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MRT can also be estimated using a simple formula (EstimMRD=0.7xCST+0.3% Tiehich factors
surface and air temperature readings, along with a weighted radiant load and air temperature. [provide
citations]

For this study, additional surface temperatures readings were collected from representative surfaces in
a 15foot (5 meter) radius using an infrared thermometer (or FLIR C2 thermal camera). Surface
temperatures are then averaged into a composite surfaceperature (CST), weighted, and calculated
with the weighted air temperature to determine the Estimated MRT.

Automated fixedpoint monitoring

During peak summewveatherconditions between9 June- 17 July2025), three Kestrel D2 data loggers
were deployedo record air temperature and relative humidity every hour. Logger placement followed
best practices for shaded ambient air monitoriegprevent solar radiation bias, aligning with National
Weather Service (NWS) and WMO standards.

While each logger should ideally be mounted at 1.5 meters above ground level and placed in shaded
locations, to reduce the risk of theft, the mounting height varies slightly with each point location.

Each of the data loggers were placed in three distinct representative zones within and around the
garden (see microclimate fixgubint observation location map):

1 D2_01 was placed in a mature shrub centrally located in the garden (height 1m)
1 D2_02 was placed near the intersection of the highway and the parking lot entrance (height 1m)
9 D2_03 was placed in a mulberry tree near the center of the park (height 3m)

Data retrievedvascompared tothe manual measuremen&ndanalyzedo determine the average high
and low temperaturegor eachzone in thestudy site andurroundingurban landscapeonditions

Calculationgdmanual measurementiata)

For eacHixed-point manual measurement locationll results were entered into an excel spreadsheet
(see Appendip), and the following calculations were performed

1 Average temp, humidity, and wind speed

1 Estimated Mean Radiant Temperature (MR-Was approximated using composite surface
temperature readingsising thefollowing formula:

aw¢ ' 6ndt E /{¢0 b 6ndo E ¢ 0

Where:
T CST = Average surface temperature from IR readings
9 ¢ 1YoASyd AN GSYLISNF G dzNB

MRT values were then entered intiee onlineUTCI calculator to estimate thermal stress levels
for each zone

UniversalThermal Comforindex (UTC) - calculatedusing the wekbased UTCI Calculator
(Figure 2.25https://www.utci.org/utci_calc.phpfor representative timepoints using:

0 Air Temperature Converted tcC

0 Relative Humidity%9

0 Wind Speedonverted tan/s)

o Estimated MRTcébnvertedto Kelvin
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Resultfrom the UTCI Calculatarere compared withthe average ambient air temperatures
andaverages between thEHFO anthe urban contex{see Appendix DUTCI results were
categorized into thermal stressmtegoriedo understandimpacts orheat stresgTable 2.1Q)

UTCI Calculator UTCI (°F) Stress Category

Please note: The given polynomial approximation limits the application of this proc:

:i‘:’:”e‘:‘;j;i;g‘; ‘j ‘111 o 100.4114.8°F Very strong heat stress

\ Tmz et 1o 100 Kew'ip 89.6¢100.4°F Strong heat stress

Water vapour pressure 78.8;89.6°F Moderate heat stress

o) hPa 48.2,78.8°F No thermal stress (comfortable)
Rel. humidity RH 32¢48.2°F Slight cold stress

@z % 8.6032°F Moderate cold stress

Wind speed v in 10m/1%6 ms m/s -16.628.6°F Strong cold stress

[t -40¢-16.6°F Very strong cold stress

UTCI: 28.2 ° Celsius <-40°F Extreme cold stress
Figure 2.25¢ UTCI Calculator, Table2.10- UTCI stress categories adapted from:
https://www.utci.org/utci_calc.php Yuksel, B. G., and M. M. SOnn222.

Calculationgautomated data loggerdata):

Temperature and humidity readings from the Kestrel D2 data loggethe EHFO, reference site, and
the adjacent city parkvere downloadedandcompied into a single spreadshe@&implified
spreadsheetsvere createdo analyzethe temperature readingbased on the date and timfer the
three locations.

1 Daily maximum(high), minimum (low), and average temperaturesere calculated for each
site using grouped daily recordBhis involved:

0 Usingthe spreadsheeto query themaximum and minimum temperatures feach
location for each day
0 Average thanaximum and minimuntemperatures for each location

Diurnal temperature rangevas calculated by subtracting the ddibyv from the daily high

Overnight cooling ratesvere determined bysubtracting themaximum (highjemperatures
from late afternoon (300-5:00 PM)and early morning (80-7:00 AM) low temperatures then
calculatingthe differenceover thattime (Table 2.11)

0 Extract daily values
Afternoon average = Mean of all readings between S@D PM
Morningaverage = Mean of all readings betwegf0-7:00 AM

o Calculate daily cooling
Daily Cooling Rate = Afternoon Averagdorning Average
Mean Cooling Rate Averageof alldaily cooling values

Site Avg. Afternoon Temp Avg. Morning Temp Avg. Cooling (PM AM)
EHFO 86.9°F 56.9°F 30.0F

Urban Context 87.9°F 60.6°F 27.3°F
TempDifference 2.8°F

Table 2.11¢ Average afternoon and morning temperatures used to calculate the average overni
cooling rate of the reference site and EHFO. 57



Reference

Location 1 - Asphalt parking lot between
garden and library. Full sun.

Reference

city hall parking lot
above the garden. Full sun.

© 95.7°F
< 142°F
¢ 78.1°F

Location 5 ong top
terrace. Full sun.

& 50.0 SR/ ey

Location 7 - Top stmewp of sandstone stairs
leading to pergola. Full sun.

- AR : L 50.0 J
Location 9 - Grass under large shade tree.
Full shade.

Reference

g E ER O :
Location 2 - Center of untreated slope
adjascent to garden. Full sun.

e : . W Wi
Location 4 - Southern side of EHFO on
mulched path. Mainly full sun, slightly
shaded in evening.

Location 6 - Main accesle patway in
EHFO with dark gravel. Full sun.

& 5008

Location 8 - Seating area underneath
large shade tree. Full shade.

Reference

Location 0 - Ope lawn in park below
the EHFO. Full sun.

Figure2.26¢ Site photographs paired with thermal imagery from each of the 10 microclimate monitoring

locations.
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No ermal Stress
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84
Parkmg Lot Adj. Slope Parkmg Lot EHFO EHFO EHFO EHFO EHFO EHFO Adj Lawn

8
8
7

m o N

7
7

B o

lTemp( F}  mUTCI(°F)
Figure 2.27% Morning Ambient Temp and UTCI Graph

Midday
o I

.« I

92

90 Strong Heat Stress

II I| Moderate Thermal Stress

Parking Lot Adj. Slope Parking Lot EHFO EHFO EHFO EHFO EHFO EHFD Adj Lawn
1 2 3 4 5 6 7 8

mTemp (°F) m UTCI (°F)

88
86

84

Table2.28¢ Midday Ambient Temp and UTCI Graph

Late Afternoon

98

96
94

92
Strong Heat Stress

I I Moderate Thermal Stress

Parking Lot Adj. Slope Parking Lot EHFO EHFO EHFO EHFO Adj Lawn
1 2 3 4 5 6 7 8

W Temp (°F) m UTCI (°F)

90
88
86

Table2.29¢ Late Afternoon Ambient Temp and UTCI Graph
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Discussion

Microclimate data from the Espafiola Healing Foods Oasis indicate distinct diurnal heat dynamics
compared to surrounding areas. During morning and early afternoon hours, the garden retained more
heat than adjacent contexts. This pattern is likely due todhk (G S @a&ingSlbpé, divhich receives

direct solar exposure earlier in the day. Mulch and gravel pathways also contributed to localized
warming by absorbing and radiating heat, while flagstone pavers remained noticeably cooler.

By late afternoon, however, temperatures within the garden began to decline more rapidly than in
adjacent hardscaped areas, which continued to retain and emit stored heat. This cooling trend suggests
that the garden may help moderate thermal extremes ower course of the daywarming more

rapidly in the mornindput offering a more comfortable microclimate during peak heat hours and into

the evening.

Sources

U.S. Environmental Protection Agency. Reducing Urban Heat Islands: Compendium of Strategies.
Washington, D.C.: U.S. Environmental Protection Agénips://www.epa.gov/heatislands

Newman, Galen, Dongyig, and Rui Zhu. Houston Arboretum and Nature Center, Phase 1. Landscape
Performance Series. Landscape Architecture Foundation, 2022. https://doi.org/10.31353/cs1830.

Yiksel, B. G., and M. M. S6nmez. Spatiotemporal Analysis of Outdoor Thermal Comfort Using Universal
Thermal Climate Index in the Historical Peninsula, Istanbul. Urban Climate 46 (2022): 101343.
https://doi.org/10.1016/j.uclim.2022.101343

Limitations

91 Data was collected in theorning (between 9.0am), midday (between X1pm) and late
afternoon (between 3:381:30pm. Because of the orientation of the Espafiola Healing Foods
Oasis slope, morning and midday temperature readings were often hotter in the garden than
surrounding areadn the late afternoon, temperature readings were significantly cooler.

1 Temperature, wind speed, and humidity readings were collected using handheld instruments
designed for rapid field assessment, which may have limited precision compared to
professionalgrade weather station equipment.

1 Measurements were taken as shapshots during specific times of day rather than continuous
monitoring, which may not fully capture daily temperature fluctuations or extreme conditions.

9 Sampling occurred during a single season, and results may not reflect seasonal variability in
microclimate conditions.

1 Minor inconsistencies in timing between measurements on different days, as well as localized
environmental factors (e.g., transient shading, surface reflectivity, human activity), may have
influenced individual readings.

1 Surface and air temperature measurements were influenced by gbort weather patterns,
such as cloud cover and wind gusts, present at the time of sampling.
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Social Benefd

Research Strategy

To assess the social and cultural benefits of the Espafiola Healing Foods Oasis, the research team

conducted a community survey and met with staff from Tewa Women United. These efforts provided

insight into how the garden fosters community engagement, stelsiaip, cultural connection, and

emotional weltbeing. The combination of direct input from community members and institutional

knowledge from TWU staff offered awdll2 dzy RSR dzy RSNRE G yRAYy3I 2F (GKS aaii

Meeting with Tewa Women United

To supplement survey data, the research team met directly with staff from Tewa Women United to
verify details about past events, volunteer engagement, and educational programming. These
discussions, along with internal recorsisch asignin sheets, flyers, and annual programming
summariegrovided critical context for assessing how the Espafiola Healing Foods Oasis fosters and
sustains a culture of lanblased community care.

Survey
The survey was designed to better understand how the Espafiola Healing Foods Oasis supports cultural

connection, community engagement, and emotional vixging. It was collaboratively developed to

NEFf SOG GKS LINR2SOGQa 32 Ithdmitalaydapér folndtS Bistribyfigh &1 a 2 F
channels included garden events, the adjacent public library, community tabling efforts, and social

media outreach.

Method

Surveys were conducted between Jurik &nd July &th, 2025,to assess the social and cultural impacts
of the Espafiola Healing Foods OaBiee survey aimed to capture personal experiences, cultural
connections, and communiigvel impacts that are often difficult to quantify through observation
alone.

Two formats were used:
1 Printed paper surveys, distributed ite at the garden and at the adjacent Espafiola Public
Library
1 A digital version, hosted on Qualtrics and accessible via a QR code
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Figure3.1¢ Surveys available at tf
seed library in the Espafiola Publi

Figure3.2 ¢ Anthony installing the
survey box in the Espafiola Heali

Library

Foods Oasis

Outreach Strategy

We employed the following four outreach strategies:

1. Survey Boxes and Flyers:

, wW U
Figure 3.3 Kailani with RyanLaura
and Vicki from Tewa Women United
the Beat the Heat event at the
Espafiola farmermarket

Physical survey forms and flyers were posted in the garden and at the adjacent Espafiola
Public Library. A drepox allowed participants to leave completed forms anonymously.

Intercept Surveys in the Garden:

On nonevent days, team members invited garden visitors to complete the survey.

Social Media Distribution:

Tewa Women United shared the survey on Instagram and Facebook ofthudane
30th, and Julyi 7th. While Espafiola is a small community, these posts helped reach a

broader audience.

In-Person at EHFO Events:
{ dZNBSea 6 SNB
the Espafiola Farmers Market.

F @ At

22YSy !

Figure 3.4c The paper
survey that we distributed.
Afull-sized surveform

and flyercan be foundn
Appendix E.

JnIa SCHOOL OF
ARCHITECTURE
& PLANNING

Espafiola Healing Foods Oasis - Community Benefit Case Study
Informed Consent & Survey (Summer 2025)

About This Survey

This survey is being y

s part of  case study Y F). 1o
Oasis (EHFO).

Tewa Women United, your or 28 8 visor 0 the garden.

impact on you
‘Your Cholce & Privacy
This survey is complet o
3 simple
question or Wo wil your ve
 you fill out a paper version, your answars wil b
addedtoa e
What Happens with Your Answers.
However, your feedback
combined roports, but never in )

Questions or Concers?

your rights vei

Piease see the survey form on the opposite side of this sheet
ey,

Option 3:
Take the survoy online by

Bit4IIDXED

4 Whatnew interests or hobbies have you
‘gained from visit

4§ Ao there any plants at the Espanola Healing

cooking. hesling. o special raditions?

)
Espanola Heaing Foods Oasis?
(Check all that apply) (Check one)
Motvated o loarm more sbout gowing ood | O Yes
or medicinal plants o X
O inpied o s orparcs n 8 S
communty garden o e
s | g oo scvin
er ndoencus s comocty 7 of your
Sorcduralpracioos family or commntytradiions? (Chock ane)
Strengthened my sense of connection 10
O Ove
Omo

O increased my confidenc in gardoring!
faming sils

© Omer vays my interests were inuenced
(please describe).

O mmotswreyt

6 o2 the Esparila Healing Foods Oasis
helpod you feel more connacted to your
community? (Chack one)

© Docreased my intarest in food or agricuture
2 How do you el when you spend time at the

Espafiola Hoaling Foods Oasis?
(Chock al that apply)

O Connected 1o nature
O Other fosings (please descrive):

O Mostrong fesings

O ves

O
7 Do you think that Espafiola Healing Foods.
asis hlps take care of the and, su
the community, o teaches things that will
help future generations? (Check one)

O Yo (lossn shao how)

O™

QO mnotsure

bout things you have

3

(Chock one)
O Yos. I ofton sharo what lsam

O Yes. I occasionaly share what leam
O Nonotyet

O o opporunty o share

Healing Foods Oasis? (Open rosponse)
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Calculations

Survey data was compiled from both digital (Qualtrics) and paper responses. Responses were manually
entered or exported into Excel for analysis. For each quantitative question the percentage of
respondents selecting a specific answer was calculated usinfpliowing formula:

(Number of responses for that answer + Total number of responses to the question) x 100

C2NJ SEFYLXSY LT y LIS2LIS yasSNBR a4, Sa¢ (G2 | 1jdSa
total, the calculation would be:

(8 +10) x 100 = 80%

1 Increassinterestin growing foodand Indigenousagriculture practices with 77% of22 of
surveyedvolunteers and visitorgxpressingmotivation to learn more about growing food or
medicinal plantsand 73% expressing interest itraditional or Indigenous agriculturamethods
after visiting the garden.

1. What new interests or hobbies have you gained from
visiting or helping at the Espafiola Healing Foods Oasis?
(Check all that apply)

% Other (Please describe) [ o
Increased my confidence in gardening or farming skills 41%
Strengthened my sense of connection to community | R RN : -
Sparked interest in traditional or Indigenous agricultural technigues 73%
Encouraged to spend more time outdeors [ NG <5
Inspired to start or participate ina community garden || N RN - .
Motivated to learn more about growing food or medicinal plants [ N N NRNRRDEIEEEl
0 2 4 6 8 10 12 14 16 18

% Other (please describe): “"Botany" "Found gardening helped with building a sense of peace and connection with nature”

Figure3.5¢ Survey Question 1 Results

This survey question was designed to assess how the Espafiola Healing Foods Oasis fosters cultural and
social learning through gardening. As both an educational space and a place of rest and harvest, the
garden encourages deeper engagement with Headed kowledge. Many respondents reported

increased confidence in growing food or medicinal plants, along with a growing interest in traditional

and Indigenous agricultural techniques. These responses suggest that the garden contributes to the
revitalization ofcultural practices, supports food sovereignty, and strengthens community connection
through handson experiences with cultivating, gathering, and caring for culturally significant plants.
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1 Enhances emotional webeing, with 67% of 2 surveyed volunteers and visitorgporting a
sense of connection to natur&,7% feeling inspired6 7% feeling grounded, and®4 feeling
relaxed after visiting

Figure3.6 ¢ Survey Question 2 Results

This survey question was designed to explore how time spent in the Espafiola Healing Foods Oasis may
support emotionalweld SAy3d ! yf A1 S YIFYyAOdzZNBR LI NJ az GKS 3II NR!
fosters a deeper sensory connection with the landscdpespondents reported feeling inspired,

grounded, and relaxed, with many expressing a strong sense of connection to nature. These responses
suggest that the garden offers a restorative experience that supports mental health and nurtures

emotional connectins to both land and community.

9 Supports peer, familyand communitylearning, with 92% of22 surveyed volunteers and
visitorsreporting that they frequently or occasionally sharerhat they havelearned atthe
Espafiola Healing Foods Oasiith others.

Figure3.7 ¢ Survey Question 3 Results

This question was designed to understand how knowledge gained in the garden extends beyond the site
and circulates within the broader community. As a space rooted in the sharing of traditional ecological
knowledge, the Espafiola Healing Foods Oasis suppagtsing peer, family, and community learning.
Survey responses suggest that the garden contributes not only to individual education but also to the
collective transmission of laddlased practices, helping to sustain and revitalize cultural knowledge.
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