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1 Introduction
This report presents a synthesis of key climate indicators basedon about 30 years of data for the se-
lected site. It is intended to support landmanagers, designers, and planners in understanding long-
termtrendsandseasonalpatternsrelevanttoagriculture, infrastructureplacement,ecological restora-
tion, andenergyplanning.

The report focuseson frostoccurrence, solar insolation, precipitation, temperature,winddynam-
ics, and their trendsover time. Thedata ispresentedvisually,with intuitiveplots thathighlight variabil-
ity, extremes, and long-termchanges. Where applicable, guidance is providedon howeach variable
can informdecision-makingon theground.

This document is part of an ongoing effort to provide actionable, localized climate intelligence to
support regenerative and resilient landusedesign.

2 Frost
The frost visualization in Figure 1 capturespatterns in the timingof frost eventsover thepast 30years,
offering insights intoseasonal transitionsand,byextension, thedurationandboundariesof thegrow-
ing season.

Twoheatmaps illustrate:

• Last Spring Frost: Shows theweeksof the yearwhen thefinal frostsmost frequently occurred.

• First AutumnFrost: Shows theweekswhen thefirst frostsmost frequently occurred.

Together, these heatmaps define the typical frost-freewindowbetween the last spring frost and
thefirstautumnfrost, representingthecoreperiodsuitableforplantingandgrowing. Theconsistency
or variability of this window across years signals the level of climatic reliability: a narrow, stable gap
suggestsapredictablegrowingseason,whileabroaderorshiftinggapindicatesgreateryear-to-year
uncertainty.

Figure1: Weekly frequencyof lastspringfrost (left)andfirstautumnfrost (right)over thepast30years.
Each cell represents one week of the year. The number inside each cell indicates how many years,
among those that experienced frost, had their last (spring) or first (autumn) frost in that week. Darker
shadescorrespond tohigher frequenciesof frost occurrence.
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3 Solar Insolation
Thesolar insolationvisualization (Figure2) illustrates the typicaldistributionofdaily skyclearnessover
thepast 30years, highlightingwhichmonths tend tobe sunnier or cloudier.

Monthlyviolinplotsdisplayhowdailyvaluesoftheclear-skyinsolationindexaredistributedthrough-
out the year. This index measures the relative clarity of the sky, where higher values correspond to
clearer, sunnierdaysand lower values indicatemorecloudcover. Thewidthofeachviolinplot reflects
the frequencyof thosevalues: widersections representcommonskyconditions,whilenarrowersec-
tions indicate less frequentones.

Thisvisualizationrevealsseasonalpatterns inatmosphericclarity. Monthswithbroad,elevateddis-
tributionssuggestconsistentlyclearskies,whereasthosewithdistributionsskewedtoward lowerval-
ues indicate frequent cloudinessormore variableweather.
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Figure 2: Monthly distribution of daily clear-sky solar insolation index values over 30 years. Each vio-
lin plot shows the frequency of daily sky clearness values for that month, with wider sections repre-
sentingmore frequent conditions. A color gradient fromdark (low clearness, ”Impenetrable Cloud”)
to light (highclearness, ”Clear&Sunny”) illustrates thescale. Note: this index reflects relativeskyclar-
ity anddoesnot represent actual solar energyflux.
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4 Precipitation
Theprecipitationvisualization (Figure3)offersadualperspectiveonmonthly rainfall patterns, captur-
ingboth typical variability andextremeevents.

Monthly PrecipitationCharacteristics:

• Thenavyblue line traces theaverage total precipitation for eachmonth.

• Shadedbandssurroundingthemeanconveyvariability: thedarkerblueregionshowstheinterquar-
tile range(middle50%ofmonthlytotals),whilethe lighterblueareaextendsfromtheminimumto
themaximumobserved values. Together, they reflect both typical fluctuations andoutlier con-
ditions.

Highest Single-DayRainfall:

• Redbarsmarkthemost intenserainfallevents foreachmonth,highlightingthemaximumprecip-
itation recordedona singleday.

• Thesepeaks help identifymonthsprone toheavydownpours, useful for assessingflood risksor
planningdrainage, erosioncontrol, andwater harvesting systems.

Thiscombinationofstatistical rangeandextremesoffersapracticalviewofprecipitationbehavior,
supporting informedwater and landmanagementdecisions.

5



Figure 3: Monthly precipitation summary. The navy blue line represents averagemonthly totals, with
shaded bands indicating variability: the interquartile range (darker blue) and full observed range
(lighter blue). Redbars show thehighest single-day rainfall recorded in eachmonth.

5 Temperature
TheFigure4visualizationsummarizes thedistributionandvariabilityofdailymean,maximum,andmin-
imum temperatures throughout the year. Understanding these patterns is critical for assessing ther-
mal regimes that affectplant viability, energydemand, comfort, andclimate adaptation strategies.

Eachmonth is representedby three violin plots:
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• Mean temperatures (white) reflect average daily conditions relevant to baseline thermal com-
fort and vegetationgrowth.

• Maximum temperatures (red) highlight periods of potential heat stress for plants, animals, and
infrastructure.

• Minimumtemperatures (blue) indicatecold-seasonrisks, includingfrostdamage,freezingpipes,
or limits tooverwintering species.

The width of each violin shows the frequency of values, and the vertical extent captures the full
observed range. Wider sections indicatemore consistent temperatures; taller violins suggest higher
variability or extremes.

Together, these distributions provide a nuanced picture of thermal behavior across seasons, vi-
tal for selecting species, designing passive heating/cooling strategies, andmanaging temperature-
sensitive infrastructure.
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Figure4: Monthlydistributionofdailymean(white),maximum(red), andminimum(blue) temperatures.
Violin plot widths reflect the frequency of values, while the vertical range represents observed ex-
tremes. This visualization captures both typical and exceptional temperature conditions throughout
the year.

6 Wind
Wind patterns shape microclimates, influence evaporation and fire behavior, and guide the place-
mentofstructures,vegetation,andinfrastructure. Thissectionpresentsbothseasonalandcombined
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wind rose visualizations to support site-specificplanning.

6.1 SeasonalWindPatterns

Seasonalwindroses (Figure5) illustratehowprevailingwinddirectionsand intensitiesshift throughout
the year. This seasonal breakdown is essential for:

• Windbreak and shelterbelt design: Aligning vegetation or structures with dominant seasonal
windsenhancesprotection and improvesedgemicroclimates.

• Microclimateoptimization: Exposuretoorshelter fromwinterwinds, summerbreezes,ordrying
gusts canbedesigned intentionally.

• Watermanagement:Windaffectssnowdrift,evaporation,andrainfalldistribution;understand-
ingpatterns supports theplacementofponds, swales, or catchment surfaces.

6.2 AnnualWindPatterns

The combined wind rose summarizes overall wind behavior across the full year, useful for high-level
orientation anddesigndecisions. Key applications include:

• Structure orientation: Shieldinggreenhouses, homes, or sheds fromdominantwinddirections
reducesheat loss and structural stress.

• Odor and smokemanagement:Wind direction informs siting of compost, toilets, or burn piles
to reducedownwind impact.

• Pollinationandpesttransport:Wind-drivenpollenorairbornepestsfollowthesedominantpaths,
whichmay influenceplanting layout.

• Fire safetyand resilience: In fire-prone regions,winddirection informs thedesignoffirebreaks,
fuel load zones, andemergencyaccess.
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Figure 5: Seasonal wind rose diagrams showing prevailing directions and frequencies for each quar-
ter. These support planning of windbreaks, ventilation, snow and moisture management, and sea-
sonalmicroclimatecontrol.
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Figure 6: Annual wind rose showing the dominant wind directions and frequencies for the site. This
supports general site orientation and the placement of structures, vegetation, and sensitive infras-
tructure.
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7 Temperature Trends
The visualization of Figure 7 highlights seasonal trends in daily temperature extremes, offering awin-
dow into how local climate dynamics have shifted over time. It focuses not just on average seasonal
conditions, but on the full spectrumofobserveddaily highs and lowswithin each season.

The left panel displays trends for dailyminimumtemperatures:

• Maximumofdailyminima: thewarmest night in each season.

• Meanofdailyminima: the averageof all nighttime lows in the season.

• Minimumofdailyminima: thecoldest recorded temperatureeach season.

The right panel shows the samemetrics for dailymaximumtemperatures:

• Maximumofdailymaxima: the hottest day in the season.

• Meanofdailymaxima: the averageof all daytimehighs.

• Minimumofdailymaxima: thecoolest daytimehigh.

Straight lines indicate statistically significant trends:

• Red indicateswarming.

• Blue indicates cooling.

• The intensity of each line reflects the significance level of the trend.

These trendsprovidecritical insight for long-termplanning. For example, risingcold-seasonmini-
mumsmay reduce frost risk,while increasingmaximumscan intensify heat stress. Trackingbothends
of thespectrumsupportsclimate resilience inplantingdecisions, habitatdesign, infrastructuredura-
bility, andhumancomfort.
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Figure 7: Seasonal temperature extremes over time. The left panel shows trends in the minimum,
mean,andmaximumvaluesofdailyminimumtemperatures; therightpanelpresentsthesamefordaily
maximumtemperatures. Straight lines indicatestatistically significantwarming (red)orcooling (blue),
with line width reflecting the level of statistical confidence. This visualization highlights how the full
rangeofdaily temperatureextremeshasevolvedacross seasons.
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8 Next Steps andHowWeCanHelp
This report provides a foundational climate overview to support informed decision-making on your
land. But it’s only the beginning. Our teamoffers a suite of specialized tools and services to help you
turnclimateintelligenceintoeffective,site-specificdesign,management,andregenerativeoutcomes.

Topography-BasedSolarandMicroclimateAnalysis:Beyondskyclearness,wedeliverhigh-resolution
solar radiationmodelingthataccounts for topography,climate,andshadoweffects. Outputs include
shortwave radiation (for energy harvesting, heating, andmicroclimate tuning) andPAR (for evaluating
potential vegetationgrowth andproductivity).

Precipitation-Informed Water Harvesting Design: We generate terrain-sensitive strategies for
rainwaterharvesting, infiltration,andstorage—tailoredtoyourseasonal rainfallpatternsandlandform—
tostrengthenwater resilienceand landscapehealth.

Wind Exposure and Shelter Mapping: Our analysis identifies wind-exposed and wind-sheltered
areas across your site, guiding the placement of buildings, windbreaks, wind-energy systems, and
shelter-sensitive infrastructure.

Expert-Led Regenerative Design Support: Our team can help you interpret climate data in the
contextofyour land’secologyandvision. Weofferdesignconsulting, strategydevelopment,andco-
creationof regenerative systemsacross climate zones andbioregions.
Formore aboutourmission and full serviceofferings, visit: www.5thworld.com
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