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Unit 3: Climate Change Basics 

A devoted gardener is thrilled to discover the lavender plants have made it through the frigid winter in 
Western New York and equally surprised to notice the butterfly bushes have not survived. Puzzles like 
these have gardeners wondering more about the impacts of weather patterns and weather anomalies 
on our landscapes. Accordingly, climate scientists and meteorologists are among the essential experts 
gardeners turn to for guidance. 

Defining Weather and Climate Terms 
Though weather and climate are both highly complex phenomena they are not the same. Weather is 
the state of the atmosphere at a specific time and place. It is the short-term variations of the 
atmosphere (from minutes to weeks). Weather is often referred to in terms of brightness, cloudiness, 
humidity, precipitation, temperature, visibility, and wind. We commonly talk about the weather in terms 
of “What will it be like today?”, “How hot is it right now?” and “When will that snow storm hit our 
town?” All of earth’s weather depends on the interaction of the sun, which heats the earth and causes 
air to move as winds; and water, which moves between the oceans, skies and land, forming clouds and 

precipitation. Meteorology is the study of the atmosphere and weather of the lower atmosphere (below 
50 miles) often focused on weather prediction and analysis. 

Climate is the prevalent long-term weather conditions in a particular place. Generally, climate is 
considered the weather in a place over a period of 30+ years. Climatic elements include precipitation, 
temperature, humidity, sunshine and wind velocity, and phenomena such as fog, frost and snow. 
Climate scientists (climatologists) study historical records of weather conditions measured or 

observed at a specific location. This climate data 
describes the average (or mean) conditions such 

as high and low temperatures and extremes. 
Climate data is used to identify anomalies in 
temperature and precipitation patterns. The 
hardiness zone and frost-free season maps 
gardeners use to select appropriate plant 
material and planting times is based on climate 
data. 

All developed countries have weather stations 
and study climate data for their region. On a 
worldwide scale, the United Nation’s World 
Meteorological Organization (WMO) analyzes and 
monitors the state and behavior of the Earth’s 
atmosphere, its interaction with the oceans, the 
weather and climate it produces, and the 
resulting distribution of water resources. The 
WMO publishes the Climate System Monitoring 

Bulletin and administers the World Climate Data 
and Monitoring Program.5 

Using Weather Data and Climate Analyses in Sustainable Gardening 
Gardeners listen avidly to the daily weather reports from local meteorologists to figure out the best day 

for gardening practices affected by the weather. Gardener’s keen observations of weather over many 

seasons are used to time food crop plantings, design flower beds for sequential bloom, and plan refuge 

plantings for beneficial insects. Though more common among commercial growers the calculation of 

growing degree days (GDD) or the “heat” accumulated during each growing season is a formal way 

The Northeast Regional Climate Center provides 
weather station data and climate analyses 

http://www.nrcc.cornell.edu 

These pages from the Climate Smart Gardening Course Book. Find a link to the full 
book at: http://climatechange.cornell.edu/gardening/ 

http://www.nrcc.cornell.edu/
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to estimate timing of growth of an organism including bud break, flowering, as well as, when eggs of a 

particular pest are going to hatch or approximately when vulnerable stages of certain pest will be 

present. GDD’s are a much more accurate method of estimating the timing of events than the calendar 

method. Japanese beetles do not just wake up one morning and say, “Ooops. June 15th already. Time 

to get out there.” Rather, their emergence is determined by the accumulation of growing degree days. 

They make an earlier appearance when spring is warm and GDDs accumulate early and appear later 

when it’s cool. Calculating GDD’s involves a comparison of daily maximum and minimum temperatures 

to a lower and upper base temperature for growth of an organism. Use the Climate Smart Farming 

GDD Calculator at: http://climatesmartfarming.org/tools/csf-growing-degree-day-calculator/ 6 

While growing degree days focus on current weather the US Department of Agriculture (USDA) 
Hardiness Zone Map uses decades of past minimum average winter temperatures to divides North 
America into 13 zones of 10 degrees Fahrenheit (figure 4). Plant hardiness zones provides gardeners 
with information to determine which herbaceous perennials and woody trees, shrubs and vines will 

survive winters where they want to garden. The information is commonly on tags when you purchase 
perennial plants and is standard in plant catalogs, though you may see slight differences depending on 
the source. 

Figure 4: USDA Plant Hardiness Zone Map, 2012. https://planthardiness.ars.usda.gov.7 

http://climatesmartfarming.org/tools/csf-growing-degree-day-calculator/


9 

Figure 5: Average last frost in spring and first frost in fall.8 

Gardeners look to the average date of the last frost in spring to help plan when to transplant plants 

that are not frost-tolerant. The average date of the first frost in fall helps plan when to plant late-

season or fall crops, and when you can expect frost-sensitive plants to finally succumb to freezing 

temperatures if not covered with sufficient protection. The period between the last frost in spring and 

the first frost in fall is called the freeze free period or frost-free days. For frost sensitive crops this is 

the range of the growing season. Gardeners need to select varieties or cultivars with days to maturity 

or harvest that fit within their frost-free days. And they must hold off planting warm season crops like 

tomatoes until several weeks after the last frost, when the soil has warmed, and nighttime 

temperatures are reliably above freezing. 

Keep in mind that plant hardiness zones and freeze/frost dates are guides, and no guarantee that 
winter temperatures or frost-free period will always fall in the range indicated by the maps. A garden 
site may be a zone higher or lower due to inaccuracies in the map and microclimate impacts. A 

microclimate is a local set of conditions that differ from those in the surrounding areas. The difference 
might be slight but sometimes it can be substantial. Microclimates can also be small like a protected 

The National Oceanic and Atmospheric 

Administration's (NOAA) Climate Data Online 
(www.ncdc.noaa.gov/cdo-web) and their 
partners like NOAA, Northeast Regional 
Climate Center at Cornell University 
(www.nrcc.cornell.edu/) provide access to 
daily, monthly, seasonal, and yearly 
measurements of temperature, precipitation. 
Prediction tools such as these frost maps 
create from this data. Find additional tools at 

Climate Smart Farming 
(climatesmartfarming.org). 

http://www.ncdc.noaa.gov/cdo-web
http://www.nrcc.cornell.edu/
http://climatesmartfarming.org/
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courtyard next to a building that is warmer than an exposed field nearby. Or a microclimate may be 
extensive – a band extending several miles inland from a large body of water that moderates 
temperatures. Since gardeners need to be aware of microclimates that may make where they garden 
different from the information found in hardiness zone and frost maps, we encourage documenting 
microclimate observations and interactions as part of Knowing Our Garden Systems in Unit 2. 

Microclimates 

While plant hardiness zones and freeze/frost maps serve as good guides, maximizing gardening 
success requires consideration of additional factors that can contribute to a specific garden space 
being warmer or colder, wetter or drier, or more or less prone to frosts. 

• Large bodies of water, such as the Great Lakes, the Finger Lakes, Lake Champlain, Long
Island Sound and the Atlantic Ocean, tend to moderate air temperatures of adjacent inland
areas. Low temperatures in winter are not as extreme, and these areas are less prone to
late spring and early fall frosts. Smaller bodies of water have this effect to a lesser extent.

• Hilltops that are exposed to winter winds that dry plants out can be particularly hard on

evergreens, which cannot replace moisture lost through needles when the ground is frozen.
• Valleys may be 10 degrees colder than neighboring slopes and more prone to spring or fall

frost as cold air is heavier than warm air so flows downhill and collects in low spots.
Similarly, balconies and rooftops may escape frosts that kill tender plants at ground
level. But cold, drying winds may be an even bigger factor depending on the location,
orientation and exposure of the balcony or rooftop.

• Slopes facing north are slow to warm up in spring because they receive less direct sun,
compared with south-facing slopes. However, plants on south-facing slopes can have
blossoms killed by frost when early spring warmth causes plants (fruit trees in particular) to
begin flowering prematurely. Similarly, raised beds and terraces can warm and drain
earlier in spring, especially if they are oriented toward the south.

• Urban areas tend to have less extreme low temperatures and frost as buildings offer

protection from wind and along with paved surfaces, absorb heat during the day then
radiate it back into the air at night. But these excessive warming effects in the summer trap
heat and create a scorching environment for plants.

• Houses and their surrounding paved surfaces such as patios, driveways and sidewalks
would also absorb heat and reradiate it at night, moderating night-time temperatures. Bark
on young trees planted on the south or southwest sides of buildings are more prone to
cracking in winter. Prevailing winds from the northwest will also create a warmer, more

sheltered microclimate on the south and east sides of a house or building. While the north
side may receive harsh winds and no sun during the winter, in summer – when the sun
rises north of east and sets north of west – these areas can be baked by heat and dried out
by the same prevailing winds. Further when wind hits a building, it creates turbulence and
higher wind speeds along the wall and around the corners. These areas will not be good
places to plant broad-leaved evergreens or other plants that can be dried out by winds.

• Fences, walls and large rocks can protect plants from wind and radiate heat, creating

sheltered spots. Sometimes, if fences block cold air drainage through your property, the
cold air can puddle behind them causing very localized frost damage on near-freezing
nights.

• Soil types can also affect frost. Heavy clay soils can act much like paved surfaces,
moderating the temperature near ground level. Lighter soils that have many air pockets in
them can act as an insulating layer on top of warmer subsoils, trapping that heat below
ground and are hence more prone to frosts at ground level.
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