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Climate Change Impacts On Ohio Agriculture 
Agriculture is a critically important aspect of the economy and cultural identity of Ohio. In 2022, Ohio had 76,009 farms with 
13.6 million acres.1 According to the 2022 USDA Census of Agriculture, the estimated market value of agricultural products 
sold in Ohio totaled more than $15.4 billion, which ranks 11th nationally.1,2 Ohio has a diverse array of crops produced in the 
state, as the state ranks 8th nationally in nursery, greenhouse, floriculture, and sod, 8th in grains, 9th in Christmas tree/woody 
crop production, and 11th in tobacco.1,2 Livestock comprise 43% of the state’s total sales of agricultural goods, with the 
highest total sales coming from poultry ($2.6 billion), hogs ($1.6 billion), and dairy cattle ($1.3 billion).1,2 Ohio also has a 
strong forest products industry with forestry adding $30.4 billion to the economy annually.3 

Like other regions in the United States, agricultural productivity in Ohio is vulnerable to weather and climate variability. In 
recent decades, changes in Ohio’s climate, including rising temperatures and increased precipitation variability have emerged, 
with continued changes expected in the future. These climate changes are already impacting the agricultural and forestry 
sectors, not only in physical and direct impacts to farms and forestlands, but also through indirect impacts to the overall 
cultural, social, and economic resilience of Ohio’s communities. In 2022, Ohio was the 10th largest agricultural exporting state 
in the country.4 Therefore, when considering impacts on the agricultural and forestry sectors in Ohio, climate change-driven 
stressors and disruptions can emerge well outside the geography of the state.  

Observed Changes to Ohio’s Climate 
Observational changes in Ohio’s climate are calculated from gridded meteorological data from 1979 to 2021 (period of record 
for the dataset) by partners at Michigan State University and GLISA, the Great Lakes CAP/RISA Team (GLISA).5 A summary of 
the historical, observed changes in Ohio’s climate are described as follows. 

Temperature  
• Average annual temperature increased by 2.2°F between 1979 and 2021 (Table 1). Present day average 

annual temperature (2002-2021) is 1.6°F warmer than the early 20th century average (1901-1960).6 
• Seven of the top ten warmest years on record (1895-present) have occurred since 1990.7 
• All seasons have experienced an increase in average temperature between 1979 and 2021, with the 

greatest change occurring in the fall months (September – November; Table 1).  
• Present day average winter low temperatures (2002-2021) have warmed 2.1°F relative to the early 20th 

century (1901-1960).7 
• Although the number of very hot days in summer (≥ 95°F) has been declining in Ohio, the frequency of 

nights with a low temperature ≥ 70°F has been increasing since the mid-20th century.6 

Precipitation 
• Average annual precipitation (Figure 1) has risen by 7.0” between 1979 and 2021, with the greatest 

increases observed during the winter (2.9”) and spring (1.9”) (Table 1). Present day average annual 
precipitation (2002-2021) is 4.42” greater than the early 20th century average (1901-1960).7 

• Eight of the top ten wettest years on record (1895-present) have occurred since 1990.7 
• Extreme precipitation events (greater than 2.0”) have become more frequent between 1979 and 2021 

(Table 1), with events since 1990 challenging the historical peaks of the early 1910s.6 
• Droughts have occurred in numerous years since the 1980s (e.g., 1988, 2000, 2002, 2007, and 2012) but 

the driest multi-year periods in Ohio occurred in 1930-1934 and 1960-1964.8 
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Figure 1. Mean annual precipitation (inches) for the period 1991-2020. Information based on PRISM Climate Group, Oregon 
State University, https://prism.oregonstate.edu. Copyright 2022. Map generated on 28 March 2024. 

  

https://prism.oregonstate.edu/
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Table 1. Observed changes in Ohio’s climate based on data from 1979-2021. “Average” refers to the 1979-2021 average, and 
“Change” refers to change in the value between 1979 and 2021 based on a trend analysis. 

 Annual 
(Jan – Dec) 

Summer 
(Jun – Aug) 

Fall 
(Sep – Nov) 

Winter 
(Dec – Feb) 

Spring 
(Mar – May) 

 Average Change Average Change Average Change Average Change Average Change 

Temperature 51.4 °F +2.2 °F 71.5 °F +1.7 °F 53.2 °F +2.2 °F 29.8 °F +2.0 °F 50.5 °F +1.8 °F 

Precipitation 41.1” +7.0” 12.2” +1.5” 9.4” +0.8” 8.1” +2.9” 11.3” +1.9” 

Vapor 
Pressure 
Deficit 

5.9 mb 
+0.6 
mb 

9.5 mb 
+1.2 
mb 

5.7 mb 0 mb 2.0 mb 0 mb 6.2 mb 
+0.1 
mb 

Extreme 
precipitation 
(days with 2”)* 

0.5 days 
+1.0 
days 

 
Growing 
Season Length 
(frost-free days) 

177.7 
days 

+13.1 
days 

*The average value being less than 1 means that, on average, these events do not happen every year. On average, Ohio 
observed one of these events every 2 years between 1979 and 2021. The change value represents the slope of the linear 
regression performed on the extreme precipitation frequency data, showing an increase in the frequency of events. 

Observed Impacts on Agriculture and Forestry 

Opportunities 
• Longer growing seasons and increased temperature provide opportunities to plant alternative varieties of crops and 

trees. 
• Shifting growing zones with Ohio now in Zone 6a to 7a.9  
• Create new markets around new crops/trees. 
• Longer grazing periods for livestock. 
• Reduce utility costs though there are tradeoffs between less winter heat but more summer cooling needs. 

Challenges 
• Greater frequency of heat stress (from heat and humidity) on trees, crops, livestock, and farmworkers. 
• Increasing risk of both drought and seasonal flooding events. 
• Increasing weed, pest, and disease pressure as well as animal pathogens.10 
• Disrupting the synchronization of pollinator/pollination cycles.11 
• More erratic spring freeze/thaw cycles that may damage trees and fruit crops (e.g., Figure 2). 
• Changes to species distribution in forested settings. 
• Greater production costs and lower yields for some crops.12,13 
• Wetter soils, resulting in delayed agricultural planting, higher erosion, and nutrient loss.  
• Decreasing suitable fieldwork days.14 
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Figure 2. Cold injury damage to an Ouachita thornless blackberry variety in April 2021 in southern Ohio. Photo courtesy of 
Ryan Slaughter, Ohio State University. 

Future Climate Change 
Models of future climate indicate that temperatures are projected to continue to warm, precipitation is expected to become 
more variable and extreme, and the growing season is anticipated to continue to lengthen.15 The climate projections in this 
section are based on the average of 17 different regional climate models.5 Two possible futures are presented: an 
intermediate scenario in which greenhouse gas emissions peak around mid-century (RCP 4.5) and then slowly decline, and a 
very high scenario in which emissions continue to rise throughout the 21st century (RCP 8.5).16 Careful planning and adaptive 
actions can lower the risks of climate change impacts for producers and the agricultural and forestry sectors more broadly. 
There are ways to adapt to climate change based on emerging impacts and the needs of a particular farm, crop, or 
community, and examples are presented below.  

Projected Temperature Change 
Climate model projections indicate that Ohio can expect to see continued warming throughout the 21st century, with fewer 
extremely cold nights, more very warm nights, and more very hot days.15,17 Depending on the scenario, climate models 
project that annual average temperatures in Ohio will increase over historical baselines by 2.2°F to 6.7°F by mid-century 
(2040-2059), and by 5.7°F to 10.2°F by late-century (2080-2099).18 

The models summarized by Michigan State University indicate a significant decrease in the number of days when 
temperatures fall below freezing, adding 1-2 months onto the growing season length in all scenarios (Table 2). Although these 
changes are most pronounced at the end of the century and in the very high scenario, even the intermediate, mid-century 
projections indicate major changes in Ohio’s climate that could have important implications for agriculture and forestry. 
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Table 2. Modeled mean change (compared to the 1979 – 2005 period) in the number of days per year that meet or exceed a 
specified temperature threshold for Ohio. Values are provided for mid- and late-century and for two future scenarios of 
projected climate change. Included below the average change is the range of all model projections that make up the modeled 
mean change. 

 Low temp. ≤ 32°F Low temp. ≥ 80°F High temp. ≥ 86°F High temp. ≥ 95°F 
Mid-century, 
intermediate 

-32.4 days 
(-50.2 to -15.6) 

+0.3 days 
(0.0 to +2.6) 

+84.6 days 
(+66.8 to +96.9) 

+8.0 days 
(+1.9 to +24.1) 

Mid-century, 
very high 

-37.4 days 
(-56.1 to -18.3) 

+1.0 days 
(0.0 to +8.5) 

+92.1 days 
(+73.1 to +107.4) 

+14.0 days 
(+3.7 to +39.8) 

Late century, 
intermediate 

-41.8 days 
(-58.0 to -22.3) 

+1.4 days 
(0.0 to +9.3) 

+93.2 days 
(+74.6 to +111.7) 

+14.5 days 
(+3.2 to +42.7) 

Late century, 
very high 

-66.9 days 
(-86.9 to -43.0) 

+13.4 days 
(+0.7 to +50.9) 

+119.3 days 
(+96.0 to +134.8) 

+48.5 days 
(+15.4 to +95.0) 

What Does This Mean for Agriculture and Forestry? 
Heat Stress 

• Increased heat stress severely impacts farmers, foresters, and animals. Among livestock, high heat stress can 
decrease meat and milk quality and quantity, and egg production.19  

• Higher temperatures during the growing season may also stress cool season crops like broccoli and cabbage.20  
• Farm workers who work outdoors are also particularly vulnerable to heat-related illness.21,22,23  

Soil Impacts 

• Decreased soil moisture affects agricultural plant physiology, potentially leading to an increased risk of reduced 
yields or crop losses, but uncertainty about these impacts remains.12,20  

• Increased soil temperatures affect the appropriate timing and form of fertilizer application. Areas of the state where 
fall nitrogen applications are effective management will likely shift, particularly with anhydrous ammonia. With soils 
remaining above 50°F later into the fall season, fields are prone to nitrogen loss and subsequent water quality 
impacts following nitrogen applications. 

• The frequency of short-term and rapid onset drought during the summer is potentially higher due to warmer 
temperatures and increased precipitation variability.24  

• Decreased soil moisture may also increase chances for forest wildfire, as well as forest pest or pathogen outbreaks 
due to water stress.25 

Growing Conditions 

• By mid-century, under a very high scenario, the optimal growing region for corn and soybean is likely to shift both 
north and west in the Corn Belt, with more suitable growing conditions emerging in Minnesota and the Dakotas.26 
However, while models suggest that yields may increase initially from the changing climate, they may in fact begin to 
decline by mid-century.27 

• With more days at or above 86°F projected across all scenarios (Table 2), the risk of yield declines from extreme 
temperatures increases.28 

• Warming is expected to increase the severity and frequency of crop and animal diseases.29 
• Elevated overnight temperatures will continue to affect corn development and vegetable crops, negatively impacting 

yields.20 
• Research suggests warm and dry years narrow the area with optimal growing conditions for corn while soy has a 

higher tolerance for heat.26 
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• Maple syrup production is threatened by impacts on sugar maple tree range, sugar content, mineral profiles, and 
increased susceptibility to root die-back and reduced shoot growth.30 

• Maple sap seasons can be expected to begin earlier in the year with increasing winter & spring temperatures.31,32  

Adaptation Options to Changing Temperature 
• Integrate alternative crop species via conservation crop rotations to maintain or improve soil health.33 
• Choose crop species or varieties that are more suited to future conditions including heat tolerance and water stress 

to limit potential yield losses.  
• Consider double cropping systems to take advantage of the longer growing seasons. 
• Utilize cover crops or reduce tillage to bolster soil health.  
• Utilize high tunnels to help mitigate risk to extreme weather variability, extend the growing season, and protect soils. 
• Increase diversity of covers and crops to expand the range of tolerance to different conditions. 
• Choose longer maturity corn cultivars to take advantage of longer growing season (potentially increasing yields), or 

plant shorter maturity corn varieties earlier in the season to avoid reproductive stages happening during worst risk of 
drought in later summer (likely to give average, but more consistent yields).33 

• Utilize and re-evaluate ventilation and cooling system for livestock facilities.34 
• Explore options related to agroforestry practices, such as windbreaks and alley cropping, which provide shade and 

can buffer crops and livestock from increasing heat.35 
• Explore tapping different species (e.g., Red maple, Walnut) for new syrup products or markets.30,31 
• Utilize Climate Change Tree Atlas to help select more resilient species.36  
• Explore options to reduce forest and farmworkers’ exposure to high temperatures like providing shade, improved 

personal safety equipment, access to drinking water, and alternative working hours.23  
• Implement active forest management to help keep trees healthy and vigorous, which will help the trees and the 

forests in which they reside to be more resilient to changes in temperature. 
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Projected Precipitation Change 
Annual precipitation is expected to increase in the future, with the largest seasonal increases likely during winter and spring 
(Figure 3).18 Decreases in summer precipitation are projected under a very high scenario (Figure 3). The likelihood for more 
extreme heavy rainfall events, rapid transitions between wet and dry conditions, and significant changes to seasonal runoff 
are expected as well.18,24,27 

 
Figure 3. Projected precipitation changes for Ohio, annually and seasonally, in inches (percentage in parentheses in table) 
based on two different scenarios (intermediate (RCP4.5) and very high (RCP8.5)). 

What Does This Mean for Agriculture?  
• Winter and spring increases in precipitation will lead to further loss of field and forest workdays, increased replant 

activity, impaired root growth and function, and prolonged field wetness (Figure 4).20 
• Wetter pastures and paddocks increase susceptibility to animal foot diseases and may impact livestock nutrition 

maintenance schedules and gestational weight.37,38 
• Increases in intense precipitation, especially during early spring, may increase erosion and nitrogen fertilizer 

leaching.39 
• Challenges for manure applications and winter storage. 
• Decreased soil moisture in summer could lead to greater irrigation demand though uncertainties remain in projected 

changes to potential evaporation and overall water demand.40,41 
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Figure 4. Flooded field shortly after corn emergence in west central Ohio. Photo courtesy of Aaron Overholser, farmer in 
Darke County, Ohio. 

Adaptation Options to Changing Precipitation 
• Consider planting earlier in the season, which may be possible due to small increases in field workability days in late 

March to early April, coupled with an earlier last frost date.33 
• Use filter strips or riparian buffers in areas prone to flooding.42 
• Increase soil health by improving soil structure and organic matter content to be better able to infiltrate 

precipitation, increase water-holding capacity, and maintain plant-available water during periods of dryness.  
• Manage soil health by improving soil structure, organic matter content, and water storage capacity while potentially 

improving productivity through conservation crop rotations, cover crops, and reduced tillage.20,43  
• Be prepared with farming strategies that help manage too much soil moisture in the spring (such as cool season 

cover crops or improved drainage) and not enough soil moisture during late summer (such as high-cover crop 
residue systems, drainage water recycling, or controlled drainage structures). 

• Consider on-farm water storage systems to carry water over from excess to deficit moisture conditions.44 
• Consider alternative windows for manure applications, follow runoff guidelines, and other agricultural best 

management practices.45 
• Incorporate woodland management that includes adaptation for wetter conditions during timber harvest.46 

Growing Season Length 
Trends in growing season length across Ohio since 1950 are variable, but most counties have experienced a statistically 
significant increase in growing season length (Figure 5). These trends range from one or two days per decade to an increase of 
a month or longer. This is a result of later first frosts in the fall and an earlier onset of frost-free conditions in spring. 
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Figure 5. Observed changes in average annual growing season length for Ohio counties, 1950-2023, based on gridded Applied 
Climate Information System data. The right-hand image displays only those counties with a statistically significant trend 
(p<0.05). Image source: Freeze Date Tool, Midwestern Regional Climate Center.47 Original data source is https://www.rcc-
acis.org/. 

What Does this Mean for Agriculture? 
• Pests, diseases, and weeds may expand their ranges. Additionally, the number of pest generations per season may 

increase, resulting in a greater impact on forests, crops, or livestock. An increased need for chemical treatments to 
address these impacts may lead to greater pesticide and herbicide resistance and greater input costs for farmers. 
Increased tree loss due to pest damage may increase wildfire risk.20 

• Provides additional time for agricultural harvest and other end-of-season processes. Also, cover crops may 
experience increased post-harvest growth. These processes will be heavily influenced by fall soil moisture trends.  

• May reduce the winter forestry harvest period, make it more difficult to harvest some species that primarily inhabit 
wetter habitats, and drive changes in forest composition.25 

• Forest regeneration after cutting timber can also be negatively impacted by climate change.48  
• Warmer winters increase risk of spring freeze injury by accelerating development of buds despite increase growing 

season length.49  
• Warmer winter temperatures may mean that chill hours for fruit crops are not met.20 

Adaptation Options  
• Plant agricultural crops earlier in the spring or consider options for double cropping.42 
• Address pest, weed, and disease issues by diversifying crop rotations, enhancing use of Integrated Pest Management 

(IPM) techniques, and planting species and varieties that are resistant to pests and disease.42 
• Consider planting fruit species and varieties which require fewer chilling hours, while keeping in mind the potential 

risk of trees and shrubs breaking dormancy during late-winter warm spells. 
• Promote tree species diversity and active forest management to increase the climate change resilience of forests.48 
• Utilize Growing Degree Day Tools (OSU Phenology Calendar, MRCC Freeze Date Tool).47,50 

Relative Humidity 
Despite increased water vapor in the atmosphere and precipitation, uncertainty remains in whether current trends of relative 
humidity will continue. This uncertainty is due to relative humidity’s dependence on both air temperature and absolute 
moisture content in the air.41 Larger increases in temperature would decrease relative humidity, while larger increases in 

https://www.rcc-acis.org/
https://www.rcc-acis.org/
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absolute moisture content would increase relative humidity. Models indicate that relative humidity is projected to decrease 
annually and across all seasons in Ohio. However, if minimum (nighttime) temperature trends continue to outpace maximum 
(daytime), vapor pressure deficits will not increase, and relative humidity will stay higher.  

What Does this Mean for Agriculture? 
• If relative humidity decreases: 

o Plants will be more prone to wilting and stunted growth because of excess crop water use.  
o Certain animal respiratory viruses may have a longer survival duration.51 
o Tree mortality may increase, especially for younger trees.25,46,52 

• If relative humidity increases: 
o Wetness duration may increase leading to enhanced disease potential for crops and trees.53 
o Plants will have less ability to evaporate water (part of the transpiration process) or take up nutrients 

dependent on the flow of water from the soil.54 

Adaptation Options  
• Plant varieties adapted to a higher variability of moisture (both wetter and drier climates) if available (including 

crops, pasture grasses, and tree fruit).42 
• Use of mulch, cover crops, no-till, or reduced tillage to retain soil moisture and reduce soil temperatures during the 

summer.42 
• Where appropriate, establish trees to reduce evaporative water loss from the soil surface. Soils within agroforestry 

systems are better able to infiltrate and store water, which will be critically important in climates with warmer, drier 
summers.35 

o Active forest management will help keep the trees and the forests in which they reside more vigorous and 
thus more resilient to climate change (Figure 6). 

o Plant similar tree species from southern seed sources. 

Ohio Climate Change Resources and Extension Programs 
Ohio universities, government agencies, and partners have a variety of resources and programs available to help agricultural 
and forestry audiences learn about climate change and its impacts on agricultural and natural resources, find data to support 
decision-making, and explore resources to help adapt to climate change. 

• The Ohio State University Extension’s Agronomic Crops Network (https://agcrops.osu.edu/) provides weather and 
climate information via weekly or bi-weekly articles, webinars on weather and climate impacts including interactions 
with agronomic and specialty crops, diseases, pests, farm management and finances, and holds workshops and 
conferences that bring together researchers and engagement professionals to discuss climate interactions on a 
variety of topics.  

• Central State University is involved in several climate-smart agriculture initiatives (https://www.centralstate.edu/oh-
mi-climate-smart-agriculture). 

• The State Climate Office of Ohio (SCOO; https://climate.osu.edu/) and its OSU partner, the Byrd Polar and Climate 
Research Center (https://byrd.osu.edu/), offer climate data and information, climate education on global to local 
scales, and a number of climate resources including recent maps, monthly and quarterly summaries, tools for 
improved application decisions, and other adaptation and mitigation information.  

• The Nature Conservancy of Ohio (https://www.nature.org/en-us/about-us/where-we-work/united-
states/ohio/stories-in-ohio/driving-climate-action/) offers a number of stories from Ohio on climate solutions and 
sustainable agriculture and forestry practices. 

• The Ohio Natural Resources Conservation Service (NRCS; https://www.nrcs.usda.gov/conservation-
basics/conservation-by-state/ohio) provides information on the growing number of programs that support Ohio 
farmers and landowners through financial and technical assistance. 

https://agcrops.osu.edu/
https://www.centralstate.edu/oh-mi-climate-smart-agriculture
https://www.centralstate.edu/oh-mi-climate-smart-agriculture
https://climate.osu.edu/
https://byrd.osu.edu/
https://www.nature.org/en-us/about-us/where-we-work/united-states/ohio/stories-in-ohio/driving-climate-action/
https://www.nature.org/en-us/about-us/where-we-work/united-states/ohio/stories-in-ohio/driving-climate-action/
https://www.nrcs.usda.gov/conservation-basics/conservation-by-state/ohio
https://www.nrcs.usda.gov/conservation-basics/conservation-by-state/ohio
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Figure 6. Project site of the Ohio Hills Adaptive Silviculture for Climate Change (ASCC) Network, part of southeastern Ohio’s 
Interagency Forestry Team’s Collaborative Oak Management Region in Vinton Furnace State Forest.55 Photo courtesy of 
Courtney Peterson, Program Manager, AASC Network. 
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