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Today’s Presentation 

• Statewide spatial variation in Ohio’s climate 

• Climate change forcing by Greenhouse gases  

• Climate extremes and Ohio precipitation 

extremes 

– Causes and implications 

• Climate trends in Ohio 

– Precipitation and temperatures trends 

– Seasonal variations in trends and implications 

• Summary 



Average Temperature 



Average Precipitation 





Ohio Evaporation Estimate 

Evaporation amount usually exceeds growing season rainfall by a few inches,  

averaging about 33 inches versus 27 inches of rain 



Evaporation of Water 

• Gaseous water vapor is a greenhouse gas that 

becomes warmer when it absorbs infrared 

radiation from earth’s surface trying to escape 

to space.  

 



Evaporation into the air is a function of air 

Temperature 

Humidity 

Under 

100% 

Humidity much over 100%; 

doesn’t occur naturally on Earth, 

except briefly in clouds. 

The amount of water vapor occurring in the air, when it is saturated, is 

directly related to the air temperature. 

Implications of vapor pressure: Precipitation, buoyancy, severe weather 



Evaporation in Summer 2012 

• June 28 – July 18 

• Avg High temp: 93.9F 

List below is Evap / Precip 

Avon: 3.86" / 2.06" 

Eaton: 4.67" / 0.90" 

Bradford: 4.59" /  1.35" 

Alexandria: 4.49" / 1.72" 

• July 20 – Aug. 9 

• Avg. High temp: 89.8F 

List below is Evap / Precip 

Avon: 3.19"  / 1.83" 

Eaton: 3.34"  / 1.51" 

Bradford: 3.15" / 3.78" 

Alexandria: 3.43"  / 2.08" 



Temperature, Precipitation, Evaporation links 

• Key climate parameters in Ohio agriculture are 

temperature, precipitation and evaporation. 

• There is a strong positive 

temperature/evaporation (humidity) link. 

• There is also a temperature/precipitation link 

in the eastern United States; it is weak and 

negative.  Example: high temperature/low 

rainfall. 



Climate Change forcing mechanisms 

• Increasing greenhouse gas concentrations may 

be driving temperature and precipitation 

changes. 

 

• But forcing of precipitation is also dependent 

on the occurrence of day-to-day weather 

systems: cyclones, fronts, thunderstorm 

complexes.   



Increasing GHG Concentrations 

           N2O                                        Methane 



Earth with Greenhouse Gases 

With Greenhouse gases (CO2 and H2O vapor) the planet’s 

average temperature fluctuates around +59ºF. 

 

This is 58ºF warmer than with no greenhouse gases 

 39F° is contributed by H2O vapor,  

 19F° by CO2 

 

Our societal debate is whether the observed increases in 

GHGs will increase the air temperature beyond 59°F, to 

60°F, 61°F, etc. 

Carina Van Vliet 



Projected Future Climate Change 
• Atmosphere-ocean coupled models are the only way to predict 

the future with any certainty 





2000-2009 

vs 1951-80 

Ocean heat 

content 

Current Evidence 



Beaufort Sea 

(north of Alaska), 

Arctic Ocean 
• Temperature – ice – albedo - feedback 

Summer 1976 

Summer 2008 

Courtesy Mark Serreze, NSIDC 



Ohio annual air temperature could  

Increase 1-2°C near-term (2010-2039) and 

Up to 5°C by late 21st century (2070-2099). 

 

 



Ohio precipitation could 

increase 5-15% in winter 

& spring, decline 10% in  

summer by 2080-2099. 

USGS/MORPC model  

is patterned after this. 



The U.S. Climate Change Science Program 

(2008) 

“…biggest impacts of global 
warming will come in the 
form of changes in weather 
and climate extremes.” 

• More heat waves 

• Drought more frequent & 

severe in some regions 

• Precipitation will be less 

frequent but more intense, 

high rainfall events more 

common. 



Trends in Heavy Precipitation Events, 1931-1996  
 

 
• Heavy precipitation 

events have already 
increased.   

• Consistent with increases 
in atmospheric water 
vapor associated with 
human-caused 
greenhouse gas increases. 

• Precipitation has become 
less frequent but more 
intense. 

 

 
(Kunkel, Andsager and Easterling, 1999) 



One Inch Rain Days per Year: Ohio 

1900-1910 

Dayton: 6 days 

Columbus: 4.5 days 

Cleveland: under 4 days 

2000’s 

Dayton: Over 9 days 

Columbus: ~ 8 days 

Cleveland: ~ 7 days 



Ohio Droughts 

• Six Droughts since 1988: 1988, 1991-1992, 

1998-1999, 2002, 2005 (limited), 2012 

• Lowest statewide growing season Palmer 

drought severity values  

– 1988: -3.86 (June 1988) 

– 1992: -3.33 (April 1992) 

– 1999: -2.74 (September, 1999) 

– 2002: -1.86 (August 2002) 

– 2005: -1.39 (July 2005) 

– 2012: -3.40 (August 2012) 



Alternating rainfall extremes 

• Consequences: flooding, property 

damage, increased fertilizer 

runoff.  Crop loss. 

• Old community water/sewer 

systems may not be able to handle 

high rain events. 

• Water-borne diseases 

• Consequences: Drought! 

Crop, animal losses. 

• Reduced lake/stream levels, 

reduced community water 

storage; water conflicts. 

• Water pollution, wildfires. 



Why will drought and flooding 

both become more common? 
Drought: 

With higher temperatures, 

air can take in more 

moisture and ground 

generally dries out as soil 

water evaporates into the 

air.  

Flooding: 

Very humid air will return 

moisture to the ground in 

larger amounts than usual 

in areas favored by forcing 

such as weather fronts and 

thunderstorm complexes.  



TRENDS IN OHIO’S SEASONAL 

AND ANNUAL CLIMATE WITH 

TIME 



Ohio Precipitation time 

trends 1895-2012 

• Increasing precipitation 

in every season but 

winter. 

• Net annual increase of 

3.14 inches per century. 

• Summer and autumn are 

not becoming drier 

• Possible conclusion: 

precipitation increasing 

in seasons having more 

evaporation. 

-0.18"/Century 

+1.03" /century 

+0.67" /century 

+1.60 "/century 

+3.14" /century 



+0.91F/century 

+1.29F/century 

+1.62F/century 

+0.28F/century 

+0.27F/century 

Ohio Temperature 

time trends 1895-2012 

 
-Warming in all seasons 

-Largest warming in 

spring 

-Large annual temperature 

trend is up over 2°F since 

1960s 



Warming in Ohio (Annually) 

• Top 15% of warmest years since 1895: 

– 8 have occurred since 1998 (8 of 15 years since ‘98) 

– 1998 warmest, followed by 2012 (2nd), 2006 (10th), 

2002 (11th), 2011 (13th), 2001 (16th), 1999 (17th), 

2007 (18th) 

• 1998-1999, 2002 and 2012 were droughts 

• 2006 was 13th wettest, 2011 was 1st wettest 



Plants, Crops, & Winter Climate 

Change  

1990 USDA plant 

hardiness zones 
(based on 1974-1986 data) 

2006 Nat’l Arbor Day 

Foundation (based on 

weather service data 1991-

2005) 



Springtime Warming 

• Since year 2000 more new maximum daily 

temperature records are set than in any season. 

 

• Columbus, OH: between March 17 and April 

19 (34 days), 15 days have record maxima set 

since 2000.  Similar data for Cleveland and 

Cincinnati.  No new record lows in those 34 

days. 



New CMH daily record maxima and 

minima temperatures since 2000 
• Highs (43): 

Dec: 3 

Jan: 6 

Feb: 5 

March: 8 

April: 9 

May/June: 0 

July: 3 (all 2012) 

Aug &Sep: 2 each 

Oct.: 4 

Nov. : 1 

• Lows (5): 

Dec.: 0 

Jan.: 1 

Feb.: 0 

March: 1 

April: 0 

May: 3 

June – Nov.: zero 



Ohio: Spring Heat Wave Consequences 

• Early warm period in March 22-28, 2007 (70s 

& 80s °F) was followed by a prolonged hard 

freeze from April 4-10, lows in the 20’s. 

• Impacts 

– Forage: alfalfa and grass hay in southern Ohio 

were substantially reduced or delayed 

– 2007 apple crop wiped out in southern OH 

– Bramble: black- & raspberries largely lost in 

southern OH 



Spring warmth 2012 

• Temperatures in 70s and 80s March 16-23. 

• Record highs in mid-80s 20th, 21st, 22nd. 

• April: subfreezing statewide from 5th-7th and 

11th-12th. 

• Losses statewide and in the Midwest to apples 

and strawberries as well as other berries, 

peaches and grapes. 

• April/May cold waves will kill crops but do not 

set record low temperatures. 



Summer Warming in Ohio 

• Summer Ohio mean temperatures are not 

increasing very much, +0.28F/century. 

• But 5 summers since 2000 are in warmest dozen. 

• Top 15% of summers since 1895 (18 seasons): 

2010 (2nd), 2002 (5th), 2005 (6th), 2011 (10th), 2012 

(12th). 

      1934 continues as warmest summer ever 



Why are record highs occurring in 

spring in Ohio but not in summer? 

Why are overnight lows increasing 

in summer? 

• Answer: Increasing humidity (evaporated moisture) 

• Humidity suppresses Tmax in the summer but, as a 

greenhouse gas, keeps overnight temperatures high. 

• Humidity is not as high in spring, Tmax goes up, 

some cold waves (Tmin) still occur. 



June 29 2012 derecho.  Events such as these may become more common; 

with increasing humidity the summertime air becomes more unstable. 



Impacts of increasing nighttime 

minimum summer temperatures 

• Latitudinal shifts in agro-climatic zones 

• Introduction of new agricultural pests, 

pathogens and fungi 

• Corn nighttime respiration changes which 

shorten time to maturity and decrease corn 

yields 

• Yield reductions reported in other crops such 

as rice. 



Overall Summary (1) 

• Ohio is becoming warmer and wetter with time 
and summers/growing seasons are more humid. 

• Changing climate will involve increases in 
extreme events. 

• High rainfall events are more common in Ohio 

• Record high temperatures in spring 

• Spring is a season of agricultural peril: increasing 
rain and temperatures, especially Tmax while cold 
waves can still kill plants in April and May 

• Precipitation is increasing across Ohio, over 3 
inches in the last century, especially in the non-
winter (more humid) seasons. 

 



Overall Summary (2) 

• Increasing humidity is possibly resulting in 

higher rainfall but increases summer 

temperatures at night.  In winter and spring it 

has less impact on temperatures and these 

seasons exhibit more frequent record daytime 

temperatures. 

• Current data suggest that as long as storms and 

fronts keep active in Ohio, our climate may not 

dry out during most growing seasons. 



Thank You! 
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