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Aura’s Ozone Garden 
Despite 44% decrease in OMI NO2, ozone – 
induced injury to sensitive plants is still very 
evident 
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An important part of all NASA missions is to communicate the mission science 
to other scientists, policy & decision makers, and the general public. 
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Indoor Exhibit 
A Simple Message 

 
The ozone layer is beneficial! 

 
Surface ozone is not! 

Visitors can see ozone levels in real time. 

Outdoor Exhibit 
A Simple Message 

 
Plants serve as bioindicators 
of ozone injury that occurs in 

our own lungs. 



Connecting Ozone Garden to Aura NO2 Data 



% Difference in OMI NO2: 2005 - 2014 

20-50% decrease over US 

The Clean Air Act is working! 

>90% of Americans who were asked think that USA pollution is bad and getting worse. 



% Difference in OMI NO2: 2005 - 2014 

20-50% decrease over US 

The Clean Air Act is working! 

Despite large decreases in NOx, a necessary ingredient for high levels of 
ozone to form, the Ozone Garden bioindicator plants show that ozone 
injury is still occurring.  Presumably lung injury too! 

>90% of Americans who were asked think that USA pollution is bad and getting worse. 



Coneflower 

Red Stippling on Leaf’s Upper Surface 
= Symptom of Ozone Injury 

Ozone enters a 
plant’s interior via its 

stomata. 

Once inside, ozone 
chemically reacts 
with cells, injuring 

them.  Pigment 
builds-up causing 

stippling. 

Ozone injury evident >60 ppbv. 



Bean 
Ozone injury begins at ~40-50 ppbv though many factors 

affect sensitivity (e.g., soil moisture, relative humidity, etc.) 



Tobacco 

Ozone Tolerant Variety Moderate Ozone Injury 

Severe Ozone Injury 

Ozone injury begins at ~40-50 ppbv. 



“Poor Performers” 
Can’t separate ozone injury from other types of injury. 
Ozone injury typically occurs at 60-70 ppbv. 

Potato Beetle Devastation Maryland is hot & humid. 
Potatoes like cool & humid. 



Aphids on Milkweed 

“Poor Performers” 
Can’t separate ozone injury from other types of injury. 
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June 1 – August 17, 2016:  Temperature & Ozone 

Ozone instrument likely has a big low bias (~20-40 ppbv) as observed ozone injury to plants isn’t 
consistent with such low ozone levels & much lower than nearby ozone monitors.  
However, temporal variations seem consistent with other local monitors. 

Time 

Ozone injury became evident on all plants in early June. 

Coneflower, Potato Sensitivity 

Tobacco, Bean Sensitivity 

70 

June 1                                                            July 1                                                August 1 

2B Tech monitor  
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Coneflower, Potato 

Tobacco, Bean 

June 1 – August 17, 2016: Ozone from Nearby Monitors 
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Ozone is lower than a decade ago, but certainly still high enough to cause ozone injury! 

June 1                                                                       July 1                                               August 1 



Local Media & Social Media 
Ozone garden 
and exhibit 
served as 
location for 
local news 
interviews as 
part of NASA’s 
Air Quality 
Media Event 
Jun. 27, 2014 

Garden was 
highlighted 

during NASA’s 
Earth Day 

campaign on 
Facebook in 

2016 



Public Engagement at Visitors Center 

Visitors at 
Goddard’s Open 
House in Sept 
2015 learned 
about air quality, 
ozone injury and 
the connection to 
OMI data. 

During the summer – the 
ozone garden season, 
Goddard’s Visitor’s Center 
sees 3,500 to 4,000 visitors 
each month. 



Next steps – engaging 
visitors to quantify ozone 

injury symptoms  



How successful is the NASA Ozone Garden (i.e., visitor engagement metrics)?   

TOP TEN (ELEVEN) LEARNING EXPECTATIONS FOR OZONE GARDENS 
• Ozone air pollution is formed from primary pollutant emissions (nitrogen oxides and hydrocarbons); 

ozone forms as a secondary pollutant as a result of bright sunlight and high temperatures. 
• Long distance transport of this pollutant may occur from large urban areas with emissions from 

transportation and fossil fuel powered industries. 
•  Ozone air pollution remains still today as the one air pollutant of greatest concern to plant and 

human health. 
• Regional effects (direct symptoms) continue to be found on both natural vegetation and crop plants 

in many areas of our country. 
• Certain plants, as seen within this garden, are quite sensitive to ozone air pollution and thus they 

serve as excellent bioindicators such as are planted within this display garden.  
• The symptoms of ozone-induced injury are quite distinctive and are shown on the Symptom 

Description card. 
• Ozone symptoms appear on the older leaves found near the bottom of the plants and usually appear 

later in the growing season due to longer-term exposures  
• The typical symptoms for our known- sensitive bioindicator plants are shown on the information 

cards. 
• Varieties of many agricultural crops are selected for tolerance to ozone air pollution…La Chipper 

potato and S-156 snap bean show such a selection process and would not be grown by farms and 
large producers. 

• Natural vegetation has many ozone sensitive species and these show ozone-induced injury due to 
season-long exposures to the pollutant even within our more remote Shenandoah National Park. 

• There are many other causes of symptoms and injuries that appear on plant leaves…insect feeding, 
fungi, droughts, nutrient deficiencies, and many other physical damages often occur.  



Extra Slides 



USA pollution went down as population went up! 

Year 

But >90% of Americans who were asked think that USA pollution is bad and getting worse. 
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