Earth’s Changing Climate (from NSF Climate Change Report 12/09)
To explain the diﬀerence between weather and climate, scientists often say, “Climate is what you  expect, weather is what you get.” Climate is the weather of a particular region, averaged over a long period of time. Climate is a fundamental factor in ecosystem health—while most species can survive a sudden change in the weather, such as a heat wave, ﬂood, or cold snap—they often cannot survive a long-term change in climate. Global climate is the average of all regional trends, and researchers have concluded that Earth’s climate, as a whole, is warming.
Researchers know that human activities including fossil fuel use, agriculture, and land use have been the dominant causes of increased concentrations of greenhouse gases in the atmosphere over the past 250 years. In addition, aerosols and land surface changes are altering Earth’s climate, making it extremely likely that human activities have had a net warming eﬀect since 1750.
	Our planet’s climate aﬀects—and is aﬀected by—the sky, land, ice, sea, life, and the people found on Earth. To piece together the entire puzzle of climate change—what we know, what we still have to learn and what humankind can do to prepare for the future—we must study all of the physical, natural, and human systems that contribute to, and interact with, Earth’s climate system. 
The evidence we have for a changing planet goes well beyond any one ﬁeld of science or engineering. 
Ecologists have noted marked changes in the habitats of the species they study—changes in the places where they ﬁnd a particular species, changes in the dates plants ﬁrst sprout and bloom, changes in plant growth rates, and even signs of evolutionary adaptation brought on by a warming climate. 
Ocean scientists have recorded higher temperatures and rising ocean acidity, which alter the characteristics of the most fundamental organisms of the ocean food chain. Coral reefs—some of which have thrived for centuries—have died oﬀ suddenly as a result of ocean temperatures that exceed the corals’ ability to survive. Polar scientists have watched vast tracts of Arctic sea ice melt away, leaving behind more open water than anyone can remember seeing during any previous Northern Hemisphere summer. Glaciologists have witnessed ice shelves—once thought too large to be inﬂuenced by anything short of cataclysmic environmental change—break up into a churning sea of icebergs in a matter of days.
Social scientists have recorded the bewilderment of indigenous people. Their cultural knowledge, which stretches back in time through numerous generations, holds no record of the kinds of environmental changes they are encountering today.
Paleoclimatologists have discovered—through tree ring data, ice cores, and other corroborating records—that the concentration of carbon dioxide, and Earth’s average temperature, are nearing levels that haven’t been reached for hundreds of thousands of years. 
We are currently experiencing perhaps the most rapid acceleration in humanity’s understanding of our planet. The knowledge gained from the frontiers of basic research—particularly crosscutting, interdisciplinary research—will be essential to creating the decision support systems needed to manage society in the future.
