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Statement of Problem

1) A major fundamental parameter in the greenhouse warming effect is the conversion of shorter wavelength solar radiation where the Earth's atmosphere is very transparent, to longer wavelength, mid-infrared, thermal radiation where the Earth's atmosphere is mostly absorbing.  The key to this conversion is the reflectance of the Earth's surface, R. The amount of solar energy converted to thermal energy, T, at the Earth'e surface is:  T = 1 - R.  So the albedo of the Earth's surface plays a key role in the energy balance and greenhouse warming.  Sagan et al, Science, (1979), concluded there was no significant anthropogenic albedo changes, but is that still true today, over 30 years later? Visual impressions of remote sensing data of the Earth indicate vast changes in land use by farming and irrigation, but such changes have not been quantified, nor are such efforts easy (e.g.  Henerson-Sellers and Wilson, 1983).  This task would take a fresh look at this problem and draw on over 30 years of remote sensing data to quantify any changes. 

2) Water and its role in greenhouse warming.  Ask many people what is the most important greenhouse gas, and most will say carbon dioxide. But water vapor provides most of the heating of the Earth's atmosphere, about 8 times the radiative forcing of CO2.  H2O is not generally considered in man's effect on climate because it is not a long-lived gas like CO2.  But what if water is continually pumped into the atmosphere? Irrigation and farming practices do just that.  For example, very little of the Colorado river flows to the ocean today.  Most is used for farming and irrigation.  Such water mostly ends up evaporating and contributing to higher water contents in the atmosphere. Could global irrigation practices add enough water to influence the climate?  Researchers from the USGS Water Resources Discipline would join with remote sensing scientists from Geologic and Mapping disciplines could begin to answer this question.  

3) Carbon uptake by minerals and the carbon cycle.  In investigating the spectral properties of minerals, we have noticed many minerals contain CO2.  This can be seen by searching for a 4.25-micron feature in spectral library entries from Clark et al., 2003.  Spectroscopy is a very sensitive and rapid detection tool for detection of CO2 in minerals, soil samples, and rocks.  Surveys of minerals and soils could lead to new understandings of CO2 uptake by the land surface to address questions regarding the carbon cycle and CO2 removal from the atmosphere through weathering processes involving the land surface. 

Objectives

Study the above 3 research areas and determine: 1)  What, if any effects anthropogenic surface albedo changes might be affecting the environment over the last 30+ years.  2) What does the role of water and water use practices have on adding water to the atmosphere, and what affect does that added water have, including a possibly mitigating role of creating clouds and cooling the Earth versus absorbing radiation.  3) What effect do minerals and weathering processes have on removing CO2 from the atmosphere, and what minerals take up CO2?  Spectral studies, remote sensing studies, and water use records will be used to study these problems.

Work Strategy

Work strategy would include a group of remote sensing scientists calibrating historical remote satellite and aircraft data to derive albedo changes as a function of time, on both local test sites and globally.  Water resource historical data for the US and other available countries would be researched to determine water use, aiming on deriving how much water may evaporate into the atmosphere and what effect that water would have on the climate.  Satellite remote sensing measurements and weather data from task 1 would be used to correlate cloud changes in regions where albedo changes have been detected.  Task 3 would survey mineral spectroscopy data to search for minerals which contain CO2.  New spectral measurements would be made on mineral and soil samples, like the national transects to see if trends in CO2 uptake can be detected, and from which national and potentially global, better estimates or new insights of the CO2 uptake by the land surface could be determined. 
Relevance and Impact

The chosen topics are directly related to the question of climate change and the role of humans and their impact on the environment.  For example, what if farming practices changed the Earth's albedo and added so much water to the atmosphere that a large part of the observed climate change were found to be due to these practices?  That would mean that changing from fossil based fuels would not help the problem, or not help it as much.  If this were true, a radically different approach than changing fuel use would be needed to mitigate anthropogenic greenhouse warming.  The research topics chosen involve the expertise of the USGS and the land surface, and the research falls within USGS science goals. 
Partnerships

This project would involve cross discipline groups from Water Resources, Geologic and National Mapping Disciplines.
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