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Snapshot from Space: Clouds and Surface



Atmospheric Processes, Measurements and Climate

The atmosphere is a turbulent fluid about 50 miles thick that extends 
25,000 miles around the globe.  It’s driven by heat from the sun and 
water evaporating from the oceans (predominantly).

Here is the view in the infrared:
https://www.youtube.com/watch?v=f7QttjGu628

https://www.youtube.com/watch?v=f7QttjGu628


Atmospheric Processes, Measurements and Climate

What do you want to know in a weather forecast ?



Water Vapor Driving East Coast Rains



Atmospheric Processes, Measurements and Climate

Modeling work is usually done by teams of 100+ people who focus on 
data assimilation, process parameterization, code development and 
optimization. Models are run on large systems (100,000+ cores) with 
large data requirements.

Teams include:
§ NOAA GFS (US Global Forecast System)
§ ECMWF (European Centre for Medium-Range Weather Forecasts)
§ UK MET Office Unified Model
§ NCAR Community Climate System Model
§ NASA Global Modeling and Assimilation Office GEOS-5
§ Groups in China, India, Japan & others



So what’s really driving the global weather patterns?

The motion of air masses around the globe are an obvious driver. They 
move moisture and energy to dominate local weather.

Solar heating and infrared cooling drive the local temperature cycle and 
force seasonal changes. Excess heat from the tropics is transported to 
the poles by the atmosphere.

The “hydrological cycle” or water budget also moves energy around the 
planet through evaporation, water vapor transport and rainfall.



Determining the current State of the Atmosphere

There is a long list of parameters that we need to measure & track:

§ Gas constituents (nitrogen, oxygen, argon, CO2, CFC's, methane)
§ Water vapor
§ Ozone
§ Trace non-uniform gases (oxides of nitrogen, carbon monoxide)
§ Temperatures & pressures
§ Winds (+ vertical motion + vorticity)
§ Clouds (water or ice, density and drop sizes, ice particle shapes?)
§ Rain cover and rain rates
§ Aerosols: dust, smoke, other particulates (volcanic plumes)



Forecasting the Future State of the Atmosphere

Each of these steps is a very challenging process:

§ Understand current conditions (data assimilation)
§ Model fluid dynamics and all physical processes
§ Account for outside influences & boundary conditions
§ Build detailed numerical models (highest possible resolution)
§ Predict each parameter’s behavior in time, locally and globally
§ Understand and estimate errors



Challenges

We always start with incomplete data (satellites, weather stations, 
radiosondes, weather radars). Filling in the gaps is important.

The atmosphere is not a closed system and the surface keeps changing. 
Ocean surface temperature and winds are important. On land, soil 
moisture vegetation cover have large effects.

The atmosphere is fundamentally turbulent. Physics modeling must try 
to predict cloud formation and rainfall, which remains difficult. Some 
processes are not well understood

There are limits to predictability (butterfly effect).

There are always small scales we can't forecast (tornadoes, lightning)



A Sample of NASA GEOS-5 Forecast Products

https://fluid.nccs.nasa.gov/weather/

https://fluid.nccs.nasa.gov/weather/


Global Energy Fluxes at Top of Atmosphere and Surface



Global Energy Fluxes at Top of Atmosphere and Surface



Atmospheric Processes, Measurements and Climate

A useful perspective to track climate response is to divide the factors 
influencing climate into forcings and feedbacks.  Forcings are applied to 
the atmosphere by outside agents.  Feedbacks are naturally occurring 
responses to forcings.  Feedbacks can be positive, making the effects 
larger, or negative, tending to dampen the response.

If you place a pot of water on a hot stove (forcing), the temperature will 
rise continuously until the boiling point is reached.  The boiling water will 
release heat from the pot as steam (a negative feedback) which reduces 
further increases in temperature until the water is boiled away.



Forcings:  The Initial Drivers of Climate

Solar Irradiance. Solar radiation is the source of heat for planet Earth. Scientists also use evidence 
from proxy measurements, such as sunspot counts going back centuries and ancient tree rings, to 
measure the amount of sun that reaches Earth’s surface. The sun has an 11-year sun spot cycle, 
which causes about 0.1% of the variation in the sun’s output. The solar cycle is incorporated into 
climate models.

Greenhouse gas emissions. Since the industrial revolution, concentrations of greenhouse gases 
such as carbon dioxide (CO2), methane (CH4), and nitrous oxide (N2O) have risen in the atmosphere. 
Burning fossil fuels such as coal, oil and gas has increased the concentration of atmospheric carbon 
dioxide (CO2) from 280 parts per million to 400 parts per million. These greenhouse gases absorb and 
then re-radiate heat in Earth’s atmosphere, which causes increased warming.

Aerosols, dust, smoke, and soot. Very small airborne particles come from both human and natural 
sources and have various effects on climate. Sulfate aerosols, which result from burning coal, biomass, 
and volcanic eruptions, tend to cool the Earth. Other kinds of particles such as black carbon have a 
warming effect. Volcanic eruptions have led to global cooling events lasting a few years. The global 
distribution of aerosols is being tracked from the ground and from satellites.



Feedbacks: Factors that Amplify or Diminish Impacts

Water vapor. Warmer oceans and air temperatures put more moisture in the atmosphere. The 
additional moisture adds to greenhouse warming. (positive feedback)

Clouds. Clouds have an enormous impact on Earth's climate, reflecting about one third of the total 
amount of sunlight that hits the Earth's atmosphere back into space. They also trap infrared heat from 
the surface that would otherwise escape to space. Even small changes in cloud amount, location and 
type could have large consequences. More clouds will generally reflect more solar energy to space, but 
clouds tend to trap more heat than lower clouds. (can be positive or negative)

Precipitation. Global climate models show that precipitation will generally increase due to the 
increased amount of water held in a warmer atmosphere, but not in all regions. Some regions will dry 
out instead. Changes in precipitation patterns, such as increased water availability, may cause an 
increase in plant growth, which in turn could potentially removing more carbon dioxide from the 
atmosphere. (a negative feedback that is hard to quantify)

Ice albedo. Ice is white and very reflective, in contrast to the ocean surface, which is dark and 
absorbs heat faster. As the atmosphere warms and sea ice melts, the darker ocean absorbs more 
heat, causes more ice to melt, and makes the Earth warmer overall. The ice-albedo feedback is a very 
strong positive feedback.

Aerosol Indirect Effect:  Can make clouds brighter, but weaken rainfall (negative)



The Measurement that Concerns Scientists



Historical Relationships of Temp, CO2 and Sea Levels



End of Summer Sea Ice in the Arctic



Modeling Summary by NASA Goddard Institute Space Sciences

https://www.bloomberg.com/graphics/2015-whats-warming-the-world/

https://www.bloomberg.com/graphics/2015-whats-warming-the-world/

