Study guide for evapotranspiration and ecohydrology.
Vocabulary:
[bookmark: _GoBack]Evaporation, vapor pressure (air or surface/boundary), saturation vapor pressure, relative humidity, mass transfer, net shortwave radiation, net longwave radiation, net radiation (total), atmospheric conductance, saturation deficit, Penman (or combination) approach, interception, transpiration, interception loss, net precipitation (after interception), cohesion-tension theory, stoma (plural stomata), xylem, leaf conductance, canopy conductance, Penman-Monteith approach, potential evapotranspiration, actual evapotranspiration, Budyko curve, water limited, energy limited
Concepts:
Understand how evapotranspiration can be estimated if all other inputs, outputs, and storage changes in the water balance are known.
Understand how to set up the mass transfer concept based on a boundary of air associated with the surface of the evaporating volume.  Understand that the boundary is considered to have saturated vapor pressure relative to the temperature of the liquid water.  Understand that exchanges of water between the air and surface/boundary are based on the potential gradient indicated by the difference in the air and surface/boundary vapor pressures.  Understand that the sign of the mass transfer indicates evaporation or condensation.
Understand that the mass transfer has to be combined with an energy balance to characterize evaporation without knowledge of the temperature of the evaporating water.  
Understand how the Penman (or combination) approach combines the mass transfer and energy balance concepts into a weighted average of the influences of net radiation and mass transfer on evaporation.  Understand how the effect of net radiation is weighted by temperature.  Understand how the Penman approach defines the effect of 3 major causes of evaporation: net incoming radiation, turbulence or velocity of wind, and saturation deficit (or dryness of the air).
Understand how interception enhances the potential for precipitation to be partitioned to evaporation.
Understand why a plant needs water in its leaves.  Understand how the cohesion-tension theory explains how water gets from roots to stomata via the xylem.  Understand the resulting patterns of pressure head in the plant.  
Understand how leaf and associated canopy conductance are adapted into the evaporation equation for the Penman-Monteith estimate of evapotranspiration.  Understand how this changes the sensitivity of the estimate of evapotranspiration relative to variation in canopy conductance and atmospheric conductance.
Understand how the Penman-Monteith approach does NOT account for availability of water, and thus how its result quantifies potential evapotranspiration rather than actual evapotranspiration.
Understand the Budyko curve approach to linking potential evapotranspiration to actual evapotranspiration.  Understand how to interpret differences between watersheds that fall on different parts of the Budyko curve (i.e., water limited vs. energy limited and more efficient at partitioning vs. less efficient at partitioning).

Useful equations:
Rearrangement of a full water balance to estimate evapotranspiration ().

where  is precipitation,  and  are surface water in and out,  and  are groundwater in and out, and  is the change in storage in the control volume.
Mass transfer equation for movement of water between a boundary on an evaporating (or condensing) volume and the surrounding air.

where  is the evaporation/condensation volumetric flux,  is the gradient in vapor pressure between the surface/boundary and the air,  is the velocity of the wind parallel to the surface, and  is the potential for wind to create turbulence that will move water between the surface/boundary and air.
Weighted average abstraction of the Penman evaporation equation.

where  is the slope of the saturation vapor pressure curve that increases with air temperature, and  is the psychrometric constant that varies with elevation or air pressure.
Penman equation for evaporation

where  is the sum of the net shortwave and net longwave incoming radiation,  is the atmospheric conductance,  is the saturation vapor pressure at the air temperature,  is the relative humidity,  is the saturation deficit,  is the density of air,  is the specific heat capacity of air,  is the density of water, and  is the latent heat of vaporization of water.
Penman-Monteith equation for evapotranspiration

where  is the canopy conductance.
