Global Hydrologic Cycle

The hydrologic cycle is a conceptual model that describes the storage and movement of water between the biosphere, atmosphere, lithosphere, and the hydrosphere.  Water can be stored in any one of the following reservoirs: atmosphere, oceans, lakes, rivers, soils, glaciers, snowfields, and groundwater.  

Approximately 97% of all the water on the Earth is in the oceans.  The other 3% is held as freshwater in glaciers and icecaps, groundwater, lakes, soil, the atmosphere, and within life.  

Water moves from one reservoir to another via three major pathways

1. precipitation

2. evaporation/transpiration

3. vapor transport

The oceans supply most of the evaporated water found in the atmosphere.  Of this evaporated water, only 91% of it is returned to the ocean basins by way of precipitation.  The remaining 9% is transported to areas over landmasses where climatological factors induce the formation of precipitation.  Here we are near the continental divide…..

The Global Hydrologic Cycle is one large circle continuously cycling.  

Volume of Global Water Reservoirs

What percentage of freshwater is of the total?  

The Terrestrial Hydrologic Cycle

The terrestrial hydrologic cycle is a separate sub-system and includes the approximately 3% of water that is at any one time outside of the ocean.  

The flow of water on the surface is a major determinant of the configuration of the physical environment. 

Soil moisture is essential to most terrestrial plant life. 

Water in the atmosphere has several functions that are central to shaping climates.

The stocks and flows of ground and surface water are major links in the transport and cycling of chemical nutrients and important determinants of what kinds and intensities of human activity can be supported in what locations. 

Forest Water Balance

The hydrologic cycle is an important feature of all ecosystems, and particularly forests, which generally grow in climates where precipitation provides more water than the vegetation can use or soils can store.  Vegetation is a major factor in the hydrologic cycle.  Before precipitation reaches the soil, water is intercepted and evaporated from the surface of vegetation and the litter layer.  The rate at which water infiltrates the soil, runs off the surface, or percolates through to the water table is in part affected by the density and depth of root channels.  

Explain the volume percentages that are on the slide. 

Tree Water Balance

Transpiration is the engine that drives water out from the soil to the atmosphere.  

Throughfall is precipitation that reaches the surface directly through spaces in the canopy and by dripping from the canopy.  Throughfall contains nutrients leached from the leaf surfaces and washed from the leaf surfaces (from dry deposition- more important in polluted areas). 

Stemflow is water that reaches the ground surface by running down the trunk and stems. Stemflow contains higher concentrations of nutrients than throughfall.  Smoothness of the bark is a factor that controls stemflow.  Species with smooth surfaces such as beech may transport as much as 12% of the precipitation as stemflow, whereas pine normally transfers less than 2% by this route.  

Leaf Area Index

Leaf area index is defined as the projected area of leaves over a unit of land (m2/m2).

Trees with higher LAI have more stomata, so they have the potential for more water loss.  These species are generally less tolerant.  

Leaf Area Index

We’ve taken this concept in our lab from the single tree we just discussed, to the entire globe from space.  
February, so notice LAI in North is low and in south it’s high. 
Canopy Water Interception

The fraction of annual precipitation that falls but does not reach the ground. This portion ranges from 10 to 50% of annual precipitation.
The Interception storage capacity of six species of eucalyptus varies based on leaf area, leaf dimensions, orientation and surface smoothness.  Higher the leaf area the higher the interception by the canopy.  Deciduous trees generally store less on their canopies than conifers. 
Interception is water that never reaches the soil so does not contribute to plant available water.  

Soil Plant Atmosphere Continuum

Water Potential –Greek Letter Psi

The physics definition: In its purest form, water potential is defined in terms of chemical energy.    a measure of the free energy available to do work.  

Matric potential –results from the small negative forces at the surface of solids such as soil particles  that adhesion and cohesion create.  The attraction of water to solids (like soil particles) as water is adsorbed.

Pressure potential- function of pressure applied to water, Hydrostatic pressure.  Can be positive or negative. 

Gravitational potential- effect of gravity on the free energy of water

Osmotic potential- represents the contribution of dissolved sugars and salts. Solutes reduce the free energy of water by diluting the water.  Osmotic potential does not act as a driving force unless there is a semi-permeable membrane present.

All of these components of water potential help to determine how much work it will take the roots to get to the water, and thus regulates water supply.

Important Water Potential (These are arbitrary measurements, not the rule) 

Mega pascals are plant physiology units used to describe pressure potentials.   

Field Capacity- the maximum amount of water a soil can hold.  Any excess water will drain off due to gravity.  Moisture holding capacity of soils. 

Wilting point -  Water in the soil that is unavailable to the plant.  Water potential of soil is so low that plants cannot regain turgor pressure. 

It will often happen around –1.5 MegaPascals which is equal to about 225 lbs/square inch.  Car tires are at about 30 lbs/square inch.  But in plants this is a negative pressure, so it’s a tension. 

-1.5 MPA is approximate point where plant cannot pull water out of the ground.  

Of course desert plants can operate under lower potentials.  

As water decreases it gets exponentially harder to withdraw water from the soil. 

Matric Potential 

When you take a water molecule and bond it to a surface, it loses its free energy. There is one continuous gradient.  As plant takes up water on the outside, the total available water continuously shrinks and the suction required to withdraw, increases.  

And so different soils have differing available water contents.  

Matric Potential

Water storage capacity of soils varies with texture, reflecting pore size distribution.  

Available Water  
Between field capacity and wilting point is available water and it varies with different soils.  

Soil Texture: clay wilting point is high because clay has alot of surface area, approximately 10,000 times more than sand.

Texture controls how well a soil holds water and releases it to the plants. 

Available Water  (set of graphs)
Three parts to soil (true of almost all soils)


Particles (miniature pieces of rock)


water


air

As texture changes from sand to clay, the mix of air molecules to water molecules is changing.  

Sand is so coarse that it’s 40% air, even when saturated, it just drains through.

Clay, again is just changing the mix of air and water molecules.  Clay has almost no air in it.  That’s why clay gets waterlogged so easily.  It has very little pore space. 

Sand is very big so water either drains out or is taken up.

Silt and Clay have the same available water.  However, in the end, clay has more water storage that in unavailable.

For a plant to extract water from soil, it must be able to replace the water molecule with an air molecule.  This is tough to do in clay. 

So think about how soil provides a place for plants to survive.  It provides a reservoir for plants to access water.  Two aspects of soil affect plant water usage. (1) The amount of water the soil can hold. (2) The amount which is available to the plant.  

At some point, most plants have to deal with dry conditions.  

Evaporation

Occurs as long as air is not fully saturated.

What do we call a change in state from a solid to a gas?  This is important in boreal forest where wind drives over snow and dry air allows vaporization of crystals.  Important for water balance because then the water is not available to the trees.

Vapor Pressure/Temperature Graph

The amount of water vapor that may be held in the air increases exponentially with temperature, the degree of saturation is often expressed as the relative humidity.  The dew point is the temperature at which the water vapor pressure equals the saturated vapor pressure; below that temperature, condensation occurs.  The water vapor deficit of the air is the difference between the saturated value and that actually held at a given temperature.  In this example, air at 25 degrees C with a relative humidity of 40% must be cooled to 10 degrees C to reach the dew point.  

Transpiration

A very small portion goes through the cuticle.  But this is very small so transpiration chiefly occurs when the stomata are open taking up CO2.

How do plants control transpiration. 

Stress one big continuum.  

How do plants control transpiration?

Penman Monteith

There are a number of scalars – ignore them.

They “scale” the equation from leaf to canopy and 


convert the units of the equation from energy to water.

2 drivers:


radiant energy (net radiation) (Rn)


humidity (vpd) (es – ea)

1 control:


resistance (r) to evaporation (e.g., stomatal control)

(E and E are just two ways of showing the same thing.  


They just have different units.

Transpiration
All of this is under stomatal control!!!
And, stomata are not open all day long, either.

The roots cannot actually keep up with the water loss, and 

so the roots and stem actually shrink slightly during the day.

At night, they “refill” to prepare for the next day.

1-2% refers to root storage

Transpiration cools the leaf because of the energy removed as water is converted to gas.(ex. Jumping in a lake on a hot day, 

And your cool when you get out)

Evapotranspiration 

Vegetation Water Balance

Summarize slide briefly 

Precipitation which falls as rain, snow or fog is intercepted on vegetation.  The amount intercepted depends to some extent on leaf area index.  Some precipitation reaches the ground surface by throughfall and stemflow, wets the litter, runs off, or infiltrates into the soil where it may percolate to the water table.  Some water is held against gravitational forces within the soil matrix; some of which is available for extraction by plant roots.  Water taken up by plants is mostly transpired quite rapidly from the leaves into the atmosphere.  Evaporation of water also occurs from plant and soil surfaces when they are wet.  

Think about what a plant has to do when it gets dry.  The water potential is always changing.  Osmotic and matric potential is always changing.  Water availability is influenced by the osmotic, matric, pressure and gravitational forces and this means that in a sense water is preoccupied by one or a combination of these forces.  This has to do with stresses, and measuring stresses on the plants.  (How many roots vs shoots the tree will grow.)

ex.- Saltwater intrusion is bad because plants ability to deal with the low osmotic pressure is not adequate.  Plants cannot generate tension to draw saltwater out of the soil.  Saltwater intrusion from Hurricanes is a big deal and fortunately they also come with a lot of rain and wash the system out.  

Water Shortage Correction

As transpiration occurs in the leaf, the leaf starts to dry out and generates tension that reaches down to the roots.  All day long there is this lag between leaf transpiration and root uptake.  The lag is very big in very tall trees like redwoods.  These trees have a lot of water storage inside the trunk.  In smaller plants the lag can be a matter of minutes.  So water relations is in part dependent on how big the plant is.  

At night plants fill up again.  It’s similar to a dam that lets water pass out during the day.  At night you close it off and the water fills up the reservoir again. 

Energy, water and CO2 balances over the leaf

Ignore the carbon (for now), review radiation quickly – focus on 2 ways of water loss from leaves.  
Define briefly evapotranspiration.

On left side, simply talk about Net Radiation, and how net radiation is the energy available for evaporation after incoming – outgoing.  

Water Use Efficiency

I have constantly mentioned that there is a cost associated with opening the stomata.  This can be summed up in the WUE.  Plants have responded to dry conditions by increasing their efficiency – this has led to several pathways for Photosynthesis and/or stomatal control.

Water Potential and Carbon Uptake

At high water potentials, plants shut their stomata and they cannot photosynthesize and grow.  

Alnus rugosa Speckled alder

Fraxinus Pennsylvanica green ash

Quercus Rubra northern red oak

Pinus Rigida pitch pine

Pinus Strobus eastern white pine

Ways that Water Deficits Reduce Plant Growth

Continual stress will impede plant growth.

Phloem is driven by positive pressure, once leaves wilt, phloem transport stops.  

Once plant gets stressed(water deficit) is stops growing new shoots and leaves and starts growing roots.

Water stress eventually is felt at the ecosystem level through reduction in decomposition and N availability decreases.  For example, in dry parts of Montana there are large accumulations of pine needles on the forest floor.  A little more rain in the summer would increase decomposition of litter and increases N availability. 

