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• Solar energy x water in forest ecosystem 

• Solar radiation x energy transfer in forest ecosystem 

• Carbon input to the ecosytem and photosynthesis 

• Photosynthesis and respiration 

• Biomass a nd plant production 

• Global climatic change –principles and importance 
 

Lesson Content 



Premises 

• The hydrologic cycle, driven by solar energy, is the master 
cycle that drives all other biogeochemical cycles 

• Water and solar energy are essential for life. Their uneven 
distribution across Earth´s surface account for the large-scale 
patterns of ecosystem structure and functioning and are 
central to an understanding of ecosystem dynamics 

• Water and energy cycles  are so tightly intertwined that they 
cannot be treated separately 

• The aim of the lesson is to describe ecosystem energy 
budgets and other controls over the hydrologic  cycle 

 



Solar energy and water 

• Solar energy drives the hydrologic cycle through vertical 
transfer of water from Earth to the atmosphere via 
evapotranspiration  

• Evapotranspiration is the sum of surface evaporation and the 
loss of water from plant leaves – transpiration 

• Evapotranspiration acounts for 80% of turbulent energy 
transfer (i.e., latent plus sensibile heat flux) from Earth to the 
atmosphere 

• The hydrologic cycle also controls global biogeochemical 
cycles  by dissolving nutrients and transfering them within and 
among ecosystems 



cont.  

• Water enters terrestrial ecosystem as precipitation and leaves as 
evapotranspiration and runoff 

• Available water in the soil moves along a film of liquid water 
through soil-plant.atmosphere continuum in response to a 
gradient in water potential (driven by transpiration=evaporation 
from cell surface in leaves) 

• Evapotranspiration from canopies depends on: (1) the net 
radiation and VPD= vapor pressure deficit in the air) and (2) 
aerodynamic conductance of the canopy and stomatal 
conductance  of leaves, (3) soil evaporation 

• Runoff is the water that draines from the ecosystem when 
precipitation exceeds evapotranspiration plus any increase in 
water storage 

 



Solar radiation x energy transfer 

• Net radiation is the balance between incoming and outcoming short 
and longwave radiation 

• Ecosystems affect net radiation primarily through albedo 
(shortwave reflectance) 

• Albedo is the reflectance of individual leaves and other surfaces 
(canopy ..) 

• Most absorbed energy is released to the atmosphere as latent 
heat  

• flux (evapotranspiration) and sensibile heat flux 

• Latent heat flux cools the surface and transfers water vapor to the 
atmosphere 

• Sensibile heat flux warms surface air 

• The ratio of sensibile to latent heat flux determines the strenth of 
the coupling of the water cycle to the energy budget 



Water movements within ecosystems 

• In closed canopy forests are the precipitation captured in canopy = 
interception and then are evaporated 

• Canopy interception is the fractionthat does not reach the ground – 
it is commonly about 10-20% for close close-canopy ecosystem 

• Rest of precipitation rich soil surface as  throughfall or stemflow 

• Canopy interception reduces water input to soil, especially from 
light rains, also change chemical composition of water (dry 
deposition). Very often nitrogen increases. 

• In contrast fogs are responsible to increase inputs water to the soil  
in mountains area  

• Water balance of the ecosystem will be  will be subject of nexte 
lesson   (see also Chapin F.S. ,2011) 



Carbon input to the ecosytem and 
photosynthesis 

• Most carbon enters the terrestrial ecosystems through photosynthesis  as 
CO2  

• CO2 and water exchange  through pores (stomata) in the leaf surface 

• Open stomata maximize carbon gain and productivity when water is 
transpirated (water lost) 

• Partial closure of stomata under dry conditions reduces carbon gain but 
increases the photosynthesis efficiency  

• Photosynthesis is light-harvesting reactions in which light energy is 
transformed into chemical energy and CO2 is convert to sugars. 

• The enzymes that carry out these reactions account for about half of  the 
nitrogen in photosynthetic cells 

• The main environmental facors that explain carbon gain  are the 
temperature (lenght of vegetation time) and the soil resources (water and 
nutrients) 

• Environmental stresses (lack of water, extreme temperatures and 
pollutants reduce the photosynthesis efficiency  

• Photosnthesis is primarily subject of Ecophisiology (2nd semester) 

 



Monthly and annual atmospheric concentrations of carbon dioxide (CO2, ppm) 
Mauna Loa station (1958-1996) 



Photosynthesis 

• Photosynthesis is the process by which plants convert 
atmospheric CO2 to carbon products 

• Gross (GP) and net photosynthesis (NP)  
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Photosynthesis 
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Biomass 

• The biomass of a forest is defined  as the mass of living organisms 
normally expressed in mass of wet or dry substance (g/m2, kg per 
hectare, g/m3, or other measures) or in units proportional to it 
(mass of carbon or nitrogen of body organic matter or J/m2). 

• GPP of terrestrial ecosystems integrates the effect of environmental 
factors and leaf photosynthetic propperties through the canopy 

• GPP is the sum of the net photosynthesis by all photosynthetic 
tissue measured at the ecosystem scale 

• The balance between carbon inputs through gross primary 
production (GPP) and carbon losses through plant respiration and 
tissue turnover govern the carbon balance of plants 

• Plants lose carbon also through several pathways (plants death, 
herbivores consumption, volatilization, fire, human harvest…) 



Biomass cont. 

Biomass is a complex mixture of organic materials, such as carbohydrates, fats, and 
proteins, along with small amounts of minerals, such as sodium, phosphorus, calcium, 
and iron.  
•  The main components of plant biomass are carbohydrates (approximately 75%, dry 
    weight) and lignin (approximately 25%), which can vary with plant type.  
•  The carbohydrates are mainly cellulose or hemicellulose fibers, which impart   
   strength to the plant structure, and lignin, which holds the fibers together.  
•  Some plants also store starch (another carbohydrate polymer) and fats as sources of  
   energy, mainly in seeds and roots.  
• The biomass is largest in forests (500 tons/ha or more in tropical forests, about 300  
   tons/ha in broad-leaved forests of the temperate zones). Among the heterotrophic  
   organisms feeding on plants, the microorganisms - bacteria, fungi, actinomycetes, and  
   others-have the largest biomass. Their biomass in productive forests is several tons  
   per hectare.  
• The soil fauna (such as earthworms, insect larvae, nematodes, myriapods…)  
   account for a large part of the total animal biomass in the temperate zone. This fauna  
   amounts to hundreds of kg/ha in the forest zone, mainly produced by earthworms  
   (300 to 900 kg/ha). The average biomass of vertebrate animals is 20 kg/ha or more,  

   but it often ranges from 3 to 10 kg/ha. 



Carbon cycle and productivity 



Productivity 
• Biomass production (productivity) is the rate at which 

biomass is accrued per unit area over a fixed interval, usually 
one year.   

• If wildlife populations are the focus of management, 
managers may choose to measure biomass or numbers of 
individual animals.  

• Ecologists interested in the general responses of forest 
ecosystems, measure net primary production (NPP), usually 
expressed as gross primary production (GPP) minus the 
respiration of autotrophs (Ra) 

• Another response commonly of interest is net ecosystem 
production (NEP) or Net ecosystem exchange (NEE )usually 
expressed as NEP=GPP-(Ra+Rh) where R is respiration of 
autotrophs and heterotrophs 

 



Scheme of primary production 



Review questions 

1. Characterize photosynthesis and their limiting factors in 
forest ecosystem 

2. Explain diferences between primary and secondary  

        productivity 

3.     Define Net primary productivity and biomass allocation in 
different forest type 

4. Explain how climate change will influence the NPP of forest 
ecosytem 

5. What are the main principles and  explanations for global 
climatic changes 
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Scheme of Greenhouse effect 



Applications in ecology and forestry 
„simulation“ 
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