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Terrestrial Ecosystems
Exercise for Chapter 3 – 


Gross and Net Carbon Fluxes Over Ecosystems

The purpose of this exercise is to introduce the concepts of gross and net carbon fluxes over ecosystems using data collected by the eddy covariance method.  You will be given one day’s worth of data, including hourly averages for temperature, light intensity (photosynthetically active radiation, or PAR) and net carbon exchange (NCE) as measured at the top of the tower.  From these data, you will estimate what the respiration rate is for the system on this day and calculate the rate of gross carbon exchange (GCE or gross photosynthesis).

Unlike most of the other exercises, this one does not employ a model.  Rather, this is emphasizes data handling and analysis.  The conceptual model behind the analysis is outlined in the figure below and discussed in the text.  This exercise uses actual eddy covariance data collected at the Harvard Forest in central Massachusetts and available at  http://www.as.harvard.edu/chemistry/hf/general/general.html.
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Problem 1-

        Open the data screen and examine the change in PAR, temperature and NCE over the course of this day (a day in July of 1993).  Note that PAR is measured as moles of photons, or quanta, of light, while NCE is measured in moles of carbon.  

Select “Graph All” and view the change in PAR, Temperature (Tc) and NCE over the course of this day.  

Which peaks earlier, PAR or Temperature?  Do you know why?

Which appears to be most closely correlated to NCE, PAR or Temperature?

Problem 2 –

Dark respiration is estimated by averaging all of the measurements made when PAR values are below a certain limit.  Using 5 as that limit, what is the average of all the dark respiration rates measured on this day?

Enter this value in the box on the screen and select “Calculate GCE”.  This will compute the estimated GCE for each hour.  Ideally, all GCE values in dark periods should be zero.  Is this the case?

Non-zero and variable estimates of GCE in the dark are common with this method.  Estimating carbon exchange by eddy covariance at night when the air is relatively still and little movement occurs between the canopy and the free atmosphere above is a continuing challenge.

Problem 3 – 

The ratio of carbon fixed per unit of PAR absorbed by foliage is termed the quantum yield (moles of CO2 fixed per mole of PAR absorbed).  Using GCE as the measure of carbon gain, and assuming that 80% of PAR is absorbed by the canopy (APAR=0.8*PAR), what is the quantum yield at 1pm on this day?

Problem 4 –

In the first problem we saw that NCE is more closely related to PAR than to temperature.  Will this also hold for GCE?  Why?  

Select “Graph All” again check your answer.  

Finally, alternately select “Graph NCE versus PAR” and “Graph GCE versus PAR” to visualize the effect of adding the respiration rate back into NCE to get GCE.  GCE should be zero (on average) at 0 PAR, but again this is noisy due to difficulty with measurements at night.

Terrestrial Ecosystems
Exercise for Chapter 4 – 


Hydrologic and Nutrient Balances over Ecosystems

In this exercise you will become familiar with the components of the hydrologic balance of ecosystems, and with the calculation of nutrient input and output balances.  The basic data in this case are measurements of precipitation input and stream water output of water and the associated concentrations of nitrogen in each.  From these you will estimate evapotranspiration and the nitrogen balance.  

Once again this exercise does not use a model, but stresses data analysis.  A description of the type of data used, and the manipulations to be performed are given below.   The data used in this exercise are drawn from the long-term record of the Hubbard Brook Eosystem Study (http://www.hbrook.sr.unh.edu/data/data.htm).















Problem 1-

        The data screen in this exercise gives the monthly totals for precipitation and for runoff or stream flow in terms of mm depth of water per month.  You can see that these three years show very different hydrological balances.  1973 had higher total stream flow than any other year in the long-term record, due to large storms in June and December.

Select “Graph Data” and view the changes in precipitation and runoff for these three years.  You can see the effect of the large storms in June and December of the third year (1973) in the graph.

Except in the months with very high precipitation, there is not much correlation between precipitation and runoff.  List two reasons for this (two processes which would cause precipitation and runoff to differ in any one month), and how these affect the hydrologic balance.

Problem 2 –

Evapotranspiration (ET) is estimated in water-tight watersheds as the difference between precipitation and runoff.  Select “Calculate Totals” – this will display the sums of precipitation and runoff for each of the three years.  Calculate for each of these years.


Year



ET

1971




1972





1973




Compare these results with figure 4.5 in the text.  Do these data match the pattern in the figure?

Problem 3 –


Nutrient budgets can be estimated by associating measured values for concentrations in precipitation and runoff with the water fluxes for the same period.  Ideally, a measured concentration is obtained for every measured water flux (monthly, weekly or for whatever time period is involved).  For the purposes of this exercise, yearly weighted mean values are provided for each of the three years.  Note that these values are in micrograms (ug) per liter, while the water flux values are in mm depth of water.

The following equation can be used to convert mm of precipitation or runoff to 

ug of nitrogen in inputs and outputs.  The trickiest part is converting mm of water to a volume of water.  The conversion factor is determined by the size of the surface area for which the calculation is to be made.  1 mm depth spread over 1 m2 is equivalent to 10-3 m3 per m2 (a mm is 10-3 meters).  A liter (L) is 103 cm3 which is 10-3 m3 (106 cm3 per m3). A ug is 10-6 g.

So, the equation is:

X mm      10-3  m3           L           Y ug  N

X.Y ug N

---------  .  ----------   .   -------  .  ------------    =   --------------------

             Yr          mm.m2          10-3m-3          L


m2 . Yr
Where X is the water flux in mm/yr and Y is the concentration of N in that flux in ug.

Use this equation to calculate the inputs and outputs of nitrogen in precipitation and runoff for each of the three years.  From these, calculate the net flux and express this in grams per meter square (g.m-2.yr-1).  





Year




1971



1972



1973

Input



Output


Net Flux



Was this watershed a net source or net sink for nitrogen over this three year period?

Terrestrial Ecosystems
Exercise for Chapter 5 – 


Turnover, Residence Time and Response to Disturbance
In this exercise you will run a simple model of soil organic matter dynamics which allows you to work interactively with the concepts of state, turnover rate and residence time.  It also begins to look at the rate at which systems respond to disturbance

To run the model, you must enter the initial content (state) of the soil organic matter pool (compartment), the litter input rate, and the annual turnover rate (expressed as a decimal fraction per year).   The model will then compute and graph the change in SOM content for 300 years.



Model Parameters:

Pool


    Transfers
    Soil (g/m2)
      Litter Input (g/m2.yr)




      Decomposition (turnover rate, decimal fraction [0-1]/yr)

Problem 1-

        Select three values that will result in no change in the soil organic matter pool over time (i.e. inputs will equal outputs in the first year).  Record the results of all attempts (do not use turnover rate = 1 or to 0).

                
----------------- Inputs ----------------------      ------------- Outputs ----------

     Run #
SOM

Input

Turnover
Equilibrium.
Time to Equil.

Comments:


Problem 2-

        Select three values that will result in a 50% decrease in SOM over the course of the simulation.  Record all attempts.  How long did it take the model to reach the new equilibrium?

               
----------------- Inputs ----------------------      ------------- Outputs ----------

    Run #
SOM

Input

Turnover
Equilibrium.
Time to Equil.

Comments:
Problem 3-

       Beginning with the final result from #2, multiply both the litter input rate and the turnover rate by 4 different values, each of which will give the same equilibrium value.  Rerun the model for each combination and record the time required to reach equilibrium.  Graph the relationship between turnover rate and time to equilibrium and draw a conclusion about this relationship.

               
----------------- Inputs ----------------------      ------------- Outputs ----------

    Run #
SOM

Input

Turnover
Equilibrium.
Time to Equil.


Terrestrial Ecosystems
Exercise for Chapter 6 – 


Controls on Net Photosynthesis and Transpiration
In this exercise you will first run simulated experiments to determine the photosynthetic response curves for leaves of C3 species as a function of nitrogen content, temperature, and vapor pressure deficit.  You will also “measure” transpiration and water use efficiency.  

With these basoc data in hand you will be asked to calculate the the vapr pressure deficit for different locations on a typical summer day for several locations around the U.S., and then to estimate net photosynthesis for the types of climates represented.

Finally, you will compare your estimates for transpiration against mean daily precipitation and then try to optimize foliar N concentration for each set of conditions.

Light levels are measured as PAR (Photosynthetically Active Radiation) in units of umoles.m-2.sec-1, umoles in this case is micromoles of photons.  Photosynthesis is generally measured as umoles.m-2.sec-1, but in this case, we have converted moles to grams for comparison with transpiration data.  In all cases m2 refers to leaf area.


Problem 1-        


You have saplings of a number of woody C3 plants for use in an experiment of photosynthetic capacity.  You can select different plants to use by entering the desired foliar nitrogen concentration in the upper left hand box only the work page.  As we are measuring photosynthetic capacity, these experiments are run at full sun conditions (Par = 1800).   Vary Foliar N as shown in the table below and graph your results.

Foliar N 


5
10
15
20
25
30

(g N/g leaf)


Net Photosynthesis 



 (mg C/ g leaf.sec)

Do these values show the same patter as in figure 6.4 in the text? Can you tell?

Problem 2-        


Now to develop photosynthetic response curves.  For foliar N concentrations of 10, 20 and 30 mg/g, record net photosynthesis at the PAR values listed.  Graph these three response curves.

Foliar N



PAR



0
50
100
250
500
750
1000
1400
1800

    10 
    20 
    30 
          

What is the effect of higher foliar N content on dark respiration and the compensation point?

Problem 3-        


Now we examine the effects of temperature.  Change Foliar N concentration to 20 and PAR to 1800.  Now vary temperature from 0 to 40 as shown, and graph the results.




Temperature


0
5
10
15 
20
25
30
35
40

Net Psn

Do these results agree with those in figure 6.5 in the text?

Problem 4-        


Some species show a strong reduction in net photosynthesis with increasing vapor pressure deficit (VPD), while others apparently do not.  For this question, select first “yes” under VPD effect, alter VPD as shown below and record both net photosynthesis and transpiration (use Foliar N = 20, PAR = 1800 and Temperature = 20).  Plot these two as right hand and left hand axes below, then select “no” and repeat the experiment.  







   VPD





0.5 
1.0
1.5
2.0
2.5
3.0

VPD Effect=yes

   Net Psn


   Transpiration

VPD Effect=no


   Net Psn


   Transpiration



Summarize your results.

Problem 5-

How much leaf area can be supported under different climates?  A very rough estimate of this can be made by comparing the water balance of individual under mean climatic conditions with daily precipitation data.  In the following example, you are given mean summer conditions for different locations.  First, you will calculate the VPD for each location, and then predict net photosynthesis for each site.  Estimates of transpiration can be compared with average daily precipitation as a first indication of the degree of water stress to be expected in each location.

In many models, it is assumed that the measured minimum air temperature represents 100% humidity and that the calculated maximum water content at this temperature is the actual water vapor content during the day.  Thus, the larger the difference between the daily minimum and maximum temperatures, the lower relative humidity during the day, and the higher the vapor pressure deficit.  The bottom part of the work screen contains a calculator for maximum vapor pressure.  Use this to fill in the VPD column below (assuming VPD is vapor pressure at daily maximum temperature minus vapor pressure at daily minimum temperature).

Mean Climate Conditions - July

Location

    PAR
     Precipitation     Max. Temp.    Min. Temp    VPD




        
  (g water/m2.day)
( C )

( C )         (kPa)





Western Oregon
    930

 350

27.2

12.8 



Southern Wisconsin
    860

2830

26.6

15.0


Southern New England   820

2470

29.4

16.1


Central Florida
    900

6130

31.7

22.8


Central Utah      
  1000  
  770

31.7

  9.4


Now for the rough calculation of the supportable leaf area.  Set Foliar N to 20, PAR to 1800, no VPD effect.  For each location enter the Max. Temp as temperature and the calculated VPD.  Execute the calculation and enter the Water use below.  Divide this by daily precipitation to estimate total grams of leaves that could be sustained, and use the SLA to calculate LAI.

Location

   Water use
     Precipitation     Max. Leaf Mass    Max. LAI


        
           (g water/g leaf)    (g water/m2.day)      (g leaf/m2)       (m2 leaf/m2)





Western Oregon
   
 

Southern Wisconsin
     
 

Southern New England    
 

Central Florida
     
 

Central Utah      
   
 

Now repeat this with VPD effect = yes

Western Oregon
   
 

Southern Wisconsin
     
 

Southern New England    
 

Central Florida
     
 
Central Utah      
   
 

What do you conclude?

Terrestrial Ecosystems
Exercise for Chapter 7 


The Soil-Plant-Atmosphere Continuum and Water Use

The movement of water between soils and the atmosphere occurs in response to purely physical forces.  When stomates are open, water evaporates from cell surfaces within the leaf creating negative xylem potentials which pull water from soils into roots and through plant stems into the leaves.  Plant control over the rate of water loss results from modification of conductance, the degree of stomatal opening.  Evaporation from leaves (transpiration)  increases with conductance and vapor pressure deficit (VPD).  Conductance increases with rate of photosynthesis.  The rate at which water moves through the plant to replace water lost by leaves increases with the gradient in water potential between xylem elements in the leaf and matric potential in the soil.  When evaporation exceeds replacement, stem storage declines, xylem potential approaches osmotic potential and the stomates will close, shutting off photosyntheis. 


______________________________________________________________________________

Problem 1 –

You may have noticed that graphs in the text use three different notations to represent the amount or concentration of materials.  These three are mass (usually in grams), moles and equivalents.  Biomass production and nutrient cycling data are generally presented as mass, physiological data more commonly as moles, and data on soil solution or stream chemistry usually as equivalents.  These three are interchangeable.  Do you remember Avogadro’s Number from basic chemistry?  That is the number of atoms of an element required to yield a mass equal to the atomic weight of the element.  Avogadro’s number, which is also the number of atoms (or molecules) in a mole, is 6.0x1023 (a number you do not need to remember for this exercise).  A mole of carbon will have as mass of 12g.  A mole of nitrogen will have mass of 14g.  Thus:




 
g N



    gC



Moles N =  -----------     and   Moles C =  -------------





  14



     12

Model Parameters:

  Photosynthesis

          Uptake/Transport

   Amax= 8  umoles C /m2.sec   
  Uptake= (XylemPot.-Matric Pot.) * Stem Conductance

   HalfSat = 300  umoles/m2.sec           Stem Conductance = 4000 mmoles/hr.MPa

Transpiration


       Stem Storage = 30,000 mmoles water
  PET = Photosynthesis * 110 * VPD     Xylem potential when stem storage is 0= -5 MPa
Problem 1

In these exercises, you specify the climate (Tmax, Tmin and PAR), plant (osmotic potential, stem water storage capacity) and soil (matric potential) parameters.  The model will calculate VPD, photosynthesis, transpiration and water uptake hourly. The model assumes no cloud cover (although you can change PAR) and that temperature changes continuously over the course of the day, so that the trends you are looking for will be clearly visible.  We will deal with variability in the next exercise.


Open the exercise and select “Climate Graph”.  This will display the time course of the climate variables over the course of the day your are simulating.  PAR, temperature (Tc), VPD, Potential photosynthesis (assuming no stomatal closure) and PET are displayed.  Each of these variables reaches its maximum value at a different time of day.  Describe why this is so and how the different parameters interact.

Hypothesis: What will happen to VPD if the minimum temperature is reduced?

Change Tmin to 7 and select “Graph Climate”.  Was your hypothesis correct?  Explain.

Hypothesis: What will happen to Potential photosynthesis if PAR is reduced?  Will PET change in the same direction or not, and why?

Return Tmin to 13, set PAR to 1000.  Select “Graph Climate”.  Were your hypotheses correct?  Explain. 

Problem 2


Set PAR back to 1400 and select “execute”.  The graph that appears is the simulated water balance for one day.  The variables shows, in order, are: 1) PAR, 2) xylem potential, 3) Osmotic potential (does not change in one day), 4) Vapor pressure deficit, 5) AET, 6) the fractional reduction in photosynthesis due to water stress (delPsn), 7) the amount of water stored in the stem (Stem), and 8) water uptake from the soil.

Does water stress occur on this day?  How do you know? 

In the morning, AET is greater than uptake.  How can this happen?  What pool is changing that allows this to happen?

Problem 3


Now lets test the sensitivity of the model to different parameter changes.  

Hypothesis: What will happen to total daily photosynthesis and transpiration if osmotic potential is changed from –2 to –1.5 MPa?

Run the model and check your answer.  Explain the model results in terms of uptake, transpiration and water stress.
Hypothesis: What will happen to total daily photosynthesis and transpiration if Stem Capacity is changed from 30000 to 3000?  

Return Osmotic Potential to –2 and Stem Capacity to 3000.  Run the model and check your answer.  Explain the model results in terms of uptake, transpiration and water stress.

Problem 4


In this simple model, temperature does not affect photosynthesis directly, but only through it’s effect on VPD.  As we saw in the exercise for chapter 6, maximum daytime VPD tends to increase as the difference between Tmax and Tmin increases.  

Hypothesis: How will lowering Tmin affect total daily transpiration and photosynthesis?  Will the response be linear?

Run the experiment (set Osmotic potential to –1.5, return stem capacity to 30,000 and alter Tmin as shown below, VPDmax is the highest VPD occurring during the day).

Tmax

Tmin

VPDmax    
         Total
  
   Total








  Photosynthesis    Transpiration


27 20 

27

17 


27

14 


27

11 


27

  8 

Plot your results against VPDmax


Explain your results

Problem 5


As soils dry, the matric potential becomes more negative and the gradient between plant and soil become smaller.  

Hypothesis: How will increasing soil matric potential affect total daily transpiration and photosynthesis?
Run the Experiment: (set Tmin back to 13 and osmotic potential to –2.0)

Osmotic Potential
Matric Potential    
         Total
  
   Total








  Photosynthesis    Transpiration


-2



-0.25 
-2



-0.5
 
-2



-0.75
 

-2



-1
 

-2



-1.25
 

-2



-1.5
 
Plot your results against Matric Potential

Explain your results

Problem 6


We have said that a plant’s ability to realize more negative osmotic potentials is adaptive in times of water stress.

Hypothesis: In moderately dry soil (matric potential = -1.5) what will be the response of total daily transpiration and photosynthesis to increasingly negative osmotic potential?

Run the Experiment: (set Matric Potential to –1.5).

Osmotic Potential
Matric Potential    
         Total
  
   Total








  Photosynthesis    Transpiration


-1.8



-1.5
 

-2.2



-1.5
 
-2.6



-1.5
 

-3.0



-1.5
 

-3.4



-1.5
 
Plot your results against Osmotic Potential


Explain your results

Terrestrial Ecosystems
Exercise for Chapter 8 


Optimizing Whole Canopy Photosynthesis


Now that we have analyzed the factors which control photosynthesis and transpiration, let’s test how these two interact in determining the total carbon gain and water loss from multi-layered canopies.  The model used in this case is similar to the one for the chapter 7 exercise except that it operates at a daily time step instead of hourly, and allows multiple layers in the canopy.  The stem water storage term has no effect at this time step and sp has been removed.  Foliar N concentration still determines maximum net photosynthetic rate (Amax), and also dark respiration rate.  Photosynthesis determines conductance, and transpiration is conductance times VPD.  Water uptake increases with the difference between leaf osmotic potential and soil matric potential, and daily transpiration cannot exceed daily uptake.  If potential transpiration (PET) exceeds water uptake, then actual transpiration (AET) is equal to uptake and realized photosynthesis is potential *(AET/PET) – a measure of the degree of water stress.

Model Parameters-

Species specific values for Amax, osmotic potential, dark respiration and half-saturation light level – see next page.

Soil osmotic potential varies from –0.1 at field capacity to –5 MPa when “dry” 

Field capacity = 6600 moles water/m2

Canopy k value = 0.5

Problem 1 –


You have 8 species available for the model simulations you will run.  Each is described by a set of physiological characteristics.  The species and characteristics are:

Species
Amax
    Dark Respiration
     Osmotic Potential     Half-Saturating PAR


            ----            Moles C          ---                MPa                           umoles

                                        m2 . day




              m2 . sec

Maple

0.49

0.049


-1.5


150

Birch

0.75

0.075


-.15


300

Aspen

1.10

0.110


-1.9


450

Oak

0.72

0.072


-2.2


300

Hemlock
0.25

0.025


-2.0


  50

Spruce
0.05

0.005


-1.9


  50

Ninebark
0.19

0.019


-3.1


250

Juniper
0.04

0.004


-5.0


100

From these data, which two species are best adapted to very dry sites?  

Which one is best adapted to high nitrogen availability?

Which is the least shade tolerant?

When you open the data window, the default canopy description is three layers of maple (in these simulations, each layer is on unit of LAI and the canopy has a k value of 0.5).  When you select “Execute” you will see the results of a 100 day simulation.  The graph presents the daily data, and the boxes on the window give you totals for the 100 days by layer and for the entire canopy.  Initially, rainfall occurs as the mean daily rate in each day, so the trends are constant.  We will deal with climate variability later.

Select the climate for New England Mountains and execute (climate data are for a typical mid-summer day).  Record the values for total Net photosynthesis and total AET in the table below.   Repeat for The other three locations.  



Site


Total Net

Total 




       
        Photosynthesis

 AET


New England Mtns.


Southern Wisconsin


Central Oregon


Central Utah

Problem 1 (cont’d)

Rerun the model for New England and Central Utah.  Explain why net photosynthesis is negative for one site and positive for another by referring to the daily data in the graph.

Problem 2

Select the New England site again.  Your task this time is to maximize total net photosynthesis by establishing the optimum arrangement of species in the five layers within the canopy.  

Hypotheses: Which distribution of species will result in the highest total net photosynthesis?  Record each successive trial and the results

Layer

1
     2

3
      4

5       Total Psn   Total AET

Species

Species

Species

Species

Species

Species

Species

Species

Species

Which distribution produces the most carbon fixation?  Explain your results and compare them with figures 8.7 and 8.8 in the text. 

Problem 3


Now let’s try the same procedure for the Wisconsin climate.  First try the same distribution of species that proved optimal in New England.  Does total Photosynthesis go up or down?  What about total AET.  Explain these changes.

Now re-examine the species characteristics and make changes in the species distribution to once again maximize total photosynthesis.

Layer

1
     2

3
      4

5       Total Psn   Total AET

Species

Species

Species

Species

Species

Species

Species

Species

Species

Explain your results.  

Figure 8.13 in the text presents a hypothesis on changes in canopy structure with changes in water availability.  Test this hypothesis by changing the daily precipitation value from 320 to 240 to 160 to 80 moles/m2.day.  Using Oak as the only species.  What is the optimum number of layers in the canopy at each level of precipitation input? 

Precipitation Rate

320
240
160
80

Number of layers

Total Photosynthesis

Total AET

Problem 4

Now let’s move to Utah.  Select the Utah climate.  Given the large range between Tmax and Tmin, and the low rate of precipitation input., hypothesize what the optimal canopy would be.

Hypotheses: Which distribution of species will result in the highest total net photosynthesis?  Record each successive trial and the results
Layer

1
     2

3
      4

5       Total Psn   Total AET

Species

Species

Species

Species

Species

Species

Species

Species

Species

Explain your results.  

Are there any conditions under which Juniper is the preferred species?

Problem 5


The results of the daily simulations appear very unrealistic, largely because the climate drivers are the same for each day.  Let’s randomize the climate a bit and get some more realistic looking results.  We’ll also see that a non-uniform climate alters the totals for photosynthesis and AET.  

Hypothesis:  Do you think adding variability in climate will increase or decrease total Photosynthesis and why?

Reset the climate to New England Mountains.  Re-enter your optimum canopy from problem 2.  Entering a value in the “Random” box will cause precipitation to fall every fifth day on average, with average rain fall per day five times that in the “Precip” box.  So, total precipitation over the 100 day period will be the same, but it will be distributed very differently.  

Run the model with Random set to 0.2, 0.5 and 0.8.  Record total net photosynthesis and total AET.  Use the graph of daily responses to explain your results.  You will have to run the model 10 times and record the average.  Using random climate data will cause different results for every run.







Run #




Average

Random
1
2
3
4
5
6
7
8
9
10

    0.2

Total Psn

Total AET

    0.5

Total Psn

Total AET

    0.8

Total Psn

Total AET

Explain:

Terrestrial Ecosystems
Exercise for Chapter 9 – 


Soil Chemistry, Acidification and Neutralization

A simple model of soil chemistry is used to illustrate the interactions between bedrock type and acid deposition on base saturation and stream chemistry.  You will be asked first to do some exercises which illustrate the conversion of units of concentration, and which demonstrate the Al-H and carbonic acid buffering reactions.  You will then be asked to distinguish between 2 bedrock types based on stream chemistry and to predict the qualitative effects of acid rain on stream chemistry for the two systems.
______________________________________________________________________________

Problem 1 –

You may have noticed that graphs in the text use three different notations to represent the amount or concentration of materials.  These three are mass (usually in grams), moles and equivalents.  Biomass production and nutrient cycling data are generally presented as mass, physiological data more commonly as moles, and data on soil solution or stream chemistry usually as equivalents.  These three are interchangeable.  Do you remember Avogadro’s Number from basic chemistry?  That is the number of atoms of an element required to yield a mass equal to the atomic weight of the element.  Avogadro’s number, which is also the number of atoms (or molecules) in a mole, is 6.0x1023 (a number you do not need to remember for this exercise).  A mole of carbon will have as mass of 12g.  A mole of nitrogen will have mass of 14g.  Thus:




 
g N



    gC



Moles N =  -----------     and   Moles C =  -------------





  14



     12

The mass of a molecule can be expressed as its total weight, or the weight of one of its component elements.  For example, a mole of NO3- has a mass of 62 (1x14 + 3x16). If the expression is written as NO3—N, the it refers only to the N in molecule.  One mole of 

NO3—N has a mass of 14.


1Mole of NO3-   =  62 g NO3-     and   1 Mole of  NO3--N =  14 g N

Equivalents (eq) are expressed in units of charge rather than units of mass.  A mole of nitrate is -1 eq.  A mole of H= is 1 eq.  A mole of calcium in the ionic state (+2) is 2 eq.  So, we can expand the above equation to include,


1Mole of NO3-   =  62 g NO3-   OR  14 g N  OR –1eq

To convert grams of NO3--N to equivalents you first convert mass to moles, and then multiply by the charge on the ion.


28 g NO3--N             1 mole NO3--N                -1 eq                          




       x   ______________  x    _____________      = -2 eq NO3--N





     14 g N
           1 mole NO3--N

To test your understanding of these concepts, complete the table on the following page.

Table of Atomic Weight and Ionic Charge

Ion

Mass    
Charge

NH4

18

+1

NO3

62

-1

HCO3

61

-1

Al

27

+3

Ca

40

+2

K

39

+1

Complete this Table

Ion

Grams
Moles

Equivalents

NH4

  54



NO3





        -3

HCO3



   2

        
Al

  

   

        +6

Ca

  20

  

K



    3

       
Now start the Lab Exercise program for this chapter, select “Concentration Units” and check you answers.

Problem 2-

In the text we describe the effects of the bicarbonate system and H-Al solubility on soil chemistry and pH.  Select “Buffering Reactions”, enter the values in the table below and record the resulting concentrations of Al+3 and HCO3-.   (NOTE that these results for these ions acting separately, without interactions with other ions or CEC).


pH


pCO2


Al+3


HCO3-

3


.03



4


“



5


“



6


“



7


“


8


“

3


.003



4


“



5


“



6


“



7


“



8


“

From these results, can you explain why mineral soil horizons on non-limestone substrates tend to have a pH of between 4 and 5?

Problems 3 and 4 –


The full soil chemistry systems includes carbonate buffering and aluminum solubility as treated above, as well as weathering reactions, cation exchange, plant uptake and atmospheric deposition, all interacting through the soil solution.  The net effect of these interactions is “read out” as soil bas saturation and pH. For the next two problems we will use a simple model of soil chemistry which has the following structure:





Model Parameters (all rates in keq/ha.yr expressed as effect on soil solution)

Deposition




Net Plant Uptake



H+    Cations   NO3
SO4


H+    Cations   NO3
SO4


Pristine
.1
.3
.1
.3 
With Plants
 1.5
-2
   -.3
 -.2

Acid Rain
 2
.5
 1
1.5
    (Ratios fixed- limited by lowest availability)

Weathering Potential


Additional Relationships




H+    Cations


  Lyotrop (H+) = .95    Lyotrop(Cations)=.05

Andesite 
-12    12  


  Leaching = .5*Soil Solution

Granite  
-1.1   1.1


  CEC = 100 keq/ha

(Actual rates vary with base saturation
  (Lyotrop shows the relative affinity of different

As shown in figure above.)


  ions for cation excahnge sites)

Problem 3 -

In this problem you will determine which of two watersheds is underlain by granite, and which by andesite, based on the chemistry of stream water.  Select “Watershed Experiments” on the Introduction page, and the select Watershed 1, No Acid Deposition and Execute to see water chemistry for Watershed 1.  Repeat with Watershed 2.  The output graph displays the annual losses in stream water (keq.ha-1.yr-1) of  hydrogen+aluminum (the acid cations), base (nutrient) cations, nitrate and sulfate (the acid anions) and bicarbonate.  Determine from stream chemsitry which watershed is on which substrate.  Record and explain your results




Watershed 1

Watershed 2

Substrate



Explanation

Problem 4 -


After examining the results from problem 1, form a hypothesis as to which which watershed will show the least resistance to acidification with the introduction of acid deposition (in which watershed will stream chemistry become most acidic) and why.

Hypothesis:

Select each watershed and run first without and then with acid deposition.  Record the concentrations of each chemical species in the last year of each run.




  

       Losses in Streamwater (keq/ha.yr)





Watershed 1



Watershed 2




W/o Acid Dep.   W/Acid Dep.
W/o Acid Dep.   W/Acid Dep.


H/Al



Cations


Nitrate


Sulfate


Bicarbonate


Which watershed is most resistant to acidification and what criteria did you use to decide?

Terrestrial Ecosystems
Exercise for Chapter 10 – 


Nitrogen Cycling and Nitrate Loss Following Disturbance

        
A simple model of a forest nitrogen cycle is used to demonstrate the concepts of resistance and resilience, and also the role of microbial dynamics in controlling nutrient cycles following disturbance.  The first problem compares cycling rates for two different forests, one nitrogen-rich, and one nitrogen poor.  In the second problem, you will examine the effects of harvesting on these two forests.  In the third, you are asked to change 3 model parameters and draw conclusions regarding the effect of these three on the resistance of forest ecosystems.



Model Parameters:

Pools (g N.m-2):
        Turnover rates (fraction.yr-1)
Plant Uptake Parameters

  Soil 
          variable      
Vegetation to  Soil
.10
  VegGrow (g N.m-2.yr-1)
14

  Vegetation  variable
Soil to NH4
 
.01
    Max. N uptake per year

  NH4

        0

NO3 - Leach
            .50
  VegHalf (g N.m-2)

20

  NO3

        0

 


                 Veg. N for 1/2 max. uptake


Inputs (gN/m2)

Harvest Parameters

Nitrification Parameters

Deposition
       .6

  HarvFreq (yrs)             0
   NitrGrow (fraction.yr-1) 
  2





  HarvInten (fraction)  .8
     Nitrifier population increase


Problem 1- 


The first two runs are intended to build familiarity with the model.  Select "SYS 1" to load parameters for the first system, and then the "Execute" button to run this model for 40 years.  Record below the values in the last year of the run for the three processes listed and two others of your choice.  Repeat this for "SYS 2".





System 1



System 2

N Mineralization


Nitrification



Nitrate leaching



Form an initial hypothesis.  Which of these two would you expect to be more resistant to changes in nitrate leaching after cutting and why?

Hypothesis: 

Problem 2-       


Run simulated harvests for each system by changing the frequency of harvests ("HarvFreq") to 21.  Do this in turn for each system.  Record the maximum rate of nitrate leaching for each stand and the year in which this occurred.




Stand #
Max. Nitrate Leaching

Year

Check this result against your hypothesis.  Which system is more resistant to changes in nitrate losses following disturbance?  Give two possible reasons why nitrate losses are lower in the more resistant stand?

Problem 3-        


We will now test the sensitivity of system #2 to changes in 3 parameters.  In each case, we will look at the effect on peak rates of nitrate leaching, and when that peak rate occurs.  For the first part of this question, select "SYS 2" to reinitialize for system 2 parameters, changing HarvFreq to 21.  Then vary the initial soil  and vegetation pools according to the listing below.  These alter each pool first by a constant fraction (20%), and then by a constant amount (100).   


Trial #

Soil

Veg

Max. N Leach.
Year


    1

700

120



    2

840

120



    3

560

120



    4

700

144



    5

700

  96
   


    6

800

120



    7

600

120



    8

700

220



    9

700

  20


From these results, is the model more sensitive to changes in soil or vegetation pools?  Give at least 2 reasons for your choice.

Problem 4 -

And now for a test of the role of microbial dynamics.  Nitrifying microbes can be reduced to very low numbers when competition with plants for ammonium is intense (when N availability is low).  The NitrGrow parameter determines how rapidly the populations of nitrifiers can increase when N availability is high.  Reset the parameters for system 2, change HarvFrq to 21, and then increase or decrease the NitrGrow parameter as listed below.  Record the peak highest amount of nitrate lost in any year for each treatment.  Graph your results.

Trial #

NitrGrow
Peak Nitrate Loss


    1

      0



    2

      1






    3

      2






    4
  
      4






    5

      8






6 16





   
What effect does changing NitrGrow have on the maximum amount of nitrate loss after year 21 and why?  Why does the peak loss rate not change between NitrGrow values of 8 and 16?

At NitrGrow = 0, there should be no nitrifying organisms at all, and no nitrate production.  Why is there still measurable nitrate loss after cutting (HINT: look at the diagram on page 1).

Terrestrial Ecosystems

Exercise for Chapter 11 – 


Carbon and Nitrogen Allocation to Fine Roots

        
The dynamics of fine roots is one of the most challenging areas in ecosystem studies.  Because of the close association between roots, mycorrhizae and soil colloids, it is difficult to measure function without disrupting the environment, and so altering the rates of processes under study.  One approach to estimating root production and turnover, which can represent a significant fraction of total NPP in most ecosystems, is be applying mass balance constraints.  In this exercise, you will apply the conceptual models shown below (from chapters 5 and 11) to data collected from several forest ecosystems, and use them to derive estimates of fine root production and turnover rates.


Applying Mass Balance Constraints


Production in forest ecosystems is commonly divided into three large categories: Leaves and twigs, wood (including stems, branches and woody roots) and fine roots.  Leaf and twig production can be estimated from collections of litter fall.  Wood production can be measured as diameter increment in stems multiplied through allometric equations which convert diameter to an estimate of the woody biomass of the tree, including woody roots.  As discussed in the text, measuring fine root biomass is tedious but possible.  Estimating turnover of that biomass, and do obtaining an estimate of production and litter input to soils, is difficult.  


Two  methods are described in the text for constraining fine root production estimates using carbon and nitrogen budgeting techniques.  For nitrogen, measurements of mineralization, deposition and leaching are combined to estimate net uptake by plants.  Subtracting from this the amount of N allocated to wood, leaf and twig production gives an estimate of the amount of N allocated to fine roots (and mycorrhizae).  For carbon, The full budget shown on the first page here can be simplified to a balance over soils only, where the difference between above ground litter inputs and soil respiration is an estimate of the total amount of carbon allocated by plant below ground (see discussion in chapter 11).  

Problem 1- 

We will apply both of these approaches to an actual data set developed for several forests in Wisconsin.  Unlike other exercises, there is no model to run and all of your work will be done on this worksheet.  

The data table on the following page presents data on net primary production (NPP) and nitrogen cycling for a total of 14 forest ecosystems.   Under N cycling, “Uptake” is the total amount of N taken up by plants in a year and “%NO3” is the percent of N taken up as nitrate, with the remainder as ammonium.  “Litter” is aboveground litter inputs of leaves and twigs and is assumed to be equal to NPP of these tissues.   “Wood” covers data for wood production.  For each of these, a Nitrogen concentration is given and multiplied by NPP to yield total N allocation.  For fine roots, there are data for biomass and N concentration.  

Using the diagram above and the data in this table, calculate the N allocation to fine roots and from that and other data in the table, total fine root production.  From fine root NPP and biomass, calculate the rate of fine root turnover per year.  (NOTE:  These calculations assume that net N mineralization can be measured accurately with in-soil incubation techniques).


Problem 2 – 


A figure in the text present relationships between nitrogen availability (equivalent here to uptake) and the rate of fine root turnover.  Using the graphs below, determine whether or not the data above support the ideas presented in the text.



Root Turnover






Do these data agree with the figure in the text (they should, it is part of the same data set!!)


0       3       6
    9
 12      15

   



N Uptake (g/m2.yr)          


Problem 3-

These same data can be used to calculate nutrient use efficiencies.  Complete the following table (“N” refers to total N allocation to that tissue type in g/m2.yr).

Theory holds that nitrogen use efficiency should increase with lower rate of N cycling.  Complete the following graph.


        Nutrient Use Efficiency









Do these data support the theory?

      0       3       6        9       12      15




N Uptake (g/m2.yr)    

Terrestrial Ecosystems
Exercise for Chapters 12 and 13 –  

Litter Decomposition and Soil Organic Matter Formation

This exercise examines carbon quality control on litter decomposition rates, how this interacts with nitrogen immobilization and mineralization, and the long-term accumulation and mineralization of soil organic matter.  After graphing one set of decomposition data, you will be asked to predict relative rates of decomposition and N immobilization for 3 different types of leaf litter.  This will be followed by predictions on the effects of different types of litter removal experiments on N mineralization and a final question on ULTIMATE CONTROLS over soil organic matter storage and N cycling through soils.









Model Parameters   

 (L=Lignin, C=Cellulose, E=Extractives, N=Nitrogen, all as measured in litter)

Mass Loss Rate (fraction.yr-1)


DOC/DON production

  (as a fraction of mass loss)

  k(E) = .8  k(C) = .5
k(LC) = .2  k(P )= .005
E = .2  C = .02  LC = .02  P = 0








    (all = 0 for litterbag simulations)

Gross Mineralization


   
Microbial reimmobilization (g N.m-2.yr-1)

  Mass Loss * N/Mass



    Mass Loss   *   .5    *     .4     *     .08

 






         
                %C   efficiency    C:N

Problem 1 -


1 kilogram of sugar maple leaf litter contains the following 





(all in grams)



Lignin          Cellulose       Extractives     Nitrogen



  150               400               450                   7

Select the litter decomposition function, enter these values, and graph the changes in weight remaining for each fraction below.  This is the type of data that would result from a litterbag decomposition experiment.  (DOC loss included in total weight loss, no passive soil pool).  

      Month
E
C
LC
N       Month
        
E
C
LC
N


0




36



6




42



12




48



18




54



24




60


      
       










Does this maple litter show net immobilization at any time in the 5 year period?  When?

Problem 2 – 


Different types of forest leaf litter have the following carbon fraction and nitrogen contents




------------- Total Mass (g) ------------


Type              lignin  cellulose   extractives   nitrogen       


 Maple    
150        400          450         
    7 


 Oak        
250        500          250              12  


 Spruce   
300        550          150          
    7  


 Dogwood   
  50        400          550          
  11


 Ash      
100        450          450              15


 Pine     
250        550          200          
    5

Hypothesis: Which litter type will lose weight most rapidly and why?  

Hypothesis: Which litter type will immobilize the least nitrogen (will have the lowest maximum increase in total N content) and why?

Again using the litter decomposition function, enter the chemical contents for the litter types selected above and record:









    Total Mass Remainaing

Litter Type
  Initial N Cont.    Max. N Cont.     Max N Gain
    After Five Years



------------------------------------------------------------
    (all fractions)  
        


Maple


7

10.5

       
3.5


231



Oak 


Spruce


Dogwood  

Ash    


Pine


Check these results against your predictions and discuss

Problem 3 – 


For calculating total soil organic matter balances, the DOC losses from litter must be included as inputs to the mineral soil (passive pool).  Use sugar maple litter start with 0 in the passive pool.

Hypothesis: Which of the following is closest to the amount of time required for total soil organic matter to reach equilibrium:


A) 1 years     B) 10 years    C) 100 years   D) 1000 years

Hypothesis: Which soil organic matter pool will be the largest at equilibrium?

Select the soil organic matter balance function, enter sugar maple litter data and execute.  Compare your predictions with these results.

Problem 4 -  

Entering the data below for soil organic matter content and soil N will start the system in equilibrium with long-term sugar maple inputs, and will run an experiment where all litter is excluded beginning in year 50.  What is your hypothesis about the effect of such litter removals (litter input goes to 0) on the rate of net N mineralization in the FIRST YEAR without litter inputs and in the TENTH YEAR?  Will it increase or decrease over each time period and why?

Enter this combination of input data in the soil organic matter balance function and  check against your answer (Soil Organic Matter = 20,000, Soil N = 1010, Number of years = 50, Litter Cut-off in year 30, litter inputs for sugar maple).  

Problem 5 – 


Now some questions about long-term soil properties with different litter inputs.  Using maple, oak and spruce litter inputs described above (annual inputs all equal in terms of  total mass, but different in amount per fraction and nitrogen concentration):

Hypotheses: 

1) Which type will result in the largest total soil organic matter pool?

2) Which will have the largest L+C+E pool 

3) Which will have the lowest rate of N mineralization (this is something of a trick question)?

Enter data for each litter type with Passive Pool and N = 0, and number of years = 1000.  Record your results and discuss.





                         Organic Matter                      .
     Litter Type  
Year
        E
          C
LC
   Passive       
   Total        N Min.


Maple

1000
 

Oak

1000
 

Spruce
1000
 

Terrestrial Ecosystems
Exercise for Chapter 16 – 


Plants, Moose and Wolves at Isle Royale


In this demonstration we deal with the natural rates of population growth with and without predation.  A three-level food chain is simulated, including plants as the primary producers, moose as the herbivore and wolves as the predator.  You will examine the natural rate of increase in plant biomass without herbivory, describe and explain the interactions between plants and moose, test various intensities of predation (including human hunting) and then compare the effects of territorial and non-territorial predators.












Model Parameters: (herbivory and predation are RECEPTOR controlled)

Plant Growth = rplant * Plant * ((kplant - Plant)/ kplant)



kplant = 30 g.m-2       rplant = .5   area = 160000 m2
Moose Consumption = 3000 g plant.moose.yr-1
Respiration = 1500 g.moose.yr-1

  rmoose = .5*Adults   Maturation = .3*Young   
CondMax=500    CondMin=200

Wolf consumption = 1000 g moose.wolf.yr-1
Respiration = 500 g.wolf.yr-1


rwolf = 1
rmax = 5/yr


CondMax=80      CondMin=40

Condition = Total Mass/Number or the average weight per individual.

Both reproduction and mortality are affected by condition.

Problem 1- 

Populations of plants and animals tend to show exponential increases at low population levels and in the absence of predation.  As the population reaches the carrying capacity (k), growth decreases and approaches k asymptotically.  These two factors combine to give the logistic equation shown for plants on the previous page.  Execute the model without changing any parameters.  This will simulate 20 years of plant growth in the absence of herbivory, and follows the logistic equation.  No response required here.

Problem 2- 

When we add moose, they will also increase logarithmically at first.  Will the moose population also make a smooth approach to a constant carrying capacity (remember the Isle Royale experience)?  

Hypothesis: How will moose numbers will change over time and why?
Change the number of years to run from 20 to 60.  Run the model.  Describe your results relative to your hypothesis above.

Is there a constant value of k for moose?  Why or why not?

A critical aspect of the use of models in any situation is validation-determining how well the model predicts known, measured patterns.  How well does this model validate against the data presented in the text?

Problem 3- 

Now lets see what wolves do to these patterns.  

Hypothesis: How will the pattern of change in moose populations differ with the presence or absence of wolves?

Change the number of years to run to 150 and run the model with initial wolf population first set to 0 and then set to 2.  What changes occur in the pattern and magnitude of increase and decrease in moose populations with and without wolves?  Compare these results with your hypothesis.

Can you explain the occasional increases in the number of moose "harvested" by wolves (shown by the green line labeled “Pred” in the graph)?

How does the simulation with wolves present compare with the data in the book (validation again)?

Problem 4- 

What if wolves were not territorial?  Change the r max parameter for wolves to 150.  The r max parameter is the one that limits reproduction to a certain number per unit area.  What happens and why?

Problem 5- 

General theory holds that predators which can reproduce faster than prey (or herbivores which grow faster than plants) increase cyclic population changes (e.g. the tundra-lemming example in the text).  Remove wolves from the model by hitting the reset button and changing years to run to 150, then alter the values of r for moose and plants to test this hypothesis.  Record your results below.


Plant r

Moose r 



Result


0.5

0.3



0.5

0.4




0.5

0.5


0.5

0.6


0.5

0.7

Do your results support or refute the theory and why?

Problem 6- 

Up to this point we have been using a deterministic model, one in which all of the variables are constant from one year to the next, and are perfectly known.  This is rarely the case in real systems.  We will now make the model stochastic by adding random variability to the reproduction routines.  Select  RESET, then change years to run to 150.  Run the model once to observe the control results.

Now set the random factor to 0.3.  Run the model 20 times and record your impression of the effects on the variability of moose numbers through time.

Now set the initial wolf number to 2, and run the model for another 20 times.  By comparing with the results above, what is the general effect of predation on variability in moose numbers in this stochastic model?  Are there exceptions?

Terrestrial Ecosystems
Exercise for Chapter 17 – 


Managing Fire in the Giant Sequoias


This exercise puts you in the "hot seat" - managing a national and natural treasure.  The Giant Sequoia groves of the Sierra Nevada mountains in California contain the most massive trees in the world, with many dating back over 2000 years.  This is a fire adapted ecosystem, but early management followed European traditions including total fire suppression.  You have the luxury of running experiments with this national treasure, discovering the effects of fire suppression on understory biomass and fuel loads, and then you will be asked to bring the ecosystem back from a very dangerous condition using a few management tools.

Model Structure

Unlike previous models in this series, this model has a spatial component.  We will deal with an 800 hectare tract of forest, divided into 1 hectare units or "pixels".  In each unit, total biomass of understory trees and of dead fuel on the forest floor are measured and displayed.  There is no representation of the Sequoia overstory, unless it is burned off, at which point that pixel goes black.


In each modeled year, the following occur in order.  1) Production of new understory biomass and fuel. 2) Management options including setting of prescribed burns (effective but possibly dangerous) and harvesting of understory biomass (also effective but leaves slash as extra fuel).  3) Natural fires which occur randomly with an average return time of 15 years, and burn with an intensity proportional to the amount of fuel and understory biomass present.  Excessive levels of fuel and biomass increase the probability that a fire will “crown” – resulting in the death of the overstory Sequoias.  All fires have a given probability of spreading to adjacent pixels.  Crown fires always spread to all surrounding pixels.


You will have several management options to reduce the chance of destructive fires.  You can either set prescribed fires, or you can harvest the understory.  In either case, funding limits you to treating only 100 pixels per year.  You can select to treat any number of pixels up to 100, and also select to treat either randomly throughout the area, or treat the pixels with the highest biomass.  Prescribed burning selects pixels with highest fuel loads, harvesting selects pixels with highest understory biomass.  When harvesting, 20% of understory biomass becomes slash and is added to the fuel load.  Burning reduces fuel load and understory to zero, but carries the risk of starting a crown fire and spreading to adjacent pixels.

Problem 1 –

Start the exercise and select "restart" to initiate the run.  Run the model with no management to 1900.  You will see small “fires” marking the pixels that are burned in each year.  Although the fire return interval is 15 years, not all pixels burn in the first 20 years.  Why?

Select “restart” again and record below, as a stacked bar graph, the fraction of pixels in each of the five categories of fuel load and understory biomass in 1880.  Now run the model to 1910 (it will run much faster if you select “No Fire Graphic”) and record the values for that year.   Repeat for years 1940 and 1970. 



FUEL





BIOMASS





     1880 1910 1940 1970


     1880 1910 1940 1970


  
      
Year





Year

Given that biomass and fuel are produced every year, explain the pattern you see in these data.  

Problem 2 – 

Now we will bring European influence into the ecosystem.  What will be the impact of a policy of total fire suppression?  Note that “total” fire suppression is not a precise description.  The model assumes that fire suppression increases the fire return interval from 15 years to 150 years.  Select "restart" and then fire suppression.  Record and graph (stacked bar graph again) the distribution of biomass and fuel at 30 year intervals from 1880 to 1970.




FUEL





BIOMASS






        1880 1910 1940 1970

         1880 1910 1940 1970
  
  
              Year




             Year

What are the major differences between this and the previous run.

Continue running the model at 10 year intervals until 2020.  A new type of pixel will appear - “Lost” pixels in which the overstory Sequoias have been destroyed by a crown fire.  Record the number of "lost" pixels at each time period here and plot the numbers against time using the graph on the next page.

Year


Lost Pixels



1980






1990






2000






2010






2020








             1970             1980               1990               2000               2010              2020





 

       Year

Problem 3 -

Now is your chance to undo the damage of decades of thoughtless management.  Restart the model again and run it straight through to 1970 with fire suppression.  Your goal now is to minimize the number of “lost” pixels – those in which the overstory Sequoias have been destroyed.  Decide on a management strategy that involves prescribed burns or understory harvests, or no management at all.  You can change practices each year by running the model for just one year at a time.  Describe each strategy tried below, record the number of lost pixels in each year, and graph the results above.  What is the best strategy (remember that this model involves random variation so results may differ slightly from one run to the next)?









Year

Strategy




Terrestrial Ecosystems
Exercise for Chapter 21 – 


Species Strategies in Northern Hardwood Forests 


This exercise allows you to design a super species which can outcompete all others in the northern hardwood ecosystem.  First, however, there is some data gathering to be done.  Each of the major tree species in the northern hardwoods forest type is described by a series of characteristics related to reproductive success and longevity in different stages of succession.  You will be asked to predict the effects of different types of disturbance on the success of different species, and then graph the results of the experiments.  With the insights gathered from these trials, you will be asked to design the super species.  GOOD LUCK.

Model Structure
Like some of the previous models, this one has a spatial component.  We will deal with a 200 x 400m tract of forest, divided into 10 x 10m units or "pixels".  In each unit, one species can occupy each of two layers, understory and overstory.  The area is dominated by northern hardwood forests, with five major species (listed below), each having different characteristics related to longevity, tolerance of shade, seed dispersal, seed longevity and ability to sprout.


In each modeled year, the following occur in order.  1) Mortality - for each pixel, the chance that either the overstory species or the understory species dies is a function of longevity of that species. 2) Disturbance - as described below.  3) Seed rain - Seed is dispersed from each pixel according to the overstory species present and the seed distribution distance for that species.  4) Seedling establishment - if an understory pixel is vacant, the species with the most seeds in the vacant understory which is also more tolerant than the overstory species, occupies the understory.  5) Sprouting - If a species can sprout, it has a 1/100 chance of capturing the adjacent understory, empty or not, if it is more tolerant, or of the same tolerance, as that understory.  6) Upgrowth - if the overstory is vacant, the movement of the understory species to the overstory is a function of longevity.

Model Parameters






                           Seed                             .                
Species
Longevity
Tolerance
Dispersal
Longevity
Sprout



     (yrs)
  (class)
  (pixels)
   (yrs)

(y/n)

Pin Cherry
     20

     1

     1

    100

    N

Aspen

     50

     1

    11

        0

    Y

Birch

     90

     3

     5

        0

    N

Sugar Maple
    150

     4

     3

        0

    N

Beech  
    200

     5

     1

        0

    Y

Problem 1-

In this problem, all species will start with approximately equal numbers in the overstory and the understory.  Predict which two species will increase the most over the next 50 years, and which two will decrease the most, in the absence of any kind of disturbance.

Hypothesis:



INCREASE



DECREASE


1.




1.


2.




2.

Now run the model with the conditions as initially set.  Record and plot your results.
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  Were your hypotheses supported by the results?

Problem 2-

Now increase the gap disturbance frequency to .02.  In comparison with the results of problem 1, will this increase or decrease the importance of Birch and Aspen?  Why?  

Hypothesis:

Record and plot the results.
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Do the Results support your hypothesis?

Problem 3-

Set the gap disturbance back to 0 and enter 5 for hurricane year.  This will knock down 85% of all overstory and understory trees, but leave the forest floor intact.  Which species do you predict will dominatethe overstory in the early years of succession in the blow down area? Why?

Hypothesis:

Record and plot the results.
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Was your hypothesis correct?  Explain.

Is beech evenly distributed in the understory in year 50?  Explain its distribution

Problem 4-


Now bring fire to the "asbestos" forest in year 5.  Set hurricane to 0, and fire to 5.  All overstory and understory plants will be burned away, as well as all of the forest floor.  Which species do you predict will dominate the early stages of succession in this case?  

Hypothesis:

Record and plot the results.
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Was your hypothesis correct?  Explain.

Is maple evenly distributed in the overstory in year 50?  Why or why not?

Problem 5-

Now to "design" a super species which will dominate in all conditions. Alter the characteristics of P. Cherry to the optimum combination which will confer advantage following fire, hurricane or in the absence of all disturbances (all values must be in the range of those for the existing species as currently entered).  Enter these values, and do three runs: 1) 50 years without disturbance, 2) 50 years with hurricane in year 5, and 3) 50 years with a fire in year 5. 

Characteristic


    % of the overstory in year 50

Longevity   Tolerance   Dispersal   Seed Long.   Sprout    Control
 Hurricane 
   Fire

What combination is most successful?  Why doesn’t this species exist?

Terrestrial Ecosystems

Exercise for Chapter 24 – 


Biodiversity: Species-Area Curves and Island Biogeography


Two of the oldest quantitative ecological theories relating to the number of species that will coexist in a given area are Island Biogeography and Species-Area relationships.  The species-area curve describes the increase in the total number of species encountered within a taxonomic grouping as the size of the search area increases.  The shape of this curve relates to two other concepts, “alpha” and “beta” diversity which are described below. 


Island biogeography places species-area curves in a clear physical context and also adds a dynamic component in that a given level of biodiversity is maintained by the constant extinction and reinvasion of different species into isolated patches of habitat, or physically separated islands.


In this exercise you will carry out a sampling program in two areas which contain the same number of species arranged in different spatial patterns.  Results will be used to develop species area curves for each site and to demonstrate the concepts of alpha and beta diversity.  You will then use data from one of the classic studies in island biogeography, dealing with the number of bird species on the Channel Islands off the coast of Southern California, to develop quantitative relationships between diversity, island size, and distance from the coast.  Finally, we will revisit Isle Royale and the changing populations of moose and wolves.  How would changes in the size of the island alter the chances for local extinctions of the main herbivore and predator?

Problem 1 -

Alpha and Beta Diversity – If we take the number of species in a taxonomic group (e.g. birds, reptiles, orchids) as our measure of biodiversity, we can add a spatial dimension to this by describing the way in which this diversity varies across the landscape.  There are two components to this.  The first is the number of species within a sample plot of, say, 1 hectare.  This is called “alpha” diversity.  If we now move 500m away from the first plot and list all the species in the same group at the new location we have the alpha diversity of this plot.  “Beta” diversity refers to how many species the two plots have in common.  If plot 1 has 100 species and plot 2 has 100 species, they would have the same alpha diversity.  If the two plots have only 10 species in common, then the change in species between plots, or the beta diversity, is high in this landscape.  If the two plots have 90 species in common, the beta diversity is low.  Together, alpha and beta diversity determine the shape of the species-area curve.  Let’s see how this works.

Select the exercise for Chapter 24 and then select “Species-Area Curves”.   You will see two study areas which will have different distributions of the same 12 species, color-coded on the right.  The area is 20x40 units and you will see a first 5x5 unit sample plot.  Using the table below, record species occurrence in this sample plot, then add 4 additional plots by selecting “Add Plot” and record species presence for each of those.




    AREA 1



     AREA 2

Species
Plot 1  Plot 2  Plot 3  Plot 4  Plot 5        Plot 1  Plot 2  Plot 3  Plot 4  Plot 5


1
    


2
    


3
    


4
    


5
    


6
    


7
    


8
    


9
    


10
    


11
    


12
    

Total # species

If alpha diversity is the average number of species per sampling area, what is the value for alpha diversity in each area?

Using the same data table, we can construct a simple similarity table which relates to beta diversity.  In the table below, enter the number of species occurring in both plots, for all plot combinations.



AREA 1





AREA 2


2
3
4
5


 
2
3
4
5

1






1
2






2
3






3
4






4
Now take the average of all of the values in each table and divide by the average number of species in the plots in each area.  

This is an index of the degree of similarity in species composition between plots.  Given these numbers, which area has higher beta diversity.

Hypothesis: Given these answers, which of the two areas would you expect to show a progressive change in species composition, on average moving left to right across the area?

Now select “Full Maps” and check your hypothesis against the visible pattern.  Was your hypothesis correct?

Problem 2 –


Species-Area Curves describe the relationship between the size of area sampled and the number of species encountered.  Using the data in the first table above and adding successive plots in the order sampled, draw the species-area curve for the two areas.



# of Species





# of Species



0        16     32     48      60      75
                   0      16     32      48      60      75



Pixels Sampled



         Pixels Sampled

Problem 3 – 


Let’s return to the example of the Channel Islands off the coast of California as presented in the text.   Select “Island Biogeography” on the Introduction page.   You will see data on size, distance to mainland, number of bird species for each island, and a map.  Graph the relationship between size and number of species below.  Draw a line representing the best fit between these data.  

Now, for each island, estimate the “residual” or the difference between the estimated # of species and the measured value (this value will be positive if the point is above the line, and negative if it is below).  Plot the value of this residual against distance from the mainland.  This is essentially the procedure for multiple linear regression.  



    # of Species




   Residuals









      Island Size



      Distance to Mainland



Without access to the actual statistics, do these relationships look significant to you?  Which Island is the outlier?  Is there anything unusual in the data in Table 24.2 for this island?

Problem 4 – 


Isle Royale is separated from mainland boreal forests by ~20 miles of water.  While it is large enough to support moderate populations of moose and wolves, we have seen that those populations are subject to large fluctuations due to variation in climate, genetics and pathogens.  If the theories of island biogeography hold, then larger islands should be less likely to experience local extinctions.  Let’s test this theory by revisiting the model used for the Chapter 16 exercise.

Return to the “Introduction” page and select “The Isle Royale Example”.  You will see the population parameter page for the plant-moose-wolf simulations.  Change “Initial Number” in the Wolves box to 2 and “Years to Run” to 150.  We will vary effective island size by altering the K value in the plant box – changing the total amount of plant production that can occur on the island.  To simulate all those processes we cannot predict directly (climate, disease, etc.) change the “Random Factor” to 0.3.

Hypothesis: For a set of 50 runs at each island size (plant K value), will the fraction of those runs that results in extinction of moose and wolves increase or decrease with island size, and why?

Run the model 50 times with each of the values for Plant K listed below.  Count the number of runs that result in extinctions.


       Plant K

Number of Extinctions



10





50





100





200





400





600



Compare the results with your hypothesis.

Terrestrial Ecosystems
Exercise for Chapter 25 – 


Air Pollution and Forest Ecosystems

For this exercise we expand the soil chemistry model from the chapter 9 by adding sulfate sorption and the effects of ozone on carbon accumulation in order to examine the interactive effects of multiple stresses.  You will be asked first to test the role of CEC and sulfate sorption in delaying both acidification and recovery from acidification.  Next, ozone concentrations will be altered and the impacts of changes in plant uptake will be tested.  Will pollution control return the system to its pre-acidified state?







Additional Model Parameters (See Chapter 9 Exercise for Other Parameters)

Sulfate Sorption



Ozone Effect on Uptake

     Capacity = 15 keq/ha

       
      Dose (D40) = Concentration – 40 ppb 

    Half Saturation Conc. = 2 umol/L
      Carbon Accumulation Reduction = D40/100

Problem 1 -

First you are asked to describe and explain the series of changes in stream chemistry that occur during a long period of increasing acid deposition.  Bring up the data entry screen.  You can verify that the watersheds and chemistries used here are the same as in the Chapter 9 exercise by running each of the two watersheds with and without acid deposition.  As before, watershed 1 has a high weathering rate and is well-buffered against acid rain, where watershed 2 is not.  You will also notice that there are more options now on the screen.

Select watershed 2 with acid deposition and change “Deposition Ramp?” to yes.  Execute the model.  After the first 50 years, deposition will increase linearly up to the values on the data screen in year 200, and then continue to increase beyond that date.  Because of the changing rate of deposition, stream chemistry and soil base saturation change over time.  However, even though the increase in deposition is linear (eighth parameter, the gray line), the stream and soil responses are not.  Describe the changes in the first seven parameters after year 50 and then offer an explanation for the overall pattern. (Note: SO4SR is total sorbed sulfate in soils).

Patterns:

H/AL 

Cations 

NO3 
SO4 

HCO3 

Explanation

Problem 2 – 

You have been asked by the EPA to predict the outcome of three different air pollution management strategies.  Their Aquatic Effects Division has determined that leaching to streams of more than 2.4 keq/ha.yr of the acid cations (H/Al) will result in loss of fish, an unacceptable result.  They want to use your model and have given you three scenarios to test: 1) business as usual under which deposition will continue to increase linearly, 2) capping emissions and deposition at year 200 levels, and 3) reducing deposition to 50% of year 200 levels by year 300.

Reset the model for watershed 2 with acid deposition and set the ramp top yes.  Run the model with each of the three emission controls available.  For each scenario answer the following questions:








    Option






No controls
     Cap at
50% reduction








    year 200
by year 300

Does this option attain the water 



quality standard through year 300?

If not, in what year is the standard

first exceeded?

If so, what is the leaching loss of



acid cations in year 300?

Problem 3 –
Now EPA wants to map sensitivity to acid deposition over large regions, and needs to know which site characteristics determine the relative sensitivity of different forest-stream systems to acid deposition.  They want you to test the importance of sulfate sorption, CEC and weathering rate in forest soils for determining the degree of acidification of streams.  They also want to test the consistency between “expert opinion” and quantitative models in answering this question.  So, before you use the model they want you to hypothesize what the result will be.

Hypothesis:  If we double weathering rate, CEC and sulfate sorption, which will cause a larger difference in the quantity of H/Al leaching in year 200 and why?
Now reset the model by selecting watershed 2, w/acid deposition, and setting the deposition ramp to “y” and emission scenario to “Cap at year 200”.  Run the model with these values and then double first weathering rate, then CEC, then sulfate sorption capacity.  Determine the loss of H/Al in year 300 in each case.






Loss of H/Al


Treatment


Standard Run




2x Weathering Rate




Reset Weathering to 1


2x CEC





Reset CEC to 200


2x Sulfate Sorption






Explain your results and compare them with the “expert opinion” hypothesis.

Problem 3 – 

EPA’s Air Quality Division has stated that reducing ozone will help reduce stream acidification as well.  The Water Quality division wants to know what you think about this. 

Hypothesis: What effect will reductions in ozone concentrations have on stream water quality and why?

Reset the model to watershed 2 with acid deposition, deposition ramp and cap emissions in year 200.  Now run the model with ozone levels of 30 and 90 ppm.  Record stream loss rates for the four constituents listed below.  What is the effect on stream chemistry of reducing ozone concentration and why (the Air Quality Division will need a believable explanation).  If your original hypothesis was wrong, you’ll need to be especially convincing!

Ozone Level

NO3

SO4

H/Al

Cations


30




90


Terrestrial Ecosystems
Exercise for Chapter 26 – 


The Global Carbon Cycle


In this exercise we go through some of the steps in the construction of a model.  We will work with is an extremely simple model of a very complex system – the biological and human controls on atmospheric CO2 concentrations.  We will use the data in the diagram below (adapted from figure 26.2 in the text) to calculate the parameters for a simple, donor-controlled, linear model of global carbon dynamics.  We will then run the model to see if it accurately predicts both pre-industrial and current levels of atmospheric CO2.  Finally, you will get to test the effects of different strategies for controlling CO2 emissions and atmospheric CO2.

Model Structure  (all values in 1015 g [pools] or g.yr-1 [fluxes] of carbon)

Pre-Industrial Values (Adapted from Sarmiento and Wofsy 1999 – Chap. 26)






Step 1 - Parameterization

Assuming that the data in the diagram on the previous page is all that you know about the global carbon cycle, the simplest model that can be constructed is a linear, model driven by turnover rates between compartments.  Using the data in the diagram, calculate all flux values as a fraction/yr of the donor pool (except for fossil fuel and devegetation). There are a total of  9 fluxes to calculate.  Express each as a decimal fraction (e.g. 0.033) not as a percent (e.g. 3.3%). RECORD TO 5 DECIMAL PLACES

Flux #

From


To


Calculation


1.



2.


3.



4.


5.


6.


7.



8.



9.


Enter these turnover rates in the appropriate boxes on the "model parameters" screen.

Step 2 –Consistency Check

The parameters derived from the diagram are for pre-industrial conditions with no net flux from vegetation or from fossil fuel combustion.  We can test the internal consistency of this model by running it and seeing if the atmospheric CO2 levels remain constant. Try this.  Do you get a constant atmospheric CO2?

What if the data were not well enough know to use 5 decimal places?  Round off each transfer coefficient to the third decimal place.  Does this change the stability of the atmospheric CO2 prediction?

Step 3 - Validation


Re-enter the 5 decimal point values for the transfer rates.  Now edit the devegetation and fossil fuel input parameters to reflect current conditions (1.1 and 5.5 respectively).  This will cause a linear increase from 0 to the specified values between years 1800 and 2000.  Rerun the model.  Do you get the current value of 750 for atmospheric CO2 at the year 2000?

Step 4 - Sensitivity Analysis

Usually, this step allows you to test the relative importance of each parameter by changing each by a certain fraction and seeing how that effects the models predictions.  However, since the model fails to validate against the current CO2 value, we will instead test the effects of altering different assumptions in the model.   Four of the transfers have boxes next to them.  By changing these boxes from "N" to "Y" you bring certain assumptions into play.  They are listed below.  

Hypothesis:
.

Try each of these individually and see which has the greatest effect on predicted CO2 in year 2000.

______________________________________________________________________________

Transfer
Assumption






Year 2000 CO2
Atmos-Terr
This flux is cannot exceed 50.  Something other than





CO2 is limiting NPP and carbon uptake

Terr-Atmos
Decomposition is always equivalent to production.  There




Is no net change in the amount of C stored in



terrestrial ecosystems

Atmos-
Dissolution in the ocean does not increase with increasing



Shal. Ocean
CO2 concentration in the atmosphere, but is constant at 91. 


Shal.-Deep
Transfer cannot exceed 91/year.  Transfer is not affected by


Oceans
C concentration in Shallow Ocean

Was your hypothesis correct?

Now restructure the model by picking the combination of these 4 that brings the model close to the measured value of 750 by year 2000.  Which combination comes closest?

Step 5 - Prediction

Both validation and sensitivity analysis help you to understand how the model works and how much faith you might have in its predictions.  Assuming that you feel it is worth while to do this, let's use the model to predict the relative effects of reducing  fossil fuel combustion and/or land use change.  Two strategies are available.  You can either cap the transfer at year 2000 values (control), or ramp those values down to 50% of year 2000 values by the year 2100.   

Hypothesis: Which combination of management (control or ramp down) and source to be controlled (land use or fossil fuels) will be the most effective at reducing CO2 concentrations by the year 2100?  

Try all possible combinations of caps and ramps on both processes and compare the results.  Can you explain them?  Was your hypothesis above correct?

Is there a strategy that will bring CO2 concentrations back to year 2000 levels by the year 2100?
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Data Structure
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Ecosystem respiration can be estimated as net ecosystem exchange in the dark
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By adding estimated respiration back into the measured net flux (offsetting the zero point on this axis) you can estimate gross photosynthesis





Data Structure





Runoff or stream flow shows a distinct peak in spring and is very low in summer
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Precipitation varies month to month, but is relatively constant over the course of a year





Jan     Feb     Mar     Apr     May     Jun     Jul     Aug     Sep     Oct     Nov     Dec 


                                                               Month





Soil


Organic


Matter





Model Structure





   Litter Input                                             Decomposition





Turnover Rate





    Model Structure				Atmosphere 


Vapor Pressure Deficit


	Photo-	    Transpiration 


	Synthesis		(AET)


							Leaf Cells


		  						Osmotic Potential





						





	Stem/Leaf Xylem


								Xylem Potential


			    Transport				Stem Storage











			    Uptake			Soil


								Matric Potential





    Model Structure				Atmosphere 


Vapor Pressure Deficit


	Photo-	    Transpiration 


	Synthesis		(AET)


							Leaf Cells


		  						Osmotic Potential





						





	





			   





			 Transport			





			    Uptake			Soil


								Matric Potential





    Model Structure


Deposition		      Soil


						   Solution		  Net Uptake


			Weathering


						    			  Cation Exchange





									    


      Exchange


										Sites			





								      Leaching										





     Model Structure


									Deposition





	


		     Vegetation				    NO3





					Uptake








           	Litter							Nitrification








			Soil	       Mineralization	   NH4  








									


										Leaching





Carbon	     		        Nitrogen





Gross


Photosynthesis





Leaf


Respiration





Stem


Respiration





Leaf Growth





Wood Growth





To Roots





Available N





Leaching





Mineralization





Deposition





Uptake





To


Leaves,


Stems





To Roots





Data Table (NPP, Uptake and total values are in g/m2.yr.  )





Site                     -- N Cycling --   ------ Litter -------    ------- Wood ------    ----------- Fine Roots -----------


	               Uptake  %NO3     NPP   %N   Total      NPP   %N   Total     Mass    %N     NPP    Turnover


Blackhawk Island


Red Pine	      3.6         82        270    .70      1.9        140     .20     .28        402     1.04	  


White Pine	      6.0         46        310    .84      2.6        330     .20     .66        289     1.59    


White Oak	      9.2           4        300    .90      2.7        540     .30   1.62        515     1.21	   


Red Oak 1	      8.6         30        370    .98      3.6        440     .30   1.32        389     1.21   


Red Oak 3	      9.4        100       370   1.03     3.8        510     .30   1.53          -        1.12	 


Sugar Maple 1   10.6        100       350   1.04     3.6        560     .30   1.68          -        1.12	  


Sugar Maple 2   13.3        100       380   1.03     3.9        570     .30   1.71        323     1.12	   





U.W. Arboretum


Red Pine	      4.7         50        350    .57      2.0        360     .20     .72        441     1.00     


Red/White Pine     6.9         86        410    .59      2.4        480     .20     .96        364     1.37    


White Pine	      7.9         71        390    .74      2.9        480     .20     .96        372     1.59    


White Oak	     10.7      100        460    .85      3.9        640     .30   1.92        341     1.14   


Red Oak	     13.3      100        520    .83      4.3        840     .30   2.52        270     1.19    


Red Oak	     14.3      100        510    .86      4.4        610     .30   1.83        270     1.33    














Site                         Litter          Wood       Fine Root     Total       Total	     N Use


	                    NPP              NPP              NPP          NPP      N  Uptake  Efficiency


Blackhawk Island


Red Pine	        270                140                		  	 3.6		


White Pine	        310                330               			 6.0		


White Oak	        300                540                			 9.2		


Red Oak 1	        370                440                			 8.6		


Red Oak 3	        370                510                			 9.4		


Sugar Maple 1       350                560                			10.6		


Sugar Maple 2       380                570                			13.3		





U.W. Arboretum


Red Pine	        350                360                 			 4.7		


Red/White Pine       410                480                 			 6.9		


White Pine	        390                480                 			 7.9		


White Oak	        460                640                 			10.7		


Red Oak	        520                840                 			13.3		


Red Oak	        510                610                 			14.3		
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