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Report of the estimation of biomass and productivity for the Cone Pond, Hubbard Brook and Sleepers River study sites.

Not all of you are going to want to read all this so here is the bottom line.  Units are above ground Mg/ha. "Woody" and "biomass" are above ground tissues.




        Woody         twigs         leaves       biomass

Hardwoods

       Cone pond   

              1991                       3.734     0.176     3.159    213

              2003                  

      Hubbard Brook              2.800     0.143     2.732   214
      Sleepers River

            Thornes Hectare       4.181     0.172     4.090   301
            Poor hardwoods       3.439     0.176     4.142   224
            Rich hardwoods       5.285     0.180     3.260   264
Conifers

     Cone Pond  

            1991                                 2.023     0.066     1.988   159
            2003                                 2.172     0.053     1.743   197

    Hubbard Brook              3.556     0.138     2.984   162
    Sleepers River                2.889            0.189     2.204   172
Report of the estimation of biomass and productivity for the Cone Pond, Hubbard Brook and Sleepers River study sites.

(Summer 2004, cone-pond.doc)

    The objective of this project was to estimate the biomass and productivity of each of several plots at Cone Pond, Hubbard Brook and Sleepers River. The basic computer program used to do this is the Hubbard Brook Biomass and Productivity program, which was developed and “parameterized” for making these estimates for Watershed 6 at Hubbard Brook as well as the Bird lines and the Valley plots (also at Hubbard Brook).  This program uses the parabolic volume based allometric functions developed by Whittaker in 1965  (Whittaker et al. 1979), tree height estimator equations for Hubbard Brook and ring width estimator functions developed for Hubbard Brook from ~10,000 tree cores from the Schwarz (valley) plots.  The first of these is invariant but has three sets of equations – one for low elevation trees, another for mid elevation trees and another set for upper elevation trees.  The only conifer for which we have real field measured data is spruce. Fir is estimated assuming it is spruce as is hemlock. (Except fir bole wood – we did our own allometry for 20 or so fir trees for bole mass only. We did this in 1984 from trees near the top of W5 at Hubbard Brook) 

 It is relatively easy to modify or adjust the program to use the high, mid or low elevation sets of functions. It is also relatively easy to adjust the program to use real ring widths for each tree if that data is available – which it has been for some of the plots used in this study.  From these combinations of parameters we have estimated the biomass and the productivity of the forest on these plots.

Cone pond

In 1991 a set of 6 plots was set up by Scott Bailey and others in the woods in the Cone Pond watershed (actually 9 plots, but we only used the 6 lower elevation plots). Three were in spruce/fir with considerable hemlock. Three were in mixed hardwoods a little higher elevationaly than the spruce/fir. Since plot 3 in the spruce/fir set is in a swamp we did not use it in our 2004 calculations.  All the plots are on more or less slight slopes (level land) – not steep slopes. These are elevationally at a low elevation – about --- meters – equivalent to W6 low elevation. The plots are 20 x 20 meters. (I hope this is correct – my field notes say that is the size.)  The plot corners were well marked and easy to find once the plots were found in the forest. In 1991 Scott  determined the dbh of all trees > 2 cm dbh and took tree cores from each. The data looks like the example below.  

Cone pond plot 1

1 1 hem, 14  27.6 17.0  0.5  1.5  2.1  2.9  3.5

1 2 spr, 10  12.3  3.0  0.5  1.5  2.9  4.2  5.5

1 3 fir, 9 10.9  3.0  0.5  1.0  1.5  2.0  2.3

1 4 fir, 9  7.6  2.0  0.5  1.0  1.5  2.0  2.7

etc ---

( Note:  plot #, a sequence #,species, species Hubbard Brook numeric code, dbh in cm, bark thickness, "accumulating ring widths, the last number divided by 5(years) is the average annual ring width) 

Using the Hubbard Brook biomass and productivity program we estimated the biomass and productivity of these plots in 1991. Since the actual ring widths of the individual trees was given, we modified the program to use these actual growth data in making the productivity estimates.  The missing piece in 1991 is the tree height data. The program is based on knowing the tree heights or being able to estimate the tree heights. For Hubbard Brook we have made 100's of tree height estimates such that functions relating tree heights to dbh can and were developed for the three elevation zones for which the allometry was done – low, mid and high.  The program (biomass and productivity estimates) is quite sensitive to tree heights.  

In order to chose the most reasonable elevation parameters we needed some estimate of tree heights for Cone Pond. This was done in the fall of 2003 as part of this project. A few heights of the major species were determined. These were plotted together with the Hubbard Brook tree height estimator function to see which of the elevation parameters would best fit the tree heights and/or to get the average discrepancy between the Hubbard Brook estimator heights and the measured heights for the several measured trees. Then we could apply this “correction” to each tree and proceed to estimate the biomass and productivity. Figure 1 illustrates the differences between the Hubbard Brook spruce tree heights and the Cone Pond tree heights for spruce and hemlock

The "curves" are the tree height estimator functions we have used at Hubbard Brook for the Valley plots. It seemed that using these makes for a more inclusive data set - covers a wider range of environments.  The black dots are for the several spruce whose heights were obtained at Cone Pond and the open circles are for the hemlocks. Based on where these points fall with respect to the curves, I have used the "high" elevation tree height estimator functions for the productivity program for the cone pond plots. In this case the "real" measured tree rings are used in making the productivity estimates. For a discussion of how this is done, see the end of this report. I would consider the following values a "bottom line" - the best we can do.

 Figure 1. Cone pond tree heights vs heights from Hubbard Brook tree height estimator functions.
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Table 1. Above ground productivity and above ground biomass for Cone Pond  spruce/fir plots 1 and 2 in 2003 (A) and 1991(B). Units are Mg/ha. 

A. 2003

      Plot     Woody        twigs       leaves      biomass

        1     2.7638  0.0618  1.9608    214

    2     1.5803  0.0443  1.5249    180

                        2.1720  0.0530  1.7428    197

B. 1991

      Plot     Woody        twigs       leaves      biomass

        1     2.4337  0.0643   1.9834   162

    2     1.6118  0.0677   1.9932   180

                        2.0228  0.0660   1.9883   159

          3.6136   if estimated

          3.1613

Table 2. Radial growth rates for the several species measured on Cone Pond plots 1 and 2 in 2003. Each is the average of about the previous 5 years.  Units are in mm. The number of trees measured and the average dbh of the trees are also given.

Species      Species  #      mm          N    ave/dbh-cm     estimated ave ring width

Fir           9    .521    16   12.87          (1.09)

Spruce       10    .706    39   20.15          (0.86)

White birch  11    .347     3   22.23          (0.76)

Red maple    13    .442     7   28.84          (0.85)

Hemlock      14    .638    21   24.79          (1.16)

In the summer of 2003 we revisited the Cone Pond plots and measured the dbh of all the trees.  However, we did not tag the trees at this time and did not core the trees. This was an operational mistake. We should have done this. However, in the fall of 2003 Tim Fayey’s crew revisited the plots and again dbhed and tagged the trees > 10 cm and obtained tree cores (short cores) from each tree. These were obtained from the Spruce/fir plots. The crew was unable to locate the hardwood plots and rather the set up a new plot and took dbhes and tree cores and tagged the trees. More later on this as I discuss the hardwood plots.

Thus for the conifer plots we have the dbhes and ring widths in 1991, the plots dbhed in the summer of 2003 and the dbhes and tree cores of trees >10 cm for the fall of 2003. For the fall of 2003 we also have a few tree heights.  From this there are a number of combinations of program parameters which we can use to estimate the biomass and productivity.  Note also that these tree cores from the fall of 2003 were sent to me and I measured the tree rings.   Also note that the third conifer plot was not measured in the fall of 2003 because it is really in a swamp and probably not typical of the upland conifer patches found in the area.  I have to presume that the best we can do is use the 2003 dbh with the actual ring widths.  

 In Table 1 A and B are the estimated productivity for the 1991 and 2003 data. They are quite consistent (surprisingly consistent).  It is VERY IMPORTANT to note how far off we would have been it we had used the "estimator" ring width functions we developed for the Hubbard Brook Valley plots. I have made those estimates and  they give productivity results more than a Mg higher than the values obtained using the real ring widths.  In Table 2 I have summarized the average measured ring widths, the number of  stems of each species and the average dbh.   To the right in parentheses are the average ring widths if we had used the Valley plot estimator functions - clearly not a good idea and would have lead to the wrong results by a lot. So we were very smart to take the cores!!!   You will note the above ground biomass increase from 159 to 197 Mg per hectare over the 13 years (Table 1) . This amount of biomass accretion seems to exceed the annual productivity. There are loose ends - any one want to explain this?.

Cone Pond Hardwood plots

There were three 20 x 20 m hardwood plots. These were measured in 1991 when the dbhes were measured and cores taken from each measured tree. However the trees were not tagged. As with the discussion of the conifer plots any number of combinations of parameters might be used to estimate the biomass and productivity. Figure 2 illustrates the measured tree heights of a few trees in 2003 to see which height estimator would be best used.   In the figure, the black circles are for sugar maple, the open circles for beech and the black squares for yellow birch. The curves are only for sugar maple. It appears that the best height estimation would be halfway between the low and mid elevation tree heights. So I made the estimates with both mid and low parameters separately and averaged the biomass and productivity.

As with the conifer plots,  cores were obtained from each tree in 1991 making for the best estimate of productivity.  In the fall of 2003 the crew could not find the 1991 hardwood plots so they set out a new plot (10 x ?? meters) as a transect. On this plot which is in the same general area of forest as the 1991 plots, they measured the dbhes of trees > 10 cm. took cores from each tree, and measured a few heights such as to help in choosing the best tree height estimator functions for the program. Thus we can estimate the biomass and productivity on the three hardwood plots in 1991 and for a new but very nearby area in the fall of 2003.  I measured the ring widths of the 2003 set of cores.

Figure 2. Cone pond hardwood plot tree heights vs heights from Hubbard Brook tree height estimator functions for sugar maple.
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Table 3. Above ground productivity and above ground biomass for Cone Pond  hardwood  plots 4,5 and 6in 1991(A) and a new plot in 2003 (B). Units are Mg/ha.  (Average of running with mid and low estimator functions for height and allometry.

A. 1991

      Plot     Woody        twigs       leaves      biomass

        4     3.5255   0.1577  2.6116  191 

    5     3.2335   0.1901  3.7806  253
    6     4.4420   0.1795  3.0850  194

                        3.7337   0.1758  3.1591  213                        

B. 2003

      Plot     Woody        twigs       leaves      biomass

        x       x            x      x 

   (plot size not known so I can't do this yet) 

I should be point out that all these plots at Cone Pond (as well as Sleepers River) are not a random sampling of the forest and were selected to meet the demands of the 1991 study (except the 2003 hardwood plot which was placed arbitrarily in the woods since they could not find the 1991 plots). I point this out because at Hubbard Brook the forest was sampled with 100’s of plots of the about same size as the Cone Pond plots (25 x 25 vs 20 x 20 meters) and caught the spatial variability of the forest. Thus the Cone Pond, and later the Sleepers River plots,  are quite selective.  Probable they did not want plots with rock outcrops or big gaps or whatever and did want spruce –since the 1991 study was about spruce. The point being that the Hubbard Brook results are more of a “forest” estimates since many plots – about 2/3 of a hectare is summarized while the Cone Pond and Sleepers River results are selected plots. As an illustation of the possible range of results from a number of 25 x 25 m plots at Hubbard Brook the biomass and productivity ranges are illustrated in Tables 5 and 6..  

Table 4. Radial growth rates for the several species measured on  Cone Pond hardwood plot in 1991 (A) and 2003(B). Each is the average of about the previous 5 years.  Units are in mm. The number of trees measured and the average dbh of the trees are also given. The values on the right in parentheses are the ring widths if they had been estimated by the Hubbard Brook ring width estimator functions. The conifers are overestimated and the hardwoods underestimated.

A. 1991 plot

Species      Species  #      mm          N    ave/dbh-cm     radial growth estimated  HB

Sugar maple   1     0.69    26   24.94        (0.85)

Beech         2     1.07    88   19.46        (0.93)

Yellow birch  3     1.12    18   29.12        (0.74)

White ash     4     0.92    14   19.95        (0.51)

Fir           9     0.74     2   13.9         (1.13)

B. 2003 plot

Species      Species  #      mm          N    ave/dbh-cm

Sugar maple   1    1.15      9   31.06

Beech         2    0.97     28   20.36

Yellow birch  3    1.55     11   26.18

White ash     4    0.89      1   40.1

Hubbard Brook

Since Hubbard Brook has a very extensive set of plots measured over long periods of time and  for which the program was specifically parameterized for heights and ring widths we did not set up plots for these measures but have made the estimates for the forest representative of the study plots. This is the sp/fir and the low hardwoods.  Thus the standard program was used with the 1997 forest inventory to estimate the biomass and productivity of the spruce/fir forest at the high elevation and the hardwood forest at the low elevation. The spruce/fir plots shown here from W6 are the best equivalent of the Cone Pond spruce/fir that we have on W6. They are the plots on the upper east side. I have used the lower 10 plots on W6 as the Hubbard Brook equivalent of the Cone Pond hardwoods

Table 5. Above ground productivity and above ground biomass for  Hubbard Brook  spruce/fir plots in 1997. Units are Mg/ha. 
            Plot     Woody        twigs       leaves      biomass
      15   3.365     0.149   3.241   183.98

      22   3.478     0.154   3.221   157.77

      23   3.571     0.116   2.599   162.87

      24   4.149     0.137   3.069   175.88

      31   3.632     0.115   2.754   162.42

      32   4.670     0.162   3.622   182.85

      33   2.262     0.080   1.740    88.39

      40   2.960     0.165   3.243   169.32

      41   3.914     0.162   3.368   171.14

           3.556     0.138   2.984   161.62

Table 6. Above ground productivity and above ground biomass for Hubbard Brook lower hardwoods plots in 1997. Units are Mg/ha. 
            Plot     Woody        twigs       leaves      biomass
       199    2.762   0.123   2.743  204.55

      200    2.591   0.146   2.869  239.04

      201    4.164   0.193   3.585  303.33

      202    3.285   0.154   2.747  200.23

      203    1.699   0.079   1.665  132.35

      204    2.439   0.107   1.841  153.61

      205    3.149   0.175   3.171  223.07

      206    3.047   0.169   3.247  262.51

      207    2.092   0.118   2.176  160.24

      208    2.773   0.170   3.274  261.22
             2.800   0.143   2.732  214.02

Sleepers River

A number of plots were established at Sleepers River – some related to other projects and some related especially to this project.  With the currently available data we are able to make biomass and productivity estimates for three sets of plots –called Thorne’s hectare (“rich” maple forest), the "poor" hardwoods on a higher elevation plateau and 2 adjacent spruce fir dominated plots just north of the poor hardwoods and also on the plateau. 

Thorne’s hectare consists of a square hectare area dominated by sugar maple in the middle of the Watershed 9 study area. It was established with permanently marked 25 x 25 m plots in 1984 and has been remeasured in intervals since that time. For this sub study  4 of these plots (contiguous (plots 3,4,7,8)) were measured in the spring of 2004 and the trees tagged, dbhes obtained, cores  from each tree obtained and a few tree heights taken as done for the Cone Pond study. Since the plots are really dominated by sugar maple (90%??) that is the species which will be controlling the results. A graph of the height estimator functions illustrated below (Figure 3)  plotted against the few measured tree heights shows that the forest is taller for a given diameter than the hardwoods at Hubbard Brook. In this case the difference between the estimated heights and the measured heights was calculated and their proportion increased height (averaged) was used to proportionally.

. 

Figure 3.  Tree heights of sugar maple as predicted from the Hubbard Brook tree height estimator function and as really measured in Thornes Hectare at Sleepers River. Cone pond tree heights vs heights from Hubbard Brook tree height estimator functions.
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Table7. Radial growth rates for the several species measured on  Sleepers River Thornes hectare  plots  2003. Each is the average of about the previous 5 years.  Units are in mm. The number of trees measured and the average dbh of the trees are also given. 
Species      Species  #      mm          N    ave/dbh-cm         

Sugar maple   1    0.96     91   30.90       

Beech         2    0.54      2   14.00       

Yellow birch  3    0.69     19   22.43       

White ash     4    1.10      5   30.84       

Fir           9    0.51      1   17.70

Table 7. Measured tree heights  and estimated tree heights for the Sugar maple  measured on  Sleepers River Thornes hectare  plots  2003.  

     Measured        estimated      real.est       meters

     heights   m      heights   m      ratio        difference

Sm    26.5             24.09               1.1            2.43

Sm    30.6             24.20               1.26          6.40

Sm    32.3             24.88               1.31          7.42

Sm    29.0             23.88               1.21          5.12

Sm    30.0             23.68               1.26          6.32

Sm    28.9             22.88               1.26          6.02

Sm    28.9             22.88               1.26          6.02

Sm    29.5             25.09               1.18          4.41
  


                 1.22

increase the estimated heights of each tree  in the calculator program. The biomass and productivity so calculated are given below (Table 9). The correction factor was 1.22 – (thus as each tree height was estimated in the program it was increased by a factor of 1.22) 

Table 9. Above ground productivity and above ground biomass for Sleepers River (Thornes hectare)  plots in 2003. Units are Mg/ha. 

        Plot     Woody        twigs       leaves      biomass
     3    3.5526   0.1529   3.0237  211.87

     4    5.0946   0.2005   5.0768  390.01

     7    2.9812   0.1400   3.4954  242.86

     8    5.0980   0.1931   4.7642  361.13

          4.1816   0.1716   4.0900  301.47















“Poor” hardwoods

The “poor hardwoods” plot is a single plot on a broad plateau at the upper reaches of the Sleepers River Watershed 9 study area. The plot was established as part of another project.  The plot  is 20 x 50 meters and has 56 trees >  10 cm dbh. These were measured (dbh and tagged in the summer of 2003. Tim Fahey's crew returned to  this plot and  took tree cores in the spring of 2004. A few tree heights  were also taken for the purpose of “correcting” the tree height estimate. As shown in the Figure 4 below the tree heights at this 

Figure 4.  Tree heights of sugar maple as predicted from the Hubbard Brook tree height estimator function and as really measured in poor hardwoods at Sleepers River.  The high elevation tree height function is the predicted line.
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Table 10. Radial growth rates for the several species measured on  Sleepers River poor hardwoods  plots  2003. Each is the average of about the previous 5 years.  Units are in mm. The number of trees measured and the average dbh of the trees are also given.

Species      Species  #      mm          N    ave/dbh-cm

Sugar maple   1   0.90     47   21.73

Beech         2   1.52      3   32.13

Yellow birch  3   0.80      2   45.45

Table 11. Measured tree heights  and estimated tree heights for the Sugar maple  measured on  Sleepers River poor hardwoods  plots  2003.  

Measured        estimated      real.est       meters

     heights   m      heights   m      ratio        difference

Sm    16.7               19.93              0.84         -3.23

Sm    19.5               18.45              1.06           1.05

Sm    17.5               19.06              0.92          -1.56

Sm    23.5               20.08              1.17            3.42

Sm    22.2               19.38              1.42            2.82

Sm    20.8               19.33              1.07            1.07

Sm    18.8               18.17              1.03            0.63

Sm    22.2               20.24              1.10            1.96

Average                                         1.08           0.77

plots are adequately estimated with theHubbard Brook “high” elevation tree estimator functions.  These tree cores were measured by BB and checked by me.  The estimated biomass and productivity are shown below Table 12.  

Table 12. Above ground productivity and above ground biomass for Sleepers River  poor hardwoods  plot in 2003. Units are Mg/ha. 

         Plot     Woody        twigs       leaves      biomass
                     3.439    0.1755  4.1416   224.10

The spruce/fir plots

The “spruce/fir” plots at Sleepers River are plots of 20 by 25 m.  These plots lie about 100 meters north of the above mentioned hardwood plot. They seem to be on ledgy ground.   Probably the only kind of site that would support patches of Spruce/fir in this area of Vermont. Certainly the surrounding forest at the same elevation is dominated by hardwoods.   These plots were dbhed and tagged in the summer of 2003 and tree cores and height data were collected in the spring of 2004.  Biomass and productivity were estimated  and the results are given below (Table 13). Since spruce and fir measured heights were all higher than the estimated heights (Figures 5 and 6), I have used a correction factor averaging the proportional difference or 1.18.

Table 13. Above ground productivity and above ground biomass for Sleepers River  spruce/fir plots 1 and 2 in 2003. Units are Mg/ha. 
           Plot     Woody        twigs       leaves      biomass
               1         2.3422             0.0670         1.6452        153.67

               2         3.4352             0.1221         2.7628        190.68

                          2.8887             0.1891         2.2040        172.18
Figure 5.   Tree heights at Sleepers River for spruce compared to the curve fitted heights at Hubbard Brook  for the high elevation trees.
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Figure 6   Tree heights at Sleepers River for fir compared to the curve fitted heights at Hubbard Brook  for the high elevation trees.
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Table 14. Measured tree heights  and estimated tree heights for the  spruce   measured on  Sleepers River spruce/fir  plots  2003.  

     Measured        estimated      real.est       meters

     heights   m      heights   m      ratio        difference

Sp   22.8                20.6              1.11            2.20

Sp   14.3                13.4              1.07            0.98

Sp   18.7                16.29            1.15            2.41
Average                                      1.11            1.86

Table 15. Measured tree heights  and estimated tree heights for the  fir measured on  Sleepers River spruce/fir  plots  2003.  

     Measured        estimated      real.est       meters

     heights   m      heights   m      ratio        difference
Fir   15.6            12.75                1.22              2.85

Fir   15.3            13.25                1.15              2.05

Fir   13.7              9.79                1.40              3.91
Average                                      1.26              2.94

Table 16. Radial growth rates for the several species measured on  Sleepers River spruce/fir  plots  2003. Each is the average of about the previous 5 years.  Units are in mm. The number of trees measured and the average dbh of the trees are also given.

Species      Species  #      mm          N    ave/dbh-cm

Yellow birch  3    0.82     16   18.98

Striped maple 6    1.03      3   14.67

Fir           9    1.38     46   14.41

Spruce       10    1.09      9   25.34

White birch  11    0.42      6   34.25

Mt. Ash      12    1.22      1   13.10

Red maple    13    1.27      3   34.8

Sleepers River rich hardwoods


The Sleepers River "rich hardwood" site is in what I would call a swamp on the lower reaches of watershed 9. The trees were tagged and dbhes taken in the spring of 2003. Tree cores and a few tree heights were taken in the spring of 2004.  BB measured the rings on the cores. The plot is 20 x 50 meters. Trees >10 cm were measured and tagged.  Table 17 has the productivity and biomass.  Figure 7 illustrates the difference between the measured heights of ash and sugar maple in comparison to the low elevation Hubbard Brook  sugar maple heights. We have no ash height equations for Hubbard Brook low and no allometric equations for ash. So ash is estimated with sugar maple. A correction ratio of height of 1.17 was used as is illustrated in Table 18 which compares real and estimated heights for each diameter tree. There were only about 70% of the trees which had cores so I had to estimate the others. To do that I used the average ring width of the trees that were measured for a species and used that for the other  individuals of that species which did not have core data.

Table 17. Above ground productivity and above ground biomass for Sleepers River  rich hardwood plot in 2003.   Units are Mg/ha. 
           Plot     Woody        twigs       leaves      biomass
     Rich hw       5.285   0.180    3.260   264

Figure 7.   Tree heights at Sleepers River for rich hardwoods (ash and sugar maple) compared to the curve fitted heights at Hubbard Brook  for the low elevation sugar maple trees at Hubbard  Brook. 
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Table 18. Measured tree heights  and estimated tree heights for the  ash and sugar maple   measured on  Sleepers River rich hardwood plot  2003.  

                      Measured        estimated      real.est       meters

                      heights   m      heights   m      ratio        difference

Ash                 31.5                23.81           1.33           7.69

Ash                 27.2                23.77           1.14           3.43

Ash                 23.2               18.27            1.27           4.93

Ash                 25.1               24.18            1.04           0.92

Sugar maple   24.6                20.74           1.19           3.86

Sugar maple   21.7                18.97           1.14           2.73
Average                                                     1.17           3.93

Table 19. Radial growth rates for the several species measured on  Sleepers River rich hardwood plot  in 2003. Each is the average of about the previous 5 years.  Units are in mm. The number of trees measured and the average dbh of the trees are also given.

Species      Species  #      mm          N    ave/dbh-cm

Sugar maple   1     1.01    20  18.40

Beech         2     1.01    11  14.50

Yellow birch  3     1.06    11  17.37

Ash           4     1.37    17  32.46

Fir           9     0.73     6  26.40       

Spruce       10     0.27     2  15.40       

________________________________________________________________________________

For Jamie – How we calculated these values – Biomass and Productivity. Jamie wanted to know how the program works. So here is an overview.

Below is an annotated step by step procedure as to the way we have calculated the biomass and the productivity.

Lets do it for a sugar maple tree 30.0 cm dbh.

1. Height

Since the allometric function are based on the parabolic volume, we must first estimate the tree height, For Hubbard Brook  we have 100’s of tree heights ranging over all the dbh  classes such that we can make a function to predict the heights of the tree on the watershed – which were not measured individually for height.  Keep in mind that we were able to test all this on W5 when it was clear-cut in 1984.  In that project we harvested and weighed all the trees on 3 one quarter hectare plots and compared the biomass as measured with that estimated by allometry for the same plots. This resulted in an estimate within about 5%. So whatever we have done –it seems to have worked.  

For Hubbard brook the function for tree height is: 

Ht(meters) = 1.37 + a(1-e-bx) 

We found this weird function in Sigma plot and it seems to work. The graphs in this report are the from this function.  For sugar maple on the lower third of W6 the parameters are a = 25.5443 and b = 0.0599;. x is the dbh in cm. With this function the height is asymtotic on the general canopy height for this species. Thus the height of a 50 cm dbh tree is not much greater than a 70 cm tree. See the figure below of the data for the lower third of W6 with the fitted curve and the parameterized function.
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For our 30.0 cm sugar maple, its height is 22.68  meters.

2. Parabolic volume. 


Parabolic volume is PV = ½ (( r2 h). So for our tree of 30 cm dbh with a height of 22.68 meters  we have a PV of   801,577 cc.

3. The allometric function for, say, bole wood, is   (Log10 wt in grams = 0.010929 + 0.93825 * log10(pv) or  355,063 grams.  At Hubbard Brook this is then carried out for each tree of each species at each of three different elevation zones and for each part of the tree. The parts of the tree are bole heart wood, bole sapwood, bole bark, live branches, dead branches, leaves and twigs, and roots. These are summed for each tree and each species and each plot for estimates per hectare.

 (Note: These equations are not published anywhere. They are not the equations in the 1974 Whittaker et al.  paper because he combined the mid and lower elevation allometric trees to make for a more generalized set of equations. However, for the watershed biomass estimates he used the elevation specific equations which we have continued to do to be consistent.)

With respect to the Cone Pond and Sleepers River plots, the problem is to select the best set of height and allometic function to use. The only real comparison is the height function – we can check the measured canopy heights from the Cone Pond and Sleepers River trees against the three elevation zones from Hubbard Brook and either go with one of these or “correct” the heights in some proportional way.

.

4. Productivity


The productivity is based on how much the annual growth rates are in terms of diameter increase.  This we have done based on actual tree by tree cores for some plots and by estimates as described below. We want to estimate the above ground woody productivity which is the sum of the bole wood productivity, the bole bark productivity, the branch productivity and the twig productivity. The second productivity is the ephemeral tissue – leaves. 


To do this we need to make the tree smaller  in diameter by the amount it grew in diameter in the previous year. Or in our cases the average amount it grew over the previous 5 years.  Say it was growing 1 mm a year in radial growth. That is the same as 2 mm in diameter growth or 0.2 cm. So now we make the tree we started with, a 30.0 cm Sugar maple, smaller by 0.2 cm which makes it 29.8 cm last year. Then we run this tree through all the calculations noted above and thus estimate its biomass by part last year. Then we subtract last years mass from this years mass for each part and sum them up, that is the amount of aboveground "wood" production this tree had last year. 

We might note that none of these calculations accounts for in-growth trees into the 10 cm dbh class nor does it account for trees which died. The trees we use are the trees alive in the year we studied the plot. Since they were alive in that year they were clearly alive in the previous year. So this is the estimate of the productivity of the trees alive on the plot at the time it was studied. 

Tricks

     There are a couple of tricks we should mention. 

1. The Whittaker equations for twigs and leaves  gives the biomass of the twigs together with the leaves. Since the twigs stay on the tree  and are part of the woody productivity, the leaves fall off. We have to separate the “leaves and twigs” mass into the weight of the twigs and the weight of the leaves. For us this is a "new" problem because until recently all we ever wanted was the total biomass. Now that we want productivity we have had to revise all our programs to use these "tricks" and its associated bookkeeping to make the separation. The weight of the leaves and the  weight of the twigs is separated based on proportion given by Whittaker et al. in Table 1 of the 1974 paper. For example for sugar maple the twigs are 3.8 % of the leaves + twigs. Thus we can and do make this separation in the program. In the case of the Sugar maple the leaves + twigs for the 30.0 cm tree are 7.494 Kg of leaves and 0.296 Kg of twigs.

2. For the conifers (spruce) the Whittaker equations are for the “current growth” – that is this years needles and the associated twig. This is a loose end in the published paper. There was no estimate of the older needles, which are most of the needle biomass. However Whittaker did measure the older needles biomass and we have the data. So we combined the mass of  the older needles, with the mass of the current growth for estimating the mass of the total needles and twigs on conifer trees for the general biomass program. However for the new productivity program we need to take this apart. So after calculating the total biomass of the older needles and current leaves and twigs, there is built in to the program the equation for the older needles and we  calculate these and then subtract that mass from the total leaf + twig mass and get the current twig + needle mass. This does not yet separate out the current needles from the current twigs. Whittaker did not give proportions for this and some years ago we collected a lot of spruce current growth and carefully separated the current needles from the twigs and made the estimate of the fraction of the current growth which is needles and twigs, This has been done. Note also that we have no special equations for fir (other than bole wood) or for hemlock.. The spruce functions are used to make the estimates for these other conifers. Until someone does this for the Hemlocks and Firs at Hubbard Brook we will be stuck with these estimates.  There are separate height equations for Fir and Spruce. We have no equations for Hemlock (height or biomass) and it is estimated as if it were spruce.

So - that is how it is done, any questions?

Whittaker, R.H., F. H. Bormann, G. E. Likens and T.G. Siccama, 1974. The Hubbard Brook Ecosystem Study: Forest Biomass and Productivity. Ecological Monographs. 44: 233-254.
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