Forests are basically heterogonous, in tree size, tree species, ecological growth conditions etc…

So which sampling strategy should we adopt ?

Turn heterogeneity into Homogeneity

Global rules: stratify the variability ! (to get homogeneous entities on which measurements will be done)

For example, at the scale of a country With the objective of quantifying C stocks, Then the stratification should be made according to :

-ecological regions, -site index within each region, -age within each site index class, -and stand density within each age class…..

For example, at the scale of an eddy-correlation site

With the objective of comparing NEP estimates (from the flux tower and from destructive measurements) Then the stratification should be done according to :

-the age of the stand, -the season within each studied year, -the foot print of the flux tower….

Turn heterogeneity into Homogeneity

Global rules : Drawing of the sampling chain highlighting the objectives of the study 

Sampling strategy Estimation of the overall stand volume or biomass

Size of the plot to be inventoried ?

In general, for a given sampling effort :

Number of plots

Plot area

Zone area

If the stand is heterogeneous, it is better to install numerous small plots; while in homogeneous stands, it is better to install few large plots

Frequency

  This step is then objective-dependent and the availability of time, staff and money (!) , case study relating tree volume to D 2 H This model makes the hypothesis that the relationship between tree volume and D 2 H is linear and that the error distribution ε follows a normal law of mean 0 and variance σ 2 It can be fitted using n trees on which volume and D 2 H were measured -This sample also gives The volume prediction for one single tree (knowing D* and H*) is then given by : If now, we want to assess how many trees (n) we should sample to have a precision of E on this tree (D* and H* are known) Making the choice of sampling randomly the trees into the stand, then With µ = and τ the standard deviation of D2H on the sample Taking E=5%, a tree volume of 2m 3 , µ=5m 3 and τ=1m 3 …… n=98 trees Sampling strategy Some theoretical considerations, case study relating tree volume to D 2 H Taking E=5%, a tree volume of 2m 3 , µ=5m 3 and τ=1m 3 …… n=98 trees Is there a way to lower this number of trees, ie, to optimize the sampling ? selection : 4 to 12 trees per stand according to their basal area Reference: Saint-André et al. 2005  Field Constraint Optimum from Laclau, 1996 Sampling strategy Practical applications : volume tables for the main species in France Reference: Vallet et al, 2006 It is recommended to use the tree-basal-area bar charts (equal width of basal area classes) because the largest trees contribute more to the total stand volume than the smallest ones (if volumes are normally distributed) and because the variance of volume, biomass or nutrient content increase with the tree size It is then better to sample the largest trees to catch this variability Note: for multiple-stem trees, use the sum of stem basal area to get the average diameter of the trees; in some particular cases (ex: dry zones) it is better to use the base of the trunk than Same number of trees by basal area classes ? Or proportionality to the number of trees within each class ?  This is the usual case when the objective is to get a robust model (ex: one equation for several ages): Extreme trees have to be sampled to act upon the building and the fitting of the model Same number of trees  This is the usual case when the objective is to get an equation devoted to one particular purpose (ex: tree volume at age 7years) Proportionality to the number of trees within each class Practically, we often use a mixture of these two options  Base with the same number of trees by classes + complementary sampling proportional to the number of trees within each classes Sampling strategy Selecting trees on the field Case of non-homogeneous standsHere again, the sampling to be applied is a function of the wanted accuracy and the available means It is also preferable to avoid particular trees (top broken, sinuous shapes, etc…)EXCEPT if these trees represent a big proportion of the stand, or if the objective is to quantify these defectsLastly it is necessary to avoid trees located near the roads or near the forest limitsSometimes, field constraints change drastically the sampling designed on the computerIt is preferable to select trees within plot that satisfy two main criteria: no high rates of mortality to ensure an homogeneous and representative tree growth clean plots to avoid unwanted roots (herbs, shrubs)Sampling strategy Estimation of the overall stand volume or biomassOnce the biomass equation is built, the question of the sampling strategy for forest inventory remains with and N the total number of trees measured in the plot It can be shown that the previous equation can be rewritten as follows with e denoting the values calculated on the sample used to calibrate the equation And the confidence interval of total volume is given by Sampling strategy Estimation of the overall stand volume or biomass Without stratification, the variance of total volume is given by With stratification, the variance of total volume is given by Where h denotes the strata, N h the total number of trees measured in the strata, n h the number of trees felled in the strata for building the allometric equation Sampling strategy Estimation of the overall stand volume or biomass Size of the plot to be inventoried ? Smaller is the plot= smaller is the representativity in natural Chave, J., R. Condit, et al. (2003). "Spatial and temporal variation of biomass in a tropical forest: results from a large census plot in Panama." Journal of Ecology 91: 240-252. Henry, M., S. Adu-Bredu, et al. (submitted). "Structure and functioning of rain forests ecosystems in Ghana " International Journal of forestry Research.