Nonlinear mixed models — Exercise
Objectives
Fit nonlinear mixed-effects models for the Chapman-Richards height-diameter equations.
Become familiar with the nlme function.
Files

We will use tree data found in ‘swodata.csv’ that was already used for the ‘Nonlinear models’ session. The data set contains information on 2462 Douglas-fir trees and 237 Pacific madrone trees collected in 50 stands in southwest Oregon. The variable names are defined in the R script. The R script used in this exercise can be found in ‘nlmeExercise.r.’
Exercise

Use the live Douglas-firs (spp=="DF" & dead==0) from southwest Oregon data to fit the following height-diameter models based on the Chapman-Richards equation:

1. Fit a nonlinear fixed-effects model (NFEM) assuming independent observations
a. Fit the basic model with nls():
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represent the asymptotic height, steepness, and curvature, respectively.
b. Check normality and homogeneity of variance assumptions. Are the assumptions met? If not, what can you do to meet the assumptions?

c. Make necessary adjustments using gnls()and setting verbose=TRUE to monitor iterations. Check the assumptions again.
d. Compare the two models.

e. Enhance the basic equation by making the asymptotic parameter dependent on the stand-level variables ccfl and ba:
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where
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 is the crown competition factor on larger trees for tree j in stand i, 
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is the basal area of the ith stand, and everything else is as defined above.
f. Repeat steps (b.) and (c.) for this model.
g. Compare your final enhanced model with your final basic model.

2. Fit a nonlinear mixed-effects model (NMEM) with one random stand effect
a. Use your final fixed-effects model from the previous section and create boxplots of the residuals by stand. What does this graph tell you? Do you need a random stand effect?
b. Include a random effect in the asymptote of the Chapman-Richards equation by fitting the following mixed-effects model with nlme():
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c. Check the normality and homogenous variance assumptions. Are they met?
d. Make necessary changes in model to meet assumptions and check the assumptions again.
e. Create boxplots of the residuals by stand based on the mixed-effects model. What is the difference to the graph created in (a.)?
f. Create a plot of augmented predictions using augPred(). The plot contains both the population predictions (corresponding to random effects equal to zero) and the within-stand predictions (obtained using the estimated random effects). Does the mixed-effects model accommodate the individual effects?
g. Compare your final fixed-effects model from the previous section with the final mixed-effects model from this section. Document the following:
i) AIC, BIC, and likelihood ratio test
ii) Fixed effects estimates of NFEM and NMEM models. Are they similar?
iii) Compare the standard error estimates of the NFEM and NMEM models.

iv) Residual standard error of the two models.
3. Fit a nonlinear mixed-effects model (NFEM) with two random stand effect
a. In addition to the random effect of the asymptote add a random effect to the curvature of the Chapman-Richards function by fitting the following mixed-effects model:
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b. Check the normality and homogenous variance assumptions. Are they met?

c. Check for normality of the two random effects using ranef().
d. Create a scatterplot of the two random effects using the pairs() function. What does it tell you?

e. Create boxplots of the residuals by stand. Do you detect any differences compared to the one obtained in section (2e.)?

f. Create a plot of augmented predictions. Do you detect any differences compared to the one obtained in section (2f.)?
h. Compare your NMEM model with one random stand effect from the previous section with the NMEM model with two random stand effects from this section using AIC, BIC, and likelihood ratio test.
g. Would you prefer to use the NMEM with one or two random stand effects?
Code not provided for the following!!!

h. Instead of adding a random effect to the curvature, add a random effect to the steepness.

i) Write out the equation for this model.
ii) Fit the model, test its assumptions, and compare it to the previously obtained mixed-effects models using AIC and BIC values. Note: The model with the random asymptote and curvature parameter and the model with the random asymptote and steepness parameter are not nested. Therefore, you cannot use the likelihood ratio test.
iii) What is the correlation between the steepness, curvature, and asymptote parameters? Do you think modeling all three parameters as random effects will improve the model? Why or why not?
For a detailed analysis and comparison of nonlinear tree height prediction strategies for Douglas-fir forests, see Temesgen et al. (2008).
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