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APPENDIX F
Sampling Design for Forest 
Biomass Surveys – Chapter 
7 Training Module

INTRODUCTION

Please refer to Chapter 7 of the SAR Handbook for 
further background for the following exercises and re-
lated scripts. Scripts and data used for this tutorial can 
be found here: https://bit.ly/2HNZXWu as well as on the 
SERVIR global website training page.

Step 1: Download and install R. The download link is 
available here: https://ftp.osuosl.org/pub/cran/

Optionally, install R Studio (free license) as a GUI to 
develop your scripts from here: https://www.rstud-
io.com/products/rstudio/download/#download 

After installation, you will have a platform as shown 
in Figure 1.1. Please note these scripts have been 
created to run on a Windows operating system. When 
running them in a Linux or Mac environment, they will 
need slight modifications to function properly. This 
document provides guidelines to do those changes.

EXERCISE 1: Simulating a population

Here we use simulation, implemented in the R sta-
tistical software package, to demonstrate the imple-
mentation of several SAR-assisted, multi-level sampling 
designs. Proficiency in R programming is not required 
to carry out the exercises, since the scripts can be run 
by simply copying and pasting the code at the R com-
mand line. Simulation can be a useful approach to gain 
insight into the statistical properties of various survey 
estimators, especially in the case of somewhat complex, 
multi-level sampling designs (Ene et al., 2016; Saarela 
et al., 2017).

Open Script #1: 
Double click on the script so it appears in the upper 

left window in RStudio. Make sure in the editor this file 
is selected as a R Script (Figure 1.2).

Figure 1.1 The R Studio interface. The section in the lower right allows navigation to the folder containing 
the scripts for the exercises in this module. 

Figure 1.2 A window displaying options for selecting the file type in R Studio, with "R Script" highlighted.

Install Packages:
In RStudio, install the following packages by copying 

and pasting the following script lines:
install.packages('mvtnorm')

install.packages('RandomFields')

install.packages('extraDistr')

install.packages('MASS')

install.packages('psych')

install.packages('fields')

install.packages('CompRandFld')

install.packages('raster')

install.packages('RColorBrewer')

Note these lines are also included in the Exercise 1 
script, and are commented with (#). Make sure all these 
packages are installed correctly before proceeding. 

Modify script appropriately: 
In line 249, starting with “save.image”, modify where 

the final file will be saved (the path) and check the file 
name to which it will be saved; in this case, “servirsim-
data.RData” (highlighted section below):

# save the simulated popu-

lation to a RData file - this 

might take a minute or two...

# this is the file that will 

be loaded at the beginning of 

all subsequent exercises

save.image("C:\\Users\\hander-

sen\\Desktop\\SERVIR _ hand-

book\\servirsimdata.RData")

https://bit.ly/2HNZXWu
https://ftp.osuosl.org/pub/cran/
https://www.rstudio.com/products/rstudio/download/#download 
https://www.rstudio.com/products/rstudio/download/#download 
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Run Script:
Then select the rest of the script, starting with “li-

brary..” and click on Run (Figure 1.3). The purpose of 
this script is to create and save the simulated data file: 
“servirsimdata.RData”. This file will be used in subse-
quent exercises. As final step, check that such file was 
created. Navigate to the folder where it should be and 
make sure it exists. 

Additional note: If you are working on a Windows 
computer, the single backslash will work when writing 
paths in the script, but if you work on a Mac, the double 
backslash is preferred. 

EXERCISE 2: Assessment of simple random 
sampling estimator via simulation

The statistical properties of the various estimators 
can be assessed using the simulated population devel-
oped previously. In this exercise, at each iteration a sim-
ple random sample (SRS) of n first-phase elements is 
drawn from the population. The point estimator          and 
the variance estimator         are calculated, as well as 
the coverage probability of the 95% confidence interval 
of the point estimator. These statistics indicate the bias 
and precision of the point estimator and the variance 
estimator.

Step 1: Modify this line with the appropriate folder and 
path for the file created in first script:

load("C:\\Users\\handersen\\Desk-

top\\Handbook\\servirsimdata.RDa-

ta")

Step 2: Make sure the “R Script” is selected on the low 
right corner (Figure 1.2).

Step 3: After loading the file, make sure all objects were 
created. You can enter:

<ls() 

to see all the objects contained in the file. 
Step 4: If you’re running the script on a Mac, the Prog-
ress Bar may not work, as it is a Windows-specific func-
tion. Therefore, comment out lines 98, 99 and 129 in this 

Figure 1.3 Screenshot of the R Studio interface with the "Run" option highlighted.

script. Alternately, do not run those lines, as seen below:

# update progress bar

#Sys.sleep(0.1)

#setWinProgressBar(pb, t, title=paste(round(t/it-

erations*100, 0), "% done"))

# close the progress bar

#close(pb)

Step 5: You should get values and figures, and your console should look like this:

You can use the <ls() command to list all the objects that are now available. See below for a partial list:
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EXERCISE 3: Assessment of model-assisted estimator with single 
auxiliary via simulation

In this exercise, we assess the statistical properties of the model-assisted estimator 
with one source of auxiliary data (assumed to be collected wall-to-wall, such as SAR 
imagery) and various sample sizes of field plots. 

Repeat steps 1 through 4 of Exercise 2. If running on a Mac computer, comment 
out the script lines for the Progress Bar as shown in the previous section.
This will result in the creation of the following figures, shown below:

In addition, you should get the following output results:

EXERCISE 4:  Assessment of model-assisted estimator with two 
auxiliaries via simulation

In this exercise, we assess the statistical properties of a model-based estimator of 
mean biomass. In order to illustrate the perils of an incorrectly specified model in the 
context of model-based estimation, for this exercise the model is developed from a 
sample selected only from the forested plots within the population. This is then used 
to estimate biomass–using both model-assisted and model-based estimators–over 
the entire population.

Repeat steps 1 and 2 from Exercise 2. If running on a Mac computer, comment out 
the script lines for the Progress Bar as shown in Exercise 2, step 4. 

This will result in the creation of the following figure, shown below:

You should also get the following output results:



THE SAR HANDBOOK 

EXERCISE 5: Assessment of model-based estimator with single 
auxiliary via simulation

In this exercise, we assess the statistical properties of the model-assisted estimator 
with two sources of auxiliary data (e.g. field plots, photo plots, and wall-to-wall SAR 
imagery). This estimator does not assume that the model is correct, but does assume 
that the underlying sample of field and/or remote sensing data is collected via a prob-
ability sample.

Repeat steps 1 and 2 of Exercise 2. If running on a Mac computer, comment out the 
script lines for the Progress Bar as shown in Exercise 2, step 4.
The following plot should be created:

And the console should show output results as follows:

EXERCISE 6:  Model-based estimation with two auxiliaries

In this exercise, we assess the statistical properties of the model-based estimator 
with two sources of auxiliary data (e.g. field plots, photo plots, and wall-to-wall SAR 
imagery). This estimator assumes that the model is correct (unbiased), but does not 
assume that the underlying sample of field and/or remote sensing data is collected via 
a probability sample.

Repeat steps 1 and 2 of Exercise 2. If running on a Mac computer, comment out the 
script lines for the Progress Bar as shown in Exercise 2, step 4. 

This will result in the creation of the following figure, shown below:

You should also get the following output results:
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Then, run the script again. The following plot should be generated:

 
And the console should show output results as follows:

EXERCISE 7: Model-based estimation with field, lidar plots, and SAR 
data from Tok, Alaska, USA

In this exercise, we apply the model-based estimators with 2 sources of auxiliary 
data using an actual dataset collected for a region of interior Alaska (USA). The data 
consist of: 1) estimates of aboveground tree biomass (Mg/ha) collected over relatively 
sparse sample of field plots (n_2= 30 1/30th ha circular plots), height-based metrics 
collected over a denser (systematic) sample of lidar plots (n_1=  325 1/30th ha circu-
lar plots) and 3) wall-to-wall L-band satellite SAR derived imagery. Tree height, tree 
diameter and species were collected for each tree on the plots, and allometric models 
were applied to these measurements to estimate tree-level and aggregated plot-level 
biomass (Yarie et al., 2007). 

Please note that for this exercise, we will use different input datasets provided along 
with the scripts: “Ex7data.RData” and L-band ALOS PALSAR backscatter image, “tok-
sat_aa83_21.tif”

Step 1:  Ensure the right path is included in the script for these input files: 
# Load the data into the workspace

load("C:\\Users\\handersen\\Desktop\\SER-

VIR _ handbook\\Ex7data.RData")

Step 2:  Select the script and run it. In case you run into an error stating "perhaps you 
need to install rgdal first",  install "rgdal" with the command:

> install.packages('rgdal')
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