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How does typical forestry data look like?

Ground Plot: 
● Directly measures variables of interest
● Precise, but expensive and sparse! 

Remote sensor census: 
● Indirectly provides related information
● Cost-effective, but not exactly what we want



How can we use auxiliary variables 
to assist estimation for 
variables of interest?

Generalized Regression 
Estimator (GREG)

Generalized Multivariable 
Difference Estimator (GMDE) &



GREGGMDE
Step 1. Start with linear regression

Step 2. Optimize  regression 
coefficient

Step 3. Use population information 
of x to predict y through regression, 
plus sample information of residual

Step 1. Make use of Horvitz-
Thompson        and auxiliary 
residual

Step 2. Among all linear 
combination of        and                , 
choose one with minimal variance



How do GMDE and GREG perform
under different sampling scenarios?



What is dominating the difference?
● GMDE

● GREG
If ppt. detected from 
sensor is bigger than 
est. from sample

Pos. Corr. 



Simple Random Sampling
Single Study Variable

● GMDE

● GREG

GMDE and GREG are
the same under SRS!



Simple Random Sampling 
Multiple Study Variables

● GMDE

● GREG

GMDE and GREG are
the same under SRS!



Stratified Simple Random Sampling
No simple form for two ratios,
but have numerical similarities:

Comparison of
dominant ratio

(also dominates var.)

Comparison of 
estimator and variance

Intuition:
● When sample mean varies 

significantly across strata, then 
GMDE is more precise. 

● Because                is measured 
within each stratum, while reg 
coefficient is computed across 
strata. The den shrinks faster.



Future work

Main takeaways
A. Both GMDE and GREG make use of auxiliary variables and can 

improve performance compared with Horvitz-Thompson estimator
B. Under simple random sampling, GMDE and GREG performs the same
C. Under stratified simple random sampling, GMDE performs better

● Take different estimators of variance into consideration 
(eg. Hajek-Berger, Hansen-Hurwitz)

● Extend sampling scenarios (eg. two phase sampling)

GMDE deserves 
more attention!
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