Nutzung von Kovariablen bei der Auswertung von Versuchsserien
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Outline

1. Introduction

2. Global covariate adjustment for the expected value - a simple example

3. Global covariate adjustment for the variance - a slightly more complicated example

4. Global adjustment for the expected value 

   - three-way layout and location covariate

5. Summary

Environmental Covariates

Year ( location covariates:

· Temperature sum

· Annual rainfall

· Rainfall during critical period (e.g. June to August) 

· Temperature sum during critical period (e.g. June to August)

Location covariates:

· Long-term averages of year ( location covariate

· Soil fertility score

· Elevation

( Use to improve cultivar yield prediction in target 

     region
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Fig. 1: Illustration of mean adjustment of breeder's means based on linear regression on a covariate t.

Local adjustment

t0 = covariate for new environment

Example: 

· Wanted: expected yield in new environment 

· Known: fertility soil score for new environment 

Global adjustment

t0 = Expected value of covariate in target region ((t)

Example:

· Wanted: expected value of cultivar yield in target region 

· Known: expected value of fertility score in target region

2. Global adjustment - mean yield

Notation:

yi (i = 1, ..., K) = yields in K random environments     

                                   or

                           yield differences of two cultivars in K random 

                           environments

ti (i = 1, ..., K) = covariate value in K random environments     

(y = E(yi) 

(t = E(ti) 

Estimation of (y without adjustment
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(Simple mean)

Regression model

yi = ( + (ti + ei

where 
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corr(ei, ti) = 0

Moments of yi: 

E(yi) = (y = ( + ((t
where (t = E(ti)
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Least squares estimator of regression
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where
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Estimation of expected value in the target region

( evaluate the regression at

       t0 = E(ti) = (t 

( Plug in sample estimator of (t, 
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Doing this we find
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( we're back at the simple sample mean of yi!

Estimation of expected value in the target region when (t is known

· To exploit the covariate, more info on ti is needed

· Best case: mean in target region is known

Estimator:
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Variances of estimators

Simple mean:
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Covariate-adjusted estimator:
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with

t(1) = (t1, ..., tK)
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(Conditional variance)

Comparison of variances

Covariate adjustment is worthwhile when
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where
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Probability that covariate adjustment is worthwhile
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where
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F1 has an F-distribution with 1 and (K(1) d.f.
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Fig. 2: Probability P1 that global covariate adjustment is worthwhile with known (t - estimation of the expected value. 

When (t needs to be estimated

Yield data:

y = (y1, y2, ..., yK)'


Covariate data:

t  = (t1, t2, ..., tK, tK+1, ..., tM)'  


                                                   (M > K)
Estimation
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where


[image: image26.wmf]M

t

K

M

Kt

t

)

2

(

)

1

(

)

(

·

·

·

-

+

=


with


[image: image27.wmf]K

M

t

t

M

K

i

i

-

=

å

+

=

·

1

)

2

(


Conditional moments of 
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Squared Bias:
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(t not known ( bias cannot be estimated
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"conditional variance - unconditional squared bias (cvusb)" measure:
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Use of the covariate is useful if:
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Rearrangement of condition:
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F2 has an F-distribution with 1 and K(1 d.f.

To evaluate the estimator, one may look at
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Obviously, P1 = P2 always

Expected MSE:
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Known (t (M ( ():
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Fig. 3(a): Expected MSE for simple estimator (dotted line) and covariate-based estimators. 
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Fig. 3(b): Expected MSE for simple estimator (dotted line) and covariate-based estimators. 
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Fig. 3(c): Expected MSE for simple estimator (dotted line) and covariate-based estimators. 
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3. Global adjustment - variance of yield

Usual estimator of 
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with a = aunb = (K ( 1)(1 

Covariate-based estimator:
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where 


[image: image48.wmf]2

2

ˆ

,

ˆ

,

ˆ

e

t

s

s

b

= "usual" estimators

REML:

b = 1

c = cREML = (K ( 2)(K ( 1)(1         with   K > 2


Unbiased estimation:

b = 1 

c = cunb = 1 ( (K ( 3)(1(M ( 1)(1(M ( 3)  with  K > 3


Usual estimators:
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Mean squared error

MSE(
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where 

D = (M ( 3)(K ( 3)(1 

E = 1 + 2(M ( K)(K ( 3)(1 + (M ( K + 2)(M ( K)(K ( 3)(1(K ( 5)(1 

F = (K ( 1) + 2(M ( K) + (K ( 3)(1(M ( K + 2)(M ( K)                   


K > 5


( Plot P = MSE(
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Fig.4: P = MSE(
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M = 100 (no. of observations for covariate; ti). Dotted line: REML (b = 1, c = cREML). Solid line: Unbiased (b = 1, c = cunb). Broken line: P = 1.
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Fig.5: P = MSE(
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 for different values of K (no. of observations for variate of interest; yi) and M = 30 (number of observations for covariate; ti). Dotted line: REML (b = 1, c = cREML). Solid line: Unbiased (b = 1, c = cunb). Broken line: P = 1.
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Fig. 6: P = MSE(
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 for different values of K (no. of observations for variate of interest; yi) and M = 100 (number of observations for covariate; ti). Dotted line: REML (b = 1, c = cREML). Solid line: Unbiased (b = 1, c = cunb). Broken line: P = 1.

Example

· Yield stability (variance of yield)

· Variate of interest: yield of barley cultivar "Ilka" (10 sites)

· Covariate: fertility score - ranges from 0 to 100 (28 sites)

· Series of trials


Estimator

Estimate
MSE (plug-in estimate)

Covariate-free: 
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Covariate-based: 
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Fig. 4: Linear regression of yield on fertility score for barley data (r2 = 0.80).

4. Global adjustment for the expected value 

   - three-way layout and location covariate

No covariate:

yjkr = ( + (j + (k + ((()jk + ejkr

yjkr 
= yield (cultivar or cultivar difference) of r-th replicate in j-th 

                  location and k-th year

(  
= general mean

(j  
= effect of j-th location (random)

(k  
= effect of k-th year (random)

 ((()jk  
= interaction of j-th location and k-th year (random)

ejkr
= residual error associated with yjkr 

Variance of simple mean:
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where
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= variance of year-effect ((k)


[image: image91.wmf]2

b

s


= variance of location-effect ((j)
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= variance of location ( year interaction [((()jk]
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= error variance [ejkr]

m
= number of years

n
= number of locations

r
= number of replications

(assume balanced data)

With location covariate: 
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( = regression coefficient

tj = location covariate
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Conditional variance of adjusted mean: 
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Location ( year covariate (tjk), long-term mean in target ((t) known:
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Adjustment to (t:
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Location ( year covariate (tjk), long-term mean in locations (tj) known:
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Adjustment to tj:
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5. Summary

· Covariate information potentially useful for mean and variance estimation of yield

· Global adjustment vs. local adjustment

· Correlation must be sufficiently high

· Global adjustment: Need more information on covariate than on yield

· Variance-bias trade-off

· Potential of global adjustment largely neglected in cultivar trials
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