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A4 Stratified Ra|160|n Sampling

« * What s it?
* Why do we use it?

01 ) .
i * How to do it?

Stratified Random Sampling: What is it?
Stratified :

SAMPLING: DIVIDE THE
POPULATION UNITS INTO
HOMOGENEOUS 6ROUPS
(5TRATA) AND DRAW A
SIMPLE RANDOM SAMPLE
FROM EACH GROUP.

HWAMBURGER

FOR EXAMPLE, THE POPULATION OF ALL PICKLES (AN BE STRATIFIED BY

TYPE OF PICKLE. WITHIN EACH TYPE OR STRATUM, THE 51ZE SH
LESS VARIABLE. o

Source: The Cartoon Guide to Statistics

Stratified Random Sampling: What is it?

PENNSYLVANIA
STATE FOREST DISTRICTS

Examples of strata in forestry include:
* The divisions of a forest ownership
» The divisions of compartments into stands
* The divisions of a stand by bd ft classes
» Tree species, age, etc
« slope, aspect, soils, etc
il .
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Stratified Random Sampling: Why do we use it?
¥ 3 # = |
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In forestry, there are three main reasons for
N using a stratification:

. Ensuring that the sample is
representative across the frame

. Controlling the variation

. Allowing different designs within sub-
populations

TAONRAW Section 24

Stratified Random Sampling: Why do we use it?

a1z A 1. To increase the probability of obtaining a

T4ONRAW Section 24

Reminder of a Frame: A construct that highlights the boundaries
of a population — e.g., the edge of the management boundary
- B A Y ._,ht
A simple random sample might “miss” information

¥ from stands we want to know about
htd N
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Stratified Random Sampling: Why do we use it?
¥ g 5
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2. To control variation and thus reduce the size of
the standard error of the mean.

This is done by dividing the population into non-
~ overlapping discrete sub-groups, where sampling is

then done per group

In a simple random sample this might be the result:

¥

/ In this example

TAONRAW Section 24 3 h n o

Or this:

A

33,02 Acres




Sampling within each area makes it unlikely that only “low” or
“high” values will be produced

ke

33,02 Acres

. > - =
Repeated samples will produce means that are
more similar: reduced variance and standard error

&

i e oD 4
Clearly if you sample each stand separately then
the variation between the stands will no longer

B contribute to the standard error within each group

! RS O A ]

Stratified Random Sampling: Why do we use it?
E » o
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= 3. To allow the use of different sampling
designs within sub-populations

-

The management objective of each stand may vary and some
stands may still need preliminary data
J 5 M-,
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The management objective of each stand may vary and some

Seed Trees >
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Image Source: USDA FS

Stratified Random Sampling: How to do it?
..é e SR P
- : " The stratification process has 5 clear steps:

. Stratifying the frame
. Determining how many strata
. Allocating plots across the strata
. Evaluating the effectiveness of the strata
. Calculating Statistics and Parameters

-
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Stratified Random Sampling: How to do it?
BN
What the Letters Mean in Stratifications
= each strata (h,, h,, etc)
L = Number of strata
N = number of possible sampling units in whole population

N, = Number of possible sampling units in strata h;
; S i 53 2
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Stratified Random Sampling: Stratifying our frame

4 4

ke ] ‘W VE
_ " If we seek to minimize our standard error (i.e.

2212 hcr produce a high precision inventory) we must

divide the frame into the most homogonous strata
| as possible

A Homogenous strata should maximize the
differences between the different strata, while
mlnlmlzmg the dlffelences Wlthln |nd|V|duaI strata

TAONRAW Section 24

Stratified Random Sampllng Stratlfylng our frame

T4ONRAW Section 24

. Common stratification variables include: LAI, topography
(0 (slope, aspect, elevation), density, etc
’ i

Image Source:'Purdue University




Stratified Random Sampllng How Many Strata?

K PR

Clearly, any stratification deS|gn must have a minimum of

33,02 Acres

« The size of each strata will get smaller

« Blocks of the same strata may become disconnected
« Increased chance of extreme values within each
strata: increases variance

« The more strata selected, the higher the cost to
conduct the inventory

2 strata
However as the number of strata increases:
|

T4ONR4W Section 24

Stratlfled Random Sampllng How Many Strata7

: E &&= \r
If onIy overall statistics are needed, several studies
have shown that increasing the number of strata
| above 6, will not provide additional benefits that
| outweigh the cost of conducting the inventory

Cochran (1963) states,
ifincreasing M above 6 reduces n significantly, then

. increases in M will rarely be sufficient to be of any

precision to the inventory.”
3 o B\
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Stratlﬂed Random Sampllng How Many Strata?

e However, forest managers may require |nformat|on
about species that are sub-divided into further

condition classes such as:

33,02 Acres

« Density
« Size (poles, saplings, etc)
» Damage (insect, fire, wind, etc)

In these cases, limiting to 6 strata will prove difficult.
However, you can reduce strata combinations by
| removing what isn’t possible.

T4ONR4W Section 24




Stratified Random Sampling: Allocation

S N VR

1| Allocation is the process that determines how

- When selecting an allocation method we also

need to know the total sample size (i.e. how
many plots can we afford overall)
— i~

;. -

T4ONR4W Section 24

Stratified Random Sampling: Allocation

In equal allocation the sample size is the
Volume class same in each of the strata

For a sample size of 100, equal allocation would give each
class a sample size of 20 regardless of its area.

Avery and Burkhart Chapter 3

Stratified Random Sampling: Allocation

Stratum area
Volume class (acres) In proportional allocation the
number of plots per strata is
proportional to the area of the
strata, making the sampling
intensity constant over all strata.

In proportional allocation each class receives as many
samples as its area is in % to the total area.

If we had 100 samples, Class 1 would get 15/300 * 100 =5

Avery and Burkhart Chapter 3




Stratlfled Random Sampling: AIIocatlon

j , B SR A T

ey ! In optimal, or Neyman allocatlon (special case
2120t ; of equal costs per strata) the plots are divided
| by an equation that ensures that the standard

error is minimized.

Calculatlon stratum area x standard deviation

The number of plots is the proportion of the area
we| hted standard deviation with respect to the

| total number of plots.

T4ONRAW Section 24

Stratified Random Sampling: Allocation

Stratum area Std. dev.
Volume class (acres) (cords/acre) Area X std. dev.

15 20 300
45 70 3,150
110 35 3,850
60 45 2,700
_70 25 1,750
300 11,750

Avery and Burkhart C

| Stratified Random Sampling: Allocation

Many options exist to get variability data to
assist in calculating the Neyman allocation

- Preliminary cruise data
- Past inventories
- Height and canopy data from lidar




Stratlfled Random Sampllng Why % Allocation?

W : There is rarely any need for foresters to do
3212 A0 - anything other than proportional allocation

Cochrane (1977) states,

{ “The simplicity and self-weighting feature of
Q;—‘ proportional allocation are probably worth a

.f&——"
e Robinson 274 Lecture notes p57
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Stratified Random Sampllng Why % AIIocatlon?

Does not require stratum variances
Sample weighting dependent purely on area

Disadvantages:

Neyman allocation is more efficient and has

smaller standard errors and variances

| « Strata with large areas (but small volumes)

| will get large sample sizes!
« Strata with small areas (but high volumes) will

get small sample sizes!

"b 4 I e L R |
b — — EL | Johnson Chapter 16
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4 Stratified Random Sampllng
| + What s it?

|
* Why do we use it?

! « How to do it?

. « How effective is our stratification?

4 Readings:

Johnson
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Stratified Random Sampling: How to do it

- M SR A T

The stratification process has 5 clear steps:

. Stratifying the frame

. Determining how many strata

. Allocating plots across the strata

. Evaluating the effectiveness of the strata
. Calculating Statlstlcs and Parameters

T4ONRAW Section 24 . 2000 o Ao

Stratified Random Sampling: Effectiveness

VR P R

] Stratn‘lcatlon in general is successful if the means
R = of each strata are different.

| The acceptable criteria are:
1 1. Strata means differ and the variance across the
strata are homogeneous / heterogeneous

4 2. Strata means do not differ but the variance
across the strata is heterogeneous

T4ONRAW Section 24

Stratified Random Sampling: Effectiveness

Strata means do not differ and the variance across the
strata is heterogeneous

< Low Variance

In thls case you must use Neyman AIIocatlon to reduce
| the standard error as % allocation will not increase the
2 preC|S|0n over S|mple random sampllng

“,sm. AT

o
UGA1420092
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Stratified Random Sampling: Effectlveness
- - v dor 5
tsoll In Summary: The strata must be different in at least one
Bl aspect (variance or mean)

When both the mean and variance are equal you
| essentially have two areas that are the same strata
o o F el e,

TAONRAW Section 24

Stratified Random Sampling: Strata Size
¥ A e |
_é_ The relative size of each strata is calculatec by the
{ ratio of the number of plots per strata divided by the
total number of plots: N,/N

A common source of error in forest inventories is to
7 make a mlstake in the actual S|ze of a strata

T4ONRAW Section 24

Stratified Random Sampling: Strata Size Error

W The Relative Bias introduced from assuming an
S 0ien ncorrect strata size Qh instead of the correct strata

5 Cleary this WI|| only be helpful |f you dlscover a
| mistake after the fact

T4ONRAW Section 24
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Stratified Random Sampling: Parameters & Statistics

. H £ i
j ! The population mean in a stratified random sample is
e icalculated by:

33,02 Acres

2N,

Y = MT 4
Y. = overall population mean
¥, = strata sample mean

N =total samplein all strata | &

4l B £ m—msemer
y T ———
ey o _ Avery & Burkhart Chapter 3

TAONRAW Section 24

Stratified Random Sampling: Parameters & Statistics

-
.é = B T -
#ll The variance among individuals, s2, within a single
X strata, h, is calculated by:
7 AR Sl O Y T
A

e way as in simp

T4ONRAW Section 24

Stratified Random Sampling: Parameters & Statistics

E =) 3 ¥
J& - 7 . S
bl The standard error of the mean for without replacement
EX| is calculated by:
PR a7

13



Stratified Random Sampling: Parameters & Statistics

- v
The number of sampling units in proportional allocation

's? = weighted average of stratum var

' N, = Number of units in stratum

F‘ i L

| For the class do try and remember these formulas!

& B el

W Robinson 274 Lecture notes p57
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