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Systematic Sampling
» What is Systematic Sampling?
%! * Why do we use it?
How do we use it?

i « Distance between samples

» How effective is this method?
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Systematic Sampling: What is it?
< & g R e ||
L Systematic sampling is a special case of
& “cluster sampling”

In a systematic sample the sampling units are

== chosen from within the frame at regular
intervals.
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Systematic Sampling: Why do we use it?
| R AR
In forestry, there are three main reasons for
Y using a systematic sample:

- 1. Easyto apply and to train
"1 2. Easy to double check
| 3. Sample likely to be representative
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Systematic Sampling: What is it?
o FRT e TS
Examples in forestry include:

. Evaluating stocking rates in regeneration
or seedling stands

. Estimating volume by measuring for
example every 5" or 10" tree

. Line and strip cruising

Systematic Sampling: Population Types

: The degree to which a sample is “representative” of the
I population is dependent on how the objects in the population
4] are arranged within the frame.
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ommon arrangements include:
- Random Populations
- Ordered Populations
- Periodic Populations
4 - Uniform Populations
- Auto-correlated Populations




Systematic Sampling: Populations

£! The probability of occurrence in a random population at any
location is equal. In random populations systematic (and
random) samples will be representative.

Systematic Sampling: Populations
Ordered populations exhibit some form of rank, such as age.

Periodic populations follow undulates patterns like a sine or
cosine wave. Periodic populations occur naturally in forestry
due to aspect, slope position, and disturbances.

Auto correlated populations occur when individuals are more
likely to be similar to their closer neighbors than those further
away AND when a relationship can be inferred as a function of
the position. In these populations, the value of any component
can be inferred from the value of one that occurred earlier in
the sequence.

Stratified populations are a type of auto correlated population,
which can occur in forests due to water availability, topography,
disturbance, and management history.

Systematic Sampling: What is it?
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Consider the following plot list:

{1,2,3,4,5,6,7,8,9,10,11,12,13,14,15}

“
)

4 We call this the “basic” sampling frame. If we decide that we
% will measure every L™ plot, then we have a “1 in L systematic




Systematic Sampling: What is it

LN HRT 5 7T A SR T R
9 If L = 5 then we would collect the following sets of data:

{1,6,11} {2,7,12} {3,8,13} {4,9,14} {51 }
' Typically only one of these subsets are selected for sampling.

£ This means the subset is a sample. Each of these samples
% contains n=3 elements.

Systematic Sampling: Scenario 1

4 Cluster 1:
4 Cluster 2:

#l Cluster 4:
Cluster 5:

' In this scenario each cluster spans the range of data (i.e. not

3 compact) The samples are interlocking. No sub-sampling —
each cluster will likely be representatlve

Systematic Sampling: Scenario 2
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Effectlvely 2 stage cluster sampling:

{1,2,3,45,6,7,8,9,10,11,12,13,14,15}

Cluster 1

| Each cluster is compact and contains L =5 elements. A
subsample is selected from EACH cluster (n=1). In this case
4 the sample is I|ker to be representative while the cluster is not.
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Systemat|c Sampling: Population Parameters
PR W O A T
Slnce systematlc sampling is a special case of cluster
» sampling, the mean is the same.

Under Scenario 1 if we use the simple random sample
~ equation for variance of the mean the answer will be larger
than that we would get if we had a simple random sample.
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Systematlc Sampling: Effects of Trends
¥ PR W I R T
If alinear trend is present (with no random component) the
» variance of the mean of Scenario 1 is “n x greater” than
Scenario 2:

_ 1.,
V(y)ScenZ = nv(y)Scenl

In other words, “the efficiency of Scenario 2 is n x greater than
Scenario 17.

If the trend is a known relationship, it can be removed to
oduce a new population.

[n = sample size]
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Systematlc Sampling: Statistics
L NEER R RN
Scenarlo 1: The sample total, mean, and variance are based
» on all values within a single cluster.
Scenario 2: The sample consists of 1 elements from each of ¢
_ the M clusters. Therefore, sample size n = M.

By either scenario, the variance of the total and the variance of *
the mean can not be calculated (due to divide by O) }
i
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To overcome this problem, we could “Assume that
4 we took a simple random sample

How does this sound to you’7
Wx ¥ ¥ 3 &
i 7 e WY
The mean WI|| be valid but the standard errors and
confidence intervals can only be considered as
“rough approximation”
=g

When sample grid start location is arb|trary the total and mean
will be biased.

When sample grid start location is random (as is common in
forestry) the total and mean will be unb|ased

% ECTI ]
Systematlc Random Sampllng

Questlon When would it be valid to use S|mple
andom statistics to analyze a systematic deS|g ?

Answer When the elements of the populatlon are in
a random order (e.g., random tree list)




Other Systematic Samples: Dot Grids to Measure Area
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Each block = 8 ac

If 40 dots per block
square then each dot
~ 0.2 acres

Use denser grids to increase
precision or when the region is
small

Should use average of several
random orientations
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Systematic Random Sampling: How to do it

By a geographic map:

1. Randomly select a sample point
from a whole population — this
could be located anywhere

. Then overlay grid and follow as
steps a before

Notes: Default method, not easy to
implement, more convenient than
random sample

The sample WI|| be |nter dlspersed th

the population and so may be representative if

the stand is either totally heterogeneous or
omogenous

Even thol we selected a “random starting
location”, this is a controversial method because

you can'’t estimate the variance or standard error %
I properly

“# Distance Between Samples
4| * Covariance

« Correlation

d
4, i .
i » Autocorrelation
1




D|stance Between Samples Useful Tools

a7 iR
Once we have determlned how many samples, we then have
to decide how close to each other they can be.

gools exist that help us detelmme how far apart
A samples have to be to be considered independent.
The main tool is called semi-variograms.

A To understand how they work we first must understand
covariance, correlations, and autocorrelation.

Logs and Giem

s | U]
. In forestry we are often interested to know how one variable
3 changes with another. e.g., How does tree volume vary with site
ndex? How does tree height vary with stand age?
i _— 5
We measure this variability between
| different metrics using covariance

Covarlance is defined by:

Dlstance Between Samples Correlation
[ U]
L We S|mpl|fy covariance by making the values go between -1 and +1,
& by dividing COV[X,Y] by the product of the standard deviations:
: e, o

_E(X =) (Y — 1)
Oy Oy

5

@ pis called the Pearson Correlation Coefficient (r)
In Excel use the function =PEARSON (datal,data2).

Values near 1 indicate that the 2 variables are
| associated with each other; but values near 0 does not
mean the variables are independent (just that they are
not linearly related).




Wavelet Prediction (m)

| IMPORTANT NOTE: ThIS is only a measure of the strength of
I|near assouatlon between the two variables.

Logs and Giem

» .
Spatlal auto correlation is the correlation of a variable with
b itself through space
s L a
1 If we imagine a forest where the location, age,
-y species, and quality of the trees grew randomly over
the unit: this would be an example of a stand
fj exhibiting no spatial autocorrelation.
'} This never occurs in a managed site and usually trees

& of similar characteristics (volume, health, species, etc)
E%: grow near each other.
E Whal does this mean?

[0l 1

Ploblem If our plots are too close together we will likely measure essentially
2l the same measurements (as they will be too alike) — these measures will not
be independent.
X maure gro of

Baarly il toeen oo
%o 00 tnehens

.| To overcome thls problem we use semi-variograms to tell us how
far apart to place plots so they are mdependent
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¥ At what scale should data be aggregated
M into a singular “say mean” value?

e.g., do we create a mean of all the plots

within the red circle? Or do we calculate
.| mean per row and then take an average?
2, i . .

P \ P

Distance Between Samples: MAUP
Data can be aggregated in different ways

Mean of the means

6.6 | 116 6.6

n =9 Mean = 8.88 n =3 Mean = 8.26 n =6 Mean = 10.83

Importantly, the mean of all samples does not necessarily equal the
mean of the means.

It is very important that data is collected at scales that capture the
variability within the data.

Wi |
"~ Cruising Designs: Strip Cruising
& A Y A B
In strip cruising, parallel strips (long thin
};‘,‘ rectangular plots) are used where the
A" spacing between the steps are constant

Advantages:
Continuous sample
Travel time is low (as compared to visiting
randomly located plots)
Strips have fewer boundary trees

isadvantages:
Errors easily introduced if correct strip width is not
maintained
Need at least 2 people
Brush, windfalls, and surface debris are more of a
hazard (as cruisers must cruise along a fixed
compass bearing)

A mture o of 5
Baasty ail
wtars renge @ 1 €) tashan,
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Cruising Designs: Strip Cruising

« Decrease width in young stands
with high stem count

* Increase width in more scattered
high value timber

« Cross drainages at right angles

« In theory all timber conditions are
samples and a representative
sample taken

» Sampling intensity = (W/D)*100

Source: Avery and Burkhart Chapter 10

HR | T
" Cruising Designs: Line-Plot Cruising
X - R B
In line-plot cruising the plots are equally
4 separated on each line, with equal spacing
between each line —i.e. a grid

. Advantages:
Can be cruised by 1 person
Cruisers less hindered by brush and windfall
The “pause” at plot center enables better
checking of borderline trees
Quick data summaries can be obtained per plot
or by stand / condition classes.

renge @ 0 £) tamhan.

Cruising Designs: Line-Plot Cruising

In line-plot cruising a systematic tally of timber is taken from
plots laid out on a grid pattern

CHAINS

‘[‘r' Source: Avery and Burkhart Chapter 10
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ruising Designs: Fixed Area Plots

\[e] (=K

« Circular 1/10 ac plots commonly
cHAPTER 10 INvENTORIES wiTh savpce sTripIRIS BT TSR eI ITES
« 1/25 ac for pulpwood trees
TABLE 102 + 1/100 ac for regeneration counts

216

RADII FOR SEVERAL SIZES OF CIRCULAR SAMPLE PLOTS
Plot size Plotradius  Plot size Plot radius
(acre) " (ha) m)
1 178 1 56.42
4 83.3 39.89
58.9 2821
527 % 2523
372 17.84
263 12.62
235 11.28
186 892
16.7 7.98
1.8 564
8 68 3.26
oo 53 252
a7

Source: Avery and Burkhart Chapter 10

Cruising Designs: Plot Spacing

» Sampling Intensity = plot size /
@ represented area = 0.2/2 = 10%

CHAINS

Source: Avery and Burkhart Chapter 10

Cruising Designs: Fixed Area Plots

R

\S « Low travel time between plots
.t?‘ﬁ « Strips have fewer borderline trees than
ot
)

plot cruising
™ » Need two people to cruise — so safer in

13



ruising Designs: Fixed Area Plots

* The cruiser often misses borderline trees
- by poorly estimating the width of the strip
« Brush, windfalls, fire damage etc getin

wa. B
{ Pelmanentplots (that are re-measured) provide
statistically strong ways to evaluate changes
b | 2 separate sets of random samples in a stand will have
: higher measurement errors that measuring the same
plots twice.
Measuring changes in the same place allows actual
changes to be recorded
Faster to obtain second inventory as general location of
plots are known

Requirements:
Plots must be representative of stand / forest
conditions
Plots must be subjected to the same treatments
as the non-sampled parts of the forest

Fers Taller 5. et 10 O, 4 Feareen
T Semave yiom 1n viruin siand, l-:h [
imves eemtln, voo or sare wirtane-siads
wtars runge w v ©) tanhan,

Continuo s Forest Inventory (CFI):
Has been around since the 1950s. Involves
| permanent fixed plot centers — the same trees are
measured over time to obtain growth and yield
estimates. CFl is good at estimating volumes at the
| Area and State-wide endowment (IDL) level.

Stand Based Inventory (SBI):
Managers recognized the need for an inventory that
I provides reliable estimates of volume at the stand
level. SBI plots are installed by stand at a level of 1
plot per 5 acres. This provides resource managers
¥ with better volume estimates and provides many of
i our models and simulators better data to model.

Fers Taller 5. et 1904
o e T Sberes vaae I mu stand, auwle 10 Db,
Baarly all tses soxtoln ovs o7 mere o-slair logs a0 Sem
wtars renge @ 1 €) tashan,
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Permanent Plots: CFI and SBI

¥

Permanent Plots: CFI and SBI

Payette Lakes CF| South Map Clearwater Local Map #1 - 284 Plots
Contract 12.238-000034 #+ Contract No. 12.237401092

Permanent Plots: CFI and SBI

Payette Lakes CFl South Map
Contract 12-238-000034 *

Notes on CFl:

Often CFl is applied to a rigid
systematic grid, where each plot
represents equal proportion of the
total forest area.

BUT systematic grids are inflexible to
changing management priorities.




Systematlc Random Sampllng What do we do?

SAMPLING UNIT 1 SAMPLING UNIT 2 SAMPLING UNIT 3 j 1S

RIVER RIVER
FIGURE &2
Systematosampig oan b badl bised when e o popultons wih perods vara-
Yo (o P, 1083

We can use Ialge leclangulal plots to increase the captured vanablllty:

Problems occur with periodic variations in the population

L|st amplmg

Find a trend in the data (or an indicator of the trend)
Re-order all data by that trend
Select a random starting point and measure every ki sample

~ N R
Systematic Sampllng Forest Regenerat|on Plots

AP R WG|

Question: How would you sample the stocking rate in
this regeneration stand?

16



A% 1. Utilize a plot size equal to target
plating density (i.e. 250 trees per
acre, use 250 acre plots)

. Locate plots randomly or
systematically

. Count seedlings per plot

. Extend count to per acre basis

W L =

Systematlc Sampllng Forest Regeneratlon Plots

Answer: Systematic grid with spacmg equal to seedlmg
pacmg Then count presence/absence W|th|n a sample

Systematic Sampling: Forest Regeneration Plots

 Answer: Could use square of fixed radius plots of
liameter equal to seedling spacing

Notes:

. This is called the “stocked-
./ quadrat method”

17
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FOR 474 Forest Measurements
“M“
Sambllng Rare Populatlons

4 * Whatis rare?

* What methods are used?

Rare Populations: What is Rare in Forestry
W w. LIRS T S
Rare populations in forestry can include downed trees
with high salvage value and standing high value trees

. Examples of high value timber species include western
red cedar, black walnut, mahogany. However, non-
@ timber forest products can also be high in value, like
huckleberries, sumac, and mushrooms.

Applications can include trees for use as specialty

| forest products (e.g., telephone poles and veneer), food [

| services (e.g., mushrooms and maple syrup), and
many many more.

ri R
“How do you account for something that is rare (i.e. not
expected) as part of a forest inventory?”

As most inventories will only sample a small % of the
w total management area it is possible to not even sample
a single instance of the rare species.

" Clearly, one solution is a 100% cruise. However, this can
be costly and not worth the gain. As such, special rare
# population sampling methods have been developed.

18



Rare Populations: Use Systematic Strip Cruising

Approach covers very large areas but is
& inefficient when considering live trees.

When used for rare populations, auto
correlation issues are minimized as
samples are typically very far apart.

& Measure all rare species (or objects) in
the strip. If measuring downed logs,
most samples include if center
intersects the strip

Source: Avery and Burkhart Chapter 10

Rare Populations: Use Systematic Strip Cruising

Source: Avery and Burkhart Chapter 10

Y 5 Ex 5

| Rare Populations: Line Intercept Sampling (LIS)

i LR s R 4%
¥ ¢ G TRRE
eveloped by Cranfield (1941) and has been applied to
numerous applications including:

| - Estimating slash and fuel following logging
- Fuels

| - Biodiversity

= - Coarse woody debris

" - Forest canopy cover

§ - Estimating wildlife populations
Generally unbiased and considered an improvement
over quadrat sampling

= !:

19



Pic

Rare Populatlons Llne Intercept Sampllng (LIS)

w L] e L0
Wi ¢ WGTREE
¢ Hlstoncally used to evaluate coarse woody debris
(Browns transects). Based on measuring certain
properties that intercept sampling transects. Typically
used these days to evaluate downed trees for
w8 biodiversity issues.

~4 The probability of sample selection is dependent on the
= Length of the line, L, and the size of the sample that
N intersects the line.

i [ S
Rare Populatlons L|ne Intercept Sampllng (LIS)
SR TR AT |
Method assumes that all objects that are intersected by
the red line, L, are included in the sample.

S [ S
Rare Populatlons L|ne Intercept Sampllng (LIS)
CRE-F T EDIE Y ARG SN |

Probability of selection is dependent on length of line and g

. the “effective maximum intercepting length” — i.e. the
perpendicular distance, D’ = d*sin(0)

allh xf

as and Maltamo (2006)
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Rare Populatlons Llne Intercept Sampllng (LIS)
E Mo TR R R RS L 9
If we use the Huber s equation for tree volume (logs
assumed to be cylinders of diameter at midpoint) the total
volume of coarse woody debris (m3/ha) is given by:

prar
“Volume = (T) =—
M m

sampllng lines. T; = m?3/ha of line j & T = total volume per
? hectare. These equatlons assume that lines are in
3 random d|rect|ons or trees felli |n random dnecuons

\ Kangas and Mallamo (2006)

S [ S
Rare Populatlons Llne Transect Sampllng
AE-FTTINERETY AT |

eveloped for estimating the density of wildlife.

Assumes randomly placed lines and randomly located
wildlife, where as the distance of wildlife from the line
increases the probability of observation decreases.

Rare Populatlons Llne Transect Sampllng
RE- T TATEEEETY TR §

The method makes three assumptions:

' - The probability of observation on the line is 100%
- You can’t view the objects more than once (i.e. they
don’t move once they are spotted)
- Observations are independent events (likely invalid for
erding species)
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S [ S R S SR
are Populations: Line Transect Sampling
CEEEERE TR A |

5l ; . ; ’
i® Species density is calculated by the following equation:
g ATTIIE Y

o i R
1) e

L= IengtH of transect
g(x) = probability of an observation at distance x

% Kangas and Maltamo (2006)

PN
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